
liichni cal Itaining 

Radio and   
lEsteeSt 

tat 
tsy-) 

INDUSTRIAL TRAINING INSTITUTE 



1,1  INDUSTRIAL TRAINING INSTITUTE 

CHICAGO, TLLTNOIS 

RADIO AND TELEVISION LESSON AND SUBJECT LISTING - 1 

This lesson-subject listing for your first twenty ( 20) lessons will enable you 
-,-,tudy and keep in order, the assignments you receive from us. In addition, it 

e ,. ree. as a splendid index to locate subject material you may wish to find later. 

These lesson-subject listings will be sent to you from time to time as you 
-)Tess in the Course. There will be seven ( 7) in all. Keep them together for 
y reference. Be sure to study the lessons in this sequence. 

• 

At this time, you receive twelve ( 12) of the assignments -- more will be sent 
et uu submit successive examinations to us for grading. 

•:ESSON NUMBER 

1 

2 

3 

4 

5 

6 

TITLE AND CONTENT 

Introduction to Radio and Television  
History of Communications - Wireless Communications - 

Wave Motion - Wave Lengths - Radio Waves. 

Fundamentals of Electricity 

Conductors and Insulators - Things Affecting the Flow 
of Electricity - Current Measurement - The Electric Current - 
Diagrams of Circuits - Electrical Pressure - Source of Potential. 

Electrons  

Introducing the Electron - The Atomic Theory - Early Attempts 
to Put the Electron to Work - Vacuum Tubes. 

Electrical Resistance  

How Conductors Hinder Current Flow - Measuring Cross-Sectional 
Area - Effect of Conductor Material on Resistance - Effect of 
Temperature on Resistance - Hot and Cold Resistance - The Ohm-

Electrical Symbols and Diagrams - Series Circuit - Resistance 
in a Series Circuit - Putting Resistance to Work. 

Magnetism 

Early History of Magnetism - Kinds of Magnets - Magnetic Lines 
of Force - The Earth as a Magnet - Why Iron Becomes a Magnet - 

Inducing Magnetism in Soft Iron - No Insulators for Magnetism - 
The Magnetic Field Around an Electric Current - Magnetic Field 
Around a Coil - The Electromagnet - Moving and Static Lines of 

Force - Magnetic Terminology - The Gauss - Permeability and 
Reluctance - Magnetomotive Force and Ampere-Turns. 

Electromagnetic Induction  
Factors Affecting the Induced Voltage - How Lines of' Force 
Move - Induced Voltage from Moving Lines - Causing the Lines 
to Expand and Contract - Varying the Primary Current - Mutual 

Induction - Direction of Current Flow in the Primary and 
Secondary - Self-Induction - Measuring the Effect on Self-
Induction - Eddy Currents. 
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LESSON  NUMBER 

7 

8 

9 

TITLE AND CONTENT  

Ohm's Law  
Ohmts Law - Other Uses for Ohm's Law - What Ignorance of 
Ohm's Law Can Do - Ohm's Law and Voltage Drop - Short Formo 
of Ohm's Law - More About Resistors - Wire Wound Resistors - 
The Resistor Code. 

Electrical Power  
Power - Mbrk - Work and Power - Measuring Mechanical Power - 
Energy - Power in Moving Electricity - Voltage - Amperes and 
Power - The Unit of Electrical Power - Power Consumed in 
Electrical Devices - Measuring Electrical Power - Large and 
Small Units - Converting Electrical Power into Mechanical Power. 

Direct Current and Alternating Current  
Currents in Radio and Television - Direct Current - Direction 
of Current Flow - The Dry Cell - Dry Cell Construction - Dry 
Cell Performance - Connections of Dry Cells - Other Sources of 
Direct Current - Alternating Current - The Sine lave - Opposition 
to the Flow of Alternating Current. 

10 Transformers  
Where Transformers are Used - Types of Transformers - Direction 
of Induced Voltage and Current - Strength of Induced Voltage - 
Secondary Current - Television Power Transformers - Audio 
Frequency Transformers - Intermediate Frequency - Intermediate 
Frequency Transformers. 

11 Capacitors 
Construction of a Capacitor - Where Capacitors are Used - What 
Capacitors Do - How Capacitors Operate - Action of Capacitors 
In Alternating Current Circuits - Capacity - Capacitive Reactance. 

12 Vacuum Tubes  
Electrons in the Vacuum Tube - Electron Emission - Thermionic 
Rmission - Indirectly Heated Cathodes - The Electrostatic Field - 
The Space Charge - Electrostatic Fields - Arrangement of the 
Vacuum Tube Elements. 
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13 The Diode Rectifier  
Cathode Emission - Charting Cathode Rmission - Making a Graph - 4 

Using the Information From the Graph - Temperature Saturation - 
Effect of Anode Voltage - Voltage Saturation - Effect of Negative 
Anode Voltage - Vacuum Tube Rectifiers - Filters - The Filter se 
"Choke" - The "Pit" Filter - Full-Nave Rectifiers - The Duodiode - , 
Filter Capacitors. 

14 Vacuum Triodes  
The Grid - Triode Symbols - Action of the Grid - Effect of Anode 
Potential on Anode Current with "Zero" Grid - Effect of Anode 
Potential on Anode Current with Negative Grid - Putting the Graph 
to Use - Families of Curves - The Triode as an Amplifier - Tube 
Conditions Which Affect Amplification Factor - Names of Tube Voltages 
and Currents. 
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LESSON NUMBER TITLE AND CONTLNT  

15 Multi-Grid Vacuum Tubes  
Interelectrode Capacitance - The Tetrode - Secondary Emission - 
The Suppressor Grid - What the Suppressor Grid Does - Electrostatic 
Fields Within a Pentode - Amplification Factor of Pentodes - HOW the 
Suppressor Grid is Connected - Beam Power Tube - Tube Constants - 
Plate Resistance - Transconductance (Mutual Conductance). 

16 Series and Parallel Circuits 
Advantages of Parallel Connections - Series Connections - Where 
Series Connections Cannot be Used - Current in Series Circuits 
and Parallel Circuits - Effective Resistance - Unequal Resistances 
in Parallel - The Reciprocal Method of Finding Effective Resistance 
Tapped Resistors in Parallel - Increasing the Range of a Meter - 
Another Method for Determining Effective Resistance - Finding the 
Value of One Parallel Resistor When the Other is Known - Series-
Parallel Circuits. 

17 Vacuum Tube Amplifiers  
Relative Values of Anode Current - Dynamic Characteristic Curves - 
Phase Inversion - Methods of Obtaining Grid Bias - Cathode Bias - 
Degeneration - By-pass Capacitor - Stage Gain - Power Amplifiers - 
Load Lines. 

18 Coupling Circuits 
Types of Coupling - How Transformers are Used for Coupling - 
A-C Component and D-C Component - Step-Up Coupling Transformers - 
Limits to Stepping Up the Amplification - High Frequencies and 
Low Frequencies - Resistance Coupling - Using a Capacitor - 
Advantages and Disadvantages of Resistance Coupling - Where 
Transformer Coupling is Always Used - Resistance Coupling Action, 
Step by Step - Successive Stages of Amplification - Impedance 
Coupling - Cathode Follower. 

19 Oscillators  
The Armstrong Oscillator - Feedback - Oscillator Frequency - 
Oscillator Grid Bias - Hartley Oscillator - Hartley Series Fed 
Oscillator - The Electron Coupled Oscillator - Comparing Frequencies. 

20 Electrolytic Capacitors  
Special Features of the Electrolytic Capacitor - The Factors of 
Capacity - Capacity Factors in an Electrolytic Capacitor - Voltage 
Breakdown - The "Forming" Process - The Electrolytic Capacitor at 
Work - The Electrolytic Capacitor as a Filter - Action of C-2 - 
Action of C-1 - Current Through the Load - The Electrolytic as a 
Cathode By-pass - Multiple Section Electrolytics - Power Factor 
in Electrolytics - Defective Electrolytics - Testing for Defective 
Electrolytic. 

Please send in only two examinations each time. Hereafter you will be sent 
two new lessons for each two examinations you send in for grading. 

F. L. Howard 



INDUSTRIAL TRAINING INSTITUTE 
CHICAGO, ILLINOIS 

RADIO AND TELEVISION LESSON AND SUBJECT LISTING - 2  

Here is the lesson-subject listing for lessons 21 to 30 inclusive. 

There will be five ( 5) more of these lesson-subject listings. Arrange them 
in order for greatest usefulness as a study guide and index. 

LESSON NUMBER TITLE AND CONTENT  

21 Sawtooth Oscillators  
Voltage in a Capacitor - A Gaseous Discharge Tube - 
Time Constant - Tapping Off the Generated Voltage - 
Thyratron Oscillator - The Multivibrator - Action 
of the Multivibrator - Tube and Socket Identification. 

22 Cathode Ray Tubes  
The Cathode Ray Tube - Deflection - Frequency of 
Deflection - Vertical Sweep - Field and Frame - 
Blanking and Synchronizing Circuits - Vertical "Sync." 
Raster and "Aspect Ratio" - Electromagnetic and 
Electrostatic Deflection - Retrace and Flyback. 

23 Resonant Circuits  
Mechanical Resonance - Resonant Frequency of Pendulums - 
Electrical Resonant Circuits - Effect of Frequency on 
Inductance - Effect of Frequency on Capacitance - More 
About Capacitive and Inductive Reactance - Effect of 
Capacitance and Inductance in the Same Circuit - Resonance 
How to Find the Resonant Frequency by Calculation - The 
Resonance Curve - The Circuit "Q" - The Parallel Resonant 
Circuit - Variable Tuned Circuit. 

24 Impedance 
Nature of Impedance - Pythagorean Theorem - Combining 
Resistance and Reactance into Impedance - Why We Can Use 
Pythagoras' Theorem to Find Lhpedance - Combination of 
Resistance and Capacitive Reactance - Combining Capacitive 
Reactance, Inductive Reactance and Resistance - Impedance 
Matching - Ohm's Law for A-C - Power Transfer Through 
Impedance Match - Impedance Matching by Transformer Action 
Low Pass Filters - High Pass Filters - Band Pass Filters. 

25 The Pentagrid Converter  
Radiating Oscillator - Grounding - Carrier Wave - Modulation 
Biasing Points - Systems for Amplifying Radio Signals - 
Mixer Circuits - The 6A8 Tube - Triode Heptode Converter. 

26 Harmonics  
Harmonics of Sound - Harmonics in Electrical Work - More About 
the Frequency Doubler - Class "C" Biasing - The Tri-Tet Oscillator - 
Image Frequency - Trouble from Harmonics - Other Troubles from 
Harmonics. 
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LESSON NUMBER TITLE AND CONTENT  

27 Types of Receivers  
Basic Requirements - The Tuned Radio Frequency Receiver - 
Volume Control - The Superheterodyne Radio Receiver - 
Console 1.7adel Radio Receivers - Table Model Radio Receivers 
Portable Radio Receivers - Automobile Radio Receivers - 
Communications Receivers. 

28 Test Equipment  
The Volt-Ohm-Milliammeter - Vacuum-Tube-Voltmeter - The Signal 
Tracer - Signal Generator - The Tube-Checker - Capacity Analyzers 
Using Radio and Television Test Equipment - How to Use the Tube-
Checker - When to Use the Tube-Checker - Haw to Use the Voltmeter 
When to Use the Voltmeter - How to Use the Ohmmeter - When to Use 
the Ohmmeter - Precautions in the Use of the Ohmmeter - How to 
Use the Milliammeter - Then to Use the Millimmneter - HOW to Use 
the Signal Generator - How to Use the Signal Tracer - Frequency 
Modulated Generator - TV Antenna Compass. 

29 The Oscilloscope  
The Incredible Oscilloscope - Applications of the Oscilloscope - 
The Sections of an Oscilloscope and Their Functions - A Statement 
of the Problem - Applying the Oscilloscope to the Problem - The 
Cathode Ray Tube - Deflection Plates - Voltages on Both Sets of 
Plates - Other CR Tube Elements - The Sweep Section of the 
Oscilloscope - The Vertical Amplifier - The Power Supplies - 
Genescope. 

30 Usine the Oscilloscope  
Getting Acquainted With the Oscilloscope - Applications to Radio 
Receivers - Using the Oscilloscope as a Voltmeter - Measurement 
of High Frequency Voltages - Measuring Gain in the Radio Frequency 
Stages of a Receiver - Aligning Superhet Receiver and Setting I-F 
Band Width - Measuring High Voltages - Other Radio Receiver Tests. 
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ELEVISION 
INTRODUCTION TO RADIO AND TELEVISION 

Contents: Introduction - History of Communications - Wireless Communication - Wave 
Motion - Wave Lengths - Radio Waves - Notes for Reference. 

Section 1. INTRODUCTION 

Radio and Television are today so much a 
part of the American way of living it is 
hard to realize there was a time when they 
did not exist. Radio, especially, has found 
its way into almost every home in the land. 
There are actually more radio receivers in 
operation than there are homes. This is 
true because so many homes have two or more, 
and because so many families have a radio 
receiver in their automobile in addition to 
those in their homes. 

When most people speak of a radio they 
usually have in mind the large console com-
bination radio receiver and record player 
which is to be found in the living room 
of so many homes. Or possibly they are 
thinking of the smaller table model so fre-
quently found in the kitchen or in the 
children's rooms, or even downstairs in 
the recreation room. It is even possible 
they are referring to the radio receiver in 
the automobile. It is these types of radio 
receivers with which most people are fa-
miliar. All these types are important, 
partly because there are so many of them, 
and partly because they contribute so much 
pleasure to so many people. 

Actually there are many other kinds of 
radio receivers in daily use which play an 
even more important, if less well known, 
part in our daily lives. The transcon-
tinental airliner flying at 300 and more 
miles per hour through foggy or snow- laden 
skies is completely dependent upon radio for 
the safety of its passengers. The business 
man on the trans-Atlantic steamer who picks 

up the telephone in his stateroom and talks 
to his office back in the United States is 
making another use of radio. The loco-
motive engineer, who phones from his loving 
train to his conductor in the caboose, the 
operator at the way-side station, or the 
dispatcher back at the terminal, is making 
still another use of the radio. 

Fié.1. Console Type Radio Receiver. 
(Courtesy of Admiral Radio Corp.) 
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Fié.2. Table Model Radio Receiver. 
(Courtesy of stewart Warner.) 

Although most people are familiar with 
the radio-equipped police squad cars and the 
radio-dispatched taxi-cabs, not so many know 
that fire trucks, highway busses and trucks, 
public utilityrepairtrucks, forest rangers, 
private automobiles of physicians and some 
business men, supervisors of street cars 
and busses, as well as many others, also 
utilize radio to keep in touch with their 
office or other headquarters. 

In much the same way when most people 
mention the television receiver, they have 
in mind the big console model standing be-
side the radio in their own living room, or 
in the home of a neighbor. It is possible 
of course, that they might be thinking of 
one of the smaller table model receivers. 

Fié.3. Type of Radio Receiver for use in 
Automobiles. (Courtesy DelcoRadioCorp.) 
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But very few would be thinking of the many 
television receivers which are used in the 
hospitals so that medical students and 
interns can watch the famous surgeons per-
form delicate and difficult operations. 
Where only a half dozen or so students could 
observe such operations a few years ago, and 
even then had to remain at such a distance 
they could scarcely see, it is now possible 
for hundreds of students to watch the pro-
gress of an operation. And they can now 
observe the details much more clearly than 
was formerly the case. Probably no other 

Fté.4. Console Type Television Receiver. 
(Courtesy of Admiral Radio Corp.) 

invention in recent years has contributed 
so much to medical knowledge as has tele-
vision. 

Somewhat less dramatic, but nonetheless 
useful, has been the introduction of tele-
vision into the supervisory control of 
large manufacturing plants. In the properly 
equipped plant it is now possible for the 
manager to maintain complete control over 
every portion of the plant, no matter how 
remote it might be from his office. Tele-
vision supervisory control has already 
demonstrated its usefulness. It is ex-
pected that within relatively few years 



Pié.5. Table Model Television Receiver. 
(Courtesy of Stewart Warner Corp.) 

every large manufacturing plant in the 

country will make use of its advantages. 

With radio and television occupying such 
an important place in our lives, it is ex-
tremely hard for us to realize what a short 

• 

time we have had them with us. Although 
most of us think of the automobile as being 
a relatively new thing, we had the auto-

mobile for more than twenty-five years 
before the first radio found its way into 

an American home. Our parents and grand-
parents easily remember back to the days 
when the radio first thrust itself into our 
consciousness, and quickly made itself 
indispensable to us. 

The important thing for us who are in 

radio, and for those who want to get into 
it, is that if radio can grow from nothing 
to the tremendous place it now occupies in 

our lives in such a short time, what is 
going to happen to radio in the future? 

Even though radio does not continue to grow 
in importance at the same spectacular rate 
of the past years, it is reasonable to ex-
pect that much expansion is in store in the 
years ahead. 

Despite the almost phenomenal growth of 

television in the years since the recent 
war, it is the belief of those who are 

close to television that the surface of the 
possibilities of that field have been barely 

Fig.6. Primitive "Long Distance" Communication. 
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Fié.7. "Signal Drums" such as are still in 
use in some parts of Africa. 

scratched. One of the worst retarding 
forces to even greater expansion of tele-
vision has been the inability to obtain 
trained technicians to build, and to install 
and service television receivers for those 
people who want to buy them. There is 
probably no other field of endeavor which 
offers more to a young man than that of 
radio and television. 

Everything about radio or television is 
intensely interesting. Many business men 
find radio so interesting that they spend 
their own money to make radio a personal 
hobby. How fortunate then is the man who 
can work at it, and actually get paid for 
the work. 

Section 2. HISTORY OF COMMUNICATION 

The dawn of communication between man and 
man has been lost in antiquity. It is 
reasonable to presume that ever since man 
has been able to make a sound, he has at-
tempted to transmit messages over ever 
increasing distances. The first " long 
distance" message was probably a shout by 
one primitive man directed toward another. 

Nobody knows how many centuries passed 
before man discovered that he could make 
himself heard over greater distances by 
beating on a hollow tree with a club. But 
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after making such a discovery, he gradually 
worked out a means of communicating with a 
distant neighbor by a system of signals. 
Among the primitive tribes of Africa a sys-
tem of communication by beating on specially 
prepared drums still exists, and has reached 
a high degree of development. 

Primitive man also used the sense of sight 
to communicate over distances too great 
for the human voice to carry. The American 
Indians perfected an elaborate system of 
smoke signals by means of which they could 
send their messages relatively long dis tances. 

Military men designed a method of re-
flecting the sun's rays by means of mirrors, 
and then blinking this reflected light in 
accordance with a signal code. This method 
of communication was called the Heliograph. 
It was widely used during the American Civil 
War and the Spanish-American War. It was 
still used to some extent during the first 
World War, but its usefulness had begun 
to decline by that time. 

So it can be seen that since the beginning 
of time man has been striving to develop 
newer and better means of communicating with 
one and another. It will be noted that all of 
the methods of communication which have been 
described have one fault in common, they are 
useful over only comparatively short distances. 
A few miles is at best, their greatest range. 

SHUTTER 

CONTROL 

Fte.8. Helioéraph. 

SCREW 

TO 
ADJUST 
MIRROR 
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Fig.9. Samuel F. B. Morse, Inventor of the 
Telegraph. (Courtesy of Western union.) 

During the thousands of years man has 
inhabited the Earth, and his persistent 
attempts to devise better means of communi-
cation, it was not until a little over a 
hundred years ago that a really big im-
provement was obtained. It was in 1832 that 
Samuel F. B. Morse finally perfected the 
electric telegraph which made it possible to 

communicate over a relatively long distance 
by means of electrical impulses which were 
sent along a wire. The electrical impulses 
operated an electromagnet which moved an 
iron bar between two stops. The movement 
of the iron bar created audible clicks 
which, by means of a special code, could 
be translated into words. 

For the first time man could communicate 
over really long distances. He was no 
longer limited by his own sense of sound and 
sight. Wires could be strung from city to 
city, and from village to village. Over the 
wires the electrical impulses could be 
transmitted at the speed of light. The in-
credible speed of 186,000 miles per second. 

Thirty-four years later, in 1866, after 
several expensive and unsuccessfUl attempts, 
an underwater cable was laid between the 
United States and Europe. Now for the first 
time messages could be sent from the United 
States to Europe in a matter of seconds 
rather than a matter of weeks. 

Progress was coming thick and fast. Man 
had tried for thousands of years to improve 
his methods of communication. Once he had 
broken through the barrier imposed by the 
limitations of the human senses, he had 
succeeded in extending his range so as to 
span the Atlantic Ocean. All within the 
span of a relatively few years. 

just nine years after the first message 
was sent across the Atlantic, a method of 
sending the human voice over a wire was 
invented by Alexander Graham Bell. It was 
no longer necessary to depend upon the 

F,!é.10. Early types of Wireless Equipment. 
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Fig.11. Guglielmo larconi, Inventor of the 
Wireless Telegraph System. 

clicking telegraph to transmit a message. 
The human voice itself could now be sent 
over great distances, thus making it possi-
ble for any two individuals to communicate 
directly with each other. 

The invention of the telegraph and the 
telephone made possible marvelous advances 

Fig.12. Waves radiating frorh the point where a pebble is dropped into a still pond of water. 

in man's ability to communicate with one 
another. Yet marvelous as they were, 
they still had definite limitations. They 
depended upon the stringing of wires between 
the points of communications. But there 
were many places where it was not possible, 
or convenient, to string wires. 

Vessels upon the open sea needed to com-
municate with the shore, and with each 
other. But it was not possible to string 
wires out over the open ocean to a moving 
ship. After the Wright Brothers invented 
the airplane, some way of communicating 
with it while it was in flight was needed. 
The need for some means of communicating 
over long distances without the medium of 
wires was clearly indicated. 

Just twenty years after Bell invented the 
telephone, a young Italian named Guglielmo 
Marconi was granted a patent on the first 
wireless telegraph. But unlike some other 
inventions, the wireless telegraph was not 
the product of only one man's activity. 
Back in 1864, even before the Atlantic cable 
was laid or the telephone had been invented, 
an English scientist proved mathematically 
the possibility of wireless communication, 
or radio as we now call it. 

The English scientist, James Clerk maxwell, 
was an exceptionally able mathematician. 
More than a quarter of a century before any 
radio wave was actually created, Maxwell 
demonstrated mathematically how such waves 
were possible. His calculations were so 
precise, so accurate and so comprehensive, 
that even today, almost a century after he 
first demonstrated them, his work, now 
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Fié.13. The cork bobs up and down on 
the water as the waves pass by, but 
does not move in the direction the waves 

are moving. 

called " Maxwell's Equations", is generally 
regarded as the starting point for every 
serious Radio Engineer. His theory of elec-
tromagnetic waves has not been improved upon. 

But despite his mathematical demonstration 
that such waves were possible, Maxwell never 

actually created a radio wave. It was not 
until 1888 that a young German scientist 
named Heinrich Rudolf Hertz actually suc-
ceeded in transmitting electrical energy 

through space without the medium of wires. 
His first radio signal was sent across the 
length of a room and there picked up on a 
very crude form of receiver. His equipment 
was crude, and the signal he picked up weak, 
but there was no question about the success 
of his experiment. He had actually suc-
ceeded in doing what no other person had 
ever done -- transmit electrical signals 
without wires. 

It was just seven years later, in 1895, 
that Marconi built his wireless telegraph 
apparatus by which he was able to send 
messages over a distance of several miles 
without the use of wires. It was on this 
apparatus that he obtained his patent. Six 
years later, in 1901, he had so improved 
his equipment that he was able to span the 
Atlantic ocean with messages. At last a 
means had been found by which communication 
could be maintained over long distances 
without the use of wires. 

Section 3. WIRELESS COMMUNICATION 

Many people who do not have any technical 
training in radio and television work have 
the idea that an electrical current, similar 
to that which lights an incandescent lamp, 
flows from a radio transmitter to the re-
ceiver. Such an idea is entirely wrong. 

It is true, of course, that we use elec-
tricity -- lots of it -- in radio trans-
mitters, and also use electricity in the 
radio receivers. In fact, radio is so 
completely bound up with electricity that 
it is impossible to understand radio or 
television without first having a thorough 
understanding of electricity. But it is 
not true that an electrical current passes 
in some mysterious way from the radio trans-
mitter to the radio receiver. 

What the transmitter does is to set up a 
series of electromaénetic waves which are 
radiated out into space. It is these waves 
which are picked up by the radio receiver 
and make radio communication possible. 

Before getting into a discussion of elec-
tromagnetic waves it is well that we make 
certain we know exactly what a wave is. 
Most of us have seen waves on the surface 
of the water. Many have seen the large 
waves rolling in from the ocean or on the 
Great Lakes. But how many of us have stopped 
to analyze exactly what a wave is? 

Section 4. WAVE MOTION 

In watching waves on the water we often 
get the impression that large masses of 
water are actually moving toward the shore, 
or away from some central disturbance. As 
a matter of fact, such is not the case. 

Suppose you are standing on the shore of 
a body of very still water -- water which 
is mirror- smooth. Now toss a pebble, or 
small stone, into the water. Ripples, 
or waves, will be created by the splashing 
of the pebble. The waves will form circles 
around the spot where the pebble was dropped 
and will appear to move away from the spot 
in ever-increasing circles. To all ap-

eié.14. As the pebble hits the surface, 
some of the water is displaced and is 

forced upward. 
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Fig.15. The waves move away from the 
pebble in the form of a sertes of walls 

and troughs. 

pearances the water itself is moving away 
from the point where the pebble was dropped. 

Now suppose we place a piece of cork, or a 
small block of wood in the water and again 
drop a pebble into the water near the cork. 
As the waves reach the cork, we can see the 
cork moving up and down on the surface of 
the wave. But it does not move noticeably 
in the direction the waves are moving. This 
is conclusive proof that the water itself is 
not moving away from the point where the 
pebble was dropped. But our eyes also tell 
us unmistakably that something is moving. 
Which brings us to the point of our dis-
cussion; it Is merely waves which are moving. 

And that brings us to the question: Just 
what is a wave? 

Let's see just what did happen when the 
pebble was dropped into the water. The 
pebble had a certain amount of force, or 
energy, behind it when it hit the surface 
of the water. Thus, when it struck the 
surface it forced some of the water out 
of its way in order to force a passage for 
itself. Since all the space around is 
filled with other water, there is only one 
place for the displaced water to go. That 
is straight up. This is shown rather 
clearly by Fig. 14. 

Now the displaced water has weight, and 
it is not going to remain poised up in the 
air after the force which caused it to rise 
has been removed. The natural tendency is 
for that water to fall back into the main 
body. In falling back, the inertia it ac-
quires in falling causes it to sink below 
the normal surface of the water. This in 
turn displaces other water which rises above 
the normal surface. A moment later this 
second mass of displaced water will fall 
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back and displace still more water. This 
action is repeated over and over, with the 
rising and falling masses of water moving 
farther and farther from the point of the 
original disturbance. Fig. 15 shows a 
cross-sectional view of the series of cir-
cular walls and troughs caused by the 
falling pebble. 

This rising and falling continues on and 
on. Because of the resistaàce to the move-
ment of the water, each wall is slightly 
lower than the one before it, and when it 
falls back it does not form a trough quite 
so deep as the trough before it. As the 
waves move farther and farther from the 
point where the pebble fell, their height 
will become less and less until eventually 
they decay to the point where they are 
not visible. 

If you are still not clear as to exactly 
what it is that travels, you might try 
setting up a row of dominoes. Tip the first 
one over as shown in Fig. 16. It will push 
over the one next to it, and the second 
will push over the third, etc., until all 
the dominoes have been tipped over. The 
motion (or wave) will pass along the entire 
row. But each domino will move only a very 
short distance. 

This can be said another way. It is the 
energy, or motion, of the falling dominoes 
which travels, not the dominoes themselves. 
In the case of the wave on the water, it 
is the energy of the falling water which 
travels across the pond, not the particles 
of water themselves. Energy can be caused 
to travel in the form of a wave through 
many substances. Energy traveling along 

Fté.16. The energy of the first falltné 
domino ta transmitted from one domino to 
another in the form of a wave. No domino 
moves any great distance, but the energy 
ts qutckly transmitted from the first 

domino to the last. 
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Fig.17. The energy imparted to the end of the rope by the man's hand is transmitted 
in the form of a wave to the end attached to the post. 

the surface of water in the form of a wave 
is something we are all familiar with. Like-
wise, the example of the falling dominoes. 

Another method of demonstrating the move-
ment of energy in the form of a wave is to 
tie an end of a rope securely to a post and 
then impart a wave motion to the other end. 
This is illustrated by Fig. 17. The energy 
imparted to the end of the rope by the move-
ment of the hand will travel to the other 
end of the rope. It will travel in the form 
of a wave. You can test this out for your-
self, if you have not done so before, by 
obtaining a fairly heavy rope about fifteen 

or twenty feet long and using it as de-
scribed. To all appearances, the rope is 
traveling from your hand to the post. But 
you know full well that is not the case. 
Actually what is traveling is the energy. 
It is moving in the form of a wave. 

Energy can assume many forms. Heat is 
one form. A moving object is another. A 
falling object is still another. But it is 
energy in the form of a wave with which we 
will be most concerned in much of our 
studies of radio and television. 

Section 5. WAVE LENGTHS 

There is something else about this idea 
of wave motion with which we should become 
thoroughly familiar because we are going to 

work with it just as long as we work with 
radio or television. That is the matter of 
wave length. 

Let us go back to our illustration of the 
pebble in the still pond and examine again 
the waves formed there. It was described 
how the falling pebble caused a wall of 
water to form. Then the wall of water fell 
and created another wall of water. Next, 
the second wall of water fell, and in so 
doing, created still a third wall. It 
should be noted that the walls of water and 
the trough between them alternate. First 
there is a wall, then a trough; then another 
wall and a second trough. 

Fté.18. The wave length is measured from 
the crest of one wave to the crest of 

the next wave. 
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Fié.19. A cycle is measured from a point 
on one wave to a corresponding point on 
the next wave. One cycle is shown by 

the darker line. 

The top of the wall of water is called a 
crest, as is shown in Fig. 18. The distance 
between the crest of one wave and the crest 
of the next wave is called the wave length. 
The distance between the bottom of one 
trough and the bottom of the next could also 
be called the wave length. It is the same 
length as the distance between the crests. 

There can be many different wave lengths. 
The pebble you drop into the water might 
create wave lengths only a few inches long. 
A different object dropped into the water 
might create waves with wave lengths a foot 
or more long. The waves you see on the sea-
shore might be many yards long. But waves 
on water all have one thing in common. They 

all move along the surface of the water at 
the same speed. 

The rise of the wall of water, its sinking 
into the trough and its rise again consti-
tutes a passage through several stages. The 
series of changes from the crest of one wave 
to the crest of the next wave can be spoken 
of as the passage of the wave through one 
cycle. (See Fig. 19.) 

The heavy line in Fig. 19 marks the 
passage of the wave through one complete 
cycle. The number of cycles through which 
the waves pass in a given unit of time is 
called the frequency. 

In the case of the waves caused by the 
falling pebble, there might be as many as 
fifteen risings and fallings of the water 
at a given point during the period of one 
minute. In this case we could say the 
waves had a frequency of fifteen cycles 
per minute. On the seashore there might 
be only two waves pass a given point during 
the period of one minute. In that case 

TES- 10 

the frequency of the waves would be two 
cycles per minute. 

It should be noted that there is a very 
close relationship between the frequencies 
of the waves in cycles and the wave length. 
The waves travel at a given speed. If the 
waves are short and close together, the 
wave length will be short. Since they are 
close together, more of them will pass a 
given point during a given time. Thus the 
frequency in cycles will be high. This 
holds true with all forms of wave motion. 
If the wave length is short, the frequency 
will be high. But if the wave length is 
long, the frequency will be low. 

There is another thing about wave motion 

we should get clear at this time. That 
is the matter of amplitude. Amplitude is 
something you will be working with in nearly 
every phase of radio and television. The 
height of the crest of a wave above the 
normal level of the water is called the 
amplitude. The depth of the trough below 
the normal level is also called the ampli-
tude, but it is usually more convenient to 
consider the crests rather than the troughs. 
The illustration in Fig. 20 shows how the 
amplitude is measured. 

In our discussion of wave motion we have 
used the example of waves on the surface 
of water for the purpose of illustration 
because they are something with which we 
are all familiar. Actually, we are not 
concerned in radio work with water, ex-
cept that the wave motion of water is so 
similar to the movement of electromagnet 
waves which serve us so well in radio and 
television work. But by becoming familiar 
with the wave motion of water, it is much 
easier to understand the wave motion of 
electromagnetic waves which we cannot see. 
And a thorough understanding of electro-

Fié.20. Amplitude is measured from the 
normal level to the crest of the wave. 



magnetic wave motion is quite important to 
the understanding of radio and television. 

Section 6. RADIO WAVES 

In much the same manner that the energy of 
a falling stone is converted into radiating 
waves on the surface of a pool of water, so 
is the energy which is developed in a radio 
transmitter radiated out into space. But 
where the waves on the water move at a speed 
of a relatively few feet per minute, the 
electromagnetic waves radiating from the 
radio transmitter travel through space at 
the almost unbelievable speed of 186,000 
miles per second. 

Just as the wave length of the waves on 
the water was directly related to the fre-
quency with which they passed any given 
point, so is the distance between the crests 
of electromagnetic radio waves (wave length) 
also related to their frequency. 

If a radio transmitter is so adjusted 
that it sends out an electromagnetic wave 
1,000,000 times each second, it is said to 
be radiating on a frequency of 1,000,000 
cycles per second. Since numbers involving 
millions are a little unwieldly to handle, 
it is more convenient to count frequencies 
in kilocycles. A kilocycle amounts to 
1,000 cycles. Thus, instead of speaking 
of 1,000,000 cycles, we can say 1,000 kilo-
cycles, and mean exactly the same thing. 

Supposing now we have our transmitter 
sending out electromagnetic waves at the 
rate of 1,000,000 waves per second, or at 
a frequency of 1,000 kilocycles per second. 
The energy is being radiated out into space 
all right. But the human ears cannot de-
tect frequencies which are that high. No 
physical object can move at that frequency 
because of the inertia involved. So, in 
order for us to obtain any benefit from the 
radiations from the transmitter, it is 
necessary to create some kind of electrical 
apparatus which will be affected by the high 
frequency electromagnetic waves. This in-
volves a process called " tuning". 

To understand tuning it is necessary to 
discuss briefly a natural phenomenon called 
natural frequency, or resonance. Let us 
take the simple example of a child's swing. 
Start the swing moving to and fro. When it 
is moving freely give it a slight push each 
time it reaches the end of its swing. (See 
Fig. 22.) A very slight push given at ex-
actly the right instant will keep the swing 

Fig.21. Radio energy moves away from the 
transmttter in the form of a sertes of 

electromagnetic waves. 

swinging. But if the push is given a little 
too soon, or a little too late, the swing 
will slow down. 

To obtain the maximum transfer of energy 
from the push to the swing, the frequency 
of the pushing must be exactly equal to the 
frequency of the swing. We can say, the 
pushing is in resonance with movement of 
the swing, or in step. 

Now for a more closely paralleling illus-
tration. Suppose you have two tuning 
blocks, such as are used in the tuning of 
pianos and other musical instruments. 
They must both have the same natural fre-
quency. Suppose their natural frequency 
is the same as the frequency of middle C 
on the piano. This would be a frequency 
of 256 vibrations per second. 

These tuning blocks consist of a bar of 
steel specially designed so it will vibrate 
at a certain frequency when struck. The 
bar of steel is mounted on a hollow wooden 
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1 
PiÉ.22. A child's swing illustrates the princtple of natura/ frequency. The swing 
will move htÉher and higher if given a push at exactly the right instant. But if the 
push is given at any time which does not correspond with the swtng's natural frequency 

the swing will slow down. 

block which has the ability to increase the 
volume of the tone when the bar is struck. 

If we place these two blocks about ten or 
fifteen feet apart and then strike one a 
sharp blow it will start vibrating at its 
natural frequency -- 256 cycles per second, 
the pitch of middle C. By placing a hand 
on the struck block its vibrations can be 
stopped. But stopping its vibrations will 
not completely kill the sound of middle C. 
Investigation will show that the second 
block is vibrating although it was not 
struck. If a hand is then placed on the 
second block, it too, will stop vibrating. 

Fig.23. Vibrations in the air set up by 
the first tuning block will cause simi-
lar vibrations in the second tuning block 
which will cause it, In turn, to give 
off vibrations of its own. The first 
tuning block will not have any effect on 
the second if their natural frequencies 

of vibration are not identical. 
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Now for the explanation of what happened. 
When the first block was struck it began 
vibrating at its natural frequency, 256 
cycles per second. The vibrations set air 
waves in motion much as the dropped pebble 
set waves in motion on the water. When the 
air waves struck the second tuning block it 
set that block vibrating also because its 
natural frequency was exactly the same as 
the frequency of the air waves striking it. 

In other words, the energy of the air 
waves was transferred to the second block, 
and it in turn was set in vibratory motion. 
The second block then began making air waves 
of its own, and it was these that were heard 
after the vibration of the first tuning 
block was stilled. 

To emphasize the fact that both tuning 
blocks must have exactly the same natural 
frequency of vibration, this experiment can 
be repeated by using one of the blocks pre-
viously used which had a natural frequency 
of 256 vibrations per second, and a second 
tuning block of 240 vibrations per second. 
This would correspond to B on the piano. 
When this experiment is attempted, the 
second block will not vibrate in unison 
with the first. The air waves are not 
vibrating at the natural frequency of the 
second tuning block. Therefore, there is 
no transfer of energy. The blocks are not 
in resonance with each other. 

And so it is in the case of radio. The 
radio transmitter creates and radiates into 

• 
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space a succession of electromagnetic waves. 
These waves are then picked up by a special-
ly designed piece of electrical equipment 
which we call a radio receiver. It is so 
designed that it is sensitive to the par-
ticular frequency of the waves from the 
transmitter. It is " tuned" to the fre-
quency of the transmitter. Ihen it is so 
tuned, it will pick up the message from the 
transmitter and convert it into such form 
as can be understood by the human ears. 

In this lesson we have taken up the basic 
fundamentals of wave motion and discussed 
briefly the part such wave motion plays 
in radio and television work. In later 
lessons we will discuss in considerably 

more detail the electrical and electro-
magnetic forms of wave motion. 

In our next lesson we will take up the 
study of some of the fundamentals of elec-
tricity. Some radio students, when confronted 
with the need for learning the principles of 
electricity, are prone to complain that they 
want to learn radio and television -- not 
electricity. But it should be understood 
that nearly everything about radio and tele-
vision is electrical. It is as absurd for a 
man to expect to learn radio and television 
without learning something about electricity 
as it would be for a man to expect to be-
come a great writer of literature without 
first learning the alphabet and how to read. 

NOTES FOR REFERENCE 

Wave Notion is energy traveling through some medium by means of vibrations transmitted 
from particle to particle. 

Wave Length is the distance between one crest of a wave and the next crest. 

A Cycle is the series of changes from normal that are produced as the wave travels in 
going one wave length. 

Frequency is the number of cycles during a given unit of time. 

The speed with which the wave travels depends upon the nature of the medium through which 
it travels. 

The speed of electromagnetic waves through space is 186,000 miles per second. 

Resonance is the condition of two vibrating bodies when the natural frequency of one body 
is equal to the natural frequency of the other body. 

Samuel Morse invented the telegraph in 1832. 

The first message was sent over a trans-Atlantic cable in 1866. 

Alexander Graham Bell invented the telephone in 1875. 

James Maxwell published his theory of electromagnetic wave motion in 1864. 

Marconi invented the wireless telegraph in 1895. 

First wireless message was sent across the Atlantic in 1901. 
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Section 1. INTRODUCTION 

The man who wants to become an expert in 
radio and television work must learn many 
things which might seem, at first glance, to 
be of little importance. Some of the things 
he must learn include the physics of wave 
motion, the peculiar phenomenon of elec-
trical resonance, the chemical composition 
of certain materials, the physics of sound, 
the peculiar properties of certain natural 
minerals, and probably the most important of 
all, the basic fUndReentals of electricity. 
Because the radioman works with electricity 
right from the beginning of his entrance 
into the radio field, we will take up the 
discussion of electricity first. 

Practically everything about radio and 
television has its beginning in electricity. 
The electromagnetic waves we discussed in 
the previous lesson are produced by care-
fully controlled electrical currents. The 
filaments of the vacuum tubes, which are 
used so widely in radio and television work, 
are heated by the passage of electrical 
current in much the same manner that the 
filaments of incandescent lamps are heated. 
The action of the electromagnetic waves when 
they reach the receiver is to create elec-
trical currents in the receiver. Because 
these currents are very small they must be 
magnified by mixing them with other, and 
stronger, electrical currents. All this 
gives a hint of the importance of elec-
tricity in radio work. It is essential for 
a man to become thoroughly familiar with 
electricity if he expects to become a really 
Capable radioman. 

There are few things in our lives more 
familiar than the incandescent electric 
lamp. It is so familiar, and so much a part 
of our daily lives, that we are prone to 
take it for granted and give it little 
thought. While most of us are vaguely aware 
that the electrical power which is used to 

Fiê.1. Television Receiver. 
(Courtesy of Emerson Radio) 
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Fig.2. It is not possible to detect a passing electrical current by weighing the wires. 

light the lamps is brought to them by a pair 
of wires, we seldom give any thought to 
just exactly how the power travels through 
the wire. 

It might seem rather strange that power 
capable of lighting lamps, running motors, 
and doing many other kinds of work can be 
so easily carried from place to place through 
wires. This will seem all the more strange 
if you take the time to carefully examine 
the wire while power is passing through it, 
and again when there is no power passing. 
The most careful examination will disclose 
no apparent change in the wire when it is 
carrying power and when it is not. 

A close examination of the wire will dis-
close a long strand of metallic copper. The 

copper may be in the form of a single solid 
strand, or it might be composed of a number 
of smaller strands twisted together. Sur-
rounding the copper will be one or more 
layers of rubber, fabric, or some other 
non-metallic material. But nothing in the 
appearance of the wire will give any clue 
as to how it can carry electrical power. 

No matter how closely you listen you can-
not hear any rush of electricity through the 
wire while a lamp is lighted. The most sensi-
tive scale will not detect the slightest 
change in the weight of the wire while elec-
tricity is passing through it. If you dis-
connect one end of the wire the lamp will go 
out, but nothing will come out of the end of 
the disconnected wire. Yet common sense 
tells us that with the lamp lighted, some-

Fig.3. There must be a completemetallicpath through which the electrical current can flow. 
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Fié.4. A metallic wire with its insulated 
outer coverinê. 

thing must be passing through the wire. 
This something is what we call electricity. 

The fact that the lamp goes out when the 
wire is disconnected shows us one thing. That 
is, that electricity will not pass through 
the air between the disconnected wire and the 
place it was disconnected from. Instead of 
stopping the flow of electricity by discon-
necting one of the wires, it is more custom-
ary to use an instrument we call a switch to 
stop the flow of electricity. Several types 
of such switches are shown in Fig. 5. 

A careful examination of such a switch 
will show that when the switch is opened to 
turn off the electricity, the metal parts 

will be separated from each other. This 
stops the electricity because the electricity 
will not pass through the air between the 
separated metal parts. A still closer ex-
amination of the switch will show that the 
metal parts are either surrounded by, or are 
mounted upon porcelain, fibre, bakelite or 
someothermaterial which is not metal. It is 
quite evident that electricity does not flow 
through these non-metallic parts. If it did, 
the lamp would continue to burn just as it 
did when the metal parts were touching each 
other. These observations tell us that non-
metallic materials such as rubber, bakelite, 
fibre, glass, porcelain and some others, as 
well as air, will not pass electricity. By 
surrounding the metal of the wire with one 
of these materials it becomes possible for 
us to confine the flow of the electricity to 
those paths we want it to follow. 

It may seem strange that electricity, 
which is invisible and without weight, can 
pass through wires of solid metal but not 
through other solids of non-metallic ma-
terials. Yet this action is no more strange 
than the fact that light passes freely 
through solid glass, but is stopped by a 
piece of solid wood. Neither is it any more 
strange than the fact that heat readily 
passes through solid metal, but can pass 
throughsolidasbestos only with the greatest 
difficulty. 

Fié.5. Electrical switches which are used to open and close electrical circuits. 
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Fig.6. A bare copper wire and a wire 
covered with insulation. 

Section 2. CONDUCTORS AND INSULATORS 

Any substance or material which passes 
electricity freely is called an electrical 
conductor. All metals are conductors. But 
aside from metals, the only generally use-
ful electrical conductors are carbon and a 
few liquids. 

Any substance through which electricity 
doesnotpass freely is called electrical in-
sulation, and electrical parts made from such 
materials are called electrical insulators. 
Except for metals, carbon, and certain 
liquids, all substances are insulation, and 
they may be made into electrical insulators. 

Electricity does not flow through all con-
ductors with the same ease. It flows through 

silver, for instance, easier than through 
any other substance. But it flows through 
copper almost as easily. Because copper is 
much less costly than silver, it is used far 
more widely in electrical work. More copper 
is used for conducting electricity than all 
the other metals combined. Aluminum, brass, 
bronze, steel and iron are the other metals 
most often used as electrical conductors. 
For the most part they are used in special 
applications where for some reason copper is 
not considered to be suitable. It is harder 
to send electricity through wires made from 
aluminum or iron or steel than through wires 
made from copper. Yet it is much easier to 
send electricity through aluminum or iron 
metals than it is to send it through carbon 
or the liquids. 

An electric wire may consist of a bare 
copper wire as is shown at the top of Fig. 6. 
Electricity will not escape from the wire 
if it comes in contact only with the sur-
rounding air and other insulating materials. 
But should the wire touch another metal ob-
ject it would be possible for the electricity 
to escape from the wire and pass into the 
other object. Should a person touch a bare 
wire while it was passing electricity and 
while he was also touching another metal 
object it is quite likely he would get an 
electrical shock. To prevent the escape of 
electricity from the conductor, and also to 

Fié.7. Several types of insulators used in electrical work. 
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Fig.8 etch of the water 
is lost through the leaks. The higher the amount of water lost through the leaks. 

through the hose to the end where it is wanted, but some 
water pressure the greater will be the 

protect people against shock, the metal is 
often covered with one or more layers of 
insulating materials. Such an insulated 
wire is shown at the bottom of Fig. 6. 

Electricity can be confined to certain 
paths by means of insulation in much the 
same manner that water can be confined 
within a certain path through a hose. A 
rubber hose confines the water flowing 
through it and does not allow any to escape 
unless the pressure becomes so high as to 

burst the hose. 

Among the most generally used insulating 
materials are rubber, glass, mica, porce-
lain, bakelite (which is a form of rubber), 

waxed paper or cloth, and fabrics which have 
been impregnated with insulating varnish. 

Flexible insulation, such as rubber, paper 
and fabric is placed around wires, or in 
other places where the insulation must be 
wrapped or tucked into place. Solid insu-
lators, like porcelain and molded compo-
sitions, are used for supporting conductors 
and for many parts of electrical apparatus 
where strength is required. Specially 
created insulating materials made of plastic 
and glass are widely used in radio and 
television where the more common types 
of insulators do not work satisfactorily. 

Polystyrene, steatite, pyrex and mycalex are 
a few of these special types of insulators. 
Extremely high frequencies are used in 
radio and television work. Some of the 
more common types of insulators seem to lose 
some of their insulating properties at those 
frequencies. Thus it became necessary to 
develop special types of insulators for use 

at the higher frequencies. 

Some insulating materials are not absolute 
insulators. That is, they allow a little 
electricity to pass through. They might be 
compared to a water hose constructed of 
heavy canvas. The heavy canvas would con-
fine the major part of the water to the path 
desired. But a little of the water would 
leak through the fabric of the canvas. The 
higher the pressure of the water, the more 
water will leak through the canvas. So it 
is with some insulators. They are plenty 
good enough for ordinary work, but are un-
suitable where either the frequency or the 
electrical pressure is too high. 

Section 3. THINGS AFFECTING THE 
FLOW OF ELECTRICITY 

There are several things which affect the 
flow of electricity through a conductor. To 
understand this more clearly we can again 
resort to the method of comparing the flow 
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FiÊ.9. More water will flow through the large pipe than through the small one. 

of electricity to the flow of water. The 
amount of water that flows through a pipe 
depends upon several things just as does 
the flow of electricity through a conductor. 
But where we are unable to see the flow of 
electricity we can see some of the things 
that happens to water as it flows through 
the pipe. 

The amount of water that flows through 
a pipe depends in a large measure upon how 
long the pipe is, how big around it is, 
and whether the inside of the pipe is clean 
or is partially obstructed by dirt and 
scale. With a given pressure at the pump, 
more water will flow through a short pipe 
than will flow through a long one. It 
is also true that more water will be able 
to flow through a large pipe than through 
a small one. And common sense tells us 
that more water will flow through a clean 
pipe than through one that is partially 
obstructed. 

Very much the same thing is true with 
electrical current. The flow of the elec-
trical current will meet less opposition 
in moving through a short conductor than 
through a long one, and will thus allow more 
current to flow with any given electrical 
pressure. Furthermore, the same electrical 

letts.10. lore water will flow through the short pipe than through the long one. 
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pressure will cause more electrical current 
to flow through a large conductor than 
through a smaller one. 

Even the pipe which was partially clogged 
with scale has its counterpart in the flow 
of electrical current through conductors. 
We have already mentioned that electricity 
does not move through all kinds of con-
ductors with equal ease. Thus the smooth 
water pipe might be compared with the 
ability of silver to conduct electricity, 
and the pipe with just a little bit of 
scale might be compared with copper as an 
electrical conductor. But the pipe which 
had a lot of scale could be compared with 
a piece of iron or steel wire. Water can 
move through a pipe which has a lot of 
scale in it, but it meets much more oppo-
sition than if the pipe were clean. Like-
wise, electricity can move through iron 
or steel but it meets considerably more 
opposition than if it were passing through 
silver or copper. 

The effect of the various sizes of wire, 
and the lengths of wire, and the composition 
of the wire is shown rather graphically in 
Fig. 11. There it will be noted that more 
current flows through the shorter wire, 
through the larger wire, and through copper, 
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Fig.11. Flow of electricity depends upon 
length, diameter, and the material from 

which the wire is made. 

than flows through the longer wire, the 
smaller one or that made from iron or 

aluminum. 

Section 4. CURRENT MEASUREMENT 

The amount of water which flows through 
a pipe depends upon the pressure applied by 
the pump, and upon the opposition presented 

by the pipe. And as we have just been dis-
cussing, the opposition of the pipe depends 
upon the length of the pipe, upon its size, 
and upon its condition. 

The amount of electricity which flows 
through a conductor depends upon the elec-
trical pressure behind it, and upon the 
opposition of the wire through which the 
current flows. The opposition of the wire 
depends upon the length of the wire, its 
size in diameter, and the material from 

which it is made. 

The amount of current which is flowing is 
specified in an electrical unit called the 
ampere. The ampere is not a definite quanti-

ty such as a gallon is a definite quantity 
of water. Rather, the ampere is a measure-
ment of the rate of flow of electricity. 
We might say that 50 gallons of water per 
minute was flowing through a pipe. In a 
like manner, we could say that 50 amperes 
of electrical current was passing through 
a wire. The difference is that in the case 
of water we must mention both the quantity 
and the time. But with electricity we have 
a unit which expresses both quantity and 

time together. 

In this respect it is very similar to a 
nautical knot. As most of us know, it is 
not correct to say 15 knots per hour. If a 
vessel is moving at the rate of 15 nautical 
miles per hour it is traveling at a speed 
of 15 knots. Not 15 knots per hour. 

In a like manner, it is not correct to 
say 15 amperes per second, or per minute, 
or per any other unit of time. The unit 
amperes is a complete unit in itself. When 
we say that electrical current is flowing at 
the rate of so many amperes we know that a 
certain number of tiny electrical particles 
are passing a given point per second. Since 
for most practical purposes we are not con-
cerned with the actual number of these tiny 
particles of electricity, we speak merely 
of their rate of flow. And the rate of flow 
is measured in amperes. 

The meaning of amperes in the measurement 
of current flow will become a little more 
clear if we consider the electrical currents 
which flow in a few common electrical ap-
pliances. An ordinary household electric 
toaster uses from 5 to 6 amperes, an elec-
tric iron will use from 5 to 12 amperes, 
and an electric range will use from 4 or 5 

Fié.12. Currents which are required 
to operate some familiar electrical 

appliances. 
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FtÉ.13. The belt must make a complete circuit of the pulleys 
If the belt is broken at any place, no power can 

in order to transmit power. 
be transmitted. 

amperes up to about 35 amperes. An ordinary 
60-watt incandescent lamp will use about 
1/2-ampere of current,, while a 100-watt lamp 
will use almost an ampere. Fig. 12 illus-
trates a few of the common household ap-
pliances and the amount of current they use. 

It might be well to remember that the flow 
of current in amperes has nothing to do with 
the speed of electricity any more than the 
flow of water in gallons per minutes is a 
measure of its. speed through the pipe. We 
might have a large number of gallons of 
water per minute flowing through a large 
pipe at a slow speed or the same number of 
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gallons per minute flowing through a small 
pipe at a high speed. In a like manner we 
might have a large number of amperes flowing 
through either a large or a small wire. We 
are never concerned with the speed of elec-
tricity when speaking of amperes, but rather 
with how much gets through the wire in, a 
given time. 

Section 5. THE ELECTRIC CIRCUIT 

There are many points of similarity be-
tween the flow of water through pipes and 
the flow of electricity through wires. But 
there arealsoseveral very important matters 

• 
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in which they are not alike at all. For 
example, in a water supply system the pump 
may draw the water from a well, lake or 
reservoir, and then send it through a single 
continuous pipe to where the water is drawn 
off through a faucet and leaves the water 
system forever. 

But in an electrical system we must have 
at least two wires, or two conductors, one 
extending from the source of electrical 
power to the point where the power is used, 
and a second wire leading back to the source 
of the power. Unless we have this complete 
circuit it is impossible to have any flow 
of electricity at all. 

It is a common practice to speak of the 
place where the electric power originates 
as the source, and of the appliances and 
apparatus which use the power as the load. 
The source is something which creates an 
electrical pressure. It might be a mechani-
cal generator, a storage battery, or even a 
dry cell battery. We will discuss this 
matter of electrical pressure just a little 
further along. 

We can make the statement with scientific 
certainty that in any electrical system 
there must be a complete conductive path all 
the way from one side of the source to the 
load. And there must also be another com-
plete conductive path from the load back to 
the source. This complete round-trip con-
ductive path is called an electric circuit. 
It might be a good idea to note that word 
well. So long as a man works with elec-
tricity, radio or television, he is going 
to be constantly working with electrical 

circuits. In modern radios, and more par-
ticularly in the latest model television 
receivers, the circuits can become almost 
unbelievably complex. But for the trained 
technician, one who is really familiar with 
how the various circuits work together, the 
most complex circuit is merely an incident, 
something to be taken in stride. 

If there is any break in the conductors of 
an electric circuit no electricity will 
flow. It doesn't make any difference which 
part of the circuit is broken, no elec-
tricity will flow in any part of it. The 
electricity cannot get past the part of 
the circuit which is open, so it stops 
moving everywhere else. 

We might well compare the action of elec-
tricity flowing in a circuit, carrying power 
from the source to the load, with one of the 
huge belts which carries power from an 
engine to a machine which it is driving. 
The belt must be continuous all the way 
around. Just as much belt must come back 
to the engine pulley as leaves the engine 
pulley. If the belt is opened, or broken, 
at any place on either side there can be no 
further delivery of power to the machine. 
(See Fig. 13.) 

Section 6. DIAGRAMS OF CIRCUITS 

In working with electrical circuits it is 
often convenient to mark them down on paper 
so they can be studied, or recorded. A 
definite set of rules for describing cir-
cuits have been worked out by electrical 
and radio men. The conductors are usually 
drawn in the form of straight lines, or at 
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Fié.14. Series Circuits. 
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HIGHER PRESSURE 

LOWER PRESSURE 

Fig.15. Water will flow through the pipe connecting the two tanks as a result of the 
difference in the pressure at the two ends of the pipe. 

least lines that run as directly as possible 
from one part of the drawing to another. 
The drawings are usually referred to as 
diagrams. Sometimes they are called elec-
trical diagrams. Again they are called 
schematic diagrams. Regardless of what 
they are called, they are usually made in 
a manner which all other electrical men can 
readily understand. 

Fig. 14 illustrates a pair of very basic 
circuits. The diagram at the left hand side 
of Fig. 14 is one which shows a source of 
electrical pressure, a single lamp as a load 
with the circuit completed through connecting 

wires. The switch is shown in its open po-
sition. To light the lamp, the switch would 
have to be closed to complete the circuit. 

The current could not flow unless the cir-
cuit was a complete conductive path. This 
is very similar to the belt-driven machine. 
There no power could be delivered unless the 
belt made a complete circuit. 

At the right hand side of Fig. 14 is shown 
two more lamps added into the circuit. They 
are connected in such a way that the current 
passes through the lamps, one after another, 
the same current going through all the lamps. 

When electrical apparatus of any kind is 
so connected together that all the current 
which flows through any part must also flow 
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through every other part in the circuit, 
the parts are said to be connected in 
series. The circuit itself is called a 
series circuit. 

Section 7. ELECTRICAL PRESSURE 

Electrical pressure, like any other pres-
sure is a kind of force. It is the force 
that causes electricity to move, the force 
which acts as the motive power for the elec-
tricity moving in a circuit. It is quite 
customary to speak of the pressure which 
causes electricity to move as electromotive 
force. Electromotive force is usually 
abbreviated ENI. 

Electromotive force, like any other force, 
has its own unit of measure so the amount of 
electrical pressure can be determined. Steam 
pressure is measured in pounds per square 
inch. Other types of pressure have their own 
units of measurement. So it is with electri-
cal pressure. Electrical pressure is meas-
ured in units called volts. It would be well 
to remember exactly what the term volt means 
because it is used constantly in radio and 
television work. It is the unit of measure-
ment for measuring the electrical pressure 
in any part of any electrical system. 

Another method of describing electrical 
pressure, or voltage, is to refer to it as 

• 
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difference of potential will cause an elec-
trical current to flow. Current is always 
caused to flow when there is a difference 
of potential between two points -- and there 
is a complete circuit. 

A common electrical example of the dif-
ference of potential in a circuit is that 
which commonly exists across an incandescent 
lamp when it is burning. We speak of the 

potential difference across thelamp as being 
about 115 volt, or 120 volts as the case 
might be. By this we mean there is a po-
tential difference of 115 volts, or 120 
volts, between the electrical pressure on 
one side of the lamp and the electrical 
pressure on the other side. This difference 
in potential causes an electrical current to 
flow. It is the flow of electrical current 
through the lamp which causes it to light up. 

Section 8. SOURCE OF POTENTIAL 

We have discussed at considerable length 
the matter of potential difference, but so 

a difference of potential. In speaking of 
the difference in potential, we are usually 
referring to differences in voltage or 
pressure between two points in an electrical 
circuit. The difference in potential be-
tween two points in an electrical circuit 
can be compared to the difference in pres-
sure in the water between two water tanks in 
which the water is at unequal heights. Fig. 
15 shows an example of such a situation. 
There two water tanks are connected together 
with a pipe. The water in one tank is much 
higher than is the water in the other tank. 
Therefore the pressure on the pipe where it 
enters that tank is much greater than is the 
pressure on the other end of the pipe where 
it enters the other tank. As a result of 
this unequal pressure, or difference of po-
tential, water will flow through the pipe 
from the point of high pressure to where the 
pressure is less. 

So it is with electricity. Whenever there 
is a difference of potential between any 
two points in an electrical circuit, this 

ZERO POTENTIAL 

Fig.16. The water in the tank is at zero pressure, or "potential". The pressure is 
raised by the action of the pump. Part of the pressure is lost at the first water 
wheel. Xore pressure is lost at the second water wheel. When the water returns to 

the tank it loses the balance of its pressure and is again at zero pressure. 
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Fig.17. A gravity cell. 

far we have said little about how a dif-
ference of potential is obtained. An 
electrical pressure, just as any other kind 
of pressure, must be created. 

The water falling over the side of the 
mountain at Niagara Falls represents a 
difference in potential. There the dif-
ference of potential is not electrical but 
physical. It was created by the sun drawing 
up water into the clouds, then the clouds 
disgorging their water into the higher 
country above the Falls, and finally the 
water finding its way into the lakes and 
rivers through which it reached the upper 
lip of the Falls. The point is, the dif-
ference in potential had to be created. 
And in that case we could trace its creation 
back to the action of the sun. 

The steam pressure within the boiler that 
furnishes power for steam engines and 
turbines had to be created. In that case, 
the pressure was created by the action of 
heat on water. 

By returning again to the use of water to 
describe a point we want to make clear, the 
illustration of Fig. 16 will show how the 
creation of a difference of potential can be 
used to do useful work. The pump at the 
left hand side of the illustration raises 
the water through the pipe, and thus, in 
effect, raises the potential. The water 
flows through the pipe, then down to strike 
the waterwheel. In falling, the water loses 
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some of its potential and does useful work. 
But it does not lose all of its potential. 
It is still much higher than its normal 
level. The water then passes through an-
other pipe and falls some more to strike 
another waterwheel where it does more work. 

The pump is used to create a difference 
in potential in the pressure of the water. 
The water in falling loses its potential. 
But the lost potential is converted into 
useful work. 

And so it is with electrical pressure. 
The differences of potential can be created 
either by nature or by man. Since the 
naturally created differences of potential, 
such as those displayed in the discharge of 
lightning, are of little importance to us at 
the moment, we will pass them by without 
comment. But man has managed to build de-
vices which will furnish him with a constant 
source of electrical pressure -- a source 
that is both inexpensive and dependable. 

As far back as 1786 a scientist by the 
name of Galvani discovered that if two 
different metals were brought into contact 
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Fié.18. The battery raisestheelectrical 
pressure, or "potential", from zero to 
a higher value. There is a drop of po-
tential across each lamp. By the time 
the current gets back to the positive 
side of the battery, the pressure has 

again dropead to zero. 
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Fié.19. A primary cell. This type 

with each other he could obtain a slight 
flow of electrical current. About twenty 
years later an Italian named Volta placed 
alternate layers of copper and zinc in a 
pile with moist pieces of cloth between 
them. From this "voltaic pile" he was able 
to obtain a small but continuous flow of 
electricity. 

It was only a step from the voltaic pile 
to the first electrical cell, or " battery"'. 
Volta placed a piece of copper and a piece 
of zinc in a dilute solution of sulphuric 
acid. He connected a piece of wire to this 
cappe.ranianother piece of wire to the zinc. 
When these two pieces of wire were connected 
together, a heavy electrical current would 
flow. 

The chemical action which took place with-
in the cell changed the electrical charac-
teristics of the two pieces of metal. The 
acid acting on one piece of metal raised the 
electrical potential on it, and acting on 
the other piece of metal lowered the po-
tential there. Thus a very definite dif-
ference of potential was created between 
the two wires which were connected to the 
pieces of metal. 

With the difference of potential thus 
created it was possible, for the first 
time, for electricity to be put to use-
ful work. 

is commonly called a "dry" cell. 

If we look again at the illustration in 
Fig. 16,itwill be seen that the differences 
of potential are distributed equally through-
out the system. The potential in the pipe 
at the left hand side is being raised by the 
action of the pump. The potential in the 
other parts of the system is falling at 
all points. 

Much the same situation exists in an elec-
trical system. This is shown by Fig. 18. 
The electric cell, or battery, at the left 
hand side of the illustration raises the 
electrical potential from zero to a somewhat 
higher value. Raising the potential causes 
an electrical current to flow. As the cur-
rent flows through the first lamp there is 
a drop in the potential difference. Then 
as the current flows through the second 
lamp there will be another drop in the po-
tential difference. Then as the current 
flows through the third lamp the rest of 
the potential difference is lost and now 
we find there is no longer any difference 
in potential. There is no longer any elec-
trical pressure. 

This is probably just what we expected to 
find. The electric cell created a certain 
amount of potential difference, or voltage. 
Then the lamps used up the voltage as the 
current passed through them. In other words, 
a certain amount of pressure was used in 
forcing the current through each lamp. By 
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Fié.20_ Secondary cells. These are commonly called storage batteries. 

the time the current had passed through the 
last lamp all the pressure had been used up. 
There was no more. Just as in the case of 
the water pump and the water wheels. By 
the time the water returned to the main 
reservoir all the pressure had been used 
up -- there was no more. 

As we advance in our studies we will learn 
that the voltage drops in any electrical 
circuit always exactly equals the voltage 
created by the battery or generator. It 
might be said that an electrical battery 
raises a voltage from zero to some higher 
value and then as the current passes through 
the load, the voltage will drop until it 
again reaches zero. 

In radio and television work we are con-
tinually concerned with voltages and voltage 
drops. In television circuits the voltage 
often reaches very high values. Voltages of 

25,000 to 35,000 volts are not at all un-
common, and voltages in excess of 5,000 
volts will be found in all except the very 

smallest television receivers. Even the 
average radio uses voltages running up to 
600 and 700 volts. Few people except trained 
technicians realize the value of the volt-
ages which are used in these everyday house-
hold appliances. 

It might be well to add that voltages of 
these values are not put into radio and 
television receivers just for the fun of 
putting them there. They are there because 
they are needed. Many of these voltages 
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are divided up, and various amounts of the 
voltages tapped off and used at such places 
as they are needed. We will not go into the 
technical phases of voltage divider networks 
at this time. These will be taken up a 
little later and covered in great detail. 

We have discussed how the voltaic cell was 
first discovered, and how it made possible 
the first actual use of electricity. Elec-
tric cells of many kinds are in use today. 
Some, such as the dry cell which is shown in 
Fig. 19, can be used until the acid, or 
"electrolyte", eats up the zinc. Then the 
cell must be discarded and thrown away. 

Fté.21. A type of secondary cell used 
in automobiles. 
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Fié.22. A turbine-driven machine for creattné electrical potent tal difference. 

Cells, such as the dry cell and the gravity 
cell shown in Fig. 17, are known as "primary" 

cells. This is because once their active 
ingredients have been used up, they are of 
no further value as producers of an electro-

motive force. 

There is another type of electrical cell 
which is called a "secondary" cell. Illus-
trations of such electric cells are shown 
in Figs. 20 and 21. Electric cells of this 
type can be " recharged". By this is meant 
that when they have lost their ability to 
create an electrical potential difference, 
or an electromotive force, a current can 
be caused to run through them in reverse, 
and again build up their voltage. Secondary 
cells are more commonly called " storage 
batteries". A familiar use for them is 
in automobiles. There they can be used 
to operate the lights, the horn, or the 
radio when the automobile is not running. 
They are also used to operate the starting 
motor so the automobile engine can be 
started without cranking. 

Other common uses for secondary cells, 
or " storage batteries", is for farm lighting 
systems where " high- line" power is not 
available, in airplanes, on Diesel-electric 
locomotives for starting the engines, for 

radio equipment on ship-board, and in the 
central offices of telephone companies. 

It should be mentioned that when two or 
more electrical cells are connected to-
gether, they are referred to as a "battery". 
A single cell is never referred to -- cor-
rectly -- as a battery, although it must be 
admitted that some people through ignorance 
of the meaning of the word do say "battery" 
when they mean only one cell. 

It should not be thought that the creation 
of electromotive force is entirely dependent 
upon storage batteries and primary cells. 
In fact, these sources of EMF are generally 
resorted to these days only when other 
sources are not available. But they do 
have the advantage of being portable, and 
thus do not have to depend upon wires for 
connection with a central source of EMF. 

The source of EMF for most uses today is 
the central generating plants of the large 
power companies. There the EMF is created 
by huge mechanical machines called genera-
tors. The generators are now usually driven 
by turbines which turn under the influence 
of terrifically high steam pressures. An 
illustration of one of these generators is 
shown in Fig. 22. 

(Reference Notes on the Page followtng) 
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NOTES FOR REFERENCES 

Materials through which electricity passes freely are called conductors. 

Materials through which electricity will not pass freely are called insulators. 

A switch is a device which is used to break the continuity of an electrical circuit. 

Polystyrene, Steatite, Pyrex and mycalex are special types of insulators for use at high 
frequencies. 

Diameter of the wire, length of the wire, and the material from which the wire is made all 
affect the flow of electricity through it. 

An Ampere is the unit of measure of electrical current flow. 

An electrical circuit must consist of a complete round-trip conductive path in order for 
electricity to flow in any part of it. 

A volt is the unit of measurement of electrical pressure. 

Electrical cells and mechanical generators are sources of electrical voltage. 
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Section I. INTBODUCIION 

Probably no other way of making .8. living 
holds such a fascination for those engaged 
in it as does the field of radio and tele-
vision. Few who are true radiomen ever grow 
hardened to the wonderful and mysterious 
ways of radio, nor weary of seeking newer 
and wider knowledge of its ever-unfolding 
secrets. Sometimes it seems no man can ever 
know all there is to know about radio and 

- The Atomic Theory Early Attempts 
for Reference. 

television. Almost every day some new and 
exciting chapter is opened, and a new 
adventure beckons to the never-unwilling 
experimenter. Fortunate indeed is the man 
who chooses radio and television for his 
life's work. He is definitely assured of 
one thing -- his life will never be dull. 

The very expanse -- the wide scope --
which is embraced within the geheral field 
of radio and television includes so many 

Fig.l. Radio and television offer endless opportunity for the 
awbittous man. 
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Pie.2. rechnician serviciné a television receiver. 

apparently unrelated subjects it is some-
times a little difficult to know just where 
to begin one's studies. The transmission of 
radio and television signals from the trans-
mitter and their reception at the receiver 
calls for the use of many pieces of equip-
ment. Some of them are quite small, and 
some are not found in use anywhere except in 
radio and television. All this means that 
if the technical side of radio and television 
is to be made intelligible to the newcomer 
into the field it is necessary ta explain 
the operation of all these many parts before 
trying to explaintheoperation of the actual 
radio and television equipment itself. 

The very heart of all modern radio and 
television transmitters and receivers is the 
vacuum tube. It will be necessary to spend 
much time explaining the operation of the 
vacuum tube before getting into a discussion 
of the actual operation of the radio and 
television equipment. But even before we 
begin our studies of the vacuum tube there 
are a few other things we should understand 
quite thoroughly. 

We must understand a few more things about 
electricity and the things which affect its 

passage through wires. But even more 
important -- we must learn something about 
electrons. Without a full and complete 
working knowledge of electrons it will be 
quite difficult ta understand the operation 
of the vacuum tube. And, of course, if we 
do not understand the vacuum tube quite 
thoroughly we can never hope to get very far 
in the field of radio and television. 

Section 2. INTRODUCING THE ELECTRON 

The story of the electron is the story of 
the smallest thing, in the world. It is so 
small that no man has ever seen it — and it 
seems probable that no man ever will. But 
despite the fact it has never been seen we 
know a surprisingly lot about it. We know 
how heavy it is, how big it is, and much 
about how it acts. And every day scientists 
are learning more about it. 

For many centuries man sought to discover 
the electron -- but he did not even know 
what he was looking for. As far back as the 
dawn of the Christian era the learned men 
were thinking and guessing about it, and 
strangely enough many of their guesses were 
surprisingly accurate. They had a feeling 

• 
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there was " something" of' which all things 
were built, but exactly what this something 
was they did not know. 

For many centuries little progress was 
made in tracking down this elusive unknown. 
Gradually the guesses became better. Closer 
and closer they came to the truth. At last 
the learned men agreed that the thing they 
were looking for was a universal building 

block. Something that was common to every-

thing. 

The chemists and the physicists pursued 
their researches and their experiments 
until -- about half a century ago -- they 
filially discovered the Electron. Perhaps 
discovered is not exactly the word to use. 
It might be better to say that they finally 
proved the existence of the Electron. 

It is safe to say that no other discovery 
since the beginning of time has changed the 

lives of' so many people as has that of the 
electron. The incredible thing is that so 
many changes could have taken place in such 
a short period of time. There are millions 
of people living today who were born before 
the electron was known to exist. Yet during 
the space of their lifetime the electron has 
grown in importance until today it is one of 
the most important things in this world. 

Knowledge of the existence of' the electron, 
and how it acts, has made possible not only 
radio and television but also radar --
which is actually one form of telvision --
loran, sonar and other similar ranging and 
detecting devices. It has made possible the 
creation of the atom bomb and all the other 

associated atomic derivations, some of which 
hold great promise of' providing man with 
weapons with which to combat certain diseases 
which have previously been considered 
incurable. It led to the development of' an 

Fié.3. Atom bomb explosion at Bikini. 
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Everythin in the world is made of matter. 

entirely new branch of the physical sciences 
— that of nucleonics. 

But perhaps we are wandering a bit too 

far from the thing we want to talk about the electron itself. In our previous dis-

cussion of electricity we made no attempt to 
define exactly what electricity is. It is 
readily apparent that electricity is " some-

thing". It is also apparent that this 
"something" wives from place to place, or is 
moved from place to place. This is proved 
by the fact that if we break an electrical 
circuit at any point the electricity ceases 
to move. 

Through a seemingly endless series of ex-
periments, and litany years of work, scientists 
have proven that a tiny particle of matter, 
which they have chosen to call the electron 
is responsible for the flow of electricity. 
The relationship of the electron to the flow 
of' electricity can be viewed in two ways. 
The electron can be viewed as being the 
carrier of a certain amount of electricity. 
Or, it can be viewed as being itself a cer-
tain amount of electricity. The general 
trend in scientific thinking is toward the 
belief that the electron is itself' a tiny 

particle of electricity. Whichever view-
point is adopted is of little importance to 
us, both lead to the same conclusions. But 
since the majority of the learned men are 
inclined to favor the latter viewpoint, and 
for the sake of' simplicity, we will always 
refer to the electron as being a tiny, but 
definite, amount of electricity. 

As to the exact amount of electricity that 
is involved when one speaks of an electron, 
it should be understood that it is an 
extremely small amount. Since the electron 
is the lightest thing in existence we know 
that it must be very small, but when we say 
that (3,000,000,000,000,000,000 electrons 
must pass a given point in a wire each 
second when one ampere is flowing, one 

begins to get some idea of the unbelievable 
smallness of the electron. The number of 
electrons we have just mentioned is so large 
that many of us can' t even say the number 
after it has been written down. Fortunately 
for us we do not have to worry about that. 
Since all electrons are alike we can discuss 
the action of one of them, and then under--
stand that the saine reasoning applies to 
them all regardless of how many of them 
there are. 

• 

• 
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From what we have said about the electron 
it can be decided that the electron is 
something physical -- something tangible --
something real. While it must be admitted 
that no one has ever seen an electron it is 
perfectly in order for a person to form a 
mental picture of an electron and to accept 
its existence as a tangible particle of 
matter. Since scientists commonly speak of 
the radius and of the mass of an electron it 
would be a safe assumption to conclude that 
its shape is round. 

It would also be well to make another 
attempt to form some idea of the smallness 
of the electron. This is because there are 
occasions for discussing the movement of 
electrons under conditions which would be 
difficult to understand if we did not 
realize how incomparably small the electron 
is. When one first tries to comprehend the 
unbelievable smallness of the electron the 
idea is extremely hard to grasp, and even a 
comparison is more than enough to tax the 

imagination. Fortunately, if you fail to 
completely understand the fuli degree of the 
electron's smallness it will not interfere 
with your ability to understand the ?art the 
electrons play in radio and television work. 
If we were perfectly truthful it is doubt-
flu if there are many of us in such work who 
are capable of fully understanding the 
electron. But it really isn't hard to learn 
enough about the electron to work with it 
intelligently, even though it is hard to 
grasp the idea of how small it is. 

One commonly used illustration of the 
comparative size of the electron is to 
compare it with a ping pong ball and with 
the orbit of tie earth. As you probably 
know, the orbit of the earth -- its path 
around the sun -- is about 185,000,000 miles 

• 

across. The size of a ping pong ball in 

comparison with the enormous size of' the 
earth's orbit is so insignificant as to be 
almost no comparison. Yet the size of the 
electron compares with the size of the ping 

pong ball in just about the saine way the 
size of the ping pong ball compares with the 
earth's orbi t. 

Section 3. THE ATOMIC THEORY 

Everything in existence contains electrons. 
While we normally think of electrons in 
connection with electricity, with radio and 
with television, the fact is that they are 
the building blocks from which euerythinê 
is made. 

Before attempting to digest such an asser-
tion it might be well if we first explain 
that everything which occupies space, and 
has weight, is made up of something which we 
usually designate as being matter. We can 
break matter down as consisting of smaller 
particles which are called molecules. And 
can in turn break molecules down into still 
smaller particles which are called atoms. 

Atoms are extremely sinall particles which 
are too small to be seen. They are accepted 
as existing, and of having such dimensions a 
million of them xould fit upon the point of 
a pin. Until recent years it was generally 
accepted that there were 92 different kinds 
of atoms. One atom for each of the then 
known elements. An element being the 
smallest subdivision into which man could 
break down matter. 

Recent experiments with breaking down the 
atomic structure, during which the atomic 
bomb came into existence, has resulted in 
the creation of several additional elements. 

Fig5.5. Copper and iron are both elements. 
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P.1.6. Water is a compound. A molecule 
of water contains one atom of oxygen and 

two atoms of hydrogen. 

But for the purpose ofour work we need not 
go into a discussion of the exact number of 
known elements -- such a discussion is of no 
importance to us. 

Most everyone is familiar with copper. 
The radioman quickly becomes familiar with 
it if he is not already. Copper is used for 
many things in radio and television. Now 
the smallest particle into which copper can 
be broken down is an atom of copper. Like-
wise the smallest particle into which iron 
can be broken down is an atom of iron. And 
the smallest particle of oxygen is an atom 
of oxygen. 

Water on the other hand can be broken down 
into an atom of oxygen and two atoms of 
hydrogen. Water is not an element. It is a 
compound. A compound is a combination of 
two or more kinds of atoms. There is almost 
no limit to the kinds of compounds which 
exist, or can be created. 

While the atom is a fundamental building 

block it is not an indivisible particle. 
It, too, can be broken down. We have 
mentioned the 92 different kinds of ele-
ments, and how there was a different atom 
for each element. The natural questioh is: 
how do these atoms differ from each other? 
What is the difference between an atom of 
copper, which is a metal, and an atom of 
oxygen, which is a gas? 

If you do not already know the answer it 
is almost certain to surprise -- even shock 
— you. The difference between atoms Is in 

the amount of electricity within the atom 
and the arrangement of the particles of 
electricity within each atom. 

If you get the idea from this statement 
that everything in the world is made up of' 
electricity, you are right. If you are one 
of those who have looked upon storage 
batteries and electrical generators as being 
devices which manufacture electricity you 
might find such a statement hard to under-
stand. The truth is that electricity Is 
never created. Batteries and generators do 
not make electricity. What they do is 
create a difference of potential -- a 
voltage. The electricity -- electrons --
which are already in everything, including 
the wire, begin to move under the influence 
of the pressure of the voltage. If the 
electrical circuit is complete the electrons 
in that circuit will begin to move the 
instant an electrical pressure is applied to 
the circuit. 

You may wonder, if this is true, why the 
electrons in the insulators do not begin to 
move under the influence of' the electrical 
pressure in the saine manner as the electrons 
in the wire. To understand why they do not 
it is necessary to continue our studies of 
the atom and the electron a little farther. 

The generally accepted theory among 
scientific men today is that the structure 
of the atom resembles somewhat a miniature 
solar system. It is something like our sun 
and the planets which revolve around it. 

1 

CD 
PROTON 

ELECTRON 

Ftg.7. An atom of hydrogen consists of 
one positive Proton around which is 

circulating a negative electron. 
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Pid.8. The lead bullet weighs much more 
than the rubber balloon, but the balloon 

is larder in diameter. 

Following this theory, the atom contains a 
nucleus -- a center -- which corresponds 
roughly to the sun in our solar system. 

To better understand the make-up of an 
atom we will first analyze the structure of 
an atom of hydrogen. An atom of hydrogen is 
the simplest of all the atoms. The nucleus 

of an atom consists of one Positive particle 
of electricity. This positive particle of 
electricity is called a Proton. Revolving 
around the proton, and at a relatively great 
distance from it, is a single electron. We 
have mentioned before that an electron is a 
particle of' electricity. We will now go a 
step further and say that an electron is 

a particle of negative electricity. See 

Fig. 7. 

We now have the nroton which is a tiny 
particle of' positive electricity, and the 
electron whichis a tiny particle of negative 
electricity. The amount of electricity 
represented by the proton and the amount 
represented by an electron is equal in magni-
tude, but opposite in sign. It might be 
well, to mention at this time that there is 
considerable difference in the size and the 
weight of the proton and of the electron. 
The proton weighs about 1850 times as much 
as the electron, but the diameter of the 
electron is many times larger than the 
proton. A rough comparison would be a lead 
bullet and an inflated rubber balloon. The 
bullet is heavier than the balloon. But 
the balloon has the greatest diameter. 
See Fig. 8. 

We have just mentioned that the atom of 
hydrogen is the simplest of all atomic 
structures, having one proton in the nucleus 
and one electron revolving around it like a 
planet in our solar system. The next most 
simple atomic structure is that of helium. 
The atom of' helium consists of two protons 
in the nucleus and two electrons revolving 
around the nucleus in the same orbit. 

See Fig. 9. 

In the case of the atom of helium, both 
electrons revolve around the nucleus in the 
same path. In this respect helium and 
hydrogen are very much alike. They both 
have only one path, or orbit, along which 
the electrons move. But most other atoms 

ELECTRON 

CI® 2 PROTONS (NUCLEUS) 

ELECTRON 

Pié.9. An atom of helium consists of two protons which form the nucleus, 

and two electrons which rotate around the protons. 
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The inertia of the fast moving ball tries to send it off through snace, but 
the restraining influence of the string holds the ball in its orbit around the boy. 

have more than one orbit within which the 
electrons move. Some atoms have many orbits. 

A somewhat different type of atomic struc-
ture is that of lithium. And since the 
structure of the lithium atom introduces a 
new arrangement it would be well to explain 
a few things about the action of the protons 
and electrons first. It should be under-
stood that since the proton is positive and 
the electron is negative there is a very 
great attraction between them. The electron 
keeps trying to approach the proton. It iE 
much easier for the electron to approach the 
proton than for the proton to approach the 
electron. This is because the electron is so 
much lighter than the proton. But despite 
the attraction between the protons and the 
electrons the speed with which the electron 
is moving in its orbit keeps it from ac-
tually getting any closer to the proton. 

This situation can be compared with that 
of a boy twirling a ball on the end of a 
string as shown in Fig.10. The inertia of 
the ball as it follows its orbit around the 
boy is comparable to the inertia built up by 
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the electron as it revolves in its orbit, 
the inertia which keeps it from actually 
approaching the proton. The string attached 
to the ball can be compared to the attrac-
tion between the electron and the proton 
which keeps the electron in its orbit. 

But in some atomic structures some of the 
electrons do actually approach the protons. 
When the electron and the proton come 
together their opposite charges neutralize 
each other and they become electrically 
neutral. When they come together they form 
what is called a neutron. The neutron is a 
very important factor in atomic research, 
and in the science of nucleonics. But 
fortunately for us, it is of little import-
ance in electrical or radio work. 

Now to get back to our discussion of the 
atomi.c structure of lithium. Lithium has 
two electrons which revolve around the 
nucleus in one orbit, and another which 
revolves in another orbit. In addition to 
these planetary electrons -- electrons which 
move in orbits — there are several neutrons 
in the nucleus. See Fig. 11. 
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We can practically ignore neutrons in most 
of our electrical work, but the orbits of 
the electrons are very important, especially 
the distance of the orbits from the nucleus. 
It should be noted that one of the orbits of 
the lithium atom swings out much farther 
from the nucleus than does the other one. 

It has probably become apparent by now 
that the only difference between the atom of 
one element and the atom of another element 
is in the number of electrons and protons in 
tile atom, and the way in which they are 
arranged. For instance, the only difference 
between an atom of hydrogen and an atom of 
helium is that the hydrogen atom has only one 
electron and one proton, while the atom of 

helium has two of each. And so it is with 
all the other elements. Some have more 
electrons and protons, and some have less. 

Instead of having one or two orbits which 
the electrons follow in revolving around the 
nucleus some atoms have many orbits. As 
these orbits become larger and larger the 
distance between the electron and the 
nucleus becomes greater. And as the dis-
tance increases the attraction between the 
electron and the nucleus becomes less. 

While it is true that the protons inside 
the nucleus have a strong attraction for the 

planetary electrons, this attraction is not 
the same in all atoms. In some atoms the 
electrons which are in the outermost orbit 
can come under the influence of some outside 
attraction, or other outside force. This 
can result from the nearness of another atom 
which is temporarily deficient in electrons, 
or from a collision between atoms, extreme 
agitation of the atoms, or from a collision 
between an atom and a fast moving, free 
electron. As a result one of the outermost 
electrons might be knocked from its orbit 
and detached from the atom. 

When an atom loses one of its electrons it 
will have more protons than electrons, and 
will thus be electrically positive. Being 
positive it will have an attraction for 
any lost electrons which might be in the 
vicinity. 

Sometimes the reverse is true. An electron 
which has been freed from some other atom 
may, under the influence of an electrical 
action, attach itself to an atom which is 
already electrically neutral. After the 
electron has attached itself the atom will 
then become negative. 

The freedom with which such inter- atomic 
movement can take place among electrons 
determines the suitability of that substance 
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Fié.11. Atoms of most elements have many orbits within which the electrons rotate. The 
Lithium atom has two orbits. There are two electrons in one orbit and one in the other. 

The nucleus of Lithium also contains neutrons which are. electrically neutral. 
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Fié.12. Experimental set-up used by 
Edison at the time he discovered the 

"Edison effect." 

as a conductor of electrical current. The 
more free electrons there are in any parti-
cular substance the better conductor it will 
make. Free electrons are quite plentiful in 
most metals. Silver has more free electrons 
than any other substance. Copper has almost 
as many free electrons as silver has. 

The difference between electrical conduc-
tors and electrical insulators is that there 
are plenty of free electrons in a conductor, 
but there are very few in insulators. Where 
the electrons can move about with great 

freedom in a conductor, they hang onto their 
own atoms very tightly in an insulator. It 
should be mentioned that some gases as well 
as metals are so constructed that their 
electrons can move around freely. As will 
be discussed later in great detail, these 
gases play a very important part in vacuum 
tube operation. 

Section 4. ATTEMPTS TO PUT 
THE ELECTRON TO WORK 

Even before the electron was discovered 
there is at least one recorded instance of 
an attempt being made to put it to work. 
This occurred during Thomas A. Edison's 
experiments with his incandescent lamp. He 
had patented his lamp in 1879, but not being 
completely satisfied with it, he continued 
experimenting. 
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During the course of one of his experi-
ments, Edison sealed a small metal plate 

within the glass bulb of his lamp. He 
connected the metal plate with a galvano-
meter, and from the galvanometer to the 
positive terminal of the battery which was 
used to heat the filament of the lamp. The 
connections are shown in Fig. 12. 

Edison noticed that when the connection 
was made to the positive terminal of the 
battery there would be a deflection of the 
needle of the galvanometer. This indicated 
there was an electrical current flowing 
through the galvanometer. Since the metal 
plate was not electrically connected to 
anything it was evident that in some manner 
there was an electrical current passing 
through the space within the glass bulb. 

He also noticed that when the connection 
was made to the negative terminal of the 
battery there would be no deflection of the 
galvanometer needle. Apparently the only 
thing Edison could imagine such a device 
being used for, was as an indicator of 

Fié.13. Thomas A. Edison, discoverer of 
the "Edison effect", which led to the 
invention of the vacuum tube. Edison 
was the holder of dozens of patents on 

electrical devices. 



voltage variations in a lighting circuit. 
As a result he applied for a patent for a 
voltage indicator in 1883. but Edison made 
a report of his discovery to the scientific 
world. There it aroused considerable inter-
est, and his discovery of the peculiar 
phenomenon came to be known as the Edison 
effect. It is still known by that name down 
to this day. 

An English scientist named Sir William 
Preece persuaded Edison to give him one of 
his new lamps. He proceeded to make a 
series of measurements of the Edison effect. 
During his experimentation another English-
man, Professor J. A. Fleming, who was an 
adviser to the Edison Electric Light Company 
of London, became interested. He carried 
the experimentation much further. 

The result of Fleming's experiments was a 
device which he called Fleming's valve. It 
was a device which changed alternating 
current into electrical current which flowed 
in only one direction. He developed the 
device for use with high-frequency alter-
nating currents with which he was experi-
menting. It might be mentioned that in 
England vacuum tubes are still referred to 
as valves. 

It was several years after Fleming intro-
duced his valve before an explanation of 
what was happening was given. In 1900 Sir 
John Joseph Thomson, another English scient-
ist announced his discovery of the Electron, 
and gave tothescientific world his electron 
theory. His electron theory fully explained 
the Edison effect, and explained what was 
taking place inside Fleming's valve. 

Section 5. VACUUM TUBES 

Fleming's valve was the first practical 
vacuum tube to come into existence. It is 
in use today with the operating principles 
little changed from the day he presented it 
to the world. The physical characteristics 

have been greatly changed and improved, but 
electrically it is much the same. Its 
purpose, when first introduced, was to allow 
the passage of electrical current in one 
direction, but to prevent its flow in the 
other direction. It was thus able to 
accomplish its announced purpose -- the 
changing of alternating current into current 
which flowed in only one direction. 

In Fleming's valve there was a filament 
which could be heated. The filament was 
made of a special material and in such a way 

HEATED 

FILAMENT 

Ftg.14. Diagram of Fleming's valve. 

that when it was heated it would give off 
clouds of electrons. There was a metal 

plate sealed into the glass tube similar to 
the one Edison had sealed into his Lamp. 
When there was a positive voltage applied ta 
the metal plate it would attract the nega-
tive electrons to it. The movement of the 
electrons into the metal plate, and from it 
out through the connecting wire, caused an 
electrical current to flow. Since the metal 
plate would attract the electrons only 
during the time when it was positive, a 
current would flow through the external wire 
only during the time there was a positive 
voltage applied to the plate. When alter-
nating voltage -- voltage which is alter-
nately positive and negative -- was applied 
to the plate, a current would flow through 
the wire only half the time. That was during 
the half in which the voltage was positive. 

Nearly every radio receiver uses a modifi-

cation of Fleming's valve today. Such 
vacuum tubes today are called rectifier 
tubes rather than valves. one of the main 
uses of such a tube is to change the alter-
nating current which is furnished by the 
power company into the direct current which 
the other radio tubes need for proper 
operation. The larger television receivers 
will have from three to five, or possibly 
six, of these rectifier tubes to furnish the 

various voltages needed by the many tubes. 
One or two of them will be used to furnish 
the power for the amplifier tubes. One or 
two others will furnish the high voltage for 
use with the "picture" tube itself. This is 
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where the highest voltages are used in the 
television receivers. other types of recti-
fier tubes will be used in the " detector" 
circuits. 

The actual operation of these rectifier 
tubes will be gone into in far greater 
detail a little farther along in the course. 
We are just mentioning them at this time to 
show the connection between electrons and 
the part they play in one kind of radio 
tube. So far we have mentioned only very 
briefly the action of the simplest type of 
radio tube. In following lessons we will 
discuss many other types of tubes. It is 
necessary to understand how all the various 
types of tubes operate in order to know just 
what function each plays in the operation of 
radio and television receivers. 

We have just mentioned how the rectifier 
tube can change alternating current into 
direct current. There are other tubes which 
can change direct current into alternating 
current. In fact, the vacuuk tube is the 
only thing which can create alternating 
current with frequencies over about 15,000 
cycles per second. At 15,000 cycles per 
second the vacuum tube is just loafing along. 

It is capable of creating alternating 
current with frequencies running up into the 

Fié.15. A variety of radio tubes. 
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millions of cycles per second. Yes, even 
into the billions of cycles per second. 

In fact the very existence or radio and 
television depends upon the creation of 
these extremely high frequencies. The radio 
broadcast band, over which music and news-
casts and other entertainment programs are 
broadcast to the general public, operates 
on frequencies from 550 kilocycles to about 
1600 kilocycles. This would be from 550,000 
cycles per second to about 1,600,000 cycles 
per second. 

About the lowest frequencies used by radio 
transmitters are around 50,000 cycles per 
second. There seems to be no limit to how 
high the frequencies can go and still be 
usable. The frequencies used for broad-
casting television include those from a 
little under 100,000,000 cycles per second, 
to others which operate at several hundred 
million cycles per second. 

In radar work, which is actually a modifi-
cation of television but is used for some-
what different purposes, the frequencies 
commonly exceed several billion cycles per 
second. It is not necessary for us to delve 
into the technical details which revolve 
around operation at such frequencies. At 
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Pié.16. Television "Picture tube". 

least it is not necessary at this time. All 
of these things will be discussed in their 
proper order, and at the proper time. It 
may seem, at this time, that some of the 
things we have mentioned are completely 
fantastic. Something entirely outside man's 
ability to understand. But you will find 
that as you go along and learn more and more 
about the operation of electricity, and 
radio, and the operation of the vacuum 
tubes, that it is relatively easy to com-
pletely understand all the things, which 
have just been mentioned. 

When one is first introduced to the high 
frequencies which are encountered in radio 
and television work the natural inclination 
is to scoff at the thought of any man being 
able to tell exactly what frequencies are 
being used when they rise higher than man's 
senses can perceive. But as a little more 
is learned about radio it becomes readily 
apparent that the trained men are not 
talking through their hats about something 
of which they know nothing. 

Trained men become so accustomed to 
working with these various frequencies they 
think nothing of creating an alternating 

current of any frequency which might strike 
their fancy, and to know the exact cycle 
of the frequency. There is no guess-
work among trained radiomen -- they know. 
You will too. 

There are still other uses for the vacuum 
tube besides changing alternating current 
into direct current, and changing direct 
current into alternating current. If these 
were the only things for which vacuum tubes 
could be used, their uses would be limited 
indeed. 

Probably the most important use of vacuum 
tubes is as amplifiers. By amplifiers we 
mean something which increases, or magnifies. 
In electrical and radio work we usually 
refer to increases in voltage or in power 

when we speak of amplifying. 

More than half the tubes used in radio and 
television transmission and reception are 
used for the purposeofamplifying a voltage, 
or amplifying the power. In a radio receiver 
the voltage which is first impressed upon 
the receiver by the passing radio wave is 
extremely small. It is so small that it is 
measured in tiny fractions of a volt called 
microvolts. A microvolt is equivalent to 
one-millionth of a volt. 

Such a *voltage is so small it can do 
little or nothing by itself. So this is 
where we put the vacuum tube to work. This 
tiny voltage which has been picked up by the 
receiver from the passing radio wave is 
fed into a vacuum tube. The vacuum tube 
amnit fies the voltage. That is, it in-
creases or magnifies the voltage. When the 
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Fié 17. The "chassis" of a television receiver. All the worktné narts of a receiver 
are mounted on the chassis. 

voltage comes out of the tube it is much 
larger than it was when it went in. 

Even though the voltage has been magnified 
many times by the action of the tube it is 
quite often still too small to be put to any 
practical use. In this case the magnified 
voltage is fed into another vacuum tube and 
amnlified again. It is run through one tube 
after another until the voltage is high 
enough to be put to work. In many tele-
vision receivers the voltage which paints 
the picture on the face of the picture tube 
is run through as many as five amplifier 
tubes to raise it up to the value which 
is needed. 

In addition ta the tubes which amplify the 
sténal voltage to the picture tube there are 
other vacuum tubes used to amplify the 
voltage which carries the voice, or sound, 
which accompanies the picture. There are 
other amplifier tubes which are used for 
still other purposes. A modern television 
receiver often has from 21 to 50 vacuum 
tubes, each of which has a specific job to 
do. Is it any wonder that a man has to have 
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special training if he hopes to become 
really expert at radio and television 
servicing? 

While it may seem at this time that it is 
an almost hopeless task to ever learn all 
the things necessary to become a competent 
service man, such is not the case. When the 
subject is approached methodically, as we 
do, it is broken down into each of its 
various components. Each of the various 
parts are carefully studied until everything 
about it is thoroughly understood. Then 
when the parts are put together in a working 
unit the operation of the whole thing be-
comes clearly understandable -- almost 
simple. 

In the learning of radio and television 
work, as in the study of anything else, 
the first few weeks always do seem hardest 
There are so many new things to get ac-
quainted with. Many of the things which 
must be discussed often seem to have so 
little connection with the thing we are 
trying to learn. It is at a time like this, 
that the most patience must be exercised. 
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It is also at this time that those who through life with the least effort, accept-
are fired with a real ambition are separated ing that which the whims of fate toss 
from those who are satisfied to drift their way. 

NO1ES FOR REFERENCE 

The vacuum tube is the heart of ail modern radio and television receivers. 

The electron, and its electrical partner the proton, are the smallest particles into which 
matter can be divided. 

The electron is a tiny particle of negative electricity. 

The proton is a tiny particle of positive electricity. 

Electrons and protons are attracted to each other. 

Electrons tend to repel other electrons. 

Atoms are the smallest part into which an element can be divided. 

The only difference between the atoms of one element and the atoms of another element is in 
the number of electrons and protons within the atom. 

Vacuum tubes are used as rectifiers, as A.C. generators and as amplifiers. 
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Section 1. INTRODUCTION 

The young man who decides to make radio 
and television his life's work is truly a 
fortunate individual. There is probably no 
other line of endeavor where a man can earn 
an excellent living for himself and his 
family and at the same time find so much 
fun in his work. 

No matter how many years a man may have 
devoted to radio work it seems that a new 
thrill of discovery touches him on nearly 
every working day. Radio is constantly 
revealing something new to reward the 
natural inquisitiveness which is so much 
a part of most men. Even the most ordinary 
service job is frequently the means which 
launches a man into an excitingly new scien-
tific adventure. 

The sheer fascination which radio holds 
for so many men is clearly demonstrated by 
the frequency with which professional radio-
men carry their daily work into their home 
lives and make of it a hobby. Tens of 
thousands of radio engineers, radio service 
men and radio operators do not get enough 
radio during the time of the day they are 
paid to work with it. After their working 
hours are over, they wend their way to their 
own little private radio workshops -- paid 
for with their own money -- and there con-
tinue their experimenting. 

Is there any other occupation by which men 
earn their daily bread which contributes at 
the same time so much fullness to their lives? 

Radiomen who have made their work into a 
hobby have organized themselves into an 
International group which is now recognized 
by most governments of the world. They call 
themselves Radio Amateurs. By " Amateurs" 
they mean they are engaged in radio on a 
non-professional status. But it should be 
understood that when they say they are 

"Amateurs" they do not mean to imply they 
are novices. The ranks of the Amateurs 

Fié.1, Radio Amateur and his Trans-
mittiné Equipment. 
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include practically all the World's top-
ranking professional radio men. 

The Amateurs also list among their members 
men whose working hours are devoted to 
virtually every trade and profession known 
to man. Doctors and Lawyers, Merchants and 
Bankers, Mechanics and musicians, all have 
succumbed to the lure of the mysteries of 
radio, and spend most of their leisure 
hours probing ever-deeper into its seduc-
tive secrets. 

Radio Amateurs frequently build equipment 
with their own hands which enable them to 
talk with other Amateurs. There are few 
things in a man's life which will give him 
the same thrill he knows when a device of 
his own creation provides a medium of con-
versation with either friend or stranger out 
in the wide blue yonder. There is something 
uncanny in the thought that a few pieces of 
wire, a few vacuum tubes, and a few other 
pieces of relatively simple equipment, 
skillfully and expertly put together, can 
make possible the ability to talk with a 
distant person through no inter-connecting 
medium other than space itself. Once a man 
has experienced this thrill, it seems there 
is no power on earth which can break his 
interest in radio. 

Is it any wonder we say that the man who 
decides to make radio and television his 
life's work is truly a fortunate individual? 

Section 2. HOW CONDUCTORS 
HINDER CURRENT FLOW 

We have already discussed in a limited way 
something of the manner in which electrical 

ONE UNIT OF RESISTANCE 

TWICE AS MUCH RESISTANCE 

1 
HALF THE RESISTANCE 

Fig.2. The conductor tn the center will 
have twice as much resistance as the one 
at the top. The one at the bottom half 

as much as the top. 
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current flows through a conductor. Elec-
trical conductors are always composed of ma-
terials which have plenty of free electrons. 
Such conductors include all metals, and it 
is of these that we intend to speak now. 

While it is true that all metals can 
be classed as conductors of electricity, 
it should be carefully explained that elec-
tricity does not flow through all metals 
with equal ease. In other words, the flow 
of electricity meets with more opposition 
when trying to flow through some metals 
than when it flows through others. We 
call this opposition to electrical current 
flow resistance. 

We have previously compared the flow of 
electricity through a metal conductor with 
the flow of water through a hose or pipe. 
If the hose, or pipe, is long, the water 
will not flow as freely as when the hose is 
short. Much the same thing is true with 
respect to the flow of electricity through 
a conductor. 

It should be mentioned that while some 
conductors allow electricity to flow much 
more freely than others, all conductors 
contain a certain amount of resistance. 
There is no perfect conductor. Silver is 
the best conductor yet discovered, but it 
is not completely free from resistance. 
Copper is the next best conductor, and since 
it has only slightly more resistance than 
silver and is very much less expensive, it 
is used much more widely in electrical and 
radio work than silver. 

Since everykimdof conductor has a certain 
amount of resistance, it is reasonable to 
say that if a conductor of a given unit 
length has a certain amount of resistance, 
a similar conductor twice as long would have 
twice as much resistance. This is shown 
graphically by Fig. 2. If the conductor at 
the top of the illustration has a certain 
amount of resistance, the one at the center 
would have twice as much resistance since 
it is twice as long. This could be said 
another way by saying that the current 
would meet twice as much resistance in the 
longer conductor than in the shorter one 
because it had to travel through the longer 
conductor twice as far. 

By the same line of reasoning there would 
be only half the resistance in the con-
ductor at the bottom of Fig. 2 as in the 
one at the top. This is because the con-
ductor at the bottom is only half as long. 



I SQ. INCH 

1/2 SQ.INCH 

2 SO. INCH 

Fig.3. Comparing the effect of the size 
of a conductor on its resistance. 

And since the electricity would travel 
through it only half as far as in the con-
ductor at the top, it would meet only half 
as much resistance. 

This provides us with a handy rule. Elec-
trical resistance is directly proportional 
to the length of a conductor when the whole 
length is of the same material and is the 
same size. 

This rule means that if a wire is the 
same size over its entire length, and is 
made of the same material, the amount of 
resistance it would present to the flow 
of electricity would be entirely dependent 
upon its length. That is, if 100 feet of 
the wire presented so much resistance, 200 
feet would present twice as much resistance, 
300 feet would present three times as much 
resistance, and 1000 feet would present ten 
times as much resistance. 

It can be readily seen that the length of 
a wire has an important bearing upon its 
ability to conduct electricity. The longer 
the wire is, the more difficult it is for 
current to flow through it. 

The size of the wire also has a lot to do 
with the resistance. The larger the wire 
is, the less resistance it will present to 
the flow of electrical current. And on the 
other hand, the smaller the wire is, the 
more resistance it will have to the flow 
of electrical current. 

Fig. 3 shows rather clearly the relation-
ship of the size of the wire to the 'mount 

of its resistance. The conductor shown at 
the top of Fig. 3 is shown cut squarely 
across. The cut end, or cross-sectional 
area, measures exactly one square inch. The 
resistance of a conductor with one square 
inch of cross-sectional area will be exactly 
twice as much as a conductor which has two 
square inches of cross-sectional area, as 
shown at the bottom of Fig. 3. 

Likewise, the resistance of a conductor 
which has one square inch of cross-sectional 
area will be only half as great as a con-
ductor which has one-half square inch of 
cross-sectional area. To put all this in 
other words, we can say the larger the wire 
the lower the resistance, and the smaller 
the wire, the higher the resistance. 

All of which gives us another useful rule 
to remember -- the electrical resistance of 
any conductor is inversely proportional to 
its cross-sectional area. 

Section 3. MEASURING 
CROSS-SECTIONAL AREA 

Because most electrical conductors are 
much less than one inch in diameter, the 
use of the inch as a unit of measurement is 
rather awkward. If the inch is used to 
calculate the area of the cross-section of 
a piece of wire, all the figuring must be 
done in fractions. And since the area of 
the cross-section of a wire has such an 
important bearing upon the value of its 
resistance, it is often convenient, even 
necessary, to calculate its exact size. 

To overcome the necessity for working with 
very small fractions, electrical men measure 
the diameters of wires in a unit called a 
mil. A mil is equal to one- thousandth of 
an inch. Or an inch is equal to 1000 mils. 
Fig. 4 shows the cross-sectional area of 
a piece of wire one inch in diameter. The 
diameter of the wire can be measured in 
either of two ways. If it is measured 
in inches it will measure exactly one inch 

Fié.4. One inch is equal to 1000 mils. 
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Fté.5. The cross-sectional area of the 
end of a wire is obtained by multiplying 
the diameter of the wire in mils in 
one direction by the diameter in the 
other. This is the same as squaring 

the diameter in mils. 

in diameter, but if it is measured in mils 
it will measure 1000 mils in diameter. (mil 
is pronounced as though spelled "mill".) 

Since the shape of most wire is round, or 

circular, the cross-sectional area of most 
wire is usually referred to as having a 
certain number of circular mils in extent. 
For example, the wire shown in Fig. 4 can be 
measured in the manner shown in Fig. 5 to 
obtain its cross-sectional area in circular 
mils. The area is found by multiplying the 
diameter in one direction by the diameter in 
the other direction. This would be the same 
as multiplying 1000 by 1000, which will, of 
course, give us one million. Therefore, a 
wire which is one inch in diameter would 
have a cross-sectional area of 1,000,000 
circular mils. 

One circular mil is a circle which is 
exactly one mil in diameter. A wire then, 
that is one inch in diameter would have a 
cross-sectional area exactly equivalent to 
one millionwires which had a cross-sectional 
area of one mil each. 

Nearly all larger wires have their size 
designated by the cross-sectional area in 
circular mils. It is frequently convenient 
to consider the cross-sectional area in 

circular mils of the smaller size wires 
also. Above all, it is important to know 
what electricalmenand radio men are talking 
about when they speak in terms of circu-
lar mils. 

Section 4. ElltreT OF CONDUCTOR 
MATERIAL ON RESISTANCE 

It has already been mentioned several 
times that silver is the best conductor of 
electricity, but that it is seldom used in 
electrical work. This is true. However, it 
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should be mentioned that there are some 
occasions when the extra expense of using 
silver conductors is warranted. 

A good example of the use of silver as an 
electrical conductor is in the construction 
of cyclotrons and betatrons, the giant 
electro-magnetic machines which led to the 
splitting of the atom and the creation of 
the atomic bomb. Some of the cyclotrons 
used in atom-splitting experiments weigh 
several thousand tons and use enormous 
quantities of electricity. The necessity 
for obtaining the most nearly perfect elec-
trical conductors far outweighs the extra 
expense involved. Some of the cyclotrons 
use many tons of silver as electrical 
conductors. 

During the recent war, silver was used 
as an electrical conductor in the con-
struction of several types of radar units. 
The delicate nature of the instruments 
required that the best electrical conductors 
obtainable should be used in certain places 
in their construction. 

But on the whole, it is reasonable to say 
silver is seldom used as an electrical con-
ductor, the reason being that it is so many 
times more expensive than copper. And 
copper is almost as good a conductor of 
electricity as is silver. It can be truth-
fully said that copper is the most widely 
used metal for conducting electricity. 

Aluminum is also a good conductor of elec-
tricity, although not quite so good as 
copper. Fig. 6 gives a graphical illus-
tration of the comparative ability of 

several metals to conduct electricity. 
Before the recent war aluminum was used 
relatively little in electrical work. This 
was partly because copper was inexpensive, 
and plentiful, and partly because aluminum 
was not quite so good a conductor. In more 
recent years, aluminum has been used much 
more widely in electrical work. The price 

STEEL 

COPPER 

ALUMINUM 

Fig.6. A comparison of the effect of the 
conductor material on its resistance. 



of aluminum and that of copper is now prac-
tically the same. At some times aluminum 
has been much more plentiful than copper, 
which made it more readily available. 

One of the principle assets of alumi-
num is that it is much lighter in weight 
than copper. In some places, such as air-
craft work where weight is an item to 
consider, aluminum has been used more and 
more frequently. Although a wire made 
from aluminum must be made somewhat larger 
than one made from copper which will carry 
the same amount of current, the difference 
in weight is such that the aluminum wire 
will weigh less. 

The use of steel for the primary purpose 
of carrying electrical current has almost 
ceased. There are, however, many places 
where the steel used in the manufacture of 
other devices is also used as a part of a 
general electrical circuit. There was 
a time when steel wire was used very widely 
in communications work such as telephone 
and telegraph lines. It is still used to 
a certain extent for that purpose, but not 
so much as was once the practice. 

Section 5. EFFECT OF 
TEMPERATURE. ON RESISTANCE 

We have already discussed three things 
which affect the resistance of a conductor 
to the flow of electrical current. These 
were the length of the conductor, the size 
of the conductor and the material from which 
the conductor was made. We will now con-
sider something else which affects the 
resistance of a conductor. 

If you took two conductors made from the 
same material, and each was of the same 
size and the same length, it would still 
be possible to create conditions under which 
one would have more resistance to the flow 
of electrical current than the other. If 
one conductor was immersed in ice so that 
it remained at a constant temperature of 
32° and the other was kept heated to the 
temperature of boiling water, about 212°, 
it would be found that much more current 
could flow through the conductor which was 
kept cold than the one which was kept hot. 
If the conductors were made from copper it 
would be found that the hot conductor would 
have more than 40% more resistance than 
the cold conductor. 

It has been found that the resistance of 
outdoor lines used for the conduction 

Fié.7. Compariné the effect of tempera-
ture on the resistance of a conductor. 

of electrical current is often as much as 
25% greater in summer time as in the winter. 

The resistance of any conductor composed 
of a pure metal -- not an alloy -- increases 
and decreases at a constant rate with equal 
changes of temperature. If a 10° rise in 
temperature causes a certain increase in re-
sistance, another 100 rise in the temperature 
will cause another increase in the resistance 
of an additional like amount. 

Equal drops in the temperature causes simi-
lar equal drops in the resistance. It might 
be thought from this that if the temperature 
was dropped low enough, it would be possible 
to remove all resistance. 

Back in 1914 several scientists determined 
to find out just what would happen to the 
resistance if the temperature was reduced 
to very low values. They started a current 
flowing in a ring made from lead. Then by 
the use of liquid helium they reduced the 
temperature to 455° below zero. At that 
temperature they removed the force which 
kept the current flowing. Sure enough, the 
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current kept right on flowing and apparently 
would have gone on indefinitely, because the 
resistance had practically disappeared. 

It is possible to mix certain metals in 
certain proportions -- to make alloys --
in which the change of resistance remains 
practically constant over very wide tempera-
ture ranges. Wire made from such alloys is 
quite useful in the manufacture of delicate 
instruments whose resistance must not change 
as the temperature changes. 

While the resistance of most metals in-
creases with the increase in temperature, the 
opposite is true with carbon and graphite. 
The resistance of carbon has a tendency 
to decrease as the temperature rises. Much 
the same is true of graphite, which is 
actually a form of carbon. The same thing 
is also true with liquid solutions, or elec-
trolytes. Their resistance decreases as 
their temperature rises. On the other 
hand, their resistance increases as the 
temperature goes down. This is one of the 
reasons the storage batteries on automobiles 
do not work so well in the winter time as 
they do in the summer. On very cold winter 
mornings the batteries sometimes get so cold 
their resistance rises too high to allow 
enough current to get through to turn the 
engine over and start it. 

Section 6. HOT RESISTANCE 
AND COLD RESISTANCE 

Our studies so far have shown us that 
four things affect the resistance of any 
conductor: The length of the conductor, 
the size of the conductor, the material 
from which the conductor is made, and the 
temperature of the conductor. Since we 
encounter resistance in every conductor in 
ordinary use, and thus have to consider 
it when working with electrical, radio and 
television equipment, it is important that 
we remember the four things which affect a 
conductor resistance. 

The matter of change of resistance with 
change of temperature is something re-
quiring serious consideration in the design 
and operation of all kinds of electrical 
apparatus. We are not usually so much con-
cerned with changes in outdoor temperatures, 
although these may be important at times, 
as we are with the fact that the flow of 
electricity heats the conductor through 
which it flows. Then the higher tempera-
ture of the conductor causes an increase 
in the resistance. 
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Fig.8. Resistance increases and current 
decreases with rise tn temperature. 

The larger the amount of the current, the 
higher the temperature becomes. When we are 
dealing with large machines, such as elec-
tric motors and heavy lifting magnets, the 
rise in temperature sometimes attains rather 
high values and seriously affect their 
operation. But even in radio and television 
work, where most of the currents involved 
are usually rather small, the change in the 
temperature of a conductor must quite often 
be taken into account. This is particularly 
true in the case of oscillators which create 
the extremely high frequencies so common to 
radio and television work. The exact fre-
quency at which these oscillators operate 
depends upon several things, among them the 
resistance of the conductors through which 
the high frequency current flows. If there 
is a material change in the resistance of 
the conductor, a change in the frequency 
of the oscillator can be expected. The 
higher the frequency at which the oscillator 
works, the more important is the matter of 
any change in the resistance of any conductor. 

An easy method of demonstrating this 
matter of resistance change with a change 
in temperature is to connect a current 
measuring instrument in the circuit leading 
to an electric lamp as shown in Fig. 8. 
When the current is first allowed to flow 
through the lamp, the filament of the lamp 
will be cold. At this time the filament 
will have a relatively low resistance. The 
result will be a sudden rush of current. 
But after the current begins to flow it will 



heat the filament until it becomes white-
hot. When this happens, the resistance 
rises until it is several times as high as 
when it was cold. Then the current will 
fall to a much lower value than during the 
first instant it flowed. 

Section 7. THE OHM 

While it is readily apparent that the flow 
of water through a pipeorhose is restrained 
somewhat by the opposition it meets in the 
friction of the walls, there is no single 
definite unit by which to measure the amount 
of opposition. There is really no need for 
such a unit because the opposition to the 
flow of water is not a matter requiring 
frequent measurement or calculation. The 
resistance presented by a conductor to 
the flow of electrical current, however, 
is an entirely different matter. Resistance 
in an electrical circuit can never be neg-
lected, nor ignored. It is a very important 
item for consideration. 

We have learned that we have a unit by 
which we measure the electrical pressure 
in a circuit. It is the volt. Likewise, 
we have a very special unit for measuring 
the rate of flow of electrical current. 
That is the ampere. Now we come to another 
unit of measurement which is used by the 
radio and television technician during 
nearly every one of his working hours. The 
unit for measuring electrical resistance --
The Ohm. 

The exact values of the volt, the ampere 
and the ohm are very closely linked to-
gether. Each depends upon the other, so 
to speak. The volt represents the pressure 
which tends to force the current through a 
circuit. The Ohm represents the opposition 
which tends to retard the flow of current. 

This means that when a conductor contains 
a certain amount of resistance, the current 
will rise and fall in direct proportion to 
any rise or fall in the voltage, or amount 
of electrical pressure. If the voltage is 
increased, then the current will increase 
in direct proportion. If the voltage is 
decreased, then the current will fall, and 
will fall in exact proportion to the de-
crease in the voltage. 

On the other hand, if the voltage is a 
constant value, the current will also rise 
or fall in response to any change in the 
value of the resistance. But instead of 
changing in direct proportion to any change 

in the resistance, as was the case in the 
change in voltage, the current will change 
inversely with any change in the value of 
the resistance. 

To explain this a little more clearly, it 
should be remembered that any increase in 
the resistance means that there will be more 
opposition to the flow of current. It is 
only natural then that any increase in re-
sistance in any circuit will mean that there 
will be a decrease in the amount of current 
which will flow. When one thing decreases 
by the same amount that something else in-

creases, we say that they are inversely 
proportional. If two children are playing 
on a teeter-totter, it is readily apparent 
that one end of the teeter-totter will rise 
by the same amount as the other end moves 
downward. We could say that the height of 
one end above ground was always inversely 
proportional to the height of the other end. 

From this it can be shown that the amount 
of current which will flow in any con-
ductor at any time is always determined 
by the value of the voltage and the value 
of the resistance. It is not possible for 
just so much current to flow, and for that 
amount to be determined withoutanyreference 
to the other circuit values. It can be 
truthfully said that the current is always 
dependent upon some force outside itself. 

All of which means that if we desire a 
change in the value of the current we must 
change either the value of the voltage, or 
the value of the resistance, or change the 
values of both. 

We have mentioned that the ohm is the 
unit of measurement in determining the value 

Plg.9. One volt will force one ampere of 
current through one ohm of resistance. 
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Flé.10. Symbol for Resistance. 

of electrical resistance. It is important 
to know just how much resistance one ohm 

represents. 

The ohm has been defined as being that 
amount of electrical resistance which will 

permit one ampere of current to flow in a 
circuit when an electrical pressure of one 
volt is applied. 

To illustrate this, suppose we take an 
electrical generator, or battery, which is 
capable of producing one volt of electrical 
pressure. The one volt will cause an elec-
trical current to flow in the circuit, but 
the value of the current will also depend 
upon the resistance present in the circuit. 

If we want exactly one ampere of current 

to flow, the conductor of the circuit must 

contain exactly one ohm of resistance. 
(See Fig. 9.) 

An ohm, then, is that value of electrical 
resistance which will limit the flow of cur-
rent to a value of one ampere when there is 

an electrical pressure of one volt applied 
to the circuit. The relationship of the ohm, 
the ampere, and the volt to each other be-
comes very important in all kinds of elec-
trical work. We will devote an entire lesson 
to the discussion of this relationship. 

In making electricaldrawings,or diagrams, 
it is convenient to have some symbol which 

will represent resistance. Fig. 10 shows 
two symbols commonly used by electrical and 

radio men to represent resistance. The one 
at the left is used more commonly by men 

engaged in electrical power work, while that 
at the right is the one used most generally 
by radio and television technicians. 

Section 8. RIYtTRICAL 

SYMBOLS AND DIAGRAMS 

We have mentioned before this matter of 
symbolic representation of the various 
elements we find in electrical and radio 

D- C GENERATOR 

- 1 1111F---

BATTERY 

D- C MOTOR 

FUSE 

LAMP 

RESISTOR 

KNIFE SWITCHES ANY SWITCHES 

CONDUCTORS NOT CONNECTED 

e) 

AMMETER 

RHEOSTAT 

rW(' 
DOUBLE THROW 

SWITCHES 

+ 

VOLTMETER 

BELL 

POSITIVE 

NEGATIVE 

ELECTRICALLY CONNECTED 

Fié.11. Some symbols used in electrical diaérams. 
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Fié.12. A Series Circuit. 

circuits. It is well to explain why this 
should be. Pictures of the various com-
ponents which are to be found in electrical 
circuits might be all right on the printed 
page where there is plenty of time to pre-
pare understandable drawings. But the 
average technician, who is seldom an artist, 
would find it very difficult to describe 
the elements of a circuit by means of pic-
tures. Furthermore, there are some things 
which enter into electrical work which would 
be very hard to describe pictorially. For 
example, how could any artist describe an 
intangible substance such as resistance 
by means of a picture? 

To make it easier to describe the operation 
of electrical circuits, and electrical appa-
ratus, a system of symbols have been worked 
out which are readily learned and under-
stood. Many of the symbols bear a strong 
resemblance to the parts they represent, but 
their resemblance is purely elementary. 
Fig. 11 shows some of the symbols we will be 
using right along. From time to time we 
will add other symbols. It would be well to 
learn these symbols quite well so that our 
diagrams can be more easily understood. 

Some of the things represented by the sym-
bols of Fig. 11 have not yet been discussed 

in our lessons. But you will probably 
recognize many of them even though they 
have not been described. In the upper right 
hand corner is shown the symbol for a volt-
meter. Although we have discussed volts we 
have not said much about the voltmeter. It 
is probable you have already decided that a 
voltmeter is an instrument which is used for 
the measurement of electrical pressure --
that is, for the measurement of voltage. 

The symbol next to the voltmeter is the 
ammeter. This might have given you slightly 
more trouble, but probably not much more. 
The ammeter is an instrument which is used 
to measure the rate of flow of electrical 
current. It is a current measuring meter. 
An ampere meter. Since ampere meter is a 
bit of a tongue twister, general usage has 
shortened the name of this meter to ammeter. 
Much more will be said later on about the 
use of electrical measuring instruments. 

Section 9. THE SERIES CIRCUIT 

To begin our investigation of what happens 
when current moves in electrical conductors 
we shall use the simplest kind of a circuit. 
(See Fig. 12.) Here are shown pictorially 
at the left a generator, a switch and a 
lamp. The generator is a source of elec-
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FtÉ.13. Resistance in a Series Circuit. 

trical pressure -- electro-motive force --
voltage. Instead of a generator we could 
have used a battery. The effect on the 
operation of the circuit would have been 
the same. At the right are shown the same 
circuit elements drawn in symbolic fashion 
-- a schematic diagram. 

The wire conductors between the generator, 
the switch and the lamp are covered with 
insulation or are surrounded with air. 
The supporting base of theeswitch is made 
of porcelain. The lamp-holder is made of 
hard rubber except for the parts which 
carry the electrical current to and from 
the lamp. 

It might be noted that in the working, 
or schematic, diagram at the right of Fig. 
12, none of these elements are shown. In 
our schematic diagram only the conducting 
path is shown. 

Now assume that the system is in opera-
tion. The generator is producing a voltage, 
the switch is closed so that it makes a 
good electrical connection and there is 
current moving through the filament causing 

60 OHMS 

42 OHMS 

2 OHMS 

Fig.14. Resistance in a series circuit adds 
together to form the total resistance. 
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the lamp to light. How much current is 
flowing through the lamp, and how much 
is flowing through the switch, and how 
much through the generator? 

Remember, electricity cannot be stretched 
nor compressed. Neither can any of it 
escape through the insulation nor out 
through the air. The answer to our question 
must be that the same amount of current 
must be flowing in all parts of the cir-
cuit. For example, if the lamp is taking 
one ampere of current, then there must be 
one ampere of current flowing through the 
switch, and one ampere flowing through 
the generator. 

Any circuit in which all the current 
flowing through any one part must also 
pass through every other part, is called 
a sertes circuit. This is because each 
of the parts are connected in series with 
each other. There is one basic rule to re-
member when working with any series circuit: 

The current is the same in every part of 
a series circuit. 

Section 10. RESISTANCE 
IN A SERIES CIRCUIT 

In Fig. 13 we have a diagram which shows 
a generator and a lamp connected together 
with two lengths of wire. There is one 
ohm of resistance in one wire, 240 ohms of 
resistance in the lamp and one ohm of re-
sistance in the other wire. Now what would 
be the total resistance of this circuit 
from the generator through one wire to the 
lamp and back again to the other side of 
the generator? Well, let's look at this 
matter for a minute. 

The current would meet a resistance of 
one ohm while moving from the generator to 
the lamp, it would meet 240 ohms of resis-
tance in the lamp itself, and it would meet 
another ohm of resistance returninz back to 
the generator. It would seem logical to 
conclude that the total resistance would 
include all the resistance which was met, 
both in the wires and in the lamp. This 
would be a total of 242 ohms. And this is 
the correct answer. 

Which gives us another rule to remember 
in connection with series circuits: 

The total resistance in a series circuit 
is equal to the sum of the resistances in 
all parts of the circuit. 



Fig5.15. Variable resistor, called rheo-
stat, used for controlliné current flow. 

Now suppose that in the circuit described 
in Fig. 13 we were to move the lamp twice 
as far away from the generator, and used 
the same size wire for conductors. We have 
already learned that if we double the length 
of a conductor we will double the resis-
tance. So if we now double the length of 
the wire leading to the lamp we will in-
crease its resistance from 1 ohm to 2 ohms. 
Likewise, the resistance of the wire re-
turning from the lamp to the generator will 
be increased from 1 ohm to 2 ohms.- If we 
continue to use the same size lamp, the 
resistance would now be 244 ohms instead 
of the 242 ohms we had before. 

In these examples we had one large re-
sistance represented by the lamp and two 
smaller resistances represented by the 
wires. The same principle holds true, how-
ever, where the values of the resistances 
are more nearly equal. In Fig. 14 is shown 
a generator, two lamps and the wires which 
will connect them together in series. There 
are 4 ohms of resistance in the wire leading 
from the generator to one of the lamps, two 
ohms resistance in the wire connecting the 
two lamps, and 4 ohms resistance in the wire 
leading back to the generator. One of the 
lamps has a resistance of 60 ohms and 
the other has a resistance of 42 ohms. 

In determining the total resistance in 
such a series circuit we proceed in exactly 
the same way we did before. We merely add 
all the resistances together and that will 
give us the total resistance in the circuit. 
In this case we add 4 and 42 and 2 and 60 
and 4, which gives us a total of 112 ohms 
of resistance in complete circuit. 

Section 11. PUTTING RESISTANCE TO WORK 

So far in our studies we have looked upon 
resistance as something which tries to pre-
vent current from flowing in an electrical 
circuit. And this is correct. FUrthermore, 
it could probably be figured that resistance 
can be pretty much of an unwanted problem, 
especially when it tries to prevent the 

Fié.16. Types of resistors In common use in radio and television work. 
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Fig.17. Photograph of the underside of a television chassis showing some of the resistors 
which are used. (Courtesy of General Electric.) 

passage of current which is needed to light 
our lamps, run our motors, and operate our 
radio and television equipment. And all of 
this would also be a very correct deduction. 

But it should not be thought that resis-
tance is a completely useless evil. Nothing 
could be farther from the truth. We put 
resistance to work for us in many ways, and 
it is extremely useful. We use resistance 
in so many ways in radio and television 
receivers that one wonders how the equip-
ment could be made to operate without it. 
Probably it couldn't. 

Just as it is necessary to have brakes on 
automobiles to control their operation, so 
must we also have some means to retard the 
flow of electrical current and keep it under 
our control. It is for the purpose of con-
trolling the electrical current flow that we 
put resistance to work for us. 

To deliberately introduce resistance into 
an electrical circuit at whatever location 
meets our needs, we use a special type of 
conductor in which the value of the resis-
tance is carefully controlled. Some of 
these are so constructed that the value 
of the resistance can be changed to suit 
our convenience. These are called Rheostats, 
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and are illustrated by the picture in 
Fig. 15. 

The type of rheostat which is shown in 
Fig. 15 is somewhat larger than is commonly 
found in radio and television work but 
it shows more clearly the way in which 
these parts are made than would be possible 
in a picture of the smaller types. These 
large types of rheostats will be found in 
the transmitter rooms of radio and tele-
vision broadcast stations. 

There are many occasions where it is 
desirable to introduce a resistance into 
an electrical circuit and have its value 
remain constant for the entire life of the 
circuit. There are scores of places in 
radio and television receivers where perma-
nently fixed resistances are installed. To 
meet this need, wire having an especially 
high resistance is often wound onto a spool, 
or onto a piece of ceramic, and then con-
nected into the circuit. Such a resistance 
element is called a resistor. 

Many resistors are constructed of high 
resistance wire wound into the form of a 
spool as has just been mentioned. They are 
generally referred to as wire-wound resis-
tors. Others are made of powdered carbon 
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which has been specially mixed with clay 
and other materials. A connecting wire, 
called a pig- tail, is fastened to each end 
of the resistor to afford a means by which 
the resistor can be connected into the 
circuit. These resistors are used by the 
tens of thousands in radio and television 
work. The values of their resistance 
has now been pretty well standardized. It 
is possible to walk into any radio or tele-
vision parts supply house and purchase a 
resistor of almost any needed value for 
a few cents. 

To give an idea of the various values 
of resistors commonly used in radio and 
television work, it is possible to obtain 
resistors which have a resistance of only 
a few ohms. In fact, resistors with a 
resistance of less than an ohm are quite 
common. At the other extreme, there are 
resistors which have resistances running 
up into the tens of millions of ohms. Re-

sistors which have resistance running over 
a million ohms are rated in meéohms. A 
megohm is equivalent to one million ohms. 
Many radio receivers use resistors which 
are rated from possibly two or three megohms 
up to ten or twelve megohms. 

It is worth mentioning at this time that 
it would be a good idea to become used 
to working with large numbers. In radio 
and television we regularly work with 
numbers which are very large and with 
other numbers which are very small. Upon 
first contact with these large numbers, 
some persons feel just a little bewildered. 
But that feeling soon passes and one be-
comes as accustomed to working with, and 
speaking of these large numbers, as with 
any other thing in everyday life. Mithin 
a few short weeks, working with these kinds 
of numbers becomes so much a matter of habit 

that it seems we have been working with 
them all our lives. 

NOTES FOR REFERENCE 

Resistance is affected by the length of a conductor. Doubling the length, doubles the 
resistance. Halving the length, halves the resistance. 

Resistance is affected by the cross-sectional area of a conductor. Doubling the cross-
sectional area, halves the resistance. Halving the cross-sectional area, doubles the 
resistance. 

Material of which a conductor is made affects its resistance. Silver is the best conductor. 
Copper is almost as good. Aluminum, iron, steel, brass, zinc, lead, German Silver are 
all classed as conductors. 

The temperature of a conductor affects its resistance. The higher the temperature, the 
higher the resistance in metals. 

The cross-sectional diameter of a conductor is measured in mils. 

A mil is equivalent to one- thousandth of an inch. 

The cross-sectional area of a conductor is measured in circular mils. 

One circular mil is the area of a circle one mil in diameter. 

Resistances in a series circuit add together to form the total resistance. 

The current is the same in all parts of a series circuit. 

Resistors are used in electrical circuits to retard the flow of current. 

Resistors can be either fixed in value, or variable. 

Variable resistors are called Rheostats. 
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Section 1. INTRODUCTION 

The man who decides to become an expert 
in the field of radio and television has to 
acquire a seemingly boundless amount of 
technical knowledge. There are so many 
things to learn that it sometimes seems that 

no single man can know all there is to know 
about the subject. 

From a strictly abstract point of view it 
is probably true that no man does know all 
there is to know about radio and television. 
There are so many new things being learned 

Fié.1. Xaénetism is used in many ways in radio and television. 
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everyday -- so many engineers, scientists, 
and amateurs are conducting endless experi-
ments in search of new knowledge -- that 
radio and television is one field of en-
deavor which does not become passive. It 
has never reached the point where something 
new is not being constantly introduced to 
those working with it. 

Probably this is what makes radio and 
television so fascinating to those who are 
working with it. When the worker knows 
that around almost every corner lies a 
vast expanse of unexplored knowledge, his 
interest is kept constantly alive and 
his ambition spurred by the thought that 
at any moment he too, might find his name 
listed with those immortals who have already 
contributed so much to science, to radio 
and to television. 

When Thomas A. Edison was selling candy 
and fruit as a News Butch on a passenger 
train, his opportunity to become a great 
inventor was nowhere nearly so great as 
that of our modern young men. When he 
started his experiments he did not even 
know that the field of electricity actually 
had any future. Every young man today knows 
that electricity, radio and television have 
a great future -- most of them know that the 
discoveries and inventions which have been 
made in these fields, have done little more 

than to open a. storehouse of limitless 
possibilities. The length to which any man 
can go in this field is limited only by his 
own ambition and by his abilities. All who 
are acquainted with this work are aware that 
the future will give us new things, many of 
which will probably dwarf in importance 
those things we know today. 

No other,line of endeavor offers the 
ambitious young man -- the adventurous young 
man with a thirst for scientific knowledge 
-- greater opportunity than he can find 
in the field of radio and television. While 
there is a lot to be learned about radio 
and television, it is the purpose of this 
series of lessons to set forth that know-
ledge so you too can be well trained in 
that specialized field. The information 
and training contained in this series of 
lessons is so arranged that any man with 
normal intelligence can learn all the es-
sentials of this fascinating work with a 
minimum of effort. More than two thousand 
years ago a very learned man said, "There 
is no royal road to learning." That was 
true then, and it is true today. But in 
this series of lessons we have succeeded 

in making your road to the learning of radio 
and television as nearly a royal one as such 
a thing can ever be. 

Some of the knowledge which has led to the 
development of radio and television was 
first acquired so many centuries ago, that 
one wonders sometimes, just why it was 
that so much time had to pass before that 
science was raised to the perfection we 
know today. A classic example of an element 

that plays an important part in radio and 
television work which was a familiar thing 
to the ancients, is that of magnetism. 
Every branch of electricity is so completely 
tied up with magnetism thereisno separating 
one from the other. We could not generate 
power in the enormous quantities which are 
needed today were it not for the peculiar 
properties of magnetism. Neither would we 
be able to use electric power in many of 
the ways that we do use it. 

Radio and television owe their very ex-
is tance to the peculiar disturbances in the 

space which surround us -- the peculiar 
disturbances we call electromagnetic waves. 
There are many things right inside the radio 
and television receivers which also owe 
their operation to the strange phenomenon 
we know as magnetism. The action of the 
loudspeaker -- which is such an important 
part of both radio and television receivers 
-- depends entirely upon two magnetic fields 
operating upon each other. The functioning 
of the intermediate- frequency transformers, 
which are such a familiar part of the super-
heterodyne receiver, is completely dependent 
upon magnetic linkage between one of the 
coils within it, and the other. The power 
transformers and output transformers are 

other good examples of the properties of 
magnetism put to useful work. There are 
other examples -- many of them -- which 

could be cited. But these are enough to 
show that it would be well for us to acquire 
a good understanding of magnetism before 
going any further with our studies. 

Section 2. EARLY HISTORY OF MAGNETISM 

More than two hundred years before the 
birth of Jesus Christ, the ancient Greeks 
had discovered a form of magnetism. They 
discovered that a certain ore found in a 

district of Greece known as Magnesia, had 
the property of attracting and holding 
small pieces of iron. That ore is now 
called Magnetite. 

For many centuries Magnetite remained an 
object of curiosity, but so far as history 
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Fié.2. Properties of a Steel Haénet. 

records, apparently nobody was able to 
figure out a practical use for it. Along 
about the year 1100, a Chinese experimenter 
discovered that if a piece of Magnetite was 

suspended by a string it would swing around 
until it assumed a position which pointed 
north and south. Mariners sailing their 
ships far beyond the sight of land soon came 
to depend upon pieces of Magnetite to point 
out to thew the direction of North. They 
gave the name, " Leading Stone" to the bits 
of magnetite which guided them across the 
trackless seas. This name was soon cor-
rupted into " Lodestone", by which name the 
ore is still most widely known. 

Today this same idea is still in quite 
common use. But instead of lodestone, the 
modern magnetic guide is the magnetic com-
pass. Every ship on the ocean uses some 
form of compass to guide it whenoutof sight 
of land. Many hunters and fishermen also, 
use a magnetic compass when they venture 
into strange woods, or into places where 
roads and houses are few and far between. 

The first link between magnetism and an 
electric current was discovered by a Danish 
teacher while teaching a science class in 
Denmark shortly after the close of the 
Napoleonic Wars. The Professor, named 
Hans Christian Oersted, made the dis-
covery quite by accident in the year 1820. 
While teaching a class at the University of 
Copenhagen, he noticed that when a magnetic 
compass was brought close to a wire in 
which an electrical current was flowing, 
the needle of the compass was deflected. 
By continuing his experiments he discovered 
that the needle would be deflected one way 

if the current was flowing in one direction, 
but would be deflected in the other way 
if the current was flowing in the opposite 
direction. 

The first practical use of this discovery 
was made thirteen years later, in 1833. 
An English scientist named Michael Faraday 
constructed a dynamo, or electric generator, 
by means of which it became possible to 
change mechanical force into electrical 
force for the first time. Michael Faraday 
continued his experiments with magnetism, 
and its relationship with electricity. Many 
of the things we know about electricity 
today were first discovered by Faraday. His 
name looms large in any discussion of the 
great men of the early electrical age. Much 
more will be said about him as we progress 
with our studies. 

Section 3. KINDS OF MAGNETS 

Most of us have seen the familiar horse-
shoe magnet such as is shown in Fig. 2. 
These can be purchased at any dime store 
or novelty shop. The horseshoe magnet will 
attract and hold small pieces of iron or 
steel which come into contact with it. If 
the magnet is strong enough, and the piece 
of iron or steel small enough, the magnet 
will actually cause the iron or steel to 
move toward it before they actually touch 
each other. The closer the pieces of iron 
or steel are to the ends, or poles of the 
magnet, the stronger will be the attraction. 
From this we can conclude that some invisi-
ble force exists around the poles. The 
space within which this force exists is 
called the maénetic field. 
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Fié.3. Magnetic attraction and repulsion. 

When we suspend a straight magnet, or bar 
magnet, such as the one shown at the right 
of Fig. 2, the bar will swing around until 
it points north and south. We may then mark 
the north-seeking pole N and the south-
seeking pole S. If we turn the magnet 
half-way around, so as to reverse the di-
rections to which the poles point, then 
release the bar magnet so that it can swing 
freely, the two poles will return to their 
original positions. That is, the bar will 
swing around so that the north pole will 
again point toward the north, and the south 
pole of the magnet will again point toward 
the south. 

Such a simple experiment shows that the 
two poles are not alike. This is true in 
spite of the fact that both ends of the 
magnet will attract pieces of iron or steel 
with equal force. 

Since most magnets are made of iron or 
steel, it will be well to understand that 
iron which is one of the elements, is made 
commercially in forms called cast iron, 
wrought iron, and steel. Steel is merely 
iron prepared in a certain way by mixing 

Fig.4. Iron filings show where the 
magnetic fields exist most strongly. 
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with other substances in the form of alloys. 
Steel can be prepared so that it will have 
certain desirable (mantles such as hard-
ness and strength, or it can be made so as 
to be relatively soft and workable. There 
are certain other kinds of alloys which do 
not contain iron but which can be created 
to act as a magnet. Iron, however, is the 
only substance which is always magnetic in 
whatever form it is used. 

While the exact nature of magnetism is 
not fully understood, a careful and thorough 
study of magnets and their actions shows 
that all substances are affected to some 
extent when brought close to a strong mag-
net. Trying all of the known substances, 
we find that while iron and steel are af-
fected very strongly, cobalt and nickel to 
some extent, the effect on most others is 
negligible. The effect on iron is so much 
greater than that on cobalt and nickel that, 
by itself, iron is the only element of 
commercial importance. However, certain 
alloys of iron, cobalt and iron have come 
into very common use because of their im-
proved magnetic qualities. Another alloy, 
that of aluminum, nickel and cobalt, has 
also assumed considerable importance. This 
is especially true in radio work. The alloy 
is known commercially as Alnico, and is made 
in e variety of grades. 

In Fig. 3 we have two similar bar magnets. 
Their north-seeking poles are marked N, and 
the south-seeking pole is marked S. At the 
left side of Fig. 3 the north pole of mag-
net A is brought near the south pole of the 
suspended magnet B. Note that these two 
poles have a strong attraction for each 
other. The attraction is so strong that if 
they are brought close together, they will 
actually pull into contact with each other. 

At the right side of Fig. 3 the south 
pole of magnet A is brought near the south 
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pole of the suspended magnet B. Now instead 
ofthemagnets being attracted to each other, 
they actually repel each other. If the two 
north poles are brought together there will 
be a similar repulsion between them. There 
is always repulsion between similar poles, 
and attraction between opposite poles. 

This makes for a rule it would be well to 
learn -- and remember. You will use it 
often. Unlike magnetic poles attract, like 
magnetic poles repel. 

Section 4. MAGNETIC LINES OF FORCE 

The usefulness of a magnet in any of the 
purposes for which it is employed lies in 
the space surrounding the poles, within 

IRON 
FILINGS 

Fig.5. Xaking a field pattern with 
iron filings. 

CARDBOARD 
OR GLASS 

which is found strong evidences of at-
traction and repulsion. This is the space 

marked magnetic field in Fig. 2. 

We may gain a good idea of the strength 
and the extent of the force in a magnetic 
field by dipping the poles of a magnet into 
iron filings. The filings cling together 
and to the poles because of the magnetic 
attraction. The result is as that pictured 
in Fig. 4. There we may see that the mag-
netic force radiates from around the magnet 
ends, or poles. From both poles of the bar 
magnet the force extends chiefly in a di-
rection lengthwise of the magnet, but also 

Fig.6. The magnetic field pattern between 
unlike poles. 

sidewise to some extent. By noting how the 
filings are held on the horseshoe magnet, 
we may see that the force exists in the 
entire space between the poles, extending 
from one pole to the other. The force also 
extends in a generally outward direction 
all around the two poles. 

To better understand how the force extends 
between the poles of a magnet, we can take 
a piece of cardboard or glass and place it 
over the ends of the poles as is shown in 
Fig. 5. If we then sprinkle a small quanti-
ty of iron filings over the screen, the 
filings will form a distinct patternas shown 
in Fig. 6. Immediately above the poles of 
the magnet the filings stand straight up in 
tiny lines extending away from the poles 
and into the space around them. In between 
the poles the filings arrange themselves 
in curved lines. 

Because the force existing around the 
poles and extending between them appears to 
exist in definite lines, we speak of them as 
magnetic lines of force. In drawings or 

Fig.7. The magnetic fields around steel 
magnets. 
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Fié.8. Lines of force inside and outside 
a magnet. 

diagrams it is a common practice to represent 
the magnetic force as straight or curved 
lines such as is shown in Fig. 7. 

In Fig. 7 the small arrowheads indicate 
that the magnetic lines of force come out 
of the north pole of the magnet, pass 
through the field and re-enter the south 
pole. Within the iron of the magnet the 
lines of force are from the south pole to 
the north pole as indicated in Fig. 8. The 
intensity of the magnetism is far greater 
withintheiron than in the field surrounding 
the iron. This means there are more lines 
of force in any given cross-section of the 
iron than in the field which surrounds in 
the iron. 

Another curious thing about magnetism is 
shown in Fig. 9. If two bar magnets are 
so placed that the south pole of one is a 
little distance apart from the north pole 
of the other, many of the lines of force 
which issue from the north pole of one 
magnet will re-enter the south pole of the 
other magnet. In the field between the 
closest points of the two magnets there will 
be a decided concentrationofmagnetic lines. 

re,--

-AS N 
- 

-------

 - 
N 

A study of Fig. 9 will also show graphi-
cally a common conception of magnetic lines 
of force. Many electrical and radio workers 
like to think of magnetic lines of force as 
acting much like rubber bands which are 
always trying to contract and shorten them-
selves.. We have previously shown that unlike 
poles of two magnets will be strongly at-
tracted to each other. Now imagine that all 

the lines of force shown in Fig. 9 are tiny 
rubber bands which are somewhat stretched. 
All are trying to contract -- that is, 

shorten themselves. The result will be that 
the two bars are pulled together. Thinking 
of magnetic lines of force in this manner 
makes it easier to understand the action 
of magnetism. 

Magnetic lines will pass in only one 
direction at a time through iron, or through 
the external field. If we bring two north-
poles together, as in Fig. 10, the lines 
from neither will enter the other magnet, 
but each field will be completed by itself. 
The same thing will happen when two south-
poles are brought together. Sprinkling iron 
filings over a screen of cardboard or glass 
laid on top of the two like poles will pro-
duce a pattern such as is shown in Fig. 11. 

There we can plainly see the two groups 
of lines coming together, but they are 
not mixing. 

Section 5. THE EARTH AS A MAGNET 

We all know that the needle of a compass 
tends to point in a line which runs approxi-
mately north and south. The compass needle 
is a piece of steel which is highly mag-
netized, and which can swing freely. The 
reason the compass needle assumes a north 
and south position is that the Earth is an 
exceedingly large magnet whose poles attract 
the smaller magnet of the compass needle. 

Considering the small magnet in the com-
pass, we call the end which points north, 
the north pole, and the end which points 
south, the south pole. We have learned that 

Fig.9. How fields join when unlike poles Fig.10. The fields remain separate when 
'are brought close together. 
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the north pole of a magnet is attracted by 
the south pole of another magnet, conse-
quently the north pole of the compass must 
point toward the south magnetic pole of 
the Earth, and the south magnetic pole of the 
compass must point to the north magnetic 
pole of the Earth. Thus we learn that the 
south magnetic pole of the Earth is near 
the north geographic pole and the north 
magnetic pole of the Earth is near the 
south geographic pole of the Earth. Fig. 12 
shows these relationships. 

Section 6. WHY IRON BECOMES 1 MAGNET 

If you break a bar magnet, such as the 
one shown at the top of Fig. 13, into two 
pieces you will have two magnets as is 
shown at the center ofthesame illustration. 
If you break these two pieces each into two 
other pieces, you will have four magnets 
as shown at the bottom of Fig. 13. 

Fig.11. The magnetic field pattern 
between like poles. 

It is generally believed that the reason 
why this is so is because each of the mole-
cules of a pieceofiron is itself a magnetic 

particle. Under normal conditions, the 
molecules assume a disorderly arrangement, 
some pointing in one direction, otherspoint-
ing in other directions. This is much the 
same arrangement suggested by A in Fig. 14. 
The result is that the magnetism of one 
molecule is cancelled out by the magnetism 
of some other molecule, and the piece of iron 
as a whole apparently possessesnomagnetism. 

But if the piece of iron comes under the 
influence of a magnetic field, some of the 
molecules will tend to arrange themselves 
into a pattern so that more of them are 
lined up in the same direction, the mag-
netism of each being aided by that of some 

Fié.12. The magnetic poles and the 
geographic poles of the Earth. 

of its neighbors. This is shown by the 
arrangement at B in Fig. 14. 

If the piece of iron is placed in a still 
stronger magnetic field, even more of the 
molecules will line up with their individual 
magnetic poles pointing in the same di-
rection. This arrangement is shown by C 
in Fig. 14. 

Soft iron is easily magnetized. It be-
comes a magnet itself when placed in a 
rather weak magnetic field. This is as 
though the molecules were easily forced into 
line by the magnetic force. Soft iron loses 
its magnetism just as easily as it is ac-
quired. As soon as the magnetizing force is 
removed,theiron loses most ofitsma.gnetism. 

Hard steel, on the other hand, is much 
harder to magnetize. It would seem that 

Fig.13. Breaking a magnet produces 
additional magnets, each having a north 

pole and south pole. 

TER-7 



ec. cø  evue 
A 

MED <4 e ME3 e 1.11 e 
1117 It) MU .1=1 4iMGI 

MED MED MED MED MED 
MED MEID MED MED MED ME3 
MED MED MED MED K2 

Fig.14. The arrangement of the molecules in 
not magnetized. "B" is partially 

the molecules of the steel resist much more 
strongly any effort to rearrange them. But 
when once forced to become a magnet, steel 
will retain its magnetism for a long period 
of time. 

For these reasons, soft iron is used when 
it is desired to create a magnet temporarily. 

Fié.15. A magnet induces -magnetism in 
other pieces of iron. 

Soft iron is especially useful as the mag-
netic cores for electromagnets, where the 

magnetism is needed for short or irregular 
periods. Where it is desirable to maintain 
the magnetism for a long, or indefinite 
period, it is better to use steel or one of 
the special magnetic alloys such as Alnico. 
These are called permanent magnets. 

Every magnet will lose its magnetism if 
the metal is heated red hot. For each kind 
of iron, steel or alloy there is a certain 
temperature above which all magnetic proper-
ties disappear. 
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an iron bar. "A" shows a random arrangement, 
magnetized. "C" is fully magnetized. 

Section 7. INDUCING MAGNETISM IN SOFT IRON 

Either pole of a fairly strong magnet 
will attract and hold a piece of soft iron 
which is not itself a magnet. While this 
piece of iron is in contact with the magnet 
it will attract and hold another piece of 
iron. This shows that the first piece 
of soft iron has temporarily acquired the 
properties of a magnet. This is shown by 
Fig. 15. That illustration also shows that 
a number of pieces of iron may be hung on 
the poles of a magnet, each piece supporting 
one or more other pieces of iron. 

Any soft iron which is placed in contact 
with, or close to, a pole of a permanent 
magnet becomes a magnet itself. It will 
remain a magnet so long as it touches, or 
is close to the permanent magnet. When the 
iron is moved away from the magnet, it loses 
nearly all its magnetism. 

In order for a piece of iron to become 
magnetized it is not necessary that it 
actually touch the metal of the magnet. If 
one end of a piece of iron is held close 
to, but not touching the pole of a magnet, 
as is shown in Fig. 16, the iron will pick 
up iron filings or other small pieces of 
iron or steel. The reason is that many 
lines of force existing around the magnet 

Fig.16. Iron may be magnetized when not 
touching another magnet. 



will extend to the piece of iron. And so 
long as the lines of force pass through it, 
the iron will be a magnet. 

Section 8. NO INSULATORS FOR MAGNETISM 

Magnetism, or magnetic lines of force, 
pass through air quite easily, and will pass 
through a vacuum just as easily. This fact 
is taken advantage of in many of the larger 
television receivers. The deflection of 
the electronic stream within the cathode-ray 
tube, which creates the picture, is brought 
about by heavy magnets which surround the 
tube. The magnetic lines of force pass 
through the glass and the vacuum of the 
tube quite easily. The arrangement of such 
a magnet around one of the larger tele-
vision picture tubes is shown in Fig. 17. 

GLASS ENVELOPE MAGNETIC COIL 

OF PICTURE TUBE 

HIGH VACUUM ,//e 
MAGNETIC COIL 

Fig.17. Magnetic deflecting coils on a 
television picture tube. 

You can readily see for yourself that 
magnetism does actually pass through glass 
-- and quite easily too. Obtain a horse-
shoe magnet -- or a bar magnet for that 
matter -- and place a piece of glass over 
the end of the magnet poles as is shown in 
Fig. 18. On the other side of the glass 
will be a magnetic field sufficiently strong 
to attract and hold small pieces of iron 

or steel. 

Sect ton 9. THE MAGNETIC FIELD 
AROUND AN ELECTRIC CURRENT 

We mentioned earlier in this lesson that 

a Danish science teacher had discovered a 
relationship between magnetism and an elec-
tric current. We can demonstrate for our-
selves that there is always a magnetic field 

Fté.18. Magnetic lines pass through 
glass and other electrical insulators. 

surrounding any conductor which is carrying 
an electric current. Fig. 19 shows four 
small magnetic compasses surrounding a wire 
which is carrying an electric current. In 
our illustration we show four compasses. In 
an actual experiment only one compass is 
really needed. It can be moved from one 

Fig.19. Compasses indicate lines or 
force around a conductor. 
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Fié.20. Direction of lines of force 
around a conductor. 

position to the other as successive readings 
are taken. The action of the needle shows 
beyond any doubt that there is magnetism 
present around the wire. 

To prove the point even further, the cur-
rent can be turned off, at which time the 
compass will no longer be affected by the 
magnetic field of the electric current and 
it will then swing around in line with the 
magnetic poles of the Earth. Fig. 20 shows 
another experiment which can be conducted 
with the compass. Place the compass first 
above the horizontal wire of the conductor 
carrying the electric current and observe 
the action of the needle. Then place the 

compass below the conductor. Note the re-
versal of the needle. This indicates that 
the magnetic lines of force are moving 
around the wire in the form of circles, 
with the wire at the center of the circle. 
The current in the wire must be direct cur-
rent. The experiment will not work with 
alternating current. 

It has been mentioned previously that an 
electric current is nothing more than free 
electrons moving from one atom of a piece 
of metal to another atom. When there is 
current flowing in a conductor, the free 
electrons are all moving in the same di-
rection at the same time through the con-
ductor. The thought might occur to you that 

if electrons moving from atom to atom in a 
conductor set up a magnetic field around 
them, why wouldn't free electrons flying 
through space, or the vacuum of a vacuum 
tube or cathode-ray tube, also set up a 
magnetic field around them? The answer is, 
they do. Just as a moving stream of elec-
trons, such as those in a cathode-ray tube, 
or television picture tube, are affected 
by an external magnet, so do the moving 
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electrons themselves create a magnetic field 
around them which affect other substances. 
This will be discussed in more detail in a 
later lesson. We are not yet fully prepared 
to understand many of the things which goes 
on in a picture tube. 

Section 10. MAGNETIC FIELD AROUND A COIL 

If two parallel wire conductors were cut 
so that we could view the cross-section of 
their ends they would look like the cores 
of the patterns shown in Fig. 21. The left-
hand part of the illustration represents the 
cross-section of a wire in which the current 
is moving toward the observer. The dot in 
the center of the wire represents the point 
of an arrow which is moving in a direction 
toward the observer, and is frequently used 
to represent the direction in which the 
electrons in the conductor are moving. 
The cross in the center of the wire at the 
right side of the illustration represents 
the crossed feathers on the tail of an arrow 
which demonstrates the direction of the 
electron flow in that conductor. 

In other words the electrons in the wire 
to the left of the illustration are moving 
toward the observer. The electrons in the 
wire at the right of the illustration are 
moving away from the observer. The dot and 
the cross are quite widely used in elec-
trical diagrams when it is necessary to show 
the direction of the electron flow in any 
conductor which is shown in cross-section. 

The lines which ring the conductors repre-
sent the magnetic lines of force which 
surround the conductors when electrons are 
moving through them. When the electrons 
are moving through a wire toward an observer 
the magnetic lines will circle the conductor 
in a clockwise manner as shown at the left 
of Fig. 21. When electrons are moving away 
from the observer, the lines will circle the 
conductor ma counter-clockwise manner as is 
shown at the right of the same illustration. 

Fié.21. Lines of force around a conductor. 



Fié.22. Lines of force around parallel 
conductors. 

When two conductors are parallel with 
each other and have current flowing through 
them in the same direction, we have an 
effect such as that shown by the illus-
trations in Fig. 22. The upper illustration 
shows the cross-section of two conductors 
in which the electron current is flowing 
away from the observer. If we could imagine 
the cutting of the two wires at the top 
of the loop, or coil, shown in the bottom 
part of the illustration as shown by the 
imaginary cutting plane, we would have 
the cross-section of the two conductors 
bared to our view as shown at the top. In 
other words, if the two loops of the wire 
were cut at the point indicated by the 
cutting plane, that portion bared to our 
view would be the same as shown at the top 
of the illustration. The electrons would 
be moving away from us as is indicated by 
the crossed feathers of the two arrows in 
the cross-sections. 

The important thing to observe, however, 
is that when two conductors are in paral-
lel, their lines of magnetic force will 
link together in the manner shown at the 

top of Fig. 22. The lines will tend to 
surround both conductors. 

In this illustration the conductor has 
been bent to form two loops of a coil. When 
a coil has been so formed into two loops 
there are approximately twice as many lines 
of force surrounding the two loops as there 
would be if there was only one loop in the 
coil. The importance of this fact is that 
by forming a conductor into a coil with 
many loops, or turns, we can concentrate 
the magnetic lines of force in one location. 

Fig. 23 shows how the conductor has been 
formed into a coil of several loops. Note 
the concentration of magnetic lines of force 
in the hollow center of the coil. 

As a general rule, the turns of any coil 
are wound close together, as illustrated in 
Fig. 24. Then nearly all the lines of force 
encircle all the turns, and practically the 
entire magnetic flux passes through the 
interior and back around the outside of 
the coil. If you compare Fig. 24 with 
Fig. 8 you cannot help noticing the simi-
larity in the paths of the magnetic lines 
of force. The similarity exists because 
both diagrams illustrate magnets. In Fig. 8 
we have a bar magnet. In Fig. 24 we have 
a solenoid magnet, meaning a coil of wire 
which has all the properties of a magnet 
while electrical current is passing through 
it. The solenoid has north and south poles 
just like the bar magnet. When you bring 
the north pole of a solenoid near the south 
pole of another solenoid, or the south pole 

Fié.23. Naénetic lines link all the 
turns of a coil. 
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Ftg.24. Linkage is more complete with 
turns close together. 

of a bar magnet, the two will attract each 
other. If you bring like poles together, 
they will repel each other. 

Section 11. THE RLRCTROMAGNET 

The magnetic properties of the solenoid 
are useful in many ways. The radio- frequency 
coils in nearly all radio and television 
receivers are wound in the form of a sole-
noid. Transmitter coils are also wound in 
the form of a solenoid. Such coils are 
absolutely indispensable in radio and tele-
vision work. But they are by no means the 

only place solenoid coils are used. 

But for use as a magnet, the solenoid is 
weak in proportion to the amount of current 
which flows in the winding of the coils. 
The reason is that the air within the core 
of the coil does not provide an ideal path 
for the magnetic lines of force. 

In order to have more lines of force for 
a given amount of current in the winding we 
must provide a better path for the lines 
of force to follow. The best way to provide 
a good path for the magnetic lines of force 

is to make a path of iron. When we place 
an iron center, or an iron core, inside a 
coil of wire we have an electromagnet. The 
electromagnet is one of the most useful and 
important devices in the whole field of 
electricity. The reason is that so many 
things depend upon the principle of the 
electromagnet. 

We may make an electromagnet by placing 

within a solenoid winding an iron core. 
Such an arrangement is shown in Fig. 25. 
The number of lines of force in the field, 
for the same current in the winding, is 
tremendously increased by inserting the 
iron core. Most electromagnets are made 
with cores of some kind of iron or steel 

which is easily magnetized, and which loses 
most of its magnetism when the current 
ceases to flow in the winding. So long as 
current flows in the winding, we have a 
magnet which will attract and hold anything 
made of iron or steel. The electromagnet 
is a device in which a mechanical pull or 
force may be produced and regulated by con-
trol of current in a winding. 

Section 12. MOVING AND 
STATIC LINES OF FIRCE 

Earlier in this lesson we said that the 
exact nature of magnetism was not fully 
understood. This is true. Some of the 
things about magnetism which we generally 
accept as being facts are actually more in 
the nature of convenient theories. At the 
risk of possibly confusing you, we are 
going to mention some of these. 

In Figs. 7, 8, 9 and 10 we show the mag-
netic lines of force emerging from the 
magnets at the north pole and re-entering 
the magnet at the south pole. This is the 
generally accepted theory among all elec-
trical and scientific men. This theory fits 
all the facts known about magnetism. 

While we do not want to say anything which 
might possibly confuse you, it is only fair 
to say that at this time no one actually 
knows whether the lines of force emerges 
from the north pole of the magnet or from 
the south pole. But since all the learned 
men act upon the theory that the lines do 
emerge from the north pole, and that theory 
has never been disputed, we will continue 
to assume that they do. 

Fig.25. The field around an electromagnet. 
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Fié.26. Lines of force emerginé from 
the coil as current starts to flow. 

Most of our illustrations indicate that 
the lines of force emerge from one pole and 
re-enter the magnet at the other pole. most 
experiments with magnetism indicate that 
this is true. But it should not be thought 
that the lines are continually moving from 
the north pole to the south pole in the 
manner of an electric current in a con-
ductor. Such is not strictly true. 

To illustrate this situation, let us 
assume we have a coil of wire -- a coil in 
the form of a solenoid like that of Fig. 23. 
Until the coil is connected to a source of 
potential there will be no current flowing 
in the coil. At this time there will be no 
lines of flux surrounding the coil. 

As current begins to flow through the 
coil, some lines of force will begin to 
emerge from the north pole end of the coil. 
While everything about electricity and mag-
netism seem to be instantaneous to the human 
senses, we have learned that actually it 
does take a certain amount of time for 
things to happen, even in electrical work. 
The emerging lines of force will resemble 
the situation portrayed in Fig. 26. 

As the amount of current increases, the 
lines of force will reach around until 
they link in a complete circuit around 
the coil, as shown by Fig. 27. This is 
practically the same situation as that shown 
in Figs. 23 and 24. This brings us to a 
peculiar thing about magnetism. The flowing 
electrical current will push these lines 
of force out so that they surround the 
coil in the manner described. But the lines 
go out as though they were reluctant to 
do so, much in the manner of stretched 
rubber bands. They will collapse back 
into the coil the instant the current ceases 
to flow. 

So long as the current flows at a steady 
value, the lines will continue to surround 
the coil. Though the lines surround the 
coil, the lines are not moving. They are 
static. Once they have assumed the position 
the current caused them to take, they stay 
there. So long as the value of the current 
does not change, the lines will not move. 

Now if the amount of 
coil is increased, the 
out somewhat further 
there will be more of 
shown in Fig. 28. 

current through the 
lines will be pushed 
from the coil, and 
the lines. This is 

The point to remember is this: so long 
as the current remains steady, the lines 
remain fixed and motionless in the space 
surrounding the coil. The lines move only 
during the time the value of the current 
is changing. If the current increases, 
the lines will expand. If the current 
decreases, the lines will contract toward 
the coil in much the same manner a group 
of stretched rubber bands will contract 
when the tension which has stretched them 
tends to relax. 

This matter of static lines of magnetic 
force, and moving lines of magnetic force 
will assume considerable importance in later 
lessons. The problem at this time is to 
explain the difference between them to you, 
and showhoweach condition is brought about. 

Section 13. MAGNETIC TERMINOLOGY 

The ordinary electrical worker frequently 
finds it necessary to calculate the values 
concerned in the construction of magnets. 
This requires that he know and understand 
the various magnetic units. Fortunately, 
the radio and television technician is not 
often concerned with the construction of 
electromagnets. His knowledge of magnetism 

Fié.27. A small current creates a few 
lines of force near the conductor. 
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Fig.28. A larger current creates more 
lines of force and they move farther 

from the conductor. 

can be more generalized than detailed. 
Nevertheless, it is often convenient for 
the radioman to be familiar with the various 
terms used in connection with magnetism. 

Generally speaking, the electronic tech-
nician is not usually concerned with the 
individual lines of magnetic force in a 
magnet. It is usually more convenient to 
consider allthelines of force as one group, 
and to refer to them as " magnetic flux." 

you may occasionally run across the term 
"Maxwell" in connectionwithmagnetic fields. 
The Maxwell is simply the name of a unit of 
measure. One Maxwell is equal to one line 
of force. Instead of describing a magnetic 
circuit as having so many lines of force 
per square inch, it can be said that the cir-
cuit has so many Maxwells per square inch. 

Since the metric system is used very ex-
tensively in technical work, the size of 
the magnetic field may be measured in square 
centimeters. In this case the magnetic flux 
will be stated as being so many Maxwells 
per square centimeter. 

Section 14. THE GAUSS 

Because a magnetic flux of any given 
number of lines of force may be spread over 
a comparatively large magnetic field or 
compressed into a relatively small field, 
it is necessary to know both the number of 
lines and the size of the area through which 
they pass. For this reason the number of 
lines of force passing through a given area 
is known as the " density" of the field. 

To combine the number of lines and the 
area into a single unit of measure, one 
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Maxwell per square centimeter is referred to 
as a " Gauss." The gauss was named for a 
famed German mathematician and astronomer, 
Karl Friedrich Gauss. He became much 
interested in the Earth's magnetism and in-
vented apparatus necessary to measure it. 
His work resulted in a number of important 
contributions to the knowledge of magnetism. 
He was Director of the Gottingen Observatory 
from 1807 until his death 48 years later 
in 1855. 

Since a Gauss is equivalent to one line 
of force per square centimeter, a magnetic 
field with a strength of 10,000 Gausses 
would have 10,000 lines of force per square 
centimeter. Like electrical energy, mag-
netic energy cannot be seen. It is necessary 
to base all measurements on the effects 
which are produced. 

Section 15. PERMEABILITY AND RELUCTANCE 

Because its molecules respond readily to 
any applied magnetizing force, the magnetic 
flux in iron will be comparatively strong. 
Since this action varies with different 
materials, the ratio of the magnetic flux 
density to the value of the magnetizing 
force is known as the " permeability" of a 
substance. In general, it is possible to 
think of permeability as being the ease with 
which magnetic flux may be developed within 
a material. 

Reluctance is just the opposite of permea-
bility. Reluctance is the opposition which 
a material offers to the passage of magnetic 
flux. Reluctance in a magnetic circuit can 
be compared to resistance in an electrical 
circuit. 

Section 16. MAGNETOMOTIVE FORCE 
AND AMPERE-TURNS 

The force which creates magnetism in a 
magnetic circuit is referred to as the mag-
netomotive force. In an electromagnet the 
magnetomotive force is created by passing 
electrical current through a coil of wire as 
has been previously discussed. The amount 
of magnetomotive force, and thus the amount 
of magnetism in a magnetic circuit, will 
depend upon two things. The number of turns 
in the coil and the amount of the current 
flowing through the coil. Thus, the mag-
netomotive force is dependent upon the 
Ampere- turns of a coil. The number of 
ampere- turns is arrived at by multiplying 
the number of turns of wire in the coil 
by the number of amperes of current through 
the coil. 
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NOTES FOR REFERENCE 

Unlike magnetic poles attract; like poles repel. 

The Earth's magnetic north pole is near its geographical south pole, and its magnetic south 
pole is near its geographical north pole. 

Soft iron is easily magnetized and easily demagnetized; harder grades of steel are more 
difficult to magnetize, but retain their magnetism longer. 

There is no such thing as an insulator for magnetism. 

Parallel conductors in which the current flows in the same direction tend to pull together. 
When the currents flow in opposite directions the conductors tend to be pushed apart. 

NOTES 
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ELECTROMAGNETIC INDUCTION 

Contents: Introduction - Factors Affecting the Induced Voltage - How Lines of Force 
Move - Induced Voltage from moving Lines - Causing the Lines to Expand and Contract - 
Varying the Primary Current - Mutual Induction - Direction of Current Flow in the 
Primary and Secondary Self-Induction - Measuring the Effect of Self- Induction - Eddy 
Currents - Notes for Reference. 

Section 1. INTRODUCTION 

As you have progressed with your studies 
you have become aware of the fact that there 
is a definite link between electricity and 
magnetism. In this lesson we will take up 
in detail the study of that link. 

Induction is the essential link between 
electrical energy and nearly all the other 
forms of energy which produce electrical 
power. All electrical energy which is 
economical enough to be useful must come, 
originally, from some natural source. The 
natural energy of coal, oil, waterfalls, 

Fié.1. Typical electrical apparatus which are dependent upon electro-maénetic induction 
for their operation. 
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Fig.2. How Voltages are Induced. 

windmills and the like must be transformed 
into electrical energy before it can be used 
to operate electrical devices. This trans-
formation of energy is brought about through 
the phenomenon of induction -- electro-
magnetic induction. 

We have previously discussed how Hans 
Christian Oersted, the Danish teacher dis-
covered by accident that a moving electrical 
current produced magnetism. It was Michael 
Faraday, the English scientist, while con-
tinuing Oersted's experiments, who proved 
that the reverse was also true. He showed 
that magnetism is capable of causing an 
electrical current to flow. He was the 
first to show that whenever a conductor is 
moved through a magnetic field so as to cut 
across the lines of force, a voltage will be 
created, or induced in the conductor. 

Fig. 2 shows how a voltage will be created 
in a conductor when it is moved across the 
lines of force which exist between the poles 
of a magnet. The direction in which the 
current will flow through the conductor will 
depend upon which direction the conductor 
is moved, and the position of the poles of 
the magnet. Note that the poles of the 
magnet at the left are in one position while 
the poles of the magnet at the right are in 
the opposite position. When the conductor 
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is moved downward in such a way as to cut 
across the lines of force, a current will 
move in one direction. But at the right 
where the poles are in another position, the 
current will move in an opposite direction. 

The meter used to record the presence of 
the current is one which has its zero point 
in the center of the scale. If the current 
flows through the meter in one direction, 
the meter needle will be deflected in one 
direction. But if the current flows through 
the meter in the opposite direction, the 
meter needle will be deflected in the other 
direction. 

Such a meter is commonly called a galva-
nometer. (See Fig. 3.) It registers not 
only the amount of current which flows, but 
also the direction in which it is flowing. 
Most generally this type of meter is so 
designed that it will measure the current, 
but it can be so designed that it will 
measure the voltage instead. The meter used 
in Fig. 2 is a voltage type galvanometer. 

The mere fact that a conductor is present 
in a magnetic field is not enough to induce 
a voltage in the conductor. Before a 
voltage will be induced in the conductor, 
the conductor must be moving so it will eut 
across the lines of force. The same effect, 
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however, can be produced by allowing the 
conductor to remain stationary and then 
moving the magnet so the lines of force 
will cut across the conductor. Perhaps the 
best way to say this would be to emphasize 
the fact that there must be relative move-
ment between the conductor and the magnetic 
lines of force. 

If the conductor in Fig. 2 is moved rapid-
ly up and down through the magnetic field 
between the poles of the magnet, the needle 
of the meter will swing rapidly from side 
to side. The movement of the needle will 
coincide with the up and down movement of 
the conductor. Every time the conductor 
moves downward, the needle will swing in 
one direction and every time the conductor 
moves upward, the needle will swing in the 

other direction. 

If the conductor were held stationary and 
the magnet moved up and down so its lines 

of force could cut across the conductor, 
the effect on the needle of the meter will 

be the same. 

Sect Ion 2. FACTORS AFFECTING 
THE INDUCED VOLTAGE 

If the conductor is moved through the 
field of the magnet nuite slowly, the needle 
of the galvanometer will not swing nearly so 
far as it does when the conductor is moved 

GALVANOMETER 

Fté.3. A Galvanometer. 

Fig.4. Lengthening the magnetic field by 
placing two magnets side by side. 

rapidly. This means the induced voltage is 
much smaller when the movement is slow than 
when the movement is fast. the voltage 
depends directly on the speed at which the 
conductor moves through the magnetic field. 

In Fig. 4 two similar magnets have been 
placed side by side. The illustration shows 
how the conductor could then be moved through 
the magnetic field. It will be noted that 
a longer portion of the conductor will now 
move through the magnetic field This will 
have the effect of doubling the voltage in-
duced in the conductor. The length of the 
conductor which cuts across the lines of 
force directly affects the value of the volt-
age which will be induced in the conductor. 

Instead of .using two magnets so that a 
longer portion of the wire can move through 
a magnetic field, the same effect can be 
obtained by arranging the wire so that more 
of it will cut across the same lines of 
force. Such an arrangement is shown in 
Fig. 5. Instead of the conductor cutting 
across the lines of force once, the con-
ductor has been so looped that it will cut 
across the same lines of force twice. Note 
that the loop of wire has been so arranged 
that the voltage induced in one wire will 
be in the same direction as the voltage 
induced in the other wire. Because of this 
arrangement, the voltage induced in one part 
of the wire adds to the voltage induced in 
the other part. Since, in this case, the 
voltages will be equal in each of those 
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Fig.5. Increasing the length of the 
conductor cutting the magnetic lines 
of force by passing two loops of the 
conductor through the field instead 

of one loop. 

portions of the conductor which cuts the 
lines of force, the total voltage in the en-
tire conductor will be twice as great as it 
would be if it was passed through the mag-
netic field as a single loop. 

Had the conductor been passed through the 
magnetic field twice in an arrangement 
similar to that shown in Fig. 6, the total 
voltage induced in the conductor would have 
been zero. The reason is that the voltage 
in one part of the conductor as it cuts 
across the lines of force would buck, and 
cancel out the voltage which was induced in 
the other part of the conductor which was 
also passing through the magnetic lines 
of force. 

From our discussion of induction, so far 
as we have gone, it becomes evident that the 
amount of voltage which is induced in any 
conductor by a magnetic field is going to 
depend upon several things. One important 
factor is the speed with which the conductor 
cuts the lines of force. Another factor is 
the length of the conductor which cuts the 
lines of force. This is virtually equiva-
lent to saying the number of turns, or 
loops, in the conductor where it cuts across 
the lines of force. Another important factor 
is the strength of the magnetic field The 
more lines of force the conductor cuts, 
the higher will be the voltage. 
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So far we have assumed that the conductors 
will cut street across the lines of force. 
That is, that the conductor will move at 
right angles to the lines of force. Such, 
of course, would always be the ideal situ-
ation, but it is not the one we always find 
in actual practice. 

At A in Fig. 7, we find the conductor 
cutting across the magnetic lines of force 
at right angles. When this situation occurs 
the voltage induced in the conductor will be 
the maximum possible value. But sometimes 
the conductor must cut across the lines of 
force diagonally as at B in Fig. 7. When 
this occurs, the conductor will cut fewer 
lines of force for any given distance of 
movement. As a result, the smaller voltage 
will be induced. 

Should the conductor move in the same 
plane with the lines of force; that is, 
should the conductor move parallel with 
them as shown at C in Fig. 7, no voltage 
at all will be induced. The reason is that 
no lines of force will be cut by the moving 
conductor. The conductor must cut across 
lines of force in order to induce a voltage. 
No matter how fast the motion, and no matter 
how strong the field, so long as the con-
ductor is moved parallel with the lines of 
force, no voltage will be induced. 

It may occur to you to wonder whether in 
the act of producing an electromotive force 

Ftg.6. No voltage is induced when two 
sections of the same conductor is passed 

through the field in this manner. 
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Fte.7. Relations between field direction and conductor travel. 

in a moving conductor, there will be any 
weakening of the magnetic field. You may 
also wonder, if there is not, just what is 
the source of the energy which produces the 
voltage and current in the conductor. 

There is no weakening of the field. The 
source of the energy is the muscular, or 
other mechanical energy which moves the 
conductor through the field. 

Section 3. HOW LINES OF FORCE MOVE 

We have learned that a voltage is induced 
in a conductor when either of two things 
happen. First, when a conductor is moved 
through a magnetic field so as to cut the 
lines of force in the field. Second, when 
the magnet itself is moved so that its lines 
of force will cut across the conductor. 
This means that we can induce a voltage in 
a conductor by moving the conductor, by 
moving the magnet, or by moving both. 

Some generators of electrical power are 
built so that the conductors move through 
a magnetic field. Most of the larger, and 
higher voltage generators are so constructed 
that the magnets move. There is a mechanical 
advantage in keeping the conductors of the 
larger machines stationary and causing 
the magnets to move so the lines of force 
will cut the conductors. 

There are other kinds of electrical equip-
ment which are so constructed that both the 

magnet and the conductors are stationary 
but the lines of force alone are caused to 
move. An example of this are the ignition 
coils in automobiles where the six volts 
from the battery are " stepped up".topossibly 
the 8000 to 12,000 volts which are needed 
to overcome the resistance of the air in 
the gap in the spark plug. The various 
kinds of transformers constitute another 
example. There are many kinds of apparatus 
in telephone, radio and television work 
which have no moving parts, but in which 
voltages are induced by the action of moving 
lines of force. 

To provide the necessary moving lines of 
force in such apparatus, an electromagnet 
is used instead of a permanent magnet. You 
will recall from an earlier lesson that when 
current first begins to flow through the 
coils of an electromagnet, lines of force 
will start building up around the magnet. 
Then as more current flows through the coils 
of the magnet, the lines expand still 
farther around the magnet. Although the 
lines will remain stationary so long as 
the strength of the current remains the 
same, every change in the value of the cur-
rent will cause the lines of force to expand 
or contract. (See Fig. 8.) 

When the lines of force expand or contract 
they are actually moving in space. If 
another conductor is so placed that it will 
be cut by the expanding or contracting lines 
of force, a voltage will be induced within 
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Fig.8. A moving field from a stationary magnet. 

the conductor just as though the conductor 
was moved through them. 

Fig. 8 shows how the lines of force build 
up aroundanelectromagnet as a current first 
begins to flow through the coils of the 
magnet, then as the current continues to in-
crease, next as the current reaches maximum 
and finally as the current decreases. At A, 
as shown by the meter, the current through 
the coils of the electromagnet is relatively 
small. At that instant there are few lines 
of force around the magnet, and they do not 
extend very far. At B more current is 
flowing through the coils and there are more 
lines of force around the magnet. The 
arrows extending from the coils show the 
direction in which the lines of force are 
expanding. At C the current has reached 
its maximum value. The lines of force have 
expanded until they have reached their 
greatest extent. The arrows here show how 
the lines have moved to reach this position. 
At D the current has decreased somewhat. 
The current is smaller so the lines of force 
have contracted toward the coils of the 
magnet. The movement of the lines of force 
is indicated by the small arrows which show 
them moving toward the coils of the magnet. 
At E the current has decreased almost to 
zero. At this instant there are very few 
lines of force and they do not reach very 
far beyond the magnet itself. 

If a conductor was so placed that it would 
be cut by these lines of force as they ex-
panded and contracted around the electro-

TES-6 

magnet, a voltage would be induced within 
that conductor. 

Section 4. INDUCED VOLTAGE 
FROM MOVING LINES 

We will now see just how we can arrange 
things so as to take practical advantage of 
this situation. The first thing we will do 
is place a second coil around the original 
coils of the electromagnet. This second 
coil will not be connected electrically in 
any way with the conductor in the first 
coil. They will be electrically insulated 
from each other. Next we will insert a 
meter in the circuit to each coil. This 
arrangement is shown in the upper illus-
tration of Fig. 9. 

When current begins to flow through the 
first, ororiginal coil of the electromagnet, 
magnetic lines of force will build up around 
the magnet in the manner previously ex-
plained. As the lines of force build up, 
they cut across the turns of the conductor 
of the second coil. As they cut across the 
conductor, a voltage will be induced within 
it. This voltage will cause a current to 
flow in the second coil as is indicated by 
the movement of the meter needle to the right. 

If the current in the first coil was 
allowed to build up to a maximum value, 
then remain steady, the lines of force would 
become static as soon as the current ceased 
Increasing. If the lines of force stopped 
moving they would no longer be cutting 

• 
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across the conductor of the second coil, 
with the result that a voltage would no 
longer be induced in the second coil. This 
condition could be brought about by con-
necting the first coil to a battery. The 
instant the switch was closed, current would 
begin to flow in the first coil, causing 
lines of force to expand around the mag-
net, and inducing a voltage in the second 
coil. But the voltage in the second coil 
would be only a momentary one. As soon 
as the current in the first coil reached 
a maximum, the voltage in the second coil 
would be decreased to zero. In other words, 
if we connected the first coil to a battery 
and closed the switch, there would be a 
momentary deflection of the needle in the 
secondary circuit, indicating a momentary 
voltage, then the needle would return 
to zero. 

The needle of the meter in the secondary 
circuit would remain at zero so long as 
the current in the first coil remained 
steady. But suppose we open the switch to 
the battery and stopthecurrent from flowing 
in the first coil. When this happens, the 
lines of force around the electromagnet 
will collapse back into the coil. This 
means the lines of force will again be 
moving. And in moving, they again cut 
across the conductors of the second coil. 
But note this: Where the lines of force 
moved outward before, they moved inward 
now. In other words, they will move across 
the conductors of the second coil in the 
opposite direction to that in which they 
moved before. 

From what we have previously learned about 
moving a conductor across the lines of force 
of a magnetic field, it might be suspected 
that the voltage in the second coil will now 

be in a direction opposite to what it was 
when the field was first built up. This 
is exactly what will happen. Whereas the 
meter needle was deflected to the right 
when the switch to the battery was closed, 
it will now be deflected to the left when 
the switch is opened. Such a condition 
is indicated by the illustration at the 
bottom of Fig. 9. 

It is not necessary for the second coil 
to be wound immediately around the first 
coil as is shown in Fig. 9, and described 
in the preceding paragraphs. It will be 
remembered that when an iron core is in-
serted within the turns of a coil, the 
entire iron core becomes magnetized. There-
fore, if the second coil is placed around 

this iron coil at any point, a voltage will 
be induced within it by the lines of force 
which expand and contract at all points 
around the iron core as the current in the 
first coil is varied. Fig 10 illustrates 
two ways in which the first coil and the 
second coil can be coupled together magneti-
cally without actually touching each other. 

Section 5. CAUSING THE LINES 
TO EXPAND AND CONTRACT 

Anything which causes a change of current 
in the first, or primary coil will induce 
a voltage in the second, or secondary coil. 
Thus it is easy to see that any change in 

Fig.9. How Induced current changes 
its direction. 
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Fié.10. Two coils on the same iron core. 

the current of the primary circuit will be 
instantly reflected by a change in the 
voltage of the secondary circuit. 

We have just discussed how a voltage could 
be induced in the secondary circuit by 
making and breaking the current in the 
primary circuit. One of the best examples 
of a practical application of this principle 
is the ignition system in an automobile. 
Such a system is illustrated diagrammatical-
ly in Fig. 11. 

In Fig.% 11 the primary winding of the 
ignition coil is part of a series circuit 
which includes a battery for the source of 
current, an interrupter having a pair of 
contacts which aCt as a switch to open and 
close the primary circuit, and the primary 

Fig.11. Automobile Ignition Principles. 
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coil itself. The secondary circuit consists 
of the secondary winding on the iron core 
of the ignition coil and a spark plug having 

an air gap across which the current is 
forced, and which provides a hot spark. 

While the contacts are closed, battery 
current flows through the winding of the 
primary coil and creates a magnetic field 
around the core of the coil. When the cam 
rotates and separates the contacts, the 
current ceases to flow. When this happens 
the magnetic field collapses, and as the 
lines of force cut across the conductors 
of the secondary coil, a high voltage is 
induced in it. This voltage is great enough 
to force the current to jump across the gap 
in the spark plue. 

If you have been following the lesson 
quite closely you will probably be inclined 
to ask at this point whether or not there 
are two sparks created -- one when the 
contacts are closed and the other when 
the contacts are opened. After all, you 
might say, there will be a voltage induced 
when the current builds up and again when 
it stops. 

Since it is not desirable to have two 
sparks each time a contact is made and 
broken in the ignition system of an auto-
mobile, steps have been taken to prevent the 
creation of a spark at the instant the con-



I 
Fié.12. one method orvaryiné the current 

in the primary. 

tact is made and the current starts flowing 
in the primary of the ignition coil. First, 
and this is something worth remembering, the 
magnetic field cannot build up from zero to 
maximum as quickly as it can drop from maxi-
mum to zero. Since the value of the voltage 
depends upon the speed with which the con-
ductors are cut by the lines of force, and 
the lines of force do not cut across so 
quickly when the current is building up as 
when it is decreasing, the voltage at the 
instant of making the contact is not so 
great as that at the instant of breaking the 
contact. To further increase this difference 
between the speed with which the current 
builds up and that with, which it dies out, 
automotive engineers have added another 
element to the ignition system called a 
"condenser", or capacitor. We have not as 
yet, studied capacitors, but in this case it 
has the ability to greatly slow down the 
time it takes the current to build up in 
the primary of the ignition coil and the 
further ability to make the current stop 
flowing almost instantly when the contact is 
broken. For these reasons there is only one 
spark when the contact "points" open and 
close; it occurs when the contacts are opened. 

Section 6. VARYING THE PRIMARY CURRENT 

Instead of completely stopping the pri-
mary current, then starting it again, to 
obtain voltage and current in the secondary 
circuit, we may merely increase the current 
and then decrease it. We must keep in mind 
that any chane of primary current causes a 
secondary voltage, and of course we have 
chantes when the primary current rises 
and falls. 

The primary current might be varied as 
in Fig. 12, with a rheostat or variable 
resistor in series with a battery and the 
winding of the primary coil. Moving the 

rheostat in one direction would cause the 
primary current to increase, while moving 
the rheostat in the other direction would 
cause the primary current to decrease. 
While the current in the primary coil was 
either increasing or decreasing, the mag-
netic lines of force around the coil would 
be either expanding or contracting. And as 
the lines of force move outward or inward, 
they would cut the conductors of the second-
ary coil. This would induce a voltage 
in the secondary. 

It probably would not serve any practical 
purpose to set up a circuit such as the one 
we have just described. But the principle 
which we have been describing is used 
constantly in radio and television work. 
A very practical application with which 
most everyone is familiar is the telephone 
transmitter wnich changes the sound waves 
of our voices into electrical impulses. 
Fig. 13 shows the basic elements of such 
a transmitter. The carbon particles act 
as a variable resistance. As the sound 
waves strike the diaphragm, the carbon 
particles are alternately compressed and 
relaxed. When the particles are compressed, 
they have less resistance than when they are 
more loose. The varying resistance causes 
a varying current to flow in the primary 
circuit, which includes a coil. The moving 
lines of force set up about the primary coil 
induces a voltage in the secondary coil. 

Section 7. MUTUAL INDUCTION 

We have looked at a number of combinations 
of two conductors, or of two conductors and 

Fté.13. Basic principles of a telephone 
transmitter. 
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a common magnetic core, where a change of 
current in the primary circuit causes a 
voltage in the other circuit. It should 
be remembered that if the secondary circuit 
is closed -- that is, is a complete cir-
cuit -- a current will flow in it as a 
result of the induced voltage. The current 
which flows in the secondary circuit also 
sets up magnetic lines of force of its own. 
These lines of force react back upon the 
primary coil. This mutual action of two 
circuits upon each other is called mutual 
induction. The word "mutual" means some 
effect which is exerted by each of the two 
parts on the other part. With mutual in-
duction we have two conductors or circuits, 
either of which will induce a voltage in 
the other one when there is a change of 
current in the first one. 

It is not our intention to go very deeply 
into the technicalities of mutual induction 
at this time. Mutual induction will come to 
our attention many times during our study of 
radio and television It is well that you 
become familiar with the term at this time. 

Section 8. DIRECTION OF CURRENT FLOW 
IN THE PRIMARY AND SECONDARY 

While the current in a primary coil is 
increasing in value, the voltage which 
is induced in the secondary will be opposite 
to the direction of primary current. This 
means that the current in the secondary 
will flow in the opposite direction from 
that of the primary current. This is shown 
diagrammatically in Fig. 14. 

Fié.14. Current direction in the two 
coils when current is tncreasiné in 

the primary. 

If the primary current is reversed, then 
the secondary current will also be reversed. 

Section 9. SELF-INDUCTION 

Self-induCtion is defined as "that pro-
perty of an electrical circuit which tends 
to prevent any change in the flow of the 
current". When a switch is closed and cur-
rent starts to flow in the circuit, any 
induction in that circuit will try to pre-
vent the current from flowing. Later, after 
the current has attained its maximum value, 
any attempt to stop the flow of the current 
will be opposed by the action of any in-
ductance in the circuit. 

Induction has also been compared with 
mechanical inertia. It has often been 
called the " fly- wheel" effect in an elec-
trical circuit. Just as a fly-wheel is hard 
to start moving, but when once moving is 
hard to stop, so it is with the current in 
a circuit which contains induction. 

Now let us see just why this is so. Look 
at the two coils wound on the iron core in 
the left-hand illustration of Fig. 15. One 
of these coils can be called the primary 
and the other the secondary. If we start 
a current to flowing in the primary, there 
will be lines of force moving out from the 
coils while the current is increasing. 
These lines of force will cut through the 
coils of the secondary, inducing a voltage 
in the secondary circuit. As was mentioned 
previously, the voltage induced in the 
secondary will act to cause the current to 
flow in the opposite direction from that 
of the current in the primary. 

Again, as the current in the primary 
decreases, the lines of force will collapse 
back into the primary coil. The collapsing 
lines of force will again cut the coils of 
the secondary, but this time will be in the 
opposite direction from what it was before. 
The voltage induced in the secondary will 
be, as a result, in the opposite direction. 
Thus the voltage induced in the secondary 
will be in one direction when the current 
is increasing in the primary, but will be 
in the opposite direction when the primary 
current is decreasing. Further than this, 
the voltaée induced in the secondary while 
primary current is increasing, will cause the 
secondary current to flow in the opposite 
direction to the primary current. We may 
then state that the voltage induced in the 
secondary coil is in the opposite direction 
from that in the primary coil. 



Fié.15. The primary and the secondary 
coils combined. 

Now look at the right-hand illustration 
of Fig. 15. Here we have connected the two 
coils together. They now form one con-
tinuous winding. It is neither primary nor 
secondary. It is both together. Once more 
we shall increase the current in the coils. 
This increasing current causes lines of 
force to expand just as before and to pass 
through the various turns of the coils also, 
just as before. We have the same movement 
of lines of force which with two separate 
coils caused a voltage to appear in the 
turns through which the lines moved. And 
just as before, there is going to be a 
voltage induced in the coils of the con-
ductor. Instead of actually causing a 
current to flow, this voltage is going to 
oppose the original voltage which causes the 
primary current to move. 

When current increases in a conductor 
magnetic lines move outward. When the cur-
rent decreases the lines move inward. Thus, 
as the current builds up in a conductor a 
second voltage will be induced in the same 
conductor to oppose the current which pro-
duces it. (See Fig. 16, left.) If the 
current decreases the moving lines of force 
will reverse just as though the current was 
reversed. This peculiar action is called 
self- Induction. It does not contradict the 
statement secondary current is opposite 
the primary current because now there is 
only one coil. 

Fig. 17 shows how the voltage acts in the 
secondary of a separate coil as the current 
increases and decreases. If the two coils 
were linked together as in Fig. 15, it can 
be seen how the action of inductance would 
tend to retard the flow of current during 
the time the current was building up, and 
would- tend to keep it flowing after it had 

reached maximum, thus retarding any tendency 
of the current to decrease in value. 

Examination of Fig. 16 shows that while 
current is increasing, the induced voltage 
opposes the current, or opposes the increase 
of current in the conductor, or coil. While 
the current is decreasing, the induced 
voltage acts in the same direction as cur-
rent flow and helps to keep the current 
going. While we are increasing the current, 
self-induction works against us and makes 
it more difficult to obtain a given in-
crease. Then, when we want the current to 
drop off, or to stop altogether, the voltage 
of self-induction again works against us by 
trying to keep the current going. 

One of the first places where you will 
find this action put to practical use in 
radio circuits is in the filter circuits of 
rectifiers. Rectifiers are quite commonly 
used in the power supplies for radio and 
television equipment. It is usually de-
sirable to maintain the voltage of the power 
supplies as nearly constant as possible. 
Any unevenness, or ripples, should be ironed 
out, so that the voltage will remain at a 
constant level at all times. The effect 
of inductance is brought into play here and 
serves as a balance wheel, or flywheel, to 
keep the voltage stable. If the voltage 
and current tries to decrease, the induc-
tance tends to raise it to the normal value. 
If the voltage and current tries to go 
higher, the inductance steps in to hold it 

Fig.16. The direction of the voltages of 
self-induction when the current is in-
creasing and when it is decreasing. 
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Fig 17. Secondary voltage opposes any change in the primary current. 

down to its proper value. But that is by 
no means the only place induction is put 
to work in radio and television work. In 
conjunction with capacitance, which we will 
be studying shortly, induction is one of 
the most important things we will encounter 
in our work. 

Section 10. MEASURING THE 
EFFECT OF SELF-INDUCTION 

From what we know about magnetic circuits 
and about electromagnets, it is apparent 
that the ability of a circuit to oppose any 
increase of its own current and to oppose 
any decrease of its current will depend 
upon several factors. The voltage of self-
induction, which acts first in one direction 
and then in the other as the current rises 
and falls, will depend upon the number of 
lines of force which cut through the turns 
of the conductor. This flux will depend on 
the permeability of the magnetic circuit, 
because the greater the permeability, the 
more lines of force we will have for any 
given current in the winding. The number 
of lines of force will depend also upon 
the number of turns in the coil, for the 
greater the number of turns, the greater 
the number of cuttings. 

The ability of a coil or a circuit to 
oppose increase and decrease of its own 
current is called the self-inductance of the 
coil or circuit. Self-inductance is measured 
in a unit called the henry, named for the 
great American scientist who invented the 
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electromagnet, Joseph Henry. While teaching 
mathematics at Albany Academy, Joseph Henry 
made many improvements in electromagnetic 
apparatus, invented the electromagnet, and 
prepared many learned scientific papers on 
the subject of electromagnetism. In 1832 
he became a professor of Natural Philosophy 
at Princeton University, and fourteen years 
later, in 1846, he became Secretary and 
Director of the Smithsonian Institute in 
Washington D.C. It was while teaching 
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Pig. 18. A circuit having self-inductance. 
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at Albany Academy that he invented the 

electromagnet. 

If we wish to know the inductance of a 
coil and core, we multiply together the 
square of the number of turns, the permea-
bility, and the inches of cross-section 
of the magnetic circuit. Then we divide 
all that by 100,000,000 times the length 
of the magnetic circuit in inches. Written 
as a formula: 

of Eddy Currents. 

Section 11. EDDY CURRENTS 

In speaking of induction we have always 
spoken of the coil, or the conductor which 
was being cut by the lines of force. This 
was done intentionally. While it is usually 
the wire in the form of a coil with which we 
are most concerned, it should not be for-
gotten that any conductor which comes under 
the influence of magnetic lines of force 
will have a voltage induced in it. 

Self-inductance = (Number of  turns) 2 x permeability x Sq. Inch Cross-section 
in henries 100,000,000 x Circuit length in inches 

Fig. 18 illustrates an inductance coil, 
called a "choke" coil. It has 600 turns 
wound on an iron core. The iron core has a 
cross-section of 1 sq. in. and is 10 inches 
long. Suppose we put that information 
in the formula and determine the self-
inductance of the coil in henries. We would 
set the problem up in this manner: 

Self-inductance in henries 

At A in Fig. 19 is pictured an iron ring, 
or a short open cylinder, around which are 
turns of wire forming a coil. If current 
in the coil is flowing in the direction 
indicated, and is increasing, there will be 
a voltage induced in the ring, and a current 
will flow in it in the direction indicated 
by the arrows. 

6002 x 8000 x 1 2,880,000,000 _ 2.88 henries 
1,000,000,000 100,000,000 x 10 
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Fié.20 Usiné lnminated cores to reduce eddy currents. 

When current decreases in the coil cir-
cuit, there will be a voltage induced in 
the opposite direction in the iron ring. 
The ring forms a closed secondary circuit, 
and since iron is a fairly good conductor, 
and the cross-section is large, the induced 
current will be large. 

At BinFig. 19 we have reduced the opening 
through the center of the iron ring. Since 
we have still further increased the cross-
section of the ring and thereby lessened the 
resistance, the current flowing in the ring 
will be even larger than before. At C we 
have eliminated the hole altogether and find 
the iron to be the same as>that commonly 
found as a core for so many of our electro-
magnets. Any change in the current in the 
coil of wire surrounding the iron core will 
thus induce a voltage within the iron of 
the core, with the result that a current 
will flow through the iron. Any current thus 
produced within the iron sof a magnetic core 
of iron is called an eddy current. 

As a general rule, eddy currents are un-
desirable. They tend to use electrical 
power, which is thus wasted, and the core 
of iron will become heated as the result of 
the heavy currents flowing through it. If 

the current rises and falls quite fast, as 
in the case of alternating current which is 
constantly changing, the iron can become 
unbearably hot. This has a disastrous 
effect on many kinds of electrical insu-
lation, not to mention the other things 
which might be damaged by the heat. 

To prevent this situation becoming un-
reasonably bad, it is the standard practice 
to break the iron core up so as ta present 
a good path for the magnetic flux, but a 
poor path for the electrical eddy currents. 
Usually the iron core is built up of many 
thin sheets of iron, called laminations, 
similar to that shown at the right of Fig. 
20. Sometimes, however, iron wire is bound 
together to create the magnetic core, as 
shown at the left of Fig. 20. 

The eddy current can still form in the 
smaller laminated sheets, but due to the 
oxides and varnish which separates the sheets 
the voltage cannot build up to any sizeable 
value. The result is that the eddy currents 
are kept to negligible values. Nearly all 
power transformers, output transformers, 
choke coils, and other kinds of electrical 
apparatus which use iron cores have the 
core built up from the thin laminations. 

• 
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NOTE FOR REFERENCE 

Induced voltage is increased by ( a) more rapid relative movement of conductor and field, 
(b) greater flux density, (r) cutting more nearly at right angles, and ( d) greater length 
of conductor or more turns cutting the field. 

Yutual induction is the production of an electromotive force in one circuit, and current 
if the circuit is closed, when lines of force due to change of current in another circuit 
cuts through the conductors of the first circuit. 

Self- inductance is a measure of the ability of a circuit to oppose either increase or 
decrease of its own current, this opposition being due to the voltage of self-induction, 
which may be called counter electromotive force. 

The unit of self-inductance is the henry. 

Both self-inductance and induced voltage increase ( a) with more turns, (b) with greater 
permeability, (ci with greater cross-section of iron, ( d) greater change of current, 
(e) quicker change of current, (r) shorter magnetic path. 

Eddy currents are produced within the mass of the iron which is cut by changing the mag-
netic field. 

Eddy currents can be reduced by the use of laminated sheets to build up the iron core. 

NOTES 

• 
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Section 1. INTRODUCTION 

Most skilled trades require that a man 
have a strong back in order to perform his 
work properly. Thebrick mason for instance, 
is a highly paid skilled worker, but he has 
to put in years of hard work as an appren-
tice before he can qualify as a full-fledged 

mason. Even then the work he performs is 
hard physical. labor. Plumbers, carpenters, 
steam fitters, and most other skilled 

workers also find this to be true. Not one 

of these trades is any place for tile man who 
is physically handicapped. 

Radio and television, on the other hand, 
is a good paying profession where a good 
physique is of little importance. While it 
is true that most men in this field could 
have gone into almost any line of endeavor 
insofar as their physical ability was 
concerned, there are also many physically 

Fig.1. Television technician and his truck. 
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Yié.2. All other skilled laborers envy the radio repairman. 

disabled men doing radio and television 
work who could not have qualified for any 
of the other skilled trades. No other 
skilled trade or profession seems to offer 
so many opportunities for the man who is 
physically handicapped as does that of radio 
and television. 

The reason for this can be found in the 
fact that a radioman's skill lies in the 
training of his mind rather than being 
dependent upon any manual skill. This is 
because his skill lies in his knowledge and 
understanding of various intangible factors, 
rather than in his ability to do something 
skil_fully with his hands. By intangible 
factors we mean things which cannot be seen, 
or felt, or otherwise perceived by the 
human serres. 

In dealing with electricity we are con-
stantly dealing with intangibles. For 
example, we cannot see electricity as it 
moves through a wire. Yet the trained 
radioman is able to detect currents of 
almost unbelievably small Values -- and make 
them do things for him exactly as he wants 
them done. He becomes so skillfUl at doing 
this that he frequently does his work 
without conscious thought. 

TEK - 2 

But ta attain such skill a man must learn 
many things about electricity, and how it 
works in radio and television circuits. He 
must be thoroughly familiar with the various 
natural laws which govern the flow of 
electricity, and be able to apply them to 
any set of conditions. But it should not be 
thought that the learning of these laws 
involves a lot of grueling mental labor over 
dry, musty rules which some long-bearded 
thinker worked up for the sole purpose of 
making things harder for the newcomer. 
Nothing could be farther from the truth. 
Most of the natural physical laws dealing 
with electricity, radio and television are 
just as natural as the law of wave-motion 
which we discussed earlier -- and usually 
even more interesting. 

Section 2. OHM'S LAW 

In this lesson we are going to take up 
the natural physical law which involves the 
relationship of electrical pressure, current 
flow and resistance. It is considered the 
basic law for electrical workers regardless 
of which of the many fields of electricity 
the worker intends ta enter. 

In calling this rule a " law" it should not 
be thought that a group of scientists sat 
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down -- in the manner of a legislative body 
-- and decided among themselves that elec-
tricity was going to flow in a certain 
manner, and then created a law to govern 
that flow. It just wasn't done that way. 
Back in the year 1826, only a few years 
after the close of the War of 1812 between 
the United States and England, a German 
scientist named George Simon Ohm was experi-
menting with the then little known curiosity 
called electricity. (Ohm's name is pro-

nounced to rhyme with foam.) 

George Simon Ohm had built himself some 
voltaic cells and had fixed up some wires 
for the electricity to flow through. In the 
course of his experiments he discovered that 

sometimes more electricity would flow, and 
at other times less would flow. After a 
seemingly endless series of experiments he 
discovered that the flow of electrical 
current was always proportional to the 
electrical pressure which caused it to flow, 
and then discovered that the current was 
also adversely affected by the amount of 
resistance in the circuit. He continued his 
experiments until he had proved that the 
current was always proportional to the 

voltage, and was inversely proportional to 

the resistance. 

He then published the results of his 
experiments. His proof of the interde-
pendent relationship of voltage, current 
and resistance upon each other came to 

be known as Ohm's Law. It continues to 
be recognized as the fundamental rule for 
the determination, and prediction, of how 
the change in any one of the three basic 
elements found in all electrical circuits 
affects the others. 

Ohm presented his law in three forms: 

Fié.3. 110 volts of pressure will force 
2 amneres of current through 55 ohms of 

resistance. 

ance. This can be written in the form of a 
mathematical equation: 

Current = voltage 
resistance 

Such an equation indicates that for any 

given value of voltage and resistance 
there is only one definite value for cur-
rent. It does not make any difference what 
the values might be. When the values of 
voltage and resistance are known, or can 
be determined, it will be found that the 
value of the current is always equal to 
the value of the voltage divided by the 
value of the resistance. 

To use actual figures wecan substitute 110 
for the voltage and 55 for the resistance. 
Then the equation would look like this: 

110 Current = 
55 

The current in amperes is always equal to the voltage in volts divided by the resistance 

in ohms. 

The voltage in volts is always equal to the current in amperes multiplied by the resist-

ance in ohms. 

The resistance in ohms is always equal to the voltage in volts divided by the current 

in amperes. 

Now let's take up these three forms one by 
one and see just exactly what they mean in 
ordinary, everyday language. The first form 
says that the current in amperes is always 
equal to the voltage divided by the resist-

Then by actually dividing the 110 by the 
55 we will come up with the figure 2. This 
means that whenever we have 110 volts across 
a circuit in which there is 55 ohms of 
resistance there will be 2 amperes of 
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Fié.4. The 220 ohm resistor limits the 
current to the tube filament to a safe 

value. 

current flowing through the circuit. This 
might apply to an incandescent lamp which is 
placed across 110 volts of ordinary house-
hold power. If the lamp had only 55 ohms of 
resistance in the filament a current of 2 
amperes would flow through the lamp. This 
is an example, but is by no means the only 
place where the first form of Ohm's Law 
would be useful. In fact, Ohm's Law might 
not be needed in a situation such as the one 
described, but it could be used there. 

In radio and television work there are 
many places where it is vitally necessary 
to know how to use the first form of the 
Law. When working with vacuum tubes the 
manufacturer gives instructions as to how 
much current can be allowed in certain parts 
of the tube. For example, it might be that 
the cur-ent through the filament would have 
to be limited to ampere. If the voltage 
available for forcing the current through 
the filament was regular 110-volt, or 120-
volt household voltage, the trained radioman 
would know immediately that he would have 
to do something to limit the current through 
the tube. 

Suppose the radioman happened to have a 
220 ohm resistor handy. If he knew nothing 
about the first form of Ohm's Law he would 
not know whether the resistor could be used 
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to limit the current. But since all radio-
men do know Ohm's Law he would immediately 
apply it to the solution of his problem. He 
would set up his equation like this: 

Current (through the tube filament) = 11Q 
220 

Dividing 220 into 110 gives him . 5, which 
is equivalent to Î. He would know im-
mediately that the resistor could be used 
to limit the current to the value he needed. 

If the radioman had not happened to have 
had the 220- ohm resistor handy he might 
have approached his problem from a slightly 
different angle. He could have used the 
third form of Ohm's Law: The resistance is 
equal to the voltaée divided by the current. 

He knew what his voltage was: 110 volts. 
He knew the amount of current which had to 
flow through the tube filament: ampere. 
What he had to determine was the value of 
the resistor he must use to limit the cur-
rent. He would setuphis equation like this: 

Resistance (in ohms) . voltage 
current 

For the voltage he would substitube 110: 

Resistance ( in ohms) = 110 
current 

The next step is to substitute the value 
of his current. He knows the current must 
be î ampere, but since it is easier to 
work with decimals than with fractions he 
will change the to . 5, and substitute that 
into the Ohm's Law formula: 

Resistance (in Ohms) . 110 
.5 

By ordinary arithmetic it is quickly de-
termined that 110 divided by . 5 is 220. The 
solution to the problem then becomes: 

220 ohms = 110 volts  
.5 amperes 

Ohm's Law is most commonly used to predict 
what will happen in an electrical circuit 
when certain factors, or values, are known. 
It might be that the radioman knows there 
must be a certain value of current flowing 
in a certain circuit, and that a resistor 
of a certain value is needed at that point 
for some purpose. His problem then is to 
determine the amount of voltage he must 



have to drive the needed current through 
the resistor. It might be that he needs 
2 amperes of current for some purpose, and 
must also have a 25ohmresistor at a certain 
location for some reason. He then must 
determine the amount of voltage to place 
across the resistor. Here he would use 
the second form of Ohm's Law: The voltage 
is equal to the current multiplied by 
the resistance. 

He sets up his equation like this: 

It is then up to the radio technician to 
determine the value of resistance to use. 

As an example suppose a small gas- filled 
tube is to be used to operate a relay. The 
manufacturer may specify that the tube can 
be used continuously if the current does not 
exceed ampere, that it will handle up to 
one ampere for a period not to exceed one 
second, but must never attempt to handle 
more than 2 amperes for even the shortest 
possible fraction of a second. 

Voltage ( in volts) = Current multiplied by resistance. 

His next step is to substitute his known 
values into the equation. He knows the 
current which is needed, 2 amperes. He also 
knows the value of the resistor he must 
insert into the circuit, 25 ohms. He now 
substitutes the 2 amperes and the 25 ohms 

into the Ohm's Law formula: 

Voltage ( in volts) - 2 x 25 

By ordinary arithmetic he multiplies the 
25 ohms by the 2 amperes and comes up with 
his solution, 50 volts. His solution of 

the problem would then look like this: 

50 (volts) - (amperes) x 25 (ohms) 

This would mean that he would have to pro-
vide 50 volts of electrical pressure if he 
is to force 2 amperes of current through 
the 25 ohms of resistance he wants to place 

in the circuit. 

Section 3. OTHER USES FOR OHMS LAW 

A common use for resistors is as a protec-
tive device for other electrical equipment. 
In working with electronic tubes which 
contain a small amount of gas, the current 
through the tubes can attain a very high 
value if there is not something to limit 
it. To protect the tubes from damage, and 

probable destruction, it is necessary to 
limit the current to reasonable values. 
Resistors are used for this purpose. But 
not all tubes of this type will handle the 
same amount of current without damage. Some 
might handle many amperes, while others 
would be seriously damaged by less than one 
ampere. Therefore, it is not possible to 
say that a resistor of any one value will 
provide protection for every type tube. The 
manufacturers provide the information as to 
how much current the tube can handle safely. 

If the relay will operate satisfactorily 
on less than ampere it would be wise to 
insert a resistor into the circuit to limit 
the current to that value. The problem 
then is to determine the value of resistance 
which must be connected into the circuit in 
order to provide the necessary protection. 

Let us say the tube and the relay are to 
be operated from a voltage source which 
provides 240 volts. The tube itself has a 
very low resistance, and will be of little 

LAMP HAS 25 OHMS RE-
SISTANCE AND REQUIRES 
2 AMPERES OF CURRENT 
TO OPERATE PROPERLY 

LAMP 

50 ( VOLTS)• 25 OHMS 
X 2 AMPS 

BATTERY 

)BY OHMS LAW IT IS 

LEARNED THAT 50 
VOLTS ARE NEEDED 

Fig.5. A circuit which needs 2 amperes 
of current and a resistance of 25 ohms 
can be represented by an incandescent 
lamp. The proper voltage for the circuit 

would be 50 volts. 
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Fté.6. The 480 ohm resistor limits the 
current to a safe value for the gaseous 

type tube. 

help in limitingthecurrent to a safe value. 
If the relay is of the low- resistance type 
it will not add very much resistance to the 
circuit either. Thus both of them together 
provide so little resistance to the circuit 
they can be ignored for the moment while we 
work out our problem. 

Our problem now is a simpleoneof applying 
Ohm's Law to the known factors, and by its 
use learn the thing we want to know. We 
take the known voltage and the known current 
limitations, and use them to learn the value 
of the resistance: 

Resistance (ohms) = 240 volts 
.5 amperes 

By simple arithmetic we divide the 240 
volts by . 5 amperes and obtain the figure 
480. The solution to the problem would then 
look like this: 

480 ohms 240 volts 
.5 amperes 

This means that we would have to insert 
480 ohms of resistance into the circuit to 
limit the current to a value which would not 
damage the tube, and incidentally, the relay. 
Fig. 6 shows the resistor inserted in the 
circuit between the generator and the tube. 
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Since this is a series circuit it could be 
inserted in the circuit at any point. 

A little earlier we said the tube itself 
had very little resistance and could be 
ignored for the moment, and so could the 
relay. As a matter of fact, both the tube 
and the relay do have some resistance, even 
though it might not be very much. A common 
value of resistance for a tube of this kind 
would be about 15 ohms, and the resistance 
of the relay might be on the order of about 
25 ohms. 

Now suppose we take these two resistances 
into account and then figure out how much 
resistance we would have to add to the 
circuit as protection for the tube and 
the relay. The total resistance of the 
circuit would still have to be 480 ohms, 
since that is the amount of resistance which 
is needed to limit the current to the proper 
value. We have already learned that resis-
tances in a series circuit add together to 
give us the total resistance. Since this 
is true, and we already know that the total 
resistance needed is 480 ohms, it would 
seem to be reasonable to deduct the resis-
tance of the tube and that of the relay 
from the total amount needed. If we did 
this it would seem logical that that would 
give us the amount of additional resistance 

25 OHMS RESISTANCE 

RELAY 

GAS FILLED 
TUBE 

15 OHMS 
RESISTANCE 

RESISTOR 

 oennAr  
440 OHMS 

240 
VOLTS 

Fié.7. The resistance of the tube and 
relay should be -considered when de-
termining the value of resistor to use. 



we would need in the circuit in the form 
of a fixed resistor. 

And such, indeed would be the case. 

We take the 480 ohms we have determined 
that we need in the circuit. From that we 
deduct the 15 ohms resistance of the tube 
and the 25, ohms resistance of the relay. 
This leaves 440 ohms. This means that we 
must add 440 ohms resistance in the form 
of a fixed resistor if the circuit is to 
operate properly. 

Section 4. WHAT IGNORANCE 
OF OHM'S LAW CAN DO 

This example is one which shows that the 
radio man must know his business, and do 
the right thing the first time. Suppose the 
radioman knew nothing about Ohm's Law and 
was confronted withtheproblem of protecting 
the tube and the relay from the damaging 
current which would flow if the proper re-
sistor was not in the circuit. Not being 
able to determine the value of resistor 
needed by calculation, he would be forced 
into the position of trying one blindly. 
Since there are well over a hundred standard 
values of fixed resistors, the chance of him 
selecting the correct resistor by chance 
would be considerably less than 1 in 100. 

Suppose that in his ignorance he decided 
to try a resistor of 50 ohms and take a 
chance on it working. The resistance of 
the 50 ohm resistor added to the 15 ohms 
of the tube and the 25 ohms of the relay 
would amount to only 90 ohms. 

240 volts divided by 90 ohms gives a little 

more than 2î amperes. Such a current would 
cause the tube to destroy itself -- almost 
in a flash. With the tube destroyed he 
would not be able to experiment again until 
he obtained a new tube. He might destroy a 
dozen tubes before hitting upon a resistor 
of the right value. With such tubes costing 
from $2.00 each to over $20.00 his experi-
mentaticn would be extremely costly. 

But suppose he was more cautious. Instead 
of choosing a resistor of 50 ohms he might 
have chosen one of 100,000 ohms. Such a 
resistor would present so much resistance 
in the circuit that neither the relay nor 
the tube would operate. If he then substi-
tuted one resistor after another, each with 
a little less resistance than the one be-
fore, he might try 50 or more resistors 
before hitting on the one which would work. 

o 120 VOLTS 

RESISTOR NO. 

 V.VVVVVV  
15 OHMS 

RESISTOR NO.3 

 evvvw,  
25 OHMS 

RESISTOR 
NO.2 

20 OHMS 

Fié.8. Resistance in a series circuit. 

The skilled radioman has no time for such 
guesswork. There is no need for guesswork 
when a man knows how to use Ohm's Law. And 
since it is so easy to learn, and to work 
with, there is little excuse for a man not 
knowing it. 

Section 5. OHM'S LAW 
AND VOLTAGE DROP 

We have previously mentioned that voltage 
drops will occur at various parts of a 
circuit. We have also said that the voltage 
drops in a circuit will always exactly equal 
the voltage of the source. We will now 
learn that Ohm's Law can be used to de-
termine the value of the voltage drops 
anywhere in a circuit. 

Fig. 8 shows a series circuit containing 
a voltage source of 120 volts and three 
resistances. Resistor No. 1 has a resis-
tance of 15 ohms, resistor No. 2 has a 
resistance of 20 ohms, and resistor No. 3 
has a resistance of 25 ohms. Adding the 
15 ohms, the 20 ohms and the 25 ohms to-
gether we obtain a total of 60 ohms. This 
means there are a total of 60 ohms resis-
tance in the circuit. Now to set up our 
Ohm's Law equation and find out how much 
current is flowing in the circuit. 

Current (amperes) = 120 volts 
60 ohms 

By simple arithmetic we can divide the 
60 ohms into the 120 volts and come up with 
the answer. There are 2 amperes of current 
flowing in the circuit. 
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RESISTOR NO I 

 VVVVVV`  

15 OHMS 

VOLTAGE • 30 VOLTS 

RESISTOR 

NO 2 

120 20 OHMS 

VOLTS 

RESISTOR NO3 

 'VVVVVV  

25 OHMS 

1 

Fig.9. Voltage drop across a resistor. 

We have already learned that the voltage 
drops in a series circuit always add up to 
equal the original voltage source. Our 
problem now is to find out just where the 
voltage drops occur in this circuit, and 
how much they are. 

Before beginning our investigation of this 
problem it would be well to get one thing 
firmly fixed in mind. Whenever current 
flows through a resistor there will be a 
voltage drop across that resistance. 

The voltage drop across any resistance can 
be determined by Ohm's Law. All that is 
necessary is to multiply the resistance by 
the value of the current through it. 

The circuit of Fig. 8 has been redrawn in 
Fig. 9. Here is shown the voltage across 
resistor No. 1. The value was found by 
multiplying the 15 ohms resistance by the 
2 amperes of current. We had already found 
the amount of current in the circuit, and 
since the current is the same in all parts 
of a series circuit it is bound to be 2 
amperes through the resistor. Thus, 15 ohms 
multiplied by 2 amperes gives us 30 volts. 

Fig. 10 shows the voltages across each of 
the resistors. The current through each 
of the resistors is 2 amperes. The voltage 
across resistor No.2is found by multiplying 
the 20 ohms resistance by the 2 amperes of 
current which gives a total of 40 volts. 
The voltage across resistor No. 3 is found 
by multiplying the 25 ohms of resistance by 
the 2 amperes of current. This gives a 
voltage drop across resistor No. 3 of 
50 volts. 

The accuracy of our calculations can be 
determined by adding all the voltage drops 
together to see if they equal the original 
voltage of the source. Adding 30 volts, 
40 volts and 50 volts together gives a total 
of 120 volts. Since this is the same as 
the source voltage it shows that our calcu-
lations have been correct. 

While Ohm's Law is being continually used 
for finding all kinds of values in elec-
trical circuits, in radio work it is proba-
bly used to calculate voltage drops more 
frequently than for any other purpose. The 
determination of the value of voltage drops 
is encountered at nearly every step of the 
radioman's work. 

He must learn to calculate the voltage 
drop across the load resistor in a vacuum 
tube circuit. He must learn to calculate 
the voltage drop across the cathode bias 
resistors, of which much more will be said 
later. He must be able to calculate and set 
up voltage divider networks so as to be able 
to tap off whatever voltage his needs call 
for. The places where he must determine the 
voltage drops are almost endless. The point 
is that he must be able to figure out ahead 
of time exactly what values of resistors 
will be needed to give him the voltage drops 
he needs. Cut and try methods have no place 
in most radio work. 

All of this may seem rather complicated 
and difficult. Actually it is not. Only a 
very little experience is needed, once a man 
understands the basic principles of Ohm's 
Law, to become a genuine expert at working 
with voltage drops and the predetermining 
of values needed in radio circuits. 

RESISTOR NO1 

 myvve  
15 OHMS 

30 

VOLTS 

VOLTS 

RESISTOR 

NO 2 

20 OHMS 

40 VOLTS 

RESISTOR NO 3 

 WVVW  

25 OHMS 

50 VOLTS 

30 VOLTS 

40 VOLTS 

50 VOLTS 

120 VOLTS 

FlÉ.10. Voltage drops around a sertes 
circuit. 
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It can be truthfhlly said that Ohm's Law 
is probably one of the most useftil things a 
radioman works with. If he knows any two of 
the values ta be found in a radio circuit he 
can quickly find the third one. Very often 
he will encounter a situation where he knows 

one existing value. He knows what he wants 
for a second value, and wants to learn what 
he must use for a third value in order to 
obtain the second. This situation occurs 
over and over. Ohm's Law is the perfect 
solution for such a problem. 

Section 6. SHORT FORMS OF OHM'S LAW 

It would be rather awkward to write out 
the entire equation " Voltage is equal ta the 
current multiplied by the resistance" every 
time a person wanted to use Ohm's Law. To 
make the formula much less cumbersome, radio 
and electrical men have substituted letters 
of the alphabet in place of the names of the 
various circuit elements. Because voltage 

is the measurement of Electromotive force 
they have chosen to use the first letter of 
the word "Electromotive" to represent the 
voltage in the formula. That substitution 
would make the formula look like this: 

E = current X resistance 

Even this is too long. Since the measure-
ment of current is actually the measurement 
of the Intensity of electron flow electrical 
men have mutually agreed to use the letter I 
ta represent current. The letter I is used 
to represent current everywhere in electri-
cal work, not merely in Ohm's Law. Iiirther-
more, it is the most natural thing in the 
world to use the letter R to represent 
resistance. This makes it possible to write 
the formula for Ohm's Law in a much more 
simplified manner than we have been doing. 
It is commonly written in this manner: 

E= IR 

Although the average radioman seldom 

thinks of the use of letters to represent 
the elements found in an electrical circuit 
as being anything other than a handy form of 
shorthand, such use does set up the equations 
in a manner which makes their solution easy 
through the application of the rules of 
algebra. It is not essential that a radio-

man know algebra, but if he does know it, 
such knowledge is a great help. 

The short method of writing Ohm's Law for 
voltage can be readily changed to fit the 
law for current or the iaw for resist-

ance. The form of the law far current in 
the short form would read: 

E 
I = 71-

And the short form of the law for resist-

ance would read: 

E 
R T 

For the man who is familiar with algebraic 
equations all it is necessary to remember is 
the first form: E = IR. Then by simple 
algebraic operations the other two forms 
can be readily found. The man who does not 
know algebra will have to rely a little more 
heavily on his memory. He will have to 
remember the first form also, but in addition 
will have to remember the other two forms. 
One thing to remember is that the E of the 
formula is never below the fraction line. 
It is either by itself on one side of the 
equal sign, or is above the fraction bar. 
If this can be remembered it will be easy to 
remember exactly how the various forms of 
Ohm's Lam is written. Fig. 11 shows a handy 
method of remembering the arrangement of the 
letters in the short form of Ohm's Law. 

To use the method shown in Fig. 11 all 
that is necessary is to cover the letter 
representing the value that is unknown. For 
example, if the voltage is unknown, cover 
the E in the circle at A. This is shown at 
B. Then it will be seen that to obtain the 
voltage you multiply the current by the 
resistahce. 

Fté.11. A Handy Device for Rememberiné 
Ohm's Law. 
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Fié.12. UAing actual figures instead of letters. 

If the current is unknown cover the I as 
shown at C. Then it will be seen that the 
voltage must be divided by the resistance in 
order to obtain the value of the current. 

And if it is the resistance that is un— 
known cover the R as shown at D. That 
leaves the E and I exposed in such position 
to indicate that the voltage is divided by 
the current in order to obtain the value 
of the resistance. 

Fig. 12 shows how actual figures can be 
substituted for the letters of the Ohm's Law 
formula, and the solution to a problem 
obtained. 

Section 7. MORE 
ABOUT RESISTORS 

We have made considerable mention about 
resistors but have avoided going into too 
much detail about them, or their construc-
tion. It is time now to learn a little more 
about resistors; how they are made, what 
they look like, and how some kinds differ 
from other kinds. 

The most common type resistor found in 
radio and television work is the so-called 
"carbon" resistor. The conducting material 
in a carbon resistor is either carbon or 
graphite. The powdered carbon, or graphite, 
is mixed with some type of insulating 
material. Usually the insulating material 
is some type of clay, or is bakelite or 
rubber. By combining the correct amount 
of the insulating substance with the con-
ductor material it is possible to obtain 
virtually any value of resistance which 

might be desired. 

After the mix has been made it is molded 

into the form of a solid rod and given a 
heat treatment. The rod is then cut into 
suitable lengths and connecting wires are 
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attached to the two ends of the various 

lengths. 

There are two general positions in which 
the connecting wires, called " pig- tails", 
are attached to the resistors. The " radial" 
type as shown at the tap of Fig. 13 has the 
connecting wires attached at right angles to 
the body of the resistor. Some years ago 

nearly all resistors were of this type. 
More recently the radial type seems much 

less popular than formerly. 

The connecting wires of the " axial" 
type, shown at the bottom of Fig. 13, has 
the wires extending straight out from the 
ends of the resistor. The axial type re-
sistor is now the much more common of the 
two types. 

The physical size of carbon resistors is 
quite small. The smallest ones are no 
larger around than a wooden match, and not 
so long. The larger sizes seldom exceed 
2* inches in length, nor the size of a 
lead pencil in diameter. Their resistance 
in ohms may range from a very few ohms up to 
several million. Fig. 14 shows a comparison 
in the physical size of several radial type 
resistors. 

In addition ta the resistance of resistors 
in ohms they are also rated in "watts". We 
have not yet gotten into a discussion of the 
meaning of watts, so we will merely mention 
that, in general, the larger the physical 
size of a resistor the larger its wattage. 
This can be said another way, that the 
larger the resistor the more current it can 
carry safely. You will learn later that 
there will be a dissipation of heat from a 
resistor at any time there is current 
flowing through it. So, the larger the 
resistor the more current it can handle and 
the more heat it will dissipate without 

burning up. 

• 



CODE BODY END DOT TOLERANCE 

BLACK 0 0 NONE 

BROWN I I 0 

RED 2 2 . 00 

ORANGE 3 3 000 

YELLOW y 4 4 0000 

GREEN 5 5 00000 

BLUE 6 6 000000 

VIOLET 7 7 4 0000000 

GREY 8 8 00000000 

WHITE 9 9 000000000 

GOLD 5% 

SILVER 10% 

NONE 20% 

BAND I BAND 2 BAND 3 BAND 4 

• 

Fté.13. Two types of reststors and the resistor color code. TEX- 11 



Fié.14. Radial tune carbon resistors. 

Fig. 15 shows three sizes of resistors of 
the axial type. The top one is a i-watt 
resistor, the middle one is al-watt resis-
tor and the bottom is a two watt resistor. 
It might be wondered why it is necessary to 
have such a variety of sizes for resistors. 
The fact is there are many cases where it is 
necessary to have resistors large enough to 
carry a large current and dissipate a lot of 
heat. Such resistors are quite large 
physically, and cost a lot of money. on the 
other hand there are dozens of elaces where 
a resistor will carry only an extremely 
small current, and the resistor must fit 
into a very small space. In this case the 
larger resistor *ould not be practical. 

From a strictly electrical standpoint if a 
circuit called for a resistor of a certain 
resistance in ohms it would make no differ-
ence whether the resistor was large in 
physical size, or small. But there are 
other considerations. A carbon resistor 
rated at i-watt can be purchased from a 
radio wholesale house for approximately 
5 cents. So far as the price is concerned 
it makes little difference whether the 
resistance is 10 ohms or 100,000 ohms. A 
1-watt resistor would cost about 8 or 9 
cents. But a 20-watt resistor might cost 
upward of a dollar. If a i-watt resistor 
will suffice it would be economic foolish-
ness to use the larger and more expensive 

size. 

There is still another reason for using 
the smaller resistor besides that of cost. 
It might be difficult to fit the larger 
physical size of the higher wattage resistor 
into the position where the smaller resistor 
would go easily. The underneath part of a 
radio or television chassis is usually quite 
crowded with wires, resistors and other 
components which make the set operate. If 
very many of the resistors were over size 
there simply would not be room for them all. 
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When several carbon resistors are closely 
grouped together under a radio chassis 
there is danger that they will shift their 
position and touch one another. When a 
contact of this kind occurs mn unwanted 
electrical path is provided. To prevent 
such things a resistor like the one shown 
in Fig. 16 was created. The conductor rod 
is in the center of a ceramic sleeve. The 
connecting wires are imbedded in a bakelite 
cap at each and of the conductor rod. Both 
the bakelite and the ceramic are insulators, 
which prevent the conducting part to come 
into contact with any other conducting 
material. These types of resistors have 
become quite popular. 

Section 8. WIRE 
WOUND RESISTORS 

We have previously mentioned that not all 
kinds of metal will conduct electricity with 
equal ease. Some metals have a resistance 
which is quite high. Combining two or more 
of these metals into an alloy can provide a 
special type of wire which has a higher 
resistance than either of the metals which 
are used to make the alloy. 

A combination of chromium and nickel and 
iron is alloyed by various companies and 
formed into special types of resistance 
wires. These are sold under such trade 
names as "Nichrome" and "Chromel". This is 
the kind of wire which is used in the heat-
ing elements of electric irons, toasters, 
soldering irons and other heating apparatus. 

In radio and television work resistance 
wire is used to make resistors which are 
somewhat similar in appearance to those 
resistors we have been discussing. In 
general, "Wire wound" resistors have lower 

FiÉ.15. Axial type resistors. 



Fig. 16.. Construction of the ceramic 
insulated resistor. 

values of resistance than carbon resistors, 
but they can carry much larger currents. 

Fig. 17 shows the construction of a wire 
wound resistor. The resistance wire is 
wound on an insulating form. Each end of 
the resistance wire is attached ta connect-
ing wires which are used in the same manner 
as the "pig- tails" of the carbon resistors. 
Then the entire assembly is covered with a 
ceramic insulating material. The completed 
resistor is sturdy, well insulated, moisture 
proof, and will stand reasonably heavy 

overloads. 

In Fig. 18 are shown two types of wire-
wound resistors. It will be noted that they 
closely resemble the carbon resistors. In 

general, however, the wire- wound resistors 
are usually larger in physical size than 
carbon resistors, and they are usually 
considerably more expensive. They have the 
advantage of carrying heavier currents, and 
usually their resistance is more accurately 
calibrated than that of carbon resistors. 

Section 9. THE RESISTOR CODE 

If you will turn again to Fig. 13 you 

will note that various colors are used to 
designate various numbers. This is called 
the "Resistor code". The code is used to 
mark the values on the resistors by the 
manufacturers. The larger wire-wound 
resistors often have their values stamped 
onto the body of the resistor in numerals. 
But many of the smaller resistors have such 
high resistance values and such small 
physical size on which to write the number 
that it was found much more convenient to 
use a system of color codes to mark the 
values on the resistors. 

It is not deemed necessary nor desirable 

that you attempt to memorize the color code 

at this time. Trying to commit it to memory 
without some resistors to work with could be 
an exceedingly difficult task. once you are 
working with resistors regularly you will 
find that it will then be a very simple 
thing to learn and remember the code. 

As a hint it might be worth mentioning 
that only the first six colors are generally 
used. That is black, brown, red, orange., 
yellow and green. The other four are used 
occasionally, but not nearly so frequently 
as the first six. In fact, you might work 
for weeks and never see the last four colors. 

It is easier to read the code on the 
axial type resistor than on the radial type. 
There are four bancs on the axial type 
resistor. only the first three have to do 
with the value of the resistance. The 
fourth band designates how nearly accurate 
the designated value is to the actual value. 

In evaluating the amount of resistance in 
a resistor only two signi ficant figures are 
used. This is somewhat like estimating how 
much money an automobile is worth. Since it 
is practically impossible to exactly evalu-
ate every item which enters into the value 
of an automobile it is the practice to 
"round" the price off to some convenient 
figure. It might be possible to scientific-
ally determine the exact condition of every 
working part in an automobile, and then from 
that figure out exactly what the whole 
automobile was worth. But from a practical 
standpoint that is not done. 

For example it might be possible, after 
much time and effort, to figure out that 
an automobile is worth exactly $ 553.25. 
Considering all the time it would take to 

Fig.17. Construction of a mire-wound 

resistor. 
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tg. 18. Outward annearance of wire-wound 
resistors. 

figure out the exact value it would be 
better to say the car was worth $550.90, and 
let it go at that. We could then say the 
value of the car had been determined within 
two siênificant figures. The two first 
figures are the two significant ones. 

And so it is with the matter of fixing the 
value of a resistor. The value is deter-
mined to within two significant figurés. 
The color of the first band on the axial 
resistor in Fig. 13 gives the first signi-

Ohm's Law 

ficant figure of its value. The color of 
the second band gives the second significant 
figure of its value. And the color of the 
third band determines how many zeros to add 
after the first two figures. 

As an example suppose the color of the 
first band of the axial resistor is red, the 
second band is green, and the third band is 
yellow. Looking this up on the color code 
we find that red stands for 2, green stands 
for 5, and yellow stands for 4 zeros. 

The first two colors are red and green. 
This means that the first two figures of the 
resistor's value will be 25. The third 
color, yellow, stands for 4 zeros, so then 
we must add four zeros after the 25. This 
makes the value of the resistor 250000, or 
250,090 ohms. 

This matter of the use of the color code 

will be gone into much more thoroughly when 
we actually begin working with resistors 
with our hands. At that time it will be 
found that the color code is a simple, easy-
to-use tool to have around. 

NOTES FUR REFERENCE 

is the rule which governs the flow of current through all electrical 

There are three fprms of Ohm's Law: 

E = IR 

E 
I = --R-

E 

Ohm's Law Law is used to Predict what will happen in 

set of conditions. 

circuits. 

an electrical circuit under any given 

Knowledge of how to use Ohm's Law prevents costly experimentation, and waste of time. 
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Section 1. INTRODUCTION 

The carpenter and cabinetmaker work with 
wood. Their ability as craftsmen depends 
very largely upon how neatly they can join 
two or more pieces of wood together to make 

a finished object. It takes months, even 
years, for their hands to acquire the high 
degree of skill necessary to turn out work 
which meets the standards of their trade. 
Their skill lies in the training of their 
hands. Theirs is a manual skill. 

Fié.1. A Combination Radio-Phonograph-Television Console. (Courtesy of Admiral Corp.) 
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Fié.2. A man does work in shoveling coal. 

Much the same thing is true with the 
machinist, except that he works with steel 
and metal rather than with wood. But to be 
able to form metal into shapes of intricate 
design, and hold it to dimensions which are 
measured in thousandths of an inch, requires 

the development of great skill over a period 
of many months or years. The machinist is 
a highly skilled worker, and his, too, is a 
skill of the hands -- a manual skill. 

And so it is with the mason. To be able 
to lay a course of bricks which is perfectly 
straight, weaving neither in nor out, nor 
up or down, calls for a skill which can be 
acquired only after much practice. The 
mason's skill lies in the ability of his 
hands to do the thing he wants them to do 
-- and do it right. Here again, the skill 

is a manual one. 

Virtually unique among the skilled trades 
and professions is that of the radio and 
television technician. He is called upon 
to acquire virtually no skill with his 
hands. Except for the development of a 
skill in the proper use of the soldering 
iron -- and that is easily acquired -- radio 
and television places little demand upon 
a man's manual dexterity. The radio and 
television technician is not required to 
develop a high degree of manual skill. 

The skill of the radio man lies in the 
training of his mind -- his intimate know-
ledge of the functions performed by intri-
cate electrical circuits. It lies in 
his seeming uncanny ability to quickly 

put his finger on the source of trouble 
in a bewildering maze of wires, resistors, 

capacitors and other things which go to make 
up the modern radio or television receiver. 
His skill lies in his knowledge of just what 
each of the various parts in a receiver 
does -- what part it plays in keeping the 
receiver operating properly. 

In building up his knowledge of exactly 
how a radio or television receiver operates, 
the technician must first learn all there 
is to learn about the various parts which go 
into the receiver. He must learn what each 
part does, and just how it contributes to 
the proper functioning of the receiver 
as a whole. 

The proper functioning of a receiver can 
be compared in one way with a steel chain. 
It has been said that no chain is stronger 
than its weakest link. Should any link 
fail, the chain can no longer perform its 
intended function. In the same manner, if 
the tiniest -- and apparently most insig-
nificant -- resistor or capacitor should 
fail in a radio or television receiver, then 
the receiver can no longer perform its in-
tended function. It is his knowledge of 
just what each little part in a receiver is 
intended to do that makes it possible for 
the radioman to go straight to the cause 
of trouble when anything goes wrong. There-
in lies his skill. 

Without the special knowledge of the 
radioman an untrained man might look for 
months for trouble in a radio or television 
receiver -- and still not find it. Such an 
unskilled person would be lucky to escape 
electrocution. But the trained man usually 
knows exactly what is wrong -- or is quickly 
able to determine it. He does not guess. 
He does not fumble blindly in the intricate 
maze of circuits. He knows how to sys-
tematically check for the trouble, find it, 
then correct it. 

Section 2. POWER 

In previous lessons we have discussed 
electrical pressure, or voltage; rate of 
electrical current flow, or amperage; and 
the opposition presented to the flow of 
electrical current flow, or resistance. We 
have shown how each of these elements in an 
electrical circuit is very closely dependent 
upon the others. We have explained how 
important it is for the radioman to under-
stand their relationships as they are stated 
in Ohm's Law, and how necessary it is to 
become so familiar with Ohm's Law that it's 
principles can be applied to a problem 
without conscious effort. 
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Now we introduce a new factor in elec-
trical work which is scarcely less important 
than the ones we have previously mentioned. 
This is electrical power. As a matter of 
fact, the term electrical power probably is 
not so new to you at that. You have probably 
heard it many times. The large companies 
which supply electrical energy to their 
customers usually refer to themselves as 
power companies. The huge hydro- electric 
dams which now confine the water in so many 
of our rivers are quite commonly referred 
to as potter dams. In short, the product 
which the electrical utilities companies 
sell to their customers is electrical power. 

Although we use the term power quite fre-
quently, even in everyday conversation, it 
so happens that we often do not completely 
understand the exact meaning of power. 
Power and work and energy are terms which 
are frequently used interchangeably with 
each other. But the fact that they are so 

used does not mean that they all mean the 
same thing. They do not. Each has a 
definite meaning of its own, and in elec-
trical work it is wise to make certain that 
we know exactly what each means. 

Section 3. WORK 

We will first take up the discussion of 
the meaning of the word " work". This is a 
word we all use every day. It is a common 
word. It is so common that we take it for 
granted that we all know exactly what it 
means. But all too often, we do not. 

Since we are talking about work, and 
intend to talk about electricity at work, 
it is wise to look into the exact meaning 
of the word. As an illustration, suppose 
we take the familiar situation of the coal 
truck which dumps a ton of coal on the side-
walk or street in front of a building. 
Before it can be used, the coal must be 
moved into the basement. A man with a large 
scoop shovel can shovel the coal into the 
basement in perhaps half an hour. In 
shoveling the coal into the basement the 
man has done a definite amount of work. 

A small boy with his much smaller shovel 
can also shovel the coal into the basement. 
It might take the boy three hours to shovel 
the coal where it took the man only half an 
hour, but he has done exactly the same 
amount of work as the man. It would take 
the boy a much longer time to do the work, 
but the amount of work done would be exactly 

the same. 

Most kinds of work mean the moving of 
something from one place to another. Such 
work may be measuredbystating the quantity, 
such as the weight of the thing to be moved, 
and the height to which it is raised, or 
the force against which it is moved. 

When a given quantity is moved a certain 
distance, a definite amount of work will be 
done. It will make no difference whether 
it takes a long time or a short time to do 
the work, the amount of work done will be 
the same. As an example, a man with rope 
and pulleys can hoist a barrel of tar onto 
a roof. In doing so he will do a certain 
amount of work. An electric hoist can do 
the same job in a fraction of the time, but 
the machine does neither more nor less work 
than the man. 

To cite an electrical example: One of the 
many things electricity can do is the elec-
troplating of metals. Suppose a certain 
job requires the depositing of half an 
ounce of silver on an ornamental tray. To 
take that much silver out of the electro-
plating solution and place it on the surface 
of the tray requires that a certain quantity 
of electricity flow through the apparatus, 
and that a certain amount of work be done. 
The plating might take a few minutes or 
several hours, but the work done would be 
the same in either case. 

Section 4. WORK AND POWER 

The man and the boy who shovel the coal 
into the basement do the same amount of 
work, but the man exerts several times as 

Fié.3. The boy does the same work as the 
man, but takes more time. 
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Fié.4. Work is measured tn weight and 
distance. Time makes no difference. 

much power as does the boy. It takes much 
more power to do the plating job in a few 
minutes than in an hour or two. The elec-
tric hoist puts forth much more power than 
the man with the rope and pulleys, in spite 
of the fact that the same work was done by 
each. Power is a measure of the speed with 
which work is done. The greater the speed, 
the less the time for a given amount of 
work, and the greater the amount of power 
being used. Power measures the rate at 
which work is done, but does not measure 
the quantity of work unless you know how 
long the power is used. 

Mechanical work which involves the lifting 
of some object or material can be measured 
by stating the number of pounds which are 
raised and the number of feet through which 
they are raised. An example would be the 
raising of a 400-pound barrel of tar to 
a height of 20 feet. The amount of work 
done can be found by multiplying the weight 
of the barrel by the distance it is raised. 
In this case we would multiply the 400 
pounds by the 20 feet. This would give 
us 8000 foot-pounds. 8000 foot-pounds is 
the amount of work done in raising the 
barrel of tar 20 feet. 

If it is necessary to know the power used 
to raise the barrel, then we would need 
to know the time which was required to raise 
it. Power always involves the element of 
time. It is the measure of how much work is 
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done, or how much work can be done, in some 
specified length of time. The faster the 
work is done, the greater is the power re-
quired. By the same reasoning, the slower 
the work is done, the less power is required. 

A low-powered engine might move an auto-
mobile 40 miles in one hour. If it was 

desired to make it possible for the auto-
mobile to move the 40 miles in one-half 
hour, it would be necessary to use a much 
more powerful engine. Most modern American 
automobiles have very powerful engines which 
are capable of moving them from one point 
to another at very high speeds. 

Much the same thing is true with air-
planes. Many private planes use low-powered 
engines which are capable of moving them 
from place to place at relatively slow 
speeds. Military planes, on the other 
hand, which must be capable of blinding 
speeds, use engines which are capable 
of developing 50 times the power of the 
private planes. 

Section 5. MEASURING 
MECHANICAL POWER 

The most generally used unit of mechanical 
power is the horsepower. This is a unit 
which was determined by James Watt to 
measure the power developed by his newly 
invented steam engine. James Watt invented 
the steam engine back in 1768, a few years 
before the American Revolutionary War. It 
was the first time man had ever been able 
to create power mechanically, and it became 
necessary to devise some method of measuring 
the power delivered by the engine in order 
to compare its ability with that of animal 
power. Previous to the invention of the 
steam engine, animals were man's most im-
portant source of power other than his own 
brute strength. 

In casting about for some unit by which 
to measure the power of his new engine, 
James Watt hit upon the idea of measuring 
the amount of water a good draft horse could 
pump out of the mines, and then comparing 
that with the amount his engine could pump. 
As far back as men could remember, the water 
was kept from flooding the underground mines 
by means of pumps which were kept in con-
tinuous operation by patiently plodding 
horses. It was Watt's idea to use his new 
engine as a source of power for the pumps 
instead of the horses. But before he could 
convince the owners of the mines of the 
value of his new engine, it was necessary 



Fig.5. The brick, while at rest, has 
energy. It is energy due to position. 

for him to create some unit of measurement 
by which he could compare the ability of 
the engine with that of a horse. 

By actual measurement he found that a good 
draft horse could raise 330 pounds of water 
100 feet a minute. By multiplying 330 pounds 
by the 100 feet, he determined that 33,000 
foot-pounds was the amount of work done by 
a good horse in a minute. Thus he created 
a new unit of measurement -- the horsepower. 
The value of the horsepower remains un-
changed until this day; one horsepower is 
equal to 33,000 foot-pounds. 

If your weight is 150 pounds, and you 
climb a flight of stairs 14 feet high in 
15 seconds, you have done 14 x 150 = 2100 
foot-pounds of work in 15 seconds. Dividing 
2100 foot-pounds by 15 seconds shows you 
have done work at the rate of 140 foot-
pounds per second. Since one horsepower is 
equal to 33,000 foot-pounds per minute or 
550 foot-pounds per second, you would have 
exerted 140/550 horsepower, which is equiva-
lent to about one-quarter horsepower, in 
climbing the stairs. 

If you climb the same flight of stairs in 
30 seconds, you will have done exactly the 
same amount of work, but at only one-half 
the speed. Thus you would exert only half 
the power in climbing the stairs in 30 
seconds that you would in climbing them 
in 15 seconds. 

If you race up the stairs in 5 seconds, 
you will do no more work than before, and 
no less. But the power you exert would be 

much higher. The 2100 foot-pounds of work 
divided by 5 seconds shows that you would 
be working at the rate of 420 foot-pounds 
per second. This is equivalent to about 
three-quarters of a horsepower. A man is 
capable of exerting more than one horse-
power for a very short period of time. 

Section 6. ENERGY 

"Energy" is another word we often use 
without being completely sure of its exact 
meaning. There are many kinds of energy. 
But in a mechanical sense, anything has 
energy when it has ability to do work. 
Energy, then, is the ability to do work. 

Energy is usually divided into two general 
classes. One is called "potential" energy. 
The other is " kinetic" energy. It would be 
well to remember these two names because you 
will encounter them quite frequently in your 
study of radio and television. Kinetic 
energy is a very important factor in the 
study of vacuum tubes. 

"Potential" energy is energy due to po-
sition. " Kinetic" energy is energy which 
is in motion. To explain this a little more 
fully we can take the example of a brick 
resting on top of a wall. To look at the 
brick you would not be able to detect any 
energy, but it has "potential" energy due 
to its position on top of the wall. If the 
brick should be pushed off the wall and fall 
to the ground, it could exert quite a force 
when it hit. So long as the brick rests on 
top of the wall its energy is potential. It 
has energy of position. The instant the 

Fig.6. In falling, the brick's energy 
becomes kinetic. 
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Fié.7. 200 watts power is consumed in 
the lamp when 2 amperes flow through it 

under a pressure of 100 volts. 

brick left the top of the wall and started 
to fall, it was in motion. Its energy 
was then changed from potential energy to 
kinetic energy. 

Another good example of the difference 
between potential energy and kinetic energy 
is that demonstrated by the action of a 
pile driver. A pile driver is a huge 
machine which is used to drive long piles 
into the ground for use in the building of 
bridges and trestle work, and in preparing 
foundations for large buildings. Essential-
ly, a pile driver is a machine which lifts 
a heavy weight, then allows it to fall and 
strike the end of the pile which is being 
driven. When the heavy weight, or hammer, 
is raised and is at rest, its energy is 
potential. It is energy due to position. 
It is in position to strike a heavy blow. 
The instant the hammer begins moving down-
ward, the potential energy of the hammer 
is changed into kinetic energy. 

Section 7. POWER IN 
MOVING ELECTRICITY 

In electricity which is moving we have 
a force capable of doing many kinds of 
work. It also does work at varying rates 
of speed, which means at varying powers. 
When electromotive force changes into heat 
we have accomplished one kind of work: 
electrical energy is changed into heat 
energy, or thermal energy. 

If electromotive force changes the chemi-
cal make-up, or arrangement of substances 
in which it acts, we have accomplished 
another kind of work: the electrical energy 

has been changed into chemical energy. 

If the electromotive force causes a motor 
to run, we accomplish still another kind of 
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work: the electrical energy is changed 
into mechanical energy, or into motion of 
machinery. In every case we find that the 
electromotive force or electrical energy, 
does work only when it changes to some other 
form of force or energy. So long as it re-
mains electromotive force, no work is done 

Since work can be done only when there is 
a change from electrical energyto some other 
form, it follows that we must introduce into 
the path of moving electricity something 
which causes a change of energy, or some-
thing which changes the electromotive force 
into some other kind of force. If we place 
resistance in the path of the electricity, 
or in the electrical circuit, the resistance 
is the thing that makes the moving elec-
tricity do work. In this case, the work 
generates heat. There are many other ways 
in which electricity can be made to do 
work, but for the moment we will confine 
our studies to this one. 

Section 8. VOLTAGE, 
AMPERES AND POWER 

We have already mentioned that mechanical 
work can be measured by multiplying the 
number of feet an object is raised by the 
number of pounds the object weighs. This 
gives us the amount of work in foot-pounds. 
We have also shown that mechanical power 
can be measured as so many foot-pounds of 
work per second of time. This is the same 
as saying that mechanical power can be 
measured as the number of feet of elevation 
times the number of pounds raised to that 
elevation per second. 

Now we want a similar measure for elec-
trical power. This means a unit to measure 
the rate at which the electrical current 
will do work. 

First we must find some quality of elec-
tricity which is similar to the number of 
feet through which a weight is lifted. 
This, of course is not hard to do. We have 
already seen that electrical pressure is 
similar to the weight of water which has 
been raised to a height. Instead of measur-
ing the number of feet through which an 
object is raised, as in the case of mechani-
cal power, we can substitute the difference 
of electrical potential -- the voltage. 

Next we must find some electrical quantity 
which is similar to the pounds per second 
in mechanics. A pound of any material in 
mechanics is considered a definite quantity 



of that material. In electricity we al-
ready have such a ready made quantity. The 
ampere. The ampere is the rate of current 
flow. It represents a definite amount of 
electricity which passes any given point 
in a second of time. 

In mechanics we multiply the distance in 
feet by the weight per second of time to 
obtain the power. In electrical work we do 
exactly the same thing. We multiply the 
potential difference of the rate of current 
flow. In other words, we multiply the 
voltage by the amperes to obtain the power. 

Here isa comparison of our definitions for 
mechanical power and for electrical power: 

current and the letter R for resistance 
when writing down anything about an elec-
trical circuit. We also use one of the 
letters of the alphabet as a symbol for 
power. As you have probably anticipated, 
we use the letter P. Since the power in 
watts in an electrical circuit is equal to 
the voltage in volts times the current in 
amperes we can shorten the formula by 
substituting the letter symbols. The formu-
la would then be like this: 

P = EI 

Of course, we could change the formula 
to look like this: 

P = IE 

Mechanical power = Feet of difference in height x pounds per second. 

Electrical power = Volts of difference in potential x current per second. 

Electrical power = Volts x Amperes. 

Section 9. THE UNIT OF 
FreCTRICAL POWER 

We have a unit for measuring the difference 
of potential between any two points in an 
electrical circuit. We have a unit for 
measuring the rate of current flow. And we 
also have a unit for measuring the resis-
tance which any conductor presents to the 
flow of electrical current. Now we need a 
unit for measuring electrical power. 

The unit of electrical power is based on 
the amount of power which will keep one 
ampere of current flowing at a potential 
difference of one volt. In any part of an 
electrical circuit which carries one ampere 
at a potential difference of one volt we 
will be using eleetrical power at this unit 
rate. The name given to this unit of elec-
trical power is the watt. It was named in 
honor of James Watt, the inventor of the 
steam engine. 

We may say thatonewatt is the power which 
must be used continuously to keep current 
flowing at the rate of one ampere through a 
part of a circuit where one volt of electro-
motive force is changing to some other kind 
of force and where the current is one ampere. 

We have already seen how we substitute the 
letter E for voltage, the letter I for 

and it would mean exactly the same thing. 
It makes no difference whether we multiply 
the voltage by the amperage, or the amperes 
by the volts. The result is the same in 
either case. 

When we know the number of amperes of 
current and the number of volts of voltage 
we merely multiply the two together and that 
gives us the number of watts of power being 
used. In Fig. 7 we see an electric lamp 
through which is flowing 2 amperes of cur-
rent under a pressure of 100 volts. This 
can be said another way. The resistance of 
the lamp is such that it takes 100 volts 
of pressure to force 2 amperes of current 
through it. It takes electrical power to 
force the current through the resistance. 
The power it takes is determined by multi-
plying the voltage by the amperes, in this 
case, multiplying 100 by 2. This gives us 
a total of 200 watts. In other words, 200 
watts of electrical power are being used 
when it takes 100voltsto force 2 amperes of 
current through the resistance of the lamp. 

There is a voltage drop across the lamp. 
We have mentioned before that whenever cur-
rent flows through a resistance there is 
always a voltage drop. This means that 
electrical power is being used. In the 
case of the lamp, the energy of the electro-
motive force is changed into another kind 
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100 VOLTS X 2 AMPERES . 200 WATTS 

100 VOLTS ÷ 2AMPERES • 50 OHMS 

Fig.8. 

of energy -- it is changed into heat. It 
is not necessary to go into a discussion 
at this time of the changing of energy from 
one form to another, but this is mentioned 
in passing in case you should wonder what 
physical action was taking place when the 
voltage was dropped, or lost. 

Now before we go any further, we will 
pause briefly and make certain we fully 
understand the entire electrical action 
which is taking place in the lamp when cur-
rent is flowing through it. We can determine 
everything we want to know about the elec-
trical action by using Ohm's Law (E = IR) or 
the Power Formula (P = EI). 

We do not yet know the resistance of the 
lamp. Should we need to know that, it can 
be found by dividing the 100 volts by the 
2 amperes, in which case we come up with 
the answer: 50 ohms. Now we know all the 
essential facts about the lamp,andthe elec-
trical elements which concern it. 

Volts = 100 

Amperes = 2 

Watts = 200 

Ohms 50 

These four electrical units are present 
in every electrical device when current is 
flowing through it. If we know any two of 
them we can use either Ohm's Law or the 
Power Formula to find the other two. 

If we know the voltage and current we can 
find the wattage, or power, by multiplying 
the two together. We can find the resistance 
by dividing the voltage by the current. 
(See Fig. 8.) 

If we know the resistance and the current 
we can find the voltage by multiplying the 
two together to learn the voltage. In this 
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case we would multiply 
100. Then when we knew 
multiply that by the 
the power. (See Fig. 

But, you might say, 
value of the power and t 
rent. How, then, could 
values? 

2 by 50 and obtain 
the voltage we could 
current and obtain 
9.) 

suppose we knew the 
he value of the cur-
we obtain the other 

This is almost as simple. Just as in the 
case of Ohm's Law, which could be written 
in three forms, so we can also write the 
Power Formula in three forms. If you are 
familiar with algebra you have probably 
figured this out for yourself long ago. 
You merely rearrange the various values to 
suit your needs. But if you do not know 
algebra we will give you the other two 
forms, which you can easily remember. 

P = EI 

can also be written: 

E = P - and P 

E 

In Ohm's Law we said that an easy way to 
remember the various forms was merely to re-
member that the E was either by itself to 
one side of the equals sign, or was above 
the division line on the other side of the 
equals sign. In the case of the Power 
Formula the P is either by itself on one 
side of the equals sign, or is above the 
division line on the other side of the 
equals sign. 

We will again take the case of our lamp 
and see how our formulas work out for us 
when we know the value of the power and that 
of the current. Since we know these two 
values, the next thing we should try to find 
out is the value of the voltage. To do this 
we merely divide the value of the power by 

50 OHMS X 2 AMPERES • 100 VOLTS 

100 VOLTS X 2AMPERES • 200 WATTS 

F. 9. 



taught by persons who do not themselves 
fully understand what it is all about. 

200 WATTS ± 2 AMPERES • 100 VOLTS 

tO0 VOLTS ± 2 AMPERES • 50 OHMS 

F1. lo. 

the value of the current. (See Fig. 10.) 
This gives us the voltage, 100 volts. The 
next step is to find the resistance. By 
using Ohm's Law we merely divide the voltage 
by the current and obtain the resistance in 
ohms, 50 ohms. 

If, instead of knowing the value of the 
power and the value of the current, you know 
the value of the power and the value of the 
voltage, you will solve your problem in 
very much the same way. The only difference 
is that you will divide the power by the 
voltage to obtain the current rather than 
dividing the power by the current to obtain 
the voltage. (See Fig.11.) 

Now you may say that so far everything is 
fine, and not too difficult. But suppose 
both the voltage and the current is unknown, 
which is often the case. All that is known 
is the value of the power and the value of 
the resistance. 

If you are familiar with the rules of 
algebra you will be able to quickly answer 
this question for yourself. The problem can 
be readily worked out by simple rearrange-
ment. But it would not be fair to you 
for us to assume that you know algebra and 
let it go at that. All too often, algebra 
as it is taught in many of our schools, is 
made so dry and uninteresting that many 
students simply never understand it. This 
is very unfortunate. Especially for the 
technical man. Algebra can be extremely 
useful to any man in technical work, par-
ticularly radio and television, and there 
is no excuse for any treacher making it a 
dull subject. Actually, algebra is, or 
should be, a live and intensely interesting 
subject. It deals with natural physical 
laws -- rules laid down by Mother Nature 
herself, and the only reason it is ever 
uninteresting is because it is so often 

It is not absolutely essential for you 
to know algebra to understand this course. 

But if you do know it, the course will be 
much easier for you. 

Let us see now just how we go about the 
problem if we know only the values of the 
power and the resistance. There is another 
form of the power formula which is obtained 
by combining the Ohm's Law formula and the 
Power Formula. It is written: 

I2 = 

This means that if we divide the value of 
the power in watts by the value of the re-
sistance in ohms we will come up with a 
quantity which is equivalent to the square 
of the current. That is, we will come up 
with a value which is equal to the current 
multiplied by itself. 

Let us see just how we do this. We already 
know that the power is equal to: 

P = EI 

More than this, by Ohm's Law, we know that 
E, or the voltage, is also equal to the 
current multiplied by the resistance, or 
by the formula: 

= IR 

Since E is equal to IR, suppose we substi-
tute for the E in the power formula its 
equivalent IR. Then the power formula would 
look like this: 

P = (IR) I 

What this means is that the power is equal 
to the current multiplied by the resistance, 

200 WATTS ± 100 VOLTS • 2 AMPERES 

100 VOLTS ± 2 AMPERES • 50 OHMS 

Fig. 11. 
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Fié.12. The relationship among volts, 
amperes, ohms and watts. 

and then again multiplied by the current. 
In the case of our lamp we could show how 
this is true by: 

various formulas so you will have them handy 
when you want them. You can use the note-
book until you know the formulas so well 
that you can throw the notebook away. You 
will be using the formulas so much in your 
work that you will soon know them without 
any conscious effort at memorizing them. 

Now let us see just how we obtain the 
formula 

12 = P 

which we need to know in order to obtain 
the value of the current when we know only 
the values of the power and the resistance. 

We start with P = I2R, which we have just 
learned how to obtain. Like any other 
formula which is divided by an equals sign 
it can assume several forms. We have al-
ready seen how the Ohm's Law formula can 
assume three forms, and the power formula 

P (200 watts) = I (2 amps) x R (5() ohms) x I (2 amps) 

This could then be written: 

200 = 2 x 50 x 2 

And by common arithmetic, we know this is 
true. We can go a step further. When any 
quantity is multiplied by itself we say it 
is squared. We could show the square of 
the current like this: 

xi = 12 

Now we can again rewrite our power formula: 

(IR)I is also equal to: 

IRI, which is also equal to 

I2R. 

This last form of the formula is one that 
is very, very frequently used in electrical 
work. It means that the power is always 
equal to the square of the current multi-
plied by the resistance. The reason it is 
used so often is that so frequently we know 
the value of the resistance and the current, 
and by using this formula we can find the 
value of the power directly without the 
necessity for also calculating the value 
of the voltage. 

It would be a very smart thing to obtain 
a little notebook and jot down in it these 
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P = EI can assume three forms. In the same 
manner the formula P = I2R, which actually 
is another form of the power formula, can 
assume three forms. 

p = I2R can also be written 

R = P 
12 

and 12 = P 

It is this last form that we would use to 
learn the value of the current when we know 

Fié.13. Power is consumed in every part 
of a circuit. 



the power and the resistance. We will now 
see just how it fits our problem. We know 
the value of the power used by the lamp is 
200 watts and the resistance is 50 ohms. We 
could set this up in the formula like this: 

2 = 200 
50 

Then by simple arithmetic we determine 
that 12 is equal to 4. All we have to do 
now is find the square root of 4, which is 2. 

So we find again that by use of the 
various forms of the formulas we can find 
all the values; power, resistance, voltage 
or current,ifwe know any two of the values. 

All these formulas, and the various forms 
of the formulas, may seem a little be-
wildering to you at this time. Actually 
they are by no means as bewildering as they 
seem. It is not at all essential that you 
know, or remember, all the various forms we 
have shown you. We have merely gone through 
them step by step so you will be familiar 
with them all. Then you can select the 
particular one you need to use in the situa-
tion where you need to use it. At the end 
of this lesson is shown the various forms 
of the formulas which should be noted down 
for future reference. 

There is another form of the power formula 
which should be mentioned. It is obtained 
from the basic Power Formula and Ohm's Law 
in much the same manner as the form we have 
just mentioned. This is used to obtain the 
voltage when only the values of the power 
and resistance is known. It is written: 

E2 = PE 

Section 10. POWER CONSUMED 
IN ELECTRICAL DEVICES 

Power is consumedinevery part of an elec-
trical circuit. We have already mentioned 
that resistance is present in some measure 
in every electrical conductor. And whenever 
current flows through a resistance, power 
will be consumed. The amount of power con-
sumed will depend upon the values of the 
current and the resistance. The power will 
be equal to the square of the current multi-
plied by the resistance. From this it can 
be seen that doubling the amount of current 
through a resistance will increase the power 
consumption four times. But doubling the 
value of the resistance merely doubles the 
power consumption, provided the current 
remains the same. 

Fié.14. Power in watts is equal to 
volts times amperes. 

Fig. 12 shows graphically the relation-
ship among the four main elements of an 
electrical circuit. It shows the voltage 
which is dropped across a resistor, the 
current which is flowing in the circuit, 
the resistance in ohms of the resistor, 
and the power consumption in watts. It 
would be a good exercise for you to use 
your knowledge of Ohm's Law and the Power 
Formula to check these values and see if 
they are correct. 

Fig. 13 shows that power is consumed 
in more than one part of a circuit. There 
is a voltage drop across the resistor, 
and another voltage drop across the motor. 
It would be a good problem for you to 
find the value of the resistance of the 
motor, the amount of power consumed in 
it, the voltage drop across the resistor 
and the power consumed in the resistor. 
As a hint it should be remembered that the 
current is the same in all parts ofa 
series circuit. 
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Fié.15. Reasuring power with an ammeter 
and a voltmeter. 

Fig. 14 shows two very common types of 
household appliances, an electric flatiron 
and a bread toaster. The wattage values 
are typical for appliances of these kinds. 
To exercise your knowledge of Ohm's Law, it 
would be a good idea for you to figure out 
the resistance of each of these appliances. 
If you feel up to tackling a little more 
difficult problem it might be a good idea 
to see just how much current would flow 
through each of these appliances if the 
voltage should be raised to 125 volts. If 
you tackle this problem you should also 
calculate the amount of power which will be 
consumed in each appliance when the voltage 
is raised 15 volts. You will probably be 
a little surprised at your answer. You can 
determine the correctness of your answer 
by cross checking. 

Section 11. MEASURING ELECTRICAL POWER 

The power consumed in any electrical 
device, or in any part of an electrical cir-
cuit is measured by determining the voltage 
across that part of the circuit and the 
current through it. In Fig. 13, for ex-
ample, we could not find the power consumed 
in the motor by multiplying the current 
through the motor by the voltage from the 
source (110). The power consumed in the 
motor is found by multiplying the voltage 
across the motor itself (100 volts) by the 
current through it. 
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In the same manner, the power consumed in 
the resistor of Fig. 13 is found by multi-
plying the voltage across it by the current 
through it, not by the voltage from the 
source multiplied by the current through it. 

It can be readily seen that we would come 
up with some absurd figures if we multiplied 
the current through a device by the voltage 
of the source. This can be clearly seen by 
referring back to Fig. 13 again and seeing 
what would happen there should we try to 
determine the power consumption by multi-
plying the voltage at the source by the 
current through the device. There we have 
a series circuit. We know the current is 
the same in all parts of a series circuit. 
Suppose we multiply the 110 volts of the 
source by the 1/4 ampere current through 
the motor. We would come up with the figure 
27.5 watts of power consumed in the motor. 

Now we will take up the case of the resis-
tor. Since it is in series it will have 
the same current through it, 1/4 ampere. 
Multiplying this by the voltage of the 
source we again come up with the same amount 
of power, 27.5 watts. This is obviously 
incorrect because we cannot make our figures 
check by using the other forms of Ohm's Law 
and the Power Formula. 

To repeat: The power in any device is 
determined by using the values applying to 

A Wattmeter, used for direct 
measurement of power. 
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1/1,000,000 1/1000 

microwatt 

microampere 

microvolt 

milliwatt 

milliampere 

millivolt 

Unit 1000 times 

Watt 

Ampere 

Volt 

Ohm 

Cycle 

1,000,000 times 

Kilowatt megwatt 

Kilovolt 

Meg ohm 

Kilocycle megacycle 

that particular part of the circuit, without 
reference to any other part of the circuit. 

Fig. 15 shows one method for determining 
the amount of power used in an appliance of 
any kind. There we see an ammeter used in 
series with the motor to determine the value 
of current flowing in it, and a voltmeter 
connected across the motor to measure the 
voltage across it. The readings of the 

ammeter d.nd the voltmeter are then multi-
plied together to give the value of the 
power consumed. 

Instead of using a separate voltmeter and 
ammeter as in Fig. 15 to measure the watts 
used in an appliance we could use a single 
instrument called a wattmeter to read the 
power. There are several types of watt-
meters in common use. Each manufacturer 
has his own idea of exactly how they should 
look. Fig. 16 illustrates one type. 

Section 12. LARGE AND SMALL UNITS 

So far we have discussed ohms, volts, 
amperes and watts. In the case of ohms we 
have mentioned that the values of resistance 
frequently are so high that it is much more 

convenient to use a large unit, the megohm. 
The same thing is true with ampere, volts, 
and watts. In radio and television work it 
is a very common practice to work with units 
much larger than the standard ones, and also 
much smaller. For the larger units it is 
the standard practice to prefix the unit 
with kilo- for 1000 times, or meg- for 
1,000,000 times. The standard practice is 
to prefix the smaller units with milli- for 
one- thousandth, and micro- for one millionth. 
This can be understood a little more clearly 
by a study of the table above. 

Section 13. CONVERTING ELECTRICAL 
POWER INTO MECHANICAL POWER 

It is often convenient to know just how 
much mechanical power is equivalent to any 
given amount of electrical power. And, of 
course the reverse is also true. 

It has been determined that one horse-
power of mechanical power will do work at-
the same rate as 746 watts of electrical 
power. This means that 746 watts is equal 
to one horsepower so far as ability to do 
work is concerned. The power equivalents 
can be shown in this manner: 

746 watts 

1 horsepower 

1 kilowatt 

1 horsepower 

= 0.746 kilowatt or 746 watts 

1000 or 1.34 horsepower; approx. 1-1/3 hp. 
746 

(Reference Notes on the page following) 

Tai -13 



NOTES FOR REFERENCE 

Work usually consists of moving something from place to place. It is measured by the 
quantity moved, and by the height to which it is raised, or the force against which it 
is moved. 

Power is a measure of the speed with which work is done, but not of the quantity of work 
unless the time is specified. For any given amount of work done, the power increases as 
the time decreases, and vice versa. 

Work may be measured in foot-pounds. 

One horsepower is equal to work done at the rate of 33,000 foot-pounds per minute, or 
550 foot-pounds per second. 

Electromotive force does work only when it changes to some other form of energy. 

Some useful formulas to remember: 

E = IR P = EI 

E 

= E 

E = P 

1 HP = 746 watts. 
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NOTES 

P = I2R 

12 = P 

R = P 
/2 
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E2 
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RA* E LEVIS 10 N 
DIRECT CURRENT AND ALTERNATING CURRENT 

Contents: Introduction - Currents in Radio and Television - Direct Current - Direction 
of Current Flow - The Dry Cell - Dry Cell Construction - Dry Cell Performance - Con-
nections of Dry Cells - Other Sources of Direct Current - Alternating Current - The 
Sine Wave - Opposition to the Flow of Alternating Current - Notes for Reference. 

Section 1. INTRODUCTION 

In most of the discussions so far in our 
studies we have treated electricity as 
though it flowed through a conductor in the 
same direction at all times. There are many 
electrical circuits where this is true. 
Typical of these are the electrical systems 
commonly found in automobiles. 

The storage battery is the heart of the 
automotive electrical system. Because 

,:t.citev • 

the storage battery raises the electrical 
potential at one terminal to a value some-
what above the other, and maintains this 
potential difference, the current will 
always flow from one terminal, through the 
entire electrical system, then back to 
the other terminal of the battery. Since 
this current flows in the same direction at 
all times, it is called direct current. 

But there is another kind of electrical 
current -- one which we have mentioned 

Fié.1. Every type of radio or television uses both direct current and alternating current. 
(Courtesy of Emerson Radio and Phonograph Corporation.) 
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Fié.2. Alternating current flows first in one direction, then in the other. The value 
of the current is constantly changing. 

several times during the course of our 
studies. This other kind is called alter-
nating current. Alternating current is 
current which flows in one direction for a 
period of time, then reverses itself and 
flows in the other direction. Alternating 
current is continually reversing itself. 
Moving first in one direction, then in 

the other. 

Some alternating current reverses itself 
at relatively long intervals. The alter-
nating current which is .used for power in 
some of the steel mills, and at a few other 
places, reverses itself only 50 times each 
second. This means that it goes through 
25 complete cycles each second. The current 
will start from zero and build up gradually 
to a maximum value in one direction, then 
diminish until it ceases to flow in that 
direction. Then it will reverse and move in 
the opposite direction. Again it will build 
up to a maximum value, then diminish to 
zero. Then again reverse itself. 

This action is shown graphically in Fig. 2. 
At A there is a small movement of the elec-

trons toward the right in the conductor. 
A graph at the extreme right shows the rise 
of the current. At B the number of elec-
trons which are moving toward the right has 
increased. The increase in the movement of 
electrons is also shown by the graph at the 
extreme right which has become higher as 
the electron movement increased. The graph 
of B shows the movement of electrons to be 
maximum at that instant. At C the movement 
of electrons through the conductor toward 
the right has decreased. There are not so 
many moving at C as were moving at B. The 
decrease in the movement of electrons is 
also shown at the right by the moving graph. 
The curve of the graph has turned downward, 
signifying a smaller movement of electrons. 

At D there are no electrons moving through 
the conductor in either direction. This 
condition is also shown by the graph. The 
curve has now reached the " Zero" line, 
or "Zero Axis". 

At E the direction of electron movement 
has been reversed. The electrons are now 
moving toward the left. This condition is 

• 

• 
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also shown by the graph at the right. The 
curve of the graph has continued downward so 
that it is now below the " zero" axis. At F 
the movement of electrons toward the left 
has continued, and has increased. This also 
is indicated by the curve of the graph which 
continued downward until it has reached the 
maximum position in that direction. We 
could say that it has reached the maximum 
point in the "negative" direction. In this 
case, "negative" means the opposite of the 
original direction. 

At G the electron flow toward the left has 
decreased. This condition is reflected in 
the upward turning of the curve of the 
graph. The next condition would be a re-
peat of the situation at D where there was 
no movementofelectrons in either direction. 
Then following that, the electrons would 
again start moving toward the right. This 
would be repeated over and over. 

Section 2. CURRENTS IN 
RADIO AND TELEVISION 

The importance of thoroughly understanding 
both direct current and alternating current 
cannot be over-emphasized. There is no such 
thing as a radio receiver, or a television 
receiver, which has only direct current 
circuits. Neither is there such a thing 
as a receiver which has only alternating 
current circuits. Every radio or television 
in existance uses both direct current cir-
cuits and alternating current circuits, and 
usually uses a lot of different circuits 
of each. 

As an example of this, let us look for a 
moment at a typical table model radio re-
ceiver similar to the one shown in Fig. I. 
The receiver will receive the power for its 
operation from the power lines of the local 
utility company. In most localities within 
the United States this power will be in the 
form of alternating current which is going 
through 60 complete cycles each second. 
About the only place in the radio receiver 
that 60- cycle A-C power can be used is to 
light up the filaments in the tubes and 
to light the pilot lamp. In many cases it 
will be necessary to change the voltage of 
the power before it can be used for either 
of these purposes. 

Before the power from the utility company 
can be applied to any part of the vacuum 
tubes except the filaments, the alternating 
current must be changed into direct current. 
This is accomplished by a rectifier circuit 

such aswewill be studying in a later lesson 
after we take up the actual study of vacuum 
tubes. So already we have found two kinds 
of current present in every radio receiver, 
even the small, so-called simpler types. 

But this is not all. The radio frequencies 
which are picked up by the receiver are 
actually alternating currents with fre-
quencies running up into the thousands of 
cycles each second. This is a different 
kind of alternating current from that which 
was received from the power company. 

In the superheterodyne type of radio 
receiver, and that is the type which will 
be found in most common use, it is the 
practice to create another alternating 
current within the receiver itself. To do 
this, a special device called an "oscillator 
circuit" is brought into play. By the means 
of this special circuit, part of the direct 
current is again changed, this time into 
alternating current again, but with a fre-
quency far higher than that supplied by 
the power company. 

In this brief discussion, in which some 
new terms have been introduced, it has not 
been the intention to bewilder you with 
what might seem to be a complex maze of 
circuits. At first glance they will seem 
somewhat bewildering, but that is merely 
because you have not yet been prepared for 
them. To understand them, you must know 
something more about direct current and 
alternating current than you do now. It 
was to point out to you the importance of 
studying electrical currents and their 
particular peculiarities, that we have 
mentioned these things. 

Section 3. DIRECT CURRENT 

The first source of a continuous flow of 
direct current was the "voltaic pile" built 
by Volta in Italy shortly after the year 
1800. It consisted of alternate layers 
of copper and zinc plates which were sepa-
rated by an insulating substance soaked in 
sulphuric acid. The chemical action between 
the acid and the metal created a difference 
of potential between the two kinds of metal. 
This provided a continuous flow of elec-
tricity in an external circuit. 

The old "Gravity" cell, or "crow's foot" 
battery, as it was much better known, was 
a modification of Volta's original "pile". 
It became the standard source of power in 
telephone and telegraph work, and continued 
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Fté.3. Gravity Cell. 

to be an indispensable part of such systems 
until recent years. (See Fig. 3.) 

The gravity cell consisted of apiece of 
heavy zinc built in such a form that it 
could rest securely on the top of an open 
glass jar while several thick fingers of 
zinc spread out in a symmetrical horizontal 
position. This arrangement would immerse 
the major portion of the zinc in the upper 
part of the electrolytic solution. In the 
bottom of the jar was a copper plate made 
of much thinner material. 

The electrolytic solution might be any 
one of several materials. Originally the 
solution consisted of a diluted mixture of 
sulphuric acid and water. Later the use 
of copper sulphate, or "blue vitriol", 
became more common. 

In making such a cell, a glass jar some 
six or seven inches in diameter and about 
eight or nine inches deep was secured. Then 
the copper plate was placed in the bottom of 
the jar. Any kind of copper would do, but 
for many years a piece of fabricated copper 
made into the shape shown in Fig. 3 could be 
readily obtained from a number of sources. 
It was preferred because of the large area 
of copper exposed to the action of the elec-
trolyte. After the copper was placed in the 
bottom of the jar a small handful of copper 
sulphate crystals would be dropped into the 
jar. The crystals of copper sulphate would 
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partially cover the copper plate. Then 
water would be poured into the jar until the 
level reached within an inch and a half of 
the top of the jar. Finally the "crow's 
foot" of zinc was placed on the upper edge 
of the jar so that the spreading fingers 
were immersed in the electrolytic solution. 

The usefulness of such a cell lies in the 
fact that it is quite inexpensive and will 
last for months. In most telephone and tele-
graph work the circuits are "closed". This 
means there is current flowing in the cir-
cuits at all times. Most battery cells lose 
their strength very quickly under such con-
ditions, but the gravity cell retains its 
full usefulness for several months. When it 
does become worn out it is only necessary 
to renew the crows foot, and possibly the 
electrolytic solution. The copper plates 
will last almost indefinitely, frequently 
for periods of more than a year. The jars, 
of course, can be used over and over for 
years if protected from breakage. 

In the earlier days of telephone and 
telegraph communication, gravity cells were 
depended upon exclusively to furnish the 
electric power needed. Every railroad 
office, where there was a telegraph station, 
had its bank of gravity cells. All the 
local telephone offices likewise had their 
bank of cells. The main offices also had 
their main banks. In the earlier days, the 
telephone and telegraph lines led into many 
parts of the country where regular elec-
trical power was not available locally, and 
the communication companies had to depend 
upon their own sources of power. 

The gravity cells are still used in many 
places, but their use has declined in recent 
years. Electrical power is available nearly 
everywhere and it is possible now to obtain 
the power more cheaply from the power com-
panies than from the cells. 

Where the battery cells can remain in the 
same position and do not need to be moved 
around, the gravity cell provides an ideal 
source of electric power. It will continue 
to deliver a voltage and current for an 
extremely long period of time. FUrthermore, 
even today, it is quite inexpensive to 
construct. But it has the disadvantage 
that it cannot be moved around. The elec-
trolyte is corrosive, and if spilled on 
anything will eat into that substance. For 
this reason its use has declined. In most 
localities today, utility power is available 
at even lower cost than it can be obtained 
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Ftg.4. Benjamin Franklin proved that the lightning in the sky was a form of electricity. 

from the gravity cell, and thus the need 
for a stationary source of battery cell 
power is not so great as it once was. 

Section 4. DIRECTION OF' CURRENT FLOW 

In Fig. 3 it will be noted that there is 
a plus sign near the wire leading to the 
copper plate and a minus sign near the con-
nection to the zinc plate. This means that 
the voltage at the copper plate will be 
"positive" with respect to the zinc plate. 
The difference in potential between the two 
plates is such that the copper will be 
positive and the zinc is "negative". The 
electrons will flow from the negative termi-
nal of a battery cell, through the external 
circuit, and return to the positive terminal 

of the battery cell. 

If you have had previous electrical ex-
perience, or have studied some of the older 
electrical books, you might be inclined to 
disagree with the assertion that electrical 
current flows from the negative to the posi-
tive. To avoid any confusion, it is well 
that we clear up this little point now 

before we go any further. 

In the earlier days of electricity the 
experimenters became convinced that some-
thing was moving in the copper conductors 
which carried the electricity. But they 
did not know exactly what it was. Benjamin 
Franklin pictured electricity as being some 
kind of a fluid, but a kind that he was 
unable to describe precisely. Other ex-
perimenters had still other ideas. But all 
were agreed that something was moving, and 
moving in the form of a current. 

Even after they were all agreed that some-
thing was moving they could not agree as to 
which direction the current was moving. No 
experiment which they could devise gave them 
any clue which could serve as a basis for 
determining definitely which direction the 
current was moving. These learned men knew 
that if they, with all their knowledge, 
could not determine which way the mysterious 
substance within the wires was moving to 
form a current, it would be very difficult 
to explain electrical current flow to others 
who did not have their knowledge. 

Finally the learned men agreed among them-
selves that, even though they could not prove 

TBS-5 



Fté.5. À No. 6 Dry Cell. 

which way the current flowed, they would 
for convenience sake, assume that the elec-
trical current flowed from the positive 
terminal of a battery, through the external 
circuit, and back to the negative terminal 
of the battery. For all practical purposes 
this assumption worked out all right. Many 
rules were formulated using this assumption. 
Hundreds of books were written -- yes, even 
thousands of them -- on the various phases 
of electrical work, and in all of them the 
assumption was that electrical current 
flowed from the positive to the negative. 
Everything in the electrical world was 
serene so far as current flow was concerned. 

It was not until after the invention of 
the vacuum tube that electrical men dis-
covered that the assumption of the earlier 
experimenters was wrong. Electrical current 
did not flow from the positive to the nega-
tive. Instead, it flowed in the opposite 
direction. Even so, they did little about 
it at the time. Too many books had been 
written, and were still in existence, which 
spoke of current flowing from positive 
to negative. 

And so the situation remained for many 
years. Even the more learned electtical 
men, and physicists, who knew that the 
earlier assumption was wrong were forced 
to go along with the misconception because 
of the apparent inability of ever making 
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any change. In every field, except that of 
radio, the older conception worked all 
right. And for many years radiomen were 
men apart from the other electrical workers. 
Because of their work with vacuum tubes, 
the radiomen were forced to accept the newer 
knowledge that electrical current actually 
flowed from negative to positive rather 
than the reverse. 

After the beginning of the recent war, 
radiomen and other electrical workers were 
thrown together more and more frequently. 
Industrial uses of electronics came into 
existence. So did radar, sonar and several 
other electronic devices. No longer was 
it possible to pretend that electrical 
current flowed in the opposite direction 
from what was actually true. The elec-
trical engineering societies, the radio 
engineering societies, the American Standards 
Association, The National Electrical Manu-
facturers Association, and the Army and 
Navy Technical staffs got together and 
decided it was time for a change. At first 
they decided that it was time to admit 
that electron flow was from negative to 
positive but that "conventional" current 
flow would be from positive to negative. 
This was admittedly a compromise to make 
it possible for the older electrical men 
and radiomen to work side by side in harmony 
without their conflicting training affecting 
their work. 

Fté.6. Relative stzes of dry cells. 
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FiÉ.7. Construction of a No. 6 Dry Cell. 

This dual conception of electron flow and 
"conventional" current flow did help smooth 
things during a transition period when 
thousands of men new to electrical work were 
coming into the field. But it was not long 
before it was realized that some more perma-
nent action would have to be taken. One by 
one the various engineering and technical 
societies have decided to drop all reference 
to "conventional" current flow, and admit 
that current flow and electron flow are one 
and the same thing, and that the flow is 
from the negative to the positive. 

Section 5. THE DRY CELL 

Electrical cells are still used in a 
number of ways in radio and television work. 
The most important from the standpoint of 
radio reception is the dry cell. Most of us 
are quite familiar with the use of dry cells 
in flashlights, and the lanterns used by 
railroad men for signaling. 

In radio receivers they are commonly used 
to furnish the power to light the tube fila-
ments and the voltage for the anode, or 
"plate" circuits of the tubes. The use of 
dry cells makes the receiver independent of 
the power company's power lines. Thus 
it can be carried anywhere -- on picnics, 
to the beach, the baseball park, the zoo, 
or anywhere else it strikes the user's 
fancy, and all the favorite programs can be 

brought in. Television receivers are also 
on the market which obtain all their power 
from self-contained dry cells. 

A single dry cell provides an open-circuit 
voltage of 1.55 volts. But due to the in-
ternal resistance of the cell, the potential 
drops as soon as any current flows. Cells 
of various sizes are assembled into batteries 
whose voltage ratings are in multiples of 
lî volts. Common examples of such batteries 
which will be found in use in radio work are 
4h-volt, 22i-volt, 45-volt, 90-volt and 
135-volt. Since the advent of portable 
television receivers on the market, other 
special batteries of much higher voltage are 
being built. Probably the most common dry 
cell to most persons is the No. 6 cell shown 
in Fig. 5. This cell is cylindrical, 
measures 2i inches in diameter and is 6 
inches long. It weighsjustumder 2à pounds. 
The dry cell is also made in many other 
physical sizes and shapes. But regardless 
of how long it is, or how big around it is, 
whether quite large or very small, its 
voltage is always the same. For all practi-
cal purposes the voltage output of a dry 
cell is always 1 volts. 

Section 6. DRY CELL CONSTRUCTION 

Fig. 7 shows the details of the con-
struction of a dry cell. The No. 6 dry 
cell is shown externally and internally in 
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FiÉ.8. Series and parallel connected dry cells. 

that illustration. The positive terminal 
consists of a carbon rod which extends 
almost all the way through the center of 
the cell. At one end of the carbon rod is 
a brass stud which is threaded. A knurled 
nut screws onto the threaded stud providing 
a means of connecting the external wires 
to the cell 

Around the carbon rod is a mixture of 
powderedcarbanand black oxide of manganese. 
Black oxide of manganese is also called 
manganese dioxide. This "mix" is enclosed 
within a soft, absorbent pulp paper similar 
to blotting paper. The paper is wet with 
electrolyte. ' The electrolyte is a solution 
of sal ammoniac in water. Added to the 
electrolyte solution is some zinc chloride. 
The solution permeates both the paper and 
the mix. Around the outside of the paper 
is a zinc can. The zinc can forms the 
negative terminal of the dry cell. To 
the upper rim of the zinc can is attached 
another screw and knurled nut to which 
is attached the connecting wire to the 
outside circuit. 

Construction of the smaller dry cells is 
quite similar. Instead of paper, many of 
the smaller cells use a cloth bag. Other 
slight changes are also made which will 
lighten the weight. Usually the smaller 
sizes are used where weight is an important 
item, especially in applications such as 
the portable radio. 
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Section 7. DRY CELL PERFORMANCE 

The working ability of dry cells can be 
measured in ampere-hours. But the ca-
pacity measured in this manner is not a 
fixed quantity for any particular cell. 
The ampere-hours of a cell varies greatly, 
being largely dependent upon the circum-
stances under which the cell is used. 

There is a difference in the number of 
ampere-hours a cell will deliver when it 
is used intermittently and when it is used 
continuously. By the same token, the number 
of ampere-hours a cell will deliver in 
intermittent service is no guide to the 
number it will deliver if used continuously. 
One cell might be better for intermittent 
service and another one might be better for 
continuous duty. For any dry cell there is 
one best rate of discharge in amperes at 
which it will deliver the greatest number 
of ampere-hours. 

The open-circuit voltage of a new dry cell 
is approximately 1.5 volts. The open-
circuit voltage drops during the life of 
the cell. When the capacity of the cell is 
about half gone, the voltage will drop 
to about one volt. As the cell is used 
still more, the voltage will drop to about 
3/4 volt at the time when the cell is no 
longer of commercial value. When the open-
circuit voltage has dropped to 3/4 volt, 
the voltage of the cell when it is connected 
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to a load will be quite low. This is be-
cause the internal resistance of the cell 
increases as the cell becomes old, and as 
current tries to flow through the cell to 
a load theyoltage will drop to a negligible 
value -- much lower than the open-circuit 
voltage when no current is flowing through 
the cell. 

Sectton 8. CONNECTIONS OF DRY CFULS 

Dry cells can be connected in either 
series or in parallel. The manner in which 
they are connected determines what the 
voltage and the current output of the con-
nected cells will be. If the cells are 
connected in series, that is, the positive 
side of one cell to the negative side of the 
adjacent cell, the total voltage output of 
the connected cells will be equal to the 
number of cells multiplied by 1.5 volts. 
For example, if two cells are connected in 
series the total output voltage will be 
2 x 1.5, or 3 volts. In like manner, if 
five cells are connected in series, the 
total output voltage will be 5 x 1.5 or 
7.5 volts. 

When dry cells are connected in series 
the total current which they will deliver 
will be no greater than that which could be 
delivered by one dry cell by itself. From 
this comes the saying that when dry cells 
are connected in series the voltage in-

creases according to the number of cells, 
but the current remains the same. 

The dry cells can be connected in parallel 
instead of being connected in series. An 
example of this is shown at B in Fig. 8. 
When dry cells are connected in parallel, 

all the positive terminals are connected 
together, and all the negative terminals 

are connected together. The output voltage 
of dry cells connected in parallel is no 
greater than that of a single cell, but the 
output current capacity has been increased 
according to the number of cells. There are 
a few places where primary cells are con-
nected in parallel -- where the demand for 
current happens to be quite heavy for a 
short period of time. But in radio and 
television work dry cells are usually con-
nected in series. Normally in this type 
of work it is desirable to obtain voltages 
which are as high as possible, and to meet 
this requirement it is imperative that the 
series connections be used. 

tion 9. OTHER SOURCES 
OF DIRECT CURRENT 

Probably 95% of all commercial electrical 
power is generated and distributed in the 
form of alternating current. But there are 
a few localities where the power companies 
still supply electrical power in the form of 
direct current. The central "Loop" district 

Fié.9. A Direct Current Generator. 
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at which the wires are cutting across the 
lines of magnetic force, the number of loops 
in each wire, and the strength of the mag-
netic field. 
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Fté.10. A Dynamotor. 

of Chicago for example, is supplied with 
direct current. The same thing is true in 
the downtown business district in New York 
City. The reason is that these places were 
supplied with direct current very early --
even before it became practical to generate 
alternating current -- and because of the 
enormous amounts of money invested in direct 
current machinery, the power companies must 
continue to supply the direct current power 
to operate the machinery. 

Because direct current has certain ad-
vantages over alternating current for a few 
specialized purposes, some factories manu-
facture their own direct current electricity 
or "convert" the power company's alternating 
current into direct current. Many municipal 
traction systems use direct current as a 
source of power for their trolley cars. 
Direct current has an advantage over alter-
nating current for this purpose. 

Where direct current is used in large 
amounts such as these, the power is generated 
by huge machines rather than by dry cell 
batteries. A picture of one of the large 
machines used to generate direct current 
power is shown in Fig. 9. 

A direct current generator is essentially 
a machine which causes loops of wire to 
pass between strong magnets. The loops of 
wire passing through the magnetic lines 
of force will have induced within them elec-
trical voltages. The value of the voltages 
will depend upon several things; the speed 
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Certain kinds of radio equipment depend 
for their power upon machines which are 
variously called "Dynamotor", "Genemotor" 
and "Motor-generator". Mobile radio units 
such as those used in police patrol cars, 
fire trucks, publicutilityemergency trucks, 
aircraft, motorboats, and similar moving 
vehicles, frequently depend upon such equip-
ment for their power. 

A dynamotor is essentially a machine with 
a rotating armature which carries a few 
turns of fairly heavy wire. These turns of 
wire are connected through a rotating device 
on one end of the armature, called a commu-
tator, to the storage battery of the moving 
vehicle. These storage batteries usually 
deliver power at approximately 6 volts, 
which is far too low to operate most radio 
and television equipment. 

The current from the storage batteries 
flows through the heavy winding on the 
dynamotor, and due to interacting mag-
netic forces, causes the armature of the 
dynamotor to rotate. In this respect, 
the dynamotor operates very much like a 
direct current motor. 

Fié.11. A graphical representation of 
alternating current flow. 



e 

e 

Fig.12. Relationship between effective and maximum values. 

The armature of the dynamotor also has 
many turns of fine wire wound on it which 
are connected to another commutator on 
the opposite end from that where the cur-
rent from the storage battery is received. 
Since there are many turns of this fine 
wire on the rotating armature cutting across 
the magnetic lines of force, a voltage will 
be induced in this wire which is much higher 
than that received from the storage battery. 
This high voltage canthenbe used to operate 
radio or television equipment. Many of the 
mobile television units which pick up sports 
events and other special events at places 
remote from the television studio, use dyna-
motors as the source of their power. 

Dynamotors can be built to deliver al-
most any desired voltage. Common types 
deliver 300 volts, 500 volts, 750 volts 

and 1000 volts. But there are many special 
types in addition to these. Some aircraft 
dynamotors operate from 24 volts to 28 volts 
and deliver any value voltage which is de-
sired. The subject of dynamotors will 
be gone into much more thoroughly later. 

Section 10. ALTERNATING CURRENT 

Interesting as direct current might be, 
the peculiar phenomena which surround the 
flow of electric current when it is moving 
back and forth in a conductor provides 
us with phases of study which are more 
interesting than almost any other branch 
of science. Many, many things have been 
learned about alternating current, but new 
and even more wonderful things are being 

discovered almost every year. 

Nearly all the power supplied by the large 
public utility companies is in the form of 
alternating current. If you will look on 
your washing machine motor, your refrigera-
tor, your automatic toaster, or your auto-
matic electric iron, you will see a little 
name-plate which gives important information 
about the operation of the device. But in 
nearly every case, you will find that it 
has been designed to operate on alternating 
current. In some cases the device will not 
operate on direct current at all, and will 
bear a warning to that effect. 

The current in an alternating current cir-
cuit is constantly changing. This was 
indicated in Fig. 2, where the electrons 
were shown moving first in one direction 
and then in the other. Because the current 
is constantly changing, and does not remain 
at any one value in either direction for 
more than an instant at a time, we are pre-
sented with the problem of measuring the 
value of the current and the value of the 
voltage. It can be seen from a study of 
Fig. 11 that the values of the current and 
the voltage are constantly changing in 
alternating current, and to say that the 
voltage is 110 volts, it would seem that 
one would also have to designate what par-
ticular instant the voltage was at that 
particular value. 

Fortunately a method of measurement has 
been devised for calculating alternating 
currents and voltages which is quite simple. 
We have already learned that when direct 
current flows through a resistor, heat will 
be developed. For example, one ampere of 
current flowing through a 10-ohm resistor 
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will dissipate 10 watts of power. This 
comes from the formula P = I2R. Likewise, 
5 amperes of current through a 15-ohm re-
sistor would use 375 watts. 

Alternating current will also give off 
heat when it flows through a resistor. If 
an alternating current through a 10-ohm 
resistor gives off 10 watts we would say 
that one effective ampere of alternating 
current was flowing through the resistor. 
This is because electrical men have agreed 
that alternating currents shall be measured 
according to their effectiveness in creating 
heat as compared with direct current. This 
value has been determined to be . 707 times 
the maximum value of the current which flows 
through the circuit. 

For example, if electrons in an alter-
nating current circuit were moving through 
the conductor at the rate of 100 amperes at 
the instant when they reached their maximum 
rate of flow, they would do the same work as 
70.7 amperes of direct current flowing at 
a steady value. Likewise, if alternating 
current reached a maximum of 10 amperes at 
each of its peaks, the current would do the 
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same work as 7.07 amperes of direct current 
flowing at the same rate continuously. 

Fig. 12 shows a cómparison of the maximum 
and effective values of alternating current. 
These same comparisons also hold true for 
measuring alternating voltages. It will 
be noted at the left side of Fig. 12 the 
maximum is shown as 1.000 and the effective 
value is shownasbeing . 707 times that. This 
is the same thing we have just discussed. 

Where the maximum value of the current or 
the voltage is known and it is desired to 
find the effective value, all that is neces-
sary is to multiply the maximum value by 
.707 andtheeffective value can be obtained. 

But there are many cases where the effec-
tive value is known and it is desired to 
determine the maximum value. Then it is 
better to use the figures shown at the right 
side of Fig. 12. If the effective value is 
known, then you multiply the known value 
by 1.414 to obtain the maximum value. 

Nearly all alternating current meters for 
measuring either current or voltage are 
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calibrated to read effective values. Usually 
we are more concerned with effective values 
than we are with IllaXiI1111111 values. But there 
are times when it becomes imperative to know 
the maximum values of voltage as well as 
the effective values. An example is that 
of selecting a replacement capacitor for a 
radio receiver. A meter reading shows there 
are 300 volts of alternating current across 
the circuit. A capacitor capable of with-
standing 400 volts D-C is available. An 
untrained man with no knowledge of alter-
nating current could be easily misled, and 
figure he had a wide margin of safety. But 
the trained radio man would apply the formu-
la to the problem to see if the capacitor 
really would work. 

The meter shows there are 300 volts of 
alternating current across the circuit where 
the capacitor is to be placed. Applying the 
formula: Maximum voltage equals effective 
voltage times 1.414. In this case, 300 x 
1.414 = 424.2 volts. This means that twice 
each cycle the voltage across the capacitor 
will reach maximum values of 424.2 volts, 
and in all probability will puncture the 
capacitor and ruin it. 

Section 11. THE SINE WAVE 

The curves shown in Figs. 2, 11 and 12 
are commonly known as "sine waves". This 
comes from the fact that a curve of the 
shape followed by alternating current or 
voltage can be created by graphing a trigo-
nometric sine through one or more complete 
cycles. 

The creation of a sine wave is shown in 
Fig. 14. At the left hand side of that 
figure a conductor is shown cutting across 
lines of force between the poles of a mag-
net. The conductor moves in a circle at a 
uniform rate of speed. The direction of 
movement is clockwise as indicated by the 
small arrows adjacent to the conductor. 
The conductor starts from the center line 
at the point marked 00 degrees. It moves 
toward the point marked 90°, then to 180°, 
and finally back to the starting point by 
which time it will have gone through 360°. 
Every circle, as you undoubtedly know, is 
divided into 360°. 

When the conductor is at 0° it is moving 
parallel with the magnetic lines of force. 
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Fié.I4. How a sine wave is produced. 
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At that instant it will be cutting no lines 
of force, and as a result no voltage will 
be induced within the conductor. As the 
conductor travels around the circle it will 
cut across more and more lines of force and 
a voltage will begin building up within the 
conductor. By the time the conductor reaches 
the point marked 90°, it will be cutting 
across the lines of force at a maximum rate. 
At this instant it will be developing a 
maximum voltage. After passing 90°, fewer 
and fewer lines of force are cut. The 
voltage begins decreasing until at 180° the 
conductor will again be cutting no lines of 
force for an instant. At this instant, no 
voltage will be induced within the con-
ductor. After passing 180°, the conductor 

nating current meets additional opposition 
in the inductance entirely aside from its 
resistance. This additional opposition is 
called reactance. In some cases the op-
position of the reactance may be many times 
greater than the opposition of the resis-
tance of the conductors. 

The amount of opposition presented by the 
inductance depends upon two things -- the 
frequency of the alternating current, and 
the value of the inductance. The greater the 
value of the inductance the greater will be 
the opposition, or reactance. And the higher 
the frequency, the greater will be the oppo-
sition, or reactance. The exact value of the 
reactance can be determined by the formula: 

Inductive Reactance (in ohms) = 6.28 x Frequency (cycles) x Inductance (in henries). 

will begin cutting across the lines of force 
again, but in the opposite direction to that 
when it was moving from 0° to 180°. As a 
result, the voltage will be induced in the 
opposite direction. 

At the right side of Fig. 14, a line, or 
"graph" has been drawn to show the rise, 
fall and reversal of the voltage in the 
moving conductor as it moves around the 
circle. The length of the curve is divided 

into degrees in the same way as the circle. 
We speak of these as electrical degrees. 

Section 12. OPPOSITION TO THE 
FLOW OF ALTERNATING CURRENT 

The flow of alternating current is opposed 
by resistors in exactly the same way as the 
direct current is opposed. So long as the 
load is such things as incandescent lamps, 
toasters, soldering irons, heating elements 
and similar devices, it makes no difference 
whether the power is in the form of alter-
nating current or direct current. Both meet 
thesameopposition intheform of resistance. 

We have previously studied the phenomenon 
of inductance. In the case of direct cur-
rent, the presence of any inductance is of 
little importance. The direct current will 
flow through the inductance without any 
trouble, being opposed only by the resis-
tance of the wires which compose the con-
ductor of the inductance. 

But the situation is vastly different in 
the case of alternating current. Alter-
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Reactance is generally represented by the 
letter X. 

Inductive reactance is generally repre-
sented by the same letter with the letter L 
as a subscript: XL . This is pronounced 
"X subscript L",ormore generally "X sub L". 

Frequency is always represented by the 
letter f. Inductance is represented by 
the letter L. 

This makes it possible for us to rewrite 
the formula: 

X = 6.28 fL. 

Since 6.28 is equal to two times n, we 
can rewrite our formula again and make it 
more simple. The figure 6.28 will keep 
bobbing up all the time you are working with 
radio. You might just as well get used to 
it now. It is directly related to the same 
n you became acquainted with in school when 
you were working with circles, and areas, 
and circumferences, and such like. Instead 
of using 3.1416 as is usually customary in 
school, in radio work we use only the first 
three figures: 3.14. Also in radio work we 
are usually concernectwithtwo times n rather 
than n itself. For this reason we will have 
many occasions to use the figures: 6.28. 

To simplify the formula still further it 
can be written in this form: 

XL = 2nfL. 
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This formula should be noted down in your 
note book until you get used to it. You 
will be using it so many times in your radio 
work that you will soon find yourself re-
membering it without having to look at your 
notes. The reason it is used so much is 
that nearly every coil of wire has some 

inductance in it, and nearly all our cir-
cuits will have some kind of alternating 
current flowing through them. These two 
circumstances make it necessary to fre-
quently use the formula to determine the 
opposition the alternating current will 
meet while flowing through the coil. 

NOTES FOR REFERENCE 

Direct current flows in only one direction. 

Alternating current is continually reversing its direction of flow. 

Both alternating current and direct current can be converted into heat. 

The effective value of alternating current is the measure of comparison with the effectie-
ness of direct current. 

The effective current is equal to . 707 times the maximum value of alternating current. 

The maximum current is equal to 1.414 times the effective value of alternating current. 

Inductive reactance is the opposition presented by the inductance of a coil to the flow 
of alternating current. 

The formula for inductive reactance is XL = 2nfL. 
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Section 1. INTRODUCTION 

Television is today so interwoven with 
the everyday affairs of most Americans it 
is hard for us to realize that as recently 
as the end of the second World War few 
persons other than radio laboratory tech-
nicians had ever seen a television receiver. 
When we take the time to think about it, 

we wonder just how we got along in the years 
before the wonders of television were un-
folded to us. 

Even yet, with most of us thinking of 
television solely as an entertainment medium, 
we are prone to forget there are other sides 
to television. With the possible exception 
of moving pictures, no other educational 

Fié.1. Television is One of the Greatest Things in Suréical History. 
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Fié.2. Resistors, Capacitor, Tubes, Transformers and Wire by Themselves 
do not make a Television Receiver. 

medium is so valuable as the television 
receiver. Its use in demonstrating new 
techniques in surgery is proving to be one 
of the greatest boons the medical profession 
has ever known. 

A few years ago many of the most delicate 
operations could be performed by only a 
handful of surgeons. This was because it 
was so difficult for them to demonstrate 
their techniques and knowledge to their 
fellow surgeons without endangering the 
lives of the patients. Even when they could 
show other surgeons how to perform certain 
rare and delicate operations, they could 
seldom demonstrate the methods to more than 
one surgeon at a time. Thus the spreading 
of medical and surgical knowledge was a 
painfully slow matter. 

With the modern wonder of color tele-
vision, a great surgeon can demonstrate 
certain skills he has acquired over the 
years to hundreds of other surgeons eager 
to learn. Color television often makes 
the details of such operations much clearer 
to the watchers than would be the case 
if they were actually at the side of the 
operating table. Best of all, there is not 
the slightest hazard to the patient other 

than would be present in any surgical oper-
tion. Delicate, and formerly dangerous, 
operations which were attempted by a small 
number of surgeons only a few years ago are 
now becoming medical commonplaces. Many 
skilled surgeons hesitated to perform certain 
operations which they knew could be per-
formed, simply because they had never seen 
such an operation. None knew better than 
they that the slightest slip or mistake 
would mean death for the patient. And 
because they had never had the opportunity 
to watch such an operation, they were un-
willing to take the risk. Now it is a 
regular practice in many of our great hospi-
tals to televise rare and dangerous opera-
tions so that hundreds of other surgeons can 
themselves acquire the necessary skill by 
watching the famed surgeons at work, and 
listen to their comments as the operation 
progresses. 

Truly television is a wonderful thing. It 
is giving us many things that its most avid 
boosters scarcely dreamed about only a few 
short years ago. The man who decides to 
make television his life's work, should 
certainly have a full life. The compensation 
is as profitableascan be found in any line 
of endeavor. But its additional rewards in 

• 
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the satisfaction of bringing a better and 
fuller life to one's fellow man is some-
thing which cannot be measured in dollars 
and cents. 

Section 2. WHERE TRANSFORMERS ARE USED 

Rudyard Kipling once described a woman 
as being "a rag, a bone and a hank of hair." 
Perhaps the description is apt. In a like 
manner, a television receiver could be de-
scribed as a bunchofresistors, some capaci-
tors, a lot of tubes and a few transformers 
all tied together with a few hunks of wire. 
All these things, and more, go to make up 
a television receiver. 

But all the resistors, capacitors, trans-
formers, tubes and wire in the world would 
not make a television receiver without the 
one priceless ingredient necessary to imbue 
these items with life -- the knowledge, the 
brain, the skill of a trained television 
man. Without his specialized skill they 
are inert, lifeless things. But when con-
nected together in one definite, specific 
way -- a way he is able to determine through 
his own specialized knowledge -- they be-
come almost as something alive. They become 
sensitive to things in the air which are 

not perceptible to human senses and con-
vert these things into live pictures and 
vibrant sound. 

It would be hard to point out any one type 
of component part which goes to make up a 
television receiver and say that that part 
was more important than another. Probably 
it is no more possible to say that a capaci-
tor is more important than a resistor, or a 
tube is more important than a capacitor, or 
a transformer is more important than a tube, 
than in the case of the human body it could 
be said that the lungs are more important 
than the stomach, or the heart is more im-
portant than the lungs, or the brain more 
important than the heart. The human body 
could not function if any of these parts 
were missing. In a like manner resistors, 
capacitors, tubes and transformers are all 
vitally necessary to the operation of a 
television receiver. And in order for 
the television expert to know how to make 
a television receiver operate, and keep it 
operating, he must first know exactly how 
all the parts which go into it operate. 

We have mentioned transformers before 
but have actually done little more than 
touch on the subject. It is time we examined 

Fig.3. It takes the Knowledge and Skill of a Trabned Television Nan to Make a 
Television Receiver come to Life. 

TBB-3 



Fié.4. Power Transformer on a Rural 
Electric Line. 

this peculiar, but extremely valuable, elec-
trical device a little more carefully. 

The underlying theory of the operation of 
transformers has been known since the days 
of Michael Faraday. But for many years 
little was done to put this knowledge to 
practical use. During the early days of 
commercial electricity, Direct Current was 
the type commonly used; the use of trans-
formers with Direct Current is extremely 
limited. 

Fié.5. Radio and Television Transformers. 
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As the trend gradually changed from Direct 
Current to the use of Alternating Current, 
the value of transformers became more ap-
parent. It is the peculiar properties of 
transformers which makes Alternating Current 
the dominant type of electrical power. 
Power transformers are common sights on the 
electrical power poles along the back alleys 
of our cities, and on power line poles in 
the rural areas as well. The transformer, 
in its special steel "bucket", is a familiar 
sight along the power lines in the country. 
One can be seen at nearly every point where 
electric service wires for the individual 
farm leaves the "high-line". 

The many transformers which are to be 
found in nearly every television receiver 
are merely "little brothers" of the larger 

outdoor- type power transformers. The 
operation of the various types of radio 
and television transformers are identical. 
The only difference is in the size. 

Transformers are used in radio and tele-
vision receivers to change the voltage from 
the commercial power lines ta other voltages 
which are needed within the receiver. Out-
put transformers are used to supply the 
power to drive the loudspeakers of the 
"audio", or sound, section of the receiver. 
Other transformers, called intermediate 
frequency transformers, or " I- F" trans-
formers, are used in several stages through 



which both the soundandthe "video" portions 
of the television signal passes. The video 
section of the receiver is that part which 
passes the signal which carries the picture. 
There are two distinct channels through 
every television receiver. One channel 
carries the "video", or picture, portion of 
the radio signal wave. The other channel 
carries the " audio", or sound, portion of 
the signal. These two terms will be used 
over and over many times. It would be well 
to become accustomed to them at this time. 
Other transformers are used for many other 
purposes. 

Section 3. TYPES OF TRANSFORMERS 

A transformer consists, essentially, of 
two or more coils wound on a single core. 
Sometimes the coils are wound on cylindrical 
pieces of insulating material such as bake-
lite, micarta, polystyrene or even waxed 
cardboard. Other times the coils are wound 
on iron cores. 

Sometimes the coils are placed so that 
one is outside the other -- that is, one 
coil is wound over the other. This is the 
common practice when the coils are wound 
on an iron core. Sometimes the coils are 
wound on the core so that neither coil 
touches the other -- one being wound on one 
end of the coil form and the other coil 
being wound on the other end of the coil 
form. The exact construction of the trans-
former depends entirely upon the purpose 
for which it is to be used. 

If the transformer is to be used with low 
frequencies, such as the common 60- cycle 
frequency generally found on commercial 
power lines, an iron core is almost uni-
versally used. The presence of the iron 
aids the magnetic linkage between the coils 
at the lower power frequency. It also 
increases the inductance. The symbol 
generally used for an iron-core transformer 
is shown in Fig. 6 along with an illus-
tration of a transformer of the type com-
monly found in television receivers. 

When the alternating current frequency is 
of the order of many thousands of cycles 
per second, as in the case of radio and 
television signals, transformers with iron 
cores cannot be used. Transformers for use 
at radio frequencies are called air-core 
transformers. Illustrations of such trans-
formers are shown in Fig. 7. The symbol 
generally used to designate an air-core 
transformer in a schematic drawing is also 
shown in Fig. 7. It will be noted that 

Fié.6. Iron Core Transformer. 

the symbol is the same with the exception 
that the straight lines are omitted from 
between the coils. 

A transformer transfers power from one 
winding to the other, and from one circuit 
to another, by induction. Every change of 
current in one winding induces a voltage 
in the other winding. It should be re-
membered that a voltage is induced in the 
second winding only during the time the cur-
rent is chanéiné in the first winding. 

If the second winding forms a part of a 
closed circuit, current will be caused to 
flow in that circuit and in that winding. 
This is nothing new to you. It is merely 
repeated here by way of review, and to lend 
emphasis to this fact. It is a fact which 
is sometimes forgotten or overlooked. 

Since a voltage is induced in the second 
winding only while the current is changing 
in the first winding, and since no voltage 
is produced in the second winding during 
any time the current in the first winding 
is of a steady or constant value, trans-
formers are generally useful only in those 
circuits where the current is constantly, 
or frequently, changing. In a practical 
manner of speaking, transformers are useful 
only in connection with alternating current. 

Section 4. DIRECTION OF INDUCED 
VOLTAGE AND CURRENT 

We know that any induced voltage acts in 
such direction as to oppose the change of 
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Fig.7. Air Core Transformers. 

current which induces the voltage. As a 
result of this it follows that while current 
is increasing in a positive direction in the 
primary winding, the strength of the induced 
voltage in the secondary will be increasing 
in a negative direction. This action will 
be noted by studying the graphs in Fig. 8. 

This means that the voltage and current 
in the secondary winding will be opposite 
to that of the voltage and current in the 
primary winding. This is a point well worth 

Fié.8. How Secondary Voltage is Directly 
Affected by Primary Current. 

remembering, because it is something which 
must frequently be considered. The direction 
of the currents and voltages are shown by 
the use of arrows in Fig. 9. It is worth 
noting and remembering too, that the current 
is in the opposite directions in each of 
the two windings. 

Section 5. STRENGTH OF INDUCED VOLTAGE 

One of the most useful features of the 
transformer arises from its ability to 
change voltages from one value to another. 
This can be readily understood when it is 
remembered that each ampere of alternating 
current in one turn of a winding will pro-
duce a certain number of flux lines rising 
out of the turn of wire while the current 
is increasing. The same number of flux 
lines will collapse back into the wire when 
the current ceases. Furthermore, two amperes 
will produce twice as many lines from the 
one turn of wire; or one ampere in two turns 
will produce twice as many lines as one 
turn. To put this in other words, the 
number of lines of magnetic flux will be 
proportional to the number of allipm-cs multi-
plied by the number of turns. This is 
called the number of ampere- turns. 

If we consider a primary winding as exist-
ing alone, we know the rise and fall of the 
alternating current will induce an opposing 
voltage in the primary that is almost as 

• 

• 
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strong as the applied voltage which sends 
the current through the winding. This is 
the action we call self-induction. 

To illustrate this point, suppose we take 
an actual example. In Fig. 10 are shown the 
primary and secondary windings of a trans-
former. There are 100 turns on the primary 
and 100 turns on the secondary. Suppose 
100 volts of alternating current are applied 
to the primary winding. The opposing 
voltage, which is caused by the magnetic 
lines of flux cutting through the turns of 
the coil will likewise be almost 100 volts. 
If the secondary winding is closely wound 
around the primary winding so the same lines 
of flux also cut through the secondary 
winding, a similar voltage will be induced 
in that winding. If there are the same 
number of turns, and the coils are so wound 
that the 'magnetic flux cut both coils simi-

Fié.9. Coil Current in the Primary and 
Secondary of a Transformer. 

larly, the voltage induced in the secondary 
will be the same as that of the primary: 

100 volts. 

But suppose the secondary winding had had 
200 turns instead of 100 turns. This situa-
tion is shown diagrammatically in Fig. 11. 
We have not changed the number of lines of 
flux which are cutting throughthetmo coils. 
The lines of flux cut through twice as many 
turns on the secondary as before, and twice 
as many as are on the primary winding. The 
result is exactly what would be expected. 
The voltage in the secondary winding is 
now 200 volts instead of 100 volts as it 
was when there were only 100 turns on the 
secondary winding. 

If the number of turns on the secondary 
had been reduced to 50 turns instead of 
being increased we would have had still 
another situation. There would have been 
no change in the number of flux lines, but 

Fié.I0. 

the lines would have cut less turns in the 
secondary. The result is that only 50 volts 
would be induced in the secondary. This is 
shown in the diagram of Fig. 12. This can 
all be summed up in a rule which is well 
worth jotting down in your little noteboo 
and remembering: The secondary volts of a 

i_ 

m transforer are to the primary volts as the 

( number of turns on the secondary are to 
the number of turns on the primary. It can 
be set up in the form o an equation: 

Secondary volts = Secondary turns 

Primary volts Primary turns 

SECONDARY 

Fié.11. 
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FL. 12. 

Section 6. SECONDARY CURRENT 

We have just seen that it is easily possi-
ble to increase or decrease the secondary 
voltage of a transformer by merely changing 
the number of turns on the secondary. Or 
to be more exact, by changing the ratio of 
turns between the primary winding and the 
secondary winding. Our next investigation 
naturally leads us to see what effect this 
has on the secondary current. 

In Fig. 13 we have a circuit quite similar 
to that of Fig. 10 with the exception that 
in Fig. 13 we find 10 amperes of current 
flowing in both the primary and secondary 
windings. The secondary current is also 
flowing through a 10 ohm load. The primary 
line is feeding 1000 watts to the transformer 
and the secondary winding is delivering 
1000 watts to the load. In other words, 
the transformer is receiving 1000 watts 
at the primary and delivering 1000 watts at 
the secondary. 

Now suppose we increase the number of 
turns on the secondary from 100 turns to 
200 turns as in Fig. 14. If we want to con-
tinue to deliver only 1000 watts to the 
load, we must increase the resistance of 
the load. When the voltage increases from 
100 volts to 200 volts we must increase 
the resistance of the load from 10 ohms to 
40 ohms to hold the power consumption to 
1000 watts. This means decreasing the cur-
rent from 10 amps to 5 amps. 

The net result is that if the voltage is 
doubled, the current will be cut in half. 
A moment's reflection will show us that this 
is what we should have expected. The trans-
former can readily increase or reduce the 
output voltage. But it cannot create power. 

Now instead of increasing the resistance 
of the load from 10 ohms to 40 ohms at the 

same time the secondary voltage was raised 
from 100 volts to 200 volts, suppose we had 
allowed it to remain at 10 ohms. What would 
have happened? This situation is shown in 
Fig. 15. If the load resistance remains at 
10 ohms a current of 20 amperes will flow 
in the secondary circuit. This means that 
the transformer will be delivering 4000 
watts of power into the secondary circuit 
(20 x 200). Since the transformer cannot 
create power -- it merely changes electrical 
energy from one value to another -- it must 
receive 4000 watts at the primary. The 
primary voltage will not change. What will 
change is the current. Instead of drawing 
10 amperes as before, the primary of the 
transformer will now draw 40 amperes instead. 

It will be noted in both of these cases 
that while the secondary voltage is twice 
as great as the primary voltage, the pri-
mary current is twice as great as the 
secondary current. 

This, too, can be set up as a rule: The 
secondary amperes are to the primary amperes 
as the primary turns are to the secondary 
turns. It can also be set up in the form 
of an equation: 

Secondary amperes = Primary turns  
Primary amperes Secondary turns 

This rule should also be noted down in 
your notebook for ready reference until such 
time as you think you can remember it with-
out referring to your notebook. 

It might occur to you to askhow the trans-
former could know to draw the additional 
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Fié.14. 

current to make up the necessary power 
input. While this cannot be fully and com-
pletely explained at this time in a manner 
which is likely to be understandable to 
you, it can be mentioned that the action 
comes about as a result of mutual induction. 
Mutual induction was mentioned briefly 
before, and will be discussed in greater 
detail further along. 

Essentially the action of the transformer 
is automatic. As the load on the secondary 
draws more current, and thus more power, 
mutual induction automatically transfers 
this demand to the primary circuit, and it 
in turn, will call for more power to meet 
the demand. As more current flows in the 
secondary circuit this current will create 
magnetic lines of flux of its own, entirely 
separate from those of the primary current. 
These lines of flux tend to oppose the lines 
of flux created by the primary current. 
And where the lines of flux created by the 
primary current tends to oppose the flow 
of the primary current, the lines of flux 
from the secondary current tends to aid the 
flow of primary current. 

The situation might be described as this: 
As the secondary load calls for more current, 
this current will flow through the secondary 
winding. As the increased current flows 
through the secondary winding it sets up 
lines of flux which tends to cancel out some 
of the flux lines of the primary winding, 

and thus reduces the opposition to the flow 
of primary current. The net result of the 
action is that as the load calls for more 
current, the transformer will automatically 
draw more current from the primary circuit. 

Section 7. TFJRNISION POWER TRANSFORMER 

Almost every television receiver, and 
about half of all radio receivers,havepower 
transformers. Some television receivers 

AMPS= ? 
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Fié.16. Typical Power Transformer such 
as is used in Radio and Television 

Receivers. 

have two or more power transformers. These 
transformers are used to change the com-
mercial power voltages into values more 
suitable for the special needs of the 
receivers. 

Some of these power transformers are 
relatively simple, having only one or two 
windings on the secondary. Others are con-
siderably more complex. Some of them have 
a multiplicity of windings for the secondary, 
each serving its own particular purpose. 

A typical power transformer designed for 
the purpose of supplying the anode voltage 
to a group of amplifier tubes, plus the 
filament voltage for the same amplifier 
tubes, plus the filament voltage for one 
or two rectifier tubes is shown in Fig. 16. 
This transformer has three secondary wind-
ings, one of which has a special connection 
to the center of the winding which is called 
a "center tap". The winding with the "center 
tap" connection is called the "high-voltage" 
winding. In this particular transformer the 
voltage between the two ends of the high-
voltage winding is approximately 750 volts. 
The voltage between each end and the center 
tap is approximately 375 volts. 

The schematic diagram of the windings on 
this transformer is shown in Fig. 17. The 
6.3- volt winding is designed to supply 
the voltage for the filaments, or cathode 
heaters, of the amplifier tubes. The 
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amplifier tubes are the ones which take the 
very tiny voltages which are picked up from 
the air and magnify them to values which 
are useful. Most television receivers have 
more than a dozen amplifier tubes of various 
kinds. Some are used to amplify the video 
signal; others are used to amplify the sound 
signal; while others are used to amplify the 
combined signal before the sound is sepa-
rated from the video. 

The 5-volt winding supplies the voltage to 
the filaments of the rectifier tubes. The 
rectifier tubes take the 750 volts of alter-
nating current from the high-voltage winding 
of the transformer and change it into high-
voltage direct current for use on the anodes 
of the various tubes. 

The transformer illustrated in Figs. 16 
and 17 is designed to operate from 120-volt 
commercial power. Some transformers have 
taps on the primary making it possible to 
operate at top efficiency from 115-volt 
power, or from 110-volt power. Still other 
transformers have a split primary so it can 
be operated from either 120-volt power or 
from 240-volt power. These are all merely 
variations from the standard type shown 
in Figs. 16 and 17. 

In addition to the power transformer which 
supplies the power to the amplifier tubes, 

Fig.17. Schematic Diagram of Power 
Transformer. 
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some television receivers also have a sepa-
rate transformer to supply the power to the 
sweep- circuit tubes, or the output power 
tubes, or to some other section of the re-
ceiver. But the operating characteristics 
of such transformers are not greatly dif-
ferent from the one described here. 

In addition to the power transformers 
already described here, many television 
receivers - probably the majority of them - 
have still another power supply designed 
to supply the high voltage needed for the 
operation of the picture tube. The voltages 
needed by the tubes are extremely high, the 
exact value depending upon the size mi type 
of the tube, and the ideas of the manu-
facturer. Even the smaller 7- inch tubes 
which are now largelyobsoleterequired anode 
voltages running upward of 2500 volts. It 
is not uncommon to find voltages exceeding 
25,000 volts on the anodes of some of the 
larger picture tubes. 

The transformers which supply this high 
voltage must be well insulated to avoid 
breaking down the dielectric of the insu-
lation. Great care must be observed in the 
manufacture of these transformers so they 
can hold up under the severe service to 
which they are subjected. 

Section 8. AUDIO FREQUENCY TRANSFORMERS 

An audio- frequency transformer, as its 
name suggests, is used to connect two cir-
cuits in the audio- frequency section of a 
receiver. The audio- frequency section is 
that portion of the receiver through which 
the sound signal travels at electrical fre-
quencies which are audible to the human ear. 
Normally these frequencies lie in the region 
between 100 cycles and 5000 cycles per 

of a Radio Receiver. 

second, although the human ear is capable 
of detecting frequencies both above and 
below these two. 

Audio- frequency transformers consist of 
a primary and secondary winding which are 
wound on an iron core built up from pieces 
of laminated steel. Because of the rela-
tively high frequencies involved, it is the 
general practice to use special grades of 
steel for this purpose. Special silicon 
steel as well as several kinds of alloys 
which have verylowlosses are used. Normally 
these transformers have a greater number of 
windings on the secondary than on the pri-
mary. The ratios generally are about 2 to 
1, or 4 to 1. Very rarely will the ratio 
exceed 5 to 1. 

Of even greater importance than the ratio 
of turns is the impedance of the primary and 
secondary windings. We have not discussed 
impedance to any great extent and will pass 
over it at this time to come back to it 
later. Suffice it to say at this time that 
impedance in an alternating current circuit 
consists of a combination of resistance and 
reactance. The impedance of the trans-
former windings should match that of the 
circuits to which they are connected. Audio-
frequency transformers do not occupy the 
important place in radio and television they 
once did. Improvement by manufacturers of 
amplifier tubes have made circuit designers 
much less dependent upon audio transformers 
than they once were. 

Section 9. INTERMEDIATE FREQUENCY 

Radio and television travels through space 
in the form of electromagnetic waves. These 
electromagnetic waves have a very high fre-
quency. In the case of radio the frequency 
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may be almost any value from about 50,000 
cycles per second up to many hundreds of 
millions of cycles per second. Tele-
vision uses frequencies from a little under 
100,000,000 cycles per second up to many 
hundreds of millions of cycles. 

When the electromagnetic waves passing 
through space strike, and cut across, a 
certain specially arranged part of a re-
ceiver called an antenna, they create tiny 
electrical voltages within the receiver. 
By the use of amplifying vacuum tubes these 
tiny voltages are " amplified", or increased, 
to higher values. 

The electromagnetic waves which pass 
through space, and the tiny voltages they 
create in the antenna of a receiver, are 
called " signals". The word "signal" has, 
through usage, come to mean any voltage 
change impressed upon a vacuum tube which 
can be detected by human senses or by elec-
trical or electronic instruments. 

Because the electromagnetic waves passing 
through space vibrate at extremely high 
frequencies, the voltages they create within 
the receiver are extremely high frequency 
voltages and currents. These high fre-
quency voltages can be amplified by the 
means of vacuum tubes, and the first few 
tubes in a receiver are generally used for 
this purpose. But unfortunately, the ampli-

fying efficiency of vacuum tubes is not 
nearly so great at high frequencies as it 
is at somewhat lower frequencies. To avoid 
the need for an unnecessarily large number 
of amplifying tubes, manufacturers of re-
ceivers usually design them so the extremely 
high frequencies of the radio or television 
signal is changed into a much lower fre-
quency within the receiver. Then this lower 
frequency "signal" can be amplified much 
more efficiently by means of fewer tubes. 
The lower frequency signal is passed from 
one tube to another by means of special 
transformers called "intermediate frequency" 
transformers. These are more commonly 
referred to as " I- F" transformers, or 
merely " I-F's". 

The lower frequency itself is referred to 
as the " intermediate frequency". The reason 
for this name is that the voltages and cur-
rents of the signal passing through these 
transformers are much lower in frequency 
than the radio frequency signal received at 
the antenna, but are much higher than the 
"audio" frequencies which reach the loud-
speaker or the "video" frequencies which 
paint the picture on the picture tube. In 
other words, they are intermediate between 
the high frequencies which first enter the 
receiver and the much lower frequencies 
which emerge at the output of the receiver 
in a form which are perceptible to the 
human senses. 
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I 00,000,000 
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AMPLIFIERS 

AUDIO 

AMPLIFIERS 

20,000,000 CYCLES 100-8000 CYCLES 

INTERMEDIATE 

FREQUENCY 
FOR VIDEO 

VIDEO 
FREQUENCY 
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e.19. Block Diaeram of a Television Receiuer. 
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Fié.20. I-F Coil Forms. 

In order to establish an understandable 
relationship among the several types of 
frequencies it can be mentioned that in a 
common radio broadcast receiver the radio 
signal which enters through the antenna 
will be between 550,000 and 1,600,000 cycles 
per second. The intermediate frequency 
signal will be approximately 165,000 cycles 
per second, which of course is much too high 
to be perceptible to the human ears. The 
audio frequencies will range between approxi-
mately 100 cycles per second and about 5000 
cycles per second. Fig. 18 shows a "block" 
diagram of a radio receiver which locates 
the several frequencies. 

In the case of a television receiver the 
radio frequency may be on the order of 
100,000,000 cycles per second. The inter-

mediate frequency would depend on the manu-
facturer's ideas, but would probably be in 
the neighborhood of 20,000,000 cycles per 
second. The video signal would be in the 
neighborhood of 1,000,000 cycles per second 

while the audio signal would not be greatly 
different from that of a radio. 

Fig. 19 shows a block outline of the re-
lationship of the various frequencies to 
each other in a television receiver. Block 
outlines do not generally give any specific 
information about thethingunder discussion, 
but such diagrams do serve to place the 
general relationship in positions where they 
are more easily understood. 

Section 10. INTERMEDIATE 
FREQUENCY TRANSFORMERS 

The intermediate transformers generally 
consist of a coil form two to four inches 
in length and approximately 1/2 inch to 3/4 
inch in diameter. The form itself can be 
made from a ceramic material, or from 
micarta, polystyrene or hard-pressed card-
board covered with wax. The primary coil 

Fié.21. 1-F Transformers. 

of the transformer is wound on one end of 
the coil form, and the secondary coil is' 
wound on the other end. The number of turns 
on each winding and the distance between 
them is determined by a number of factors 
such as the exact size of the coil form, 
the frequency at which the transformer is 
to be used, and the type of service for 
which it is intended. 

The construction of an I-F transformer is 
a precision operation and calls for all the 
skill of an experienced radio engineer. 
These transformers are generally manu-
factured by companies who specialize in 
that one thing. It is not usually desirable 
nor practical for the average service man 
to attempt to build one for his own use. 
They can be purchased for less than they 
can be built, and the purchased ones will 
generally give better service. 

The coil form, with the coils wound upon 
it, is firmly anchored within a metallic 
"can", or shield. The shield serves two 
purposes. It protects the coil from physical 
damage and makeS it easy to fasten the trans-
former to the receiver's chassis; and it 
provides an electrical and magnetic shield 

Fié.22. Complete I-F Transformer 
with Shield. 
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around the coils themselves. The shield 
prevents the high-frequency electromagnetic 
waves around the coils from radiating out 
into space where they might interact with 
other circuits of the receiver, and further 
prevents stray electromagnetic waves from 
other circuits striking the coils and thus 
setting up interference. 

Intermediate frequency transformers are 
usually designed to pass one certain fre-
quency, or band of frequencies. In the 
case of an I-F transformer for use in a 
radio receiver it would probably be designed 

to pass the frequencies at or near 465,000 
cycles per second, but refuse to respond 
to frequencies higher than about 470,000 
cycles or lower than about 460,000 cycles. 
Such a transformer would readily pass fre-
quencies near 465,000 cycles, and possibly 
even step up their voltage. But the trans-
former would not be affected by signal 
frequencies differing greatly from that 
value. Such a transformer is said to be 
"tuned" to that particular frequency. We 
have not discussed " tuning" yet, but we 
will be studying that fascinating subject 
very soon. 

NOTES FOR REFERENCE 

Transformers can be used to "step up" the voltage between two circuits, or to "step it down". 

The voltage in the primary and the secondary of a transformer is directly dependent upon 
the ratio of the turns on the two windings. 

The voltage in the secondary of a transformer is directly proportional to the ratio of the 
turns on the secondary winding to the primary winding. 

The current in the secondary of a transformer is inversely proportional to the ratio of 
the turns on the secondary to that of the primary. 

Radio and television power transformers frequently have two and more windings on the 
secondary. 

Some television transformers step up the voltage to extremely high values. THESE TRANS-
FORMERS ARE HIGHLY DANGEROUS. ALWAYS USE CARE. 

NEVER WORK WITH A TELEVISION TRANSFORMER UNTYSS YOU ARE ABSOLUTELY CERTAIN THE POWER IS 
TURNED OFF. 

Intermediate frequency transformers serve to link together the various stages in the inter-
mediate frequency section of a radio or television receiver. 

Intermediate frequency transformers can be pre- tuned to one certain frequency, in which 
case it will pass no other frequency. This is a common practice. 
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Section 1. INTRODUCTION 

There are recorded instances of men ex-
perimenting with the electrical properties 
of certain substances almost as far back as 
there is any recorded history. It is 
interesting, almost startling, to note that 
a student in ancient Greece performed some 
experiments more than 600 years before the 
birth of Jesus Christ which involved the 
electrical properties of amber and fur. 
The student was named Thales. He lived in 
the city of Miletus. He demonstrated how 
amber could be rubbed by fur and then would 
attract and hold light substances such 

as thread. 

Thales did not know just what caused this 
action. Like many other men of his day, 
when he discovered something he could not 
explain he attributed the action to one of 
the pagan gods. He attributed the action of 
the amber to a god which lived within the 
amber. It was due to Thale's experiments 
with amber, that electricity obtained its 
name. The word " electricity" is derived 
directly fromtheGreek word meaning " amber". 

Some thirty-five years before the outbreak 
of the American Revolutionary War, in about 
the year 1740, a European scientist got an 
idea that electricity was some kind of 
liquid. He conceived a plan for dissolving 
electricity in water. 

Part of the apparatus designed for the 
experiment was a large glass jar filled with 
water. The bottle was corked, but a metal 
rod went through the cork into the water. 
The experimenter would rub pieces of amber, 

then touch the amber to the metal rod. 
After repeatedly charging the metal rod the 
experimenter could then obtain a distinct 
shock by touching the metal rod. 

This particular experiment never amounted 
to much in itself. But it did lead to 
another experiment which resulted in a 
discovery of considerable importance. Some 
five years after the experiments with the 
bottle of water another experimenter living 

in Leyden, Germany devised a much more 

Fig.1. Types of capacitors commonly used 
in radio and television circuits. 
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Fié.2. Leyden Jar. 

efficient method of storing electricity. In 
the year 1745 he constructed a glass jar 
which was lined on both the inside and the 
outside with metal foil. It was found that 
a respectable electrical charge could be 
built up on the jar. By connecting several 
of these jars together a very strong shock 
could be given a person. 

One of the experirenters, a man named 
Gralath, joined several of these jars to-
gether and was able to produce a shock great 
enough to kill birds. 

A striking example of the power which 
could be stored in these jars was demon-
strated before the King of France. A 
monkish scientist, the Abbe Nollet, charged 
up several of the jars. At the King's 
order 180 guardsmen joined their hands 
together. The Abbe then sent the charge 
through the guardsmen's bodies, causing them 
all to jump simultaneously. The King was 
greatly astonished, and impressed, by the 
demonstration. 

It was only about five years after the 
demonstration of the Leyden jars before the 
King of France that our own Benjamin Franklin 
conducted his experiment with the kite. He 
tipped his kite with a bit of metal, then 
sent it up into the clouds during a storm. 
Electricity from the clouds traveled along 
the wet kite string and jumped from a key 
on the end of the kite string to his finger. 
A direct result of Franklin's experiment 

led to the erection of lightning rods on 
many buildings in thiscountry and in Edrope. 

The Leyden jar is a simple form of a 
device which we now call a "capacitor" or 
"condenser". Franklin was able to obtain 
the transfer of electricity between the 
clouds and the earth because the earth and 

the clouds act like an enormous Leyden jar. 
The earth acts like one ofthemetal coatings 
on the Leyden jar and the layers of electri-
fied gases in the clouds act like the other 

coating. The air of the atmosphere acts 
like the glass of the Leyden jar. This vast 
capacitor of the earth and clouds is always 

charged. Leakage between the two layers 
takes the form of lightning discharges. 

Section 2. CONSTRUCTION 
OF & CAPACITOR 

The Leyden jar, as constructed more than 
two hundred years ago, was remarkably 
similar to the commercial capacitors which 
are in such common use today. The Leyden 
jar consisted of two metallic conductors 
separated by a non-conductor (dielectric). 
The glass of the jar was the non-conductor, 
which in the case of modern capacitors is 
usually referred to as the " dielectric 
material", and the metal foil was the 
conducting material. A modern capacitor is 
very similarly constructed. It consists of 
two conducting surfaces separated by a 
non-conducting material. 

Fig. 5 illustrates the essential features 
of every capacitor. The two metallic plates 
are connected to " pigtails" by means of 
which the capacitor can be tied into the 
electrical circuit. These pigtails are very 
similar to those used for the same purpose 
on resistors, and consist of short pieces of 
wire just long enough to make the necessary 
connections with other elements of an 
electrical circuit. 

The metal plates may be made of almost any 
conducting material. The exact material 
which may be selected for any specific 
capacitor will depend upon the use to which 
the capacitor is to be put. Aluminum, 
aluminum foil, tin foil and copper are the 
most commonly used materials. 

The shape of the capacitor may take almost 
any form which will satisfy the needs of the 
manufacturer or the user. The metal may re-
main in flat sheets or may be rolled up into 
cylinders, or made into almost any other 
shape which may be necessary or convenient. 
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Fi.3. Shocking ability of Leyden jar being demonstrated before the King of France. 

The dielectric material, likewise, may 
vary widely. The exact kind which is 

selected will depend upon the purpose for 
which the capacitor will be used, the cost, 
the voltage, and the requirements of size. 

Air, waxed paper, mica, glass, porcelain, 

and sometimes rubber and a few of the newer 
plastics are the materials most generally 
used as dielectrics in commercial capacitors. 

A special type of capacitor which is 
widely used in radio and television work, 
called the " electrolytic capacitor", uses a 

dielectric formed by chemical action. At 
least one, and usually more, electrolytic 
capacitors will be found in nearly every 
electronic device. It is such an important 
type we will discuss it separately from the 
other general types. 

Inside the capacitor proper the non-
conducting dielectric material is placed 
so it will completely insulate the two metal 
surfaces from each other. This usually 
means the surface of the dielectric is 
slightly larger than the surface of the 
metal plates. 

Very frequently both the metal and the 
dielectric will be flexible materials. 
Examples of this would be a paper dielectric 
and a conducting surface of tin foil or 

aluminum foil. When materials such as these 
are used they can both be cut into long 
strips, then rolled into a small, compact 
cylinder. Fig. 6 shows how the paper and 
the foil are cut into strips. There is 
first laid down a strip of the paper, then 
a strip of the foil ( cut slightly smaller) 
is placed upon the paper. Next a second 
strip of paper is laid upon the foil. 
Finally the second strip of metal foil is 
placed upon the second strip of paper. 

Pigtails are attached to each of the 
strips of metal foil. One pigtail extends 
from one side of the foil and the other 
pigtail extends from the other side of the 
other foil. The arrangement of the strips 
of paper, the strips of metal foil and the 
pigtails are shown in Fig. 7. The entire 
mass is then rolled into a tight roll. The 
paper is fastened securely to prevent it 
from unrolling. Sometimes a cylindrical 
cover of tougher paper is placed around the 
mass and glued into place. Finally the 
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Fie.4. The earth and clouds form a huge capacitor. 

completed capacitor is dipped into a special 
electrical wax. This seals out the air and 
moisture and is a big factor in extending 
the life of the completed capacitor. This 
type capacitor is usually referred to by 
radiomen and the radio trade as a " paper 
capacitor." They are very widely used in 
all types of radio and television receivers. 

Section 3. WHERE CAPACITORS ARE USED 

The first introduction to the construction 
of a capacitor often causes one to wonder 

Fiê.5. Essential details of a capacitor. 
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just what part such an insignificant appear-
ing piece of apparatus could play in the 
operation of a radio or television receiver. 
Before going into the explanation of what a 
capacitor does in a radio or television 
circuit we will make the flat statement that 
capacitors are so important that without 

them we could have no such thing as radio 
or television. They are vital to both the 

transmission and the reception of radio and 
television. Do not allow their insignifi-
cant appearance to fool you. The better you 
understand the operation and functioning of 

capacitors the better you will be able to 
understand the operation of all radio and 
television circuits. The more skilled you 
will be in this field. 

Section 4. WHAT CAPACITORS DO 

We have previously mentioned that in some 
radio and television circuits we would find 
both direct current and alternating current 
flowing. We went even further and said that 
in some of those circuits there would be 
alternating currents of more than one 
frequency -- one or more operating at high 
frequencies and possibly one or more others 
operating at lower frequencies. 

By the very nature of radio and television 
these situations cannot be avoided. In 
fact, the very existence of radio and 
television depends upon the fact that these 
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Fié.6. Foil and paper for a paper 
capacitor. 

things can happen. As an example of this we 
will repeat something which was mentioned 
before -- the radio frequencies which are 
capable of being radiated out into space are 
far too high to be perceptible to the human 
senses, and the low frequencies which we can 
hear are far too low to be radiated. In 
order to broadcast speech, music and other 
sounds which are audible to the human ears 
these sound frequencies must be skillfully 

mixed with the higher radio frequencies 
which can be radiated. 

In the receiver then, whether it be radio 
or television, these two frequencies must be 
separated from each other. The capacitor 
plays a vital role in performing this 
function. But, this is only one of the many 
things capacitors do. 

Since the two metal plates of the capaci-
tor are separated from each other the 
natural reaction of a person being intro-
duced to it for the first time is that such 

a device can be of little value of an 
electrical nature. It is because of the 
fact that the two metal plates do not touch 
that enables a capacitor to perform one of 
its important functions; prevents the 

passage of direct current. 

But in the case of alternating currents 
we have another situation. A capacitor 
apparently risses alternating current. Note 
that we say " apparently" passes. For all 
practical purposes a capacitor does " pass" 
alternating current, and all experienced 
radio and television men speak of capacitors 

as passing alternating currents. Perhaps 

Fié.7. Row a paper capacitor is 
assembled. 

from a strictly technical viewpoint no 
current actually passes completely through a 

capacitor but the fact that it apparently 
does makes the capacitor an extremely useful 
device. We will discuss this in detail and 
completely clear up what may seem a confus-
ing situation. 

Section 5. HOW CAPACITORS OPERATE 

When the experimenters back in Leyden, 
Germany were fooling around with their jar 
they did not know just what they were doing. 
It was only by the sheerest chance they 
stumbled upon something which has proven to 
be of immense value all down through elec-
trical history. 

Fié.8. Paper capacitor. 
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When the metal foil was first placed on 
the inside and the outside of the glass jar 
it is reasonable to assume the number of 
electrons per unit of metal material was the 

same on the inside as the outside. In other 
words the two sheets of' metal foil were at 
the same electrical potential -- no voltage 
existed between them. In any event no 
attempt was made to change the electrical 
potential between the metal foils during the 
course of the construction of the device. 

It was only after the jar was completed 
that any attempt was made to " charge" it. 
This was done by rubbing a piece of amber -. 
and touching it to the metal rod leading 
to the foil on the inside, or by touching 
the amber directly to the metal foil on the 
outside of the jar. Touching the amber to 
one of the plates changed the number of 
electrons in the metal foil. •.;, This resulted 
in one of the sheets of' metal foil having 
more electrons than the other sheet -- or 
you could say that it resulted in one of the 
sheets having less electrons than the other. 
The end result amounts to the same thing. 

Now let's take a look at the dielectric, 
the non-conducting material which forms 
the insulation between the plates. It is 
interesting to note just what is taking 
place in the dielectric material as a 
result of the unbalanced condition of 
the electrons on the metal plates of the 
capacitor. 
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It should be recalled that an insulator is 
some substance whose electrons are bound so 
tightly to the nucleus they are not free to 
move from one atom to another as in the case 
of conducting materials. But that does not 
mean the electrons in an insulator are com-
pletely unaffected by electrical potentials. 

It is impossible to show what happens to 
all the electrons, and each nucleus, which 
go to make up an atom of the material in 
a dielectric when placed between two metal 
plates at the time an electrical potential 
exists between them. But we can examine the 
case of one nucleus. 

In Fig. 9 is shown the cross-section of a 
hypothetical capacitor. Each metal plate 
has the same number of electrons. At the 

instant shown there is no potential differ-
ence between the two plates. In the dielec-
tric is shown the nucleus of one atom with 
its electrons arranged symmetrically around 
the nucleus. This is the way the electrons 
will be distributed on the plates and within 
the dielectric material when the capacitor 
is not charged. 

In Fig. 10 we see what happens when a few 
extra electrons are forced onto the metal 
plate at the right as the result of the 
pressure of an external voltage. We speak 
of any voltage or circuit outside the 
capacitor itself as being external. The 

11. 

electrons move along the wire leading to the 
metal plate. The excess electrons on the 
right hand plate affect the electrons 
surrounding the nucleus of the atom in the 

dielectric. 

The electrons are bound so tightly to the 
nucleus they cannot actually move away from 
the nucleus, but they can be distorted in 
their orbit to the extent that they move 
away from the excess number of electrons on 
the right hand plate. The electrons are 

reluctant to move. They only do so because 
they are repelled by the excess of electrons 
on the metal plate. They will remain in 
this distorted position only so long as they 
are repelled by the excessive number of 
electrons on the plate. They keep straining 
to return to their normal position. This 
strain takes the form of a voltage which 
tends to oppose the external voltage. 

If the external voltage is increased and 
more electrons are forced onto the right 
hand metal plate the electrons around the 
nucleus will be moved even farther around in 
their orbit. The more electrons there are 
in the metal of the plate the farther the 
electrons in the atoms of the dielectric 
will be distorted in their orbits. But the 
farther they are distorted the more they 
will strain to get back into their proper 
positions. This is shown quite clearly in 
Fig. 11. 
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It should be noted that as the electrons 
in the dielectric material are distorted 
by moving toward the left, they, in turn, 
tend to repel the electrons in the metal 
of the left hand plate. The electrons in 
the metal are reasonably free to move, and 
this they do by moving along the wire which 
is connected to the left hand metal plate. 

In other words, as electrons from the 
external circuit move toward the right hand 
plate along the wire which is connected to 
that plate they cause the electrons in the 
dielectric to become distorted in their 
orbits. The movement of these electrons in 
the dielectric then cause some of the 
electrons in the left hand plate to move 
away from that plate, along the wire to 
which it is attached, toward the external 
circuit. 

If a meter were placed in the wire leading 
to the right hand plate and another meter 
were placed in the wire leading to the left 
hand plate, it would be found that as a 
current of electrons flowed in the wire to 
one plate an equal current would flow away 
from the other plate. Fig. 12 shows a meter 

12. 

in each wire leading to the plates of a 
capacitor. At A no current is flowing in 
either direction. At B a current is flowing 
from the right toward the left. At C a 
current is shown flowing in the opposite 
direction. The main point to be remembered 
is that the same amount of current will be 
flowing in each wire at the same time, and 
it will be flowing in the same direction. 

It is rather obvious that this condition 
could not continue indefinitely. The 
question is just how long can electrons 
continue to flow onto one plate of a capaci-
tor and away from the other plate of the 
capacitor? 

To answer this question we must turn our 
attention again for a moment to the electri-
cal strain, or stress, which has been set 
up in the dielectric. It takes an external 
voltage to distort the electrons in their 
atomic orbits within the dielectric. This 
distortion is itself a form of voltage which 
is striving to get the electrons back into 
their normal position. If 50 volts are 
applied to the external circuit the electrons 
within the dielectric will be distorted just 
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enough that their straining to regain their 
normal position will amount to exactly 50 
volts. If more voltage is applied to the 
external circuit, say it is raised to 75 
volts, then the electrons in the dielectric 
will be distorted a little farther until 
their straining to get back will amount to 
75 volts. If the external voltage is raised 
to loo volts then the strain within the 
dielectric will rise ta 100 volts. 

When a voltage is first applied to the 
external circuit leading to a capacitor, 
electrons will flow onto one plate until the 
strain in the dielectric increases to a 
value, which balances out the externally 
applied voltage. When the voltage strain 
within the dielectric balances out the 
externally applied voltage, electrons will 
cease to flow onto the metallic plate. 
So long as the external voltage remains 
at the same value no electrons will flow 
in or out of the connecting wires leading 
to the metal plates. But, should the exter-
nal voltage be decreased then voltage 
strain within the dielectric will operate 
to force some of the excess electrons from 
the plate, and an electron current will flow 
in the opposite direction to that which 
took place when the external voltage was 

first applied. 

As an example of how this would work in 
actual practice let us look for a moment at 
Fig. 13. Here we have an uncharged capaci-
tar, a battery, an open switch and enough 
wire to connect these things into a series 
circuit. The capacitor is not charged at 
this time but we have an external voltage 
available in the form of the battery which 
we can use to charge thecapacitor any timewe 

close the switch. 

10 VOLTS 

W VOLTS 
+ — 

Fig. 14. 

In 1.1g. 14 the switch has been closed. 
The battery causes electrons to flow through 
the switch and the wire leading to the right 
hand plate of the capacitor. The electrons 
moving onto the right hand plate of the 
capacitor sets up a dielectric strain within 
the dielectric between the two plates of the 
capacitor. As the strain is set up it 
forces electrons from the left hand plate 
into the connecting wire which leads to the 
positive terminal of the battery. Electrons 
flow onto the right hand plate of the 
capacitor until the strain in the dielectric 
of the capacitor reaches a value of 10 
volts. Then electrons cease ta move in any 
part of the circuit. 

Now if the switch should be opened, as 
in Fig.15, the battery would no longer 
be applying any external voltage to the 

VOLTS 

Pté.15. 
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capacitor and it might be thought the strain 
within the dielectric of the capacitor would 
be relieved. But, remember, the strain is 
caused by an excess number of electrons on 
the right hand plate of the capacitor. 
These electrons are still there even though 
the external voltage has been removed. 
There is no way for them to get off. The 
circuit is open. 

The battery and the switch can be com-
pletely removed from the capacitor as in 
Fig. 16, but the capacitor will continue to 
hold its charge of ID volts. The excess of 
electrons will still be on the right hand 
plate. The internal dielectric strain will 
still remain. This charge will remain for 

FiÉ.18. Current flow as alternating 
voltage is anplted to the plates of a 

capacttor. 

Yig . 1 7. 

an indefinite period of time, depending 
upon the construction of the capacitor and 
the type of dielectric. Some capacitors 
will retain their charge for only a few 
seconds or a few minutes; others will retain 
their charge for days. 

If the two wires leading to the plates of 
the charged capacitor are brought together 
as in Fig. 17 a complete circuit will be 
created by means of which the excessive 
electrons on the right hand plate can make 
their way around to supply the deficiency 
of electrons on the left hand plate. When 
this happens the strain will be removed from 
the dielectric and the capacitor can be said 
to be discharged. When the two wires are 
brought together a spark will usually result 
at the point where they are brought into 
contact. 

Section 6. ACTION OF CAPACITORS IN 
ALTERNATING CURRENT CIRCUITS 

It might be argued that the action of a 
capacitor when used with a battery is all 
very interesting, but of what practical 
value is it? True, a current will flow in 
the circuit to the capacitor while the 
capacitor is charging up, but it only takes 
a fraction of a second to charge up the 
average capacitor. When the capacitor is 
fully charged all current ceases to flow in 
the external circuit; the capacitor is then 
almost like an open circuit. 

All this is true enough when the source of 
voltage is a battery. But suppose the 
voltage source is an alternating voltage as 
in Fig. 18. At the instant shown in Flg. 18 

• 

• 
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Fié.19- Current flow after the voltage 
is reversed. 

the voltage is in the direction shown by the 
arrows. Electrons will be moving onto the 
right hand plate of the capacitor in much 
the same manner as when the capacitor was 
being charged by the battery in Fig. 14. As 
in the case of the battery, it will probably 
take only about 1/50 or 1/60 of a second, 
possibly less, for the capacitor to become 
fairly well charged. But suppose that by 
the time the capacitor has become charged, 
or even slightly sooner, the polarity of the 
alternating voltage has reversed itself. 
Such a situation is shown in Fig. 12. When 
this happens the capacitor will discharge 
itself, the electrons on the right hand 
plate will flow back into the external 
circuit, and an instant later an excessive 
number of electrons will gather on the left 
hand plate charging up the capacitor just 
opposite to what it was the instant before. 

Since alternating current is constantly 
flowing first in one direction then the 
other, the electrons will flow onto first 

one plate of the capacitor, charging it up 
in one direction; then the next instant 
reversing themselves and flowing onto the 
other plate, charging the capacitor up in 
the reverse direction. This action takes 
place over and over, many times a second. 
Since the electrons flow onto one plate for 
an instant and out from the other, then 
reverse themselves and flow in the other 
direction, alternating current appears to 
flow right through the capacitor, almost as 
though it were not there. 

Sometimes this action can be understood a 
little more clearly when its operation is 

compared with that of water in a pipe. In 
Fig. 20 we have a water pump connected with 
a closéd pipe circuit In the pipe circuit 
is a sphtrie within which is a flexible 
diaphragm. The sphere is very similar to an 
electrical capacitor, with the diaphragm 
duplicating the action of the dielectric of 
the capacitor. The diaphragm will not allow 
any water to actually pass all the way 
through the sphere, but since the water is 
flowing back and forth in response to the 
pressure of the pump the water appears to 
flow right through the sphere. This action 
can be followed a little more clearly by 
studying Figs. 21 and 22 along with Fig. 20.. 

Section 7. CAPACITY 

The amount of electricity a capacitor 
can hold, or store, is determined by its 
capacity, ln determining capacity we must 
learn two new electrical terms, or units 
of measure. 

Earlier in our studies we mentioned that 
electrical current flow in a conductor was 
generally measured as the rate of flow of 

electrons. This was compared with gallons 
of water per minute which might flow in a 
pipe, or more nearly similar, the speed in 
knots of an ocean vessel. All this is true. 

Normally we are far more interested in the 
rate at which electrons flow in a circuit 
than we are in exactly how many flow during 
a particular period. But there is a unit 
for measuring the quantity of electrons just 
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as a gallon is a unit for measuring the 
quantity of water. When an electrical 
current is flowing in a circuit at the rate 
of one amnere, one coulomb of electrons will 
pass any given point in the circuit during 
one second of time. 

Except for strictly scientific measure-
ments the coulomb is seldom used by electri-
cal or radio men. Neither is it commonly 
used by technicians working with television. 
Nevertheless it is a definite unit of 
measurement, and it is well to know exactly 
what it is. The number of electrons which 
are needed to make one coulomb, staggers the 
imagination. The number is so large few of 
us can actually visualize it. One coulomb 
is equal to 6,280,000,000,000,000,000 
electrons. Radio men would write this 
number as 6.28 X 1018 . This is a form of 
arithmetical sho rthand. 

The coulomb is also used as a standard for 
measuring the capacity of capacitors. Any 
capacitor which is capable of storing one 
coulomb of electricity is said to have a 
capacity of one farad. Thus the farad is 
the unit of capacity. This unit was named 
in honor of Michael Faraday, the great 
scientist who contributed so much to the 
advancement of electrical knowledge. 

Since a capacity of one farad must be 
large enough to store one coulomb of elec-
tricity it is understandable that a farad 
is a very large unit. It is so large in 
fact that it is seldom, if ever, used in 
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actual practice. The micro farad, which is 
one-millionth of a farad is the most common 
unit for measuring capacity. Nearly all 
capacitors are rated in microfarads unless 
they are very small. In that case they will 
be rated in mtcromtcrofarads, which is one-
millionth of one-millionth of a farad. At 
first acquaintance microfarads and micro-
microfarads may seeni just a little confusing, 
and unnecessarily complicated. But you will 
soon find yourself working with them so 
frequently you will forget there was a time 
they seemed strange. 

The amount of electricity a capacitor can 

store -- its capacity -- depends upon 
several things. One important factor is 
the area of the metal plates. The larger 
n area the flat surfaces of the plates the 
reater will be the caaacity. The dielectric 
as a very important bearing upon the 

capacity of a capacitor. If two plates with 
a certain given area has a capacity of 1 
microfarad when air is the dielectric, they 
will have a capacity of 31! microfarads if 
dry Kraft paper is the dielectric. If 
porcelain were the dielectric the capacity 
would be increased to 7 microfarads, and if 
Mica, the capacity would be increased to 
about 8.7 microfarads. All of this assuming 
e plates remained the same distance apart 

in each case. 

The distance the plates are spaced apart 
also plays an important part in determining 
the capacity of a capacitor. The farther 
the plates are apart the less will be the 
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capacity. Thus it can be seen that three 
things play leading roles in determining the 
capacity of a capacitor; the size of the 
plates -- the distance between them -- and 
the type of dielectric. 

In addition to the amount of electricity 
which can be stored in a capacitor there is 
the factor of voltage breakdown. If the 
plates are too close together-- that is, if 
the dielectric is too thin -- there is 
danger the dielectric will be punctured and 

the electricity will arc over between the 
plates if the voltage is too high. Thus it 
can be seen that reducing the thickness of 
the dielectric increases the capacity, but 
it also lowers the maximum voltage which can 
be impressed across the capacitor. In 
selecting a capacitor for arty job, therefore, 
it is necessary to know the voltage it must 
withstand as well as the capacity it must 
have. Capacitors are built in many values 
of capacity and many different working 
voltages. If the working voltage is low, a 
large capacity can be packed into a very 
small size. But if the working voltage is 

high the physical size of a capacitor having 
the same capacity might need to be quite 

large. Usually the best capacitors are 
those which use mica as a dielectric. Mica 
can provide large capacity in a small space 
and will withstand a very high voltage 
before breaking down. Mica capacitors have 
the disadvantage, however, of being consid-
erably more expensive than paper capacitors 
having the same value. 

Section 8. CAPACITIVE REACTANCE 

Although alternating current appears 
to flow through capacitors without much 
trouble, there is, nevertheless, some 

/ opposition to such current flow. This 
(-"opposition is called capacitive reactance  to 

distinguish it from resistance and inductive 
reactance. The exact amount of opposition, 
or capacitive reactance, any given capacitor 
will present ta an alternating current will 
depend upon several things. The capacity of 
the capacitor has a definite bearing on the 
reactance. The higher the capacity the less 
the opposition, or reactance. 

This is understandable when a little 
thought is given to the way a capacitor 

charges up and then discharges, as an 
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alternating voltage is applied to it. When 
an external voltage is applied to the plates 
of a capacitor, electrons will start flowing 
onto one of the plates. When these electrons 
first start gathering on the plate they meet 
little opposition. But as more and more of 
them congregate on the plate a strain is 

Flé. 25. 
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built up within the dielectric. The more 
electrons on the plate the greater the 
strain on the dielectric, and the greater 

the strain the higher the opposition voltage 
becomes. This continues until a point is 
reached where the voltage strain within the 
dielectric equals the external voltage. 

Where the electrons could flow onto the 
plate at the beginning with little opposi-
tion they will meet more and more opposition 
as the strain on the dielectric becomes 
higher and higher. 

This can be said another way. At the 
instant the alternating current begins to 

charge the capacitor there will be no 
internal voltage within the capacitor. 
As the result of this a very small voltage 
will be sufficient to send a tremendous 
current of electrons toward the plate of 
the capacitor. 

But this situation can last for only the 
very tiniest fraction of a second. The very 
instant any excess electrons reach the plate 
of the capacitor the dielectric will begin 
setting up an internal voltage to oppose 
the entrance of the electrons. For this 
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Fie. 26. Dielectric material affects the cap-
acity. Air is generally considered unity. 

reason the magnitude of the current will 
fall off very rapidly. See how this works 
out on a chart. Fig. 28 shows two graphs, 
both having the same time base. As the 
external voltage starts to rise on the top 
chart it will cause a very large current 
on the bottom chart.. This is shown on the 

bottom chart as " maximum current". 

Before the voltage has been increasing 
for more than 1/480 of' a second it has risen 

to about half of its peak value. But the 
rush of electrons to the plate of the 
capacitor has set up so much opposing 
voltage strain within the capacitor the 
electron current has been reduced more than 
half. All this happens during the first 
1/480 of a second of the voltage cycle. 

By the time the voltage has risen to 100 
volts -- its maximum amount — the internal 
voltage within the capacitor has become so 
great it prevents any more electrons from 
entering the plate. The chart, therefore, 
shows that as the voltage on the top chart 
reaches 100 volts the current entering the 
capacitor has been reduced to zero. 

The chart shows the voltage going :Ln the 
negative direction but no attempt has been 
made to show the current in the negative 

,...- direction. You can draw it in by completing 
the sine wave. 

Fig.27. The closer the plates to each other, 
the greater the capacity. 

When the voltage again starts in the 
positive direction 1/60 of a second after 
the beginning of the chart it will be seen 
that the current is again maximum in that 
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Fig.28. The relationship of the current 
flowing into a capacitor as the result 

of a changing voltage. 
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Fié.29. Capacity affects the opposition 
offered to alternattné current -- the 
more canactty the less opposition. 

direction. It again starts declining toward 
zero immediately after the beginning of the 
second voltage cycle. 

If the capacitor is quite large and has a 
high capacity the electrons can flow onto 
the plate for a considerable period of time 
before the opposition becomes very great. 
But if the capacity is less, the opposition 
to the electron flow will become quite high 
very rapidly. .For example, a capacitor of a 

Fié.30. The htéher the frequency the less opposition. 

given size might allow electrons to flow 
onto the plate for perhaps 1/30 of a second 
before the opposition became very great, but 
if the capacity of the capacitor was greatly 
reduced the opposition to the flow of' 
electrons might become great enough to stop 
their flow within 1/100 of a second. 

To allow the alternating current to flow 
freely through a capacitor the capacitor 
should have enough capacity to allow the 
current to flow in and then start reversing 
before the voltage within the capacitor 
becomes great enough to present any serious 
opposition. Thus it can be said that the 
larger the capacity of a capacitor the less 
will be its opposition to the flow of alter-
nating current. As a matter of fact, in 
most actual circuitsthecapacibars generally 
do present a measurable amount of opposition, 
or reactance, to the flow of current. But 
the smaller the capacity the greater the 
opposition, or reactance. 

The frequency of the alternating current 
also has a distinct bearing on the amount of 
opposition it will meet in any given capaci-
tor. If an alternating current circuit has 
a frequency of 100 cycles per second it will 
flow into a capacitor for 1/200 of a second 
before it starts reversing. The longer it 
flows in, the greater will become the 
opposition. If the frequency is increased 
to 29a cycles per second the current will 
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flow into the capacitor for only one-half 
as long, or 1/400 of a second. Thus it 
will flow in, and then reverse before the 
opposition builds up to any great value. 

From this it can be seen that two things 
are important in determining the opposition 
any given capacitor will present to the 
passage of alternating current. One is 
the capacity of the capacitor, the other 
is the frequency of the alternating current. 

Electrical engineers have worked out a 
special formula by means of which the ca-
pacitive reactance of a capacitor can be 
worked out very easily. It is something 
else you will find quite useful in your 
no tebook. 

The symbol for capacitive reactance is Xe. 
The X is for reactance and the subscript is 
to show the reactance is capacitive and not 
inductive. The capacity is represented 
by the letter C, and the frequency by the 
letter f, just as with inductive reactance. 
The unit for measuring capacitive reactance 
is the ohm. Thus the formula becomes: 

Xe 1 
2n fC 

Section 9. THE FORMULA 

To demonstrate just how this formula 
applies to a practical problem suppose we 
have occasion to find out the capacitive 
reactance (or opposition) of a 1 microfarad 
capacitor at 60 cycles. It is important to 
remember that the formula applies to capaci-
ty in farads, not microfarads or micro-
microfarads. It also applies to frequency 
in cycles, not kilocycles or. megacycles. 

Whenever any capacitor is placed in an 
A- C circuit it will tend to oppose the 
passage of the current. But, it is im-
portant to remember that it will not oppose 
all such currents to the same extent. The 
degree of the opposition will depend upon 
the frequency and upon the capacity. We 
discussed the matter of frequency as it 
applies to alternating current a couple 
of lessons back and it is not believed you 
will have any trouble understanding what we 
mean when we mention the term: Frequency. 
But to refresh your memory we will repeat 
that the tendency of alternating current to 
flow in one direction for a certain length 
of time, then reverse itself and flow in 

the other direction, is directly related 
to frequency. The number of times the cur-
rent goes through the complete cycle of 
reversing itself each second is referred 
to as its frequency. 

Now to get back to our problem of learning 
how to figure the capacitive reactance (op-
position) of' a given capacitor when the size 

of the capacitor is known and the frequency 
at which it is used is known. If we study 
the basic formula for capacitive reactance 
for a few moments, we soon become aware of 
the fact that two of the values in the 
formula are fixed and two are variable. 
The figure / above the line is always the 
same (unless for some reason we decide to 
multiply both the top and the bottom values 
by the same number for some purpose), and 
the 2rt is always the same. The 2TE is rough-
ly equivalent to 6.28. 

The only values in the formula, then, 
which ever change are those of the frequency 
and of the capacity. 

Now let's see just how all this applies 
to the specific problem we mentioned above. 
The formula, as we have mentioned before, 
reads: 

Xc 1  
2nfC 

The thing we usually want to find is the 
capacitive reactance, or the opposition, 
of some specific capacitor to the flow of 
alternating current. This capacitive reac-
tance is the Xe in the formula. 

The amount of opposition presented by the 
capacitor depends upon the frequency (f), 
the capacity of the capacitor (C), and the 
constants. C in this formula is in FARADS, 
remember. Not microfarads. 

The symbol n (pronounced "Pi") originated 
over 1000 years ago with the Greeks who were 
trying to determine the relation between the 
circumference of a circle and its diameter. 
They cut a solid sphere in two and took a 
tape and measured from side to side to get 
the diameter. Once they knew the diameter 
they wanted to learn (by practical means) 
what relation there was between the circum-
ference of the sphere and its diameter. 
They accomplished this by taking the same 
tape and wound it around the sphere (or 
ball) and found the circumference was 3.14 
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times its diameter. Through a large number 
of experiments with various size balls they 
found the ratio between the diameter and 
the circumference - 3.14 - is always the 
same, whether the sphere (or circle) is 
1 inch or 1 mile in diameter. In other 
words, the length of the circumference of 
a circle is always 3.14 times the length 
of its diameter. 

Electrical men learned long ago that they 
could apply this same relationship of it (Pi) 

to their own calculations when they had to 
work with the constantly reversing currents 
encountered in alternating current work. 

There are TWO reversals of the current 
for each cycle, so in our formula we must 
use the value of a it twice, thus the 2n. 
This gives us a constant value of 6.28 and 
it is a value we will use countless times 
in our electrical work. 

f in the formula is the frequency, and 
in this particular problem is 60, since 
there are 60 cycles in the circuit under 
discussion. 

C is the capacity, and is 1 microfarad. 
(When converting microfarads to farads, re-
member that ONE MICROFARAD is one-millionth 
of one farad (. 000001 farad). In other 
words, there are one million (1,000,000) 
microfarads in ONE FARAD. "Micro" means 
"millionth". 

We can sum up all of this in the following 

manner: 

X 1  
e 2nfC 

2rz = 2 x 3.14 which equals 6.28 ( as 
explained above.) 

f = frequency. In this case it is 60 
cycles. (Frequency is always expressed 
in CYCLES, not kilocycles or megacycles.) 

C = the capacitance of the capacitor. 
(In this case it is . 000001 farad.) 

Our first step is to substitute the numeri-
cal values for the letters in the formula. 

Step #1. Substituting for 2n gives us: 

Xe 
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=  1  
6.28 

Step #2. Substituting for f will give us: 

1 
xe 6.28 x 60 

Step #3. Substituting for C will now give 
us: 

Xe 1 
6.28 x 60 x . 000001 

Step #4. Multiply 6.28 x 60. This will 
give us 376.8. (We can round this off 
to 377.) 

Step #5. We now find that we have: 

Xe 
1 

377 x . 000001 

Step *6. We will now multiply 377 x .000001. 
This will give us . 000377. 

Step # 7. We now find we have: 

Xe 
1  

.000377 

Step #8. There are several things we could 
do here. The best thing would be to get rid 
of the decimal fraction. You will recall 
from your grade school arithmetic that we 
can always multiply both sides of a fraction 
by the same number and it will not change 
the value of' the fraction. 

In this case we could multiply both sides 
of the fraction by 1,000,000. Then the 
value of Xe would look like this: 

Xe 
. 1,000,000 

377 

Step *9. Now all we have to do to find the 
value of' the capacitive reactance is to 
divide the denominator (377) into the numer-
ator (1,000,000) in accordance with the 
rules for simplifying fractions which you 
learned in grade school. This is a simple 

problem in long division as shown at the 
top of the following page: 



2,652 
377 /1,000,000 

754 I/ 
24 
2262f 
1980 
1885  

95 
754 

Therefore, Xc = 2,652 ohms. 

We suggest that you study the information 
contained here very carefully, as we believe 
it will help you to obtain a better under-
standing of the formula, and how to solve 
the many problems you will be constantly 
running into in your daily work in radio 
and television. 

Section 10. COLOR CODE FOR CAPACITORS 

Because of the many frequencies which 
are used in radio and television work it 
follows that many different kinds of capaci-
tors will find applications in such work. 
Most of the higher voltage capacitors and 
the higher capacity capacitors have suf-
ficient physical size that it is readily 
possible to print directly on their surfaces 
such information as is needful for the user 
to know. (See Fig. 8.) The capacity is 
usually printed in microfarads or in decimal 
fractions of a microfarad. In the same 
manner, the voltage rating of the capacitor 
is also printed on the capacitor so it is 
easily readable. 

Many of the capacitors used with the 
higher frequencies, however, have rela-
tively little capacity. As a consequence 
the physical size of such capacitors is 
often quite small. Because of such small 
size it becomes increasingly difficult 
to print the necessary information on the 
surface of the capacitor so it can be de-
ciphered. 

To overcome the difficulty of trying to 
provide the necessary information regarding 
the capacity and the voltage breakdown 
rating of the capacitor the manufacturers 
of these components have resorted to the 
color code used by the manufacturers of 
resistors. In most respects the color code 
used to rate capacitors resembles very 
closely the code used to rate resistors. 
The individual colors represent the same 
individual digits. 

Brown 1 
Red 2 
Orange 3 
Yellow 4 
Green 5 
Blue 6 
Violet 7 
Gray 8 
White 9 
Black 0 

The actual use, or application, of the 
colors to convey the needed information 
differs slightly. This is partly due to 
the fact that more information is usually 
needed to properly rate capacitors than 
is needed to rate resistors. Another dif-
ference results from the fact that many 
capacitors have a different physical shape 
than resistors have. This makes it neces-
sary to alter the use of the colors in a 
minor respect. 

The manner in which the colors are placed 
on the face of the capacitors follows two 
general patterns. In one of the patterns 
the colors are imprinted on the face of the 
capacitor in the form of a series of colored 
dots. (See Fig. 1.) The other capacitor, 
which is tubular, has the colors imprinted 
on the capacitor in the form of several 
rings which encircle the body of the ca-
pacitor. The appearance of the latter type 
of capacitor resembles that of a large re-
sistor so closely many technicians are 
occasionally fooled. A little experience 
is usually enough to avoid such mix-ups. 

Since color-coding of capacitors was first 
applied to mica capacitors we will discuss 
them first. Even with mica capacitors the 
method followed in using color to describe 
the characteristics of the capacitors is 
not exactly uniform. In fact, two general 
systems or methods of color- coding are 
followed. pile of the systems or methods 
uses three colored dots as shown in Fig. 1, 
while the other system uses six colored 
dots. Both systems will be described. 

Mica capacitors are usually formed in the 
shape of a small, relatively thin piece of 
rectangular or square plastic. The color 
of the outer cover is usually dark brown 
or yellowish tan, but there is occasionally 
some variation from this. The size of the 
capacitor is usually slightly less than 
one inch square and less than a quarter 
inch thick. But here, again, we often find 
some variations. 
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Fig.31. 

Those mica capacitors which use the three-
dot system of marking usually have the 
three dots arranged in a straight row and 
enclosed within an arrow engraved into the 
face of the plastic covering of the capaci-
tor. In appearance the markings look 
something like Fig. 31. 

To read the value of the capacitor it is 
turned around until the arrow points toward 
the right. After this has been done the 
colored dots are read from left to right. 
That is, the colored dots are read starting 
at the tail of the arrow and reading toward 
the head. 

In the three- dot system of marking the 
same method is followed as is used to mark 
the resistance of resistors. The first dot 
(nearest the tail) designates the first sig-

nificant figure of the capacity value, the 
second dot ( the middle one) indicates 
the second significant figure of the ca-
pacity value, while the third dot (nearest 

the head of the arrow) designates the number 
of zeros. This is just like reading the 
resistance color code. 

FL. 32. 
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For example, suppose the dots on a mica 
capacitor were arranged as shown in Fig. 32. 

The significant figures indicated by the 
colored dots then would be 2 - 5 - 000, or 
25000. The next question is: 25000 what? 

Since the color code is used with capaci-
tors to mark only those which have small 
capacity it follows rather naturally that 
some very small unit of measurement is 
probably employed. This is true. The unit 
used for measuring these small capacity 
capacitors is the micromicrofarad. 

From this it follows that the figure 
"25000" arrived at above is now understood 
to represent 25000 micromicrofarads. This 
can be converted into microfarads by di-

Fig. 33. 

viding by 1,000,000. By doing so we quickly 
find that 25000 micromicrofarads is equal to 
.025 microfarads. 

The other system used to color-code flat 
mica capacitors is the six-dot system. (See 
Fig. 33.) No arrow is generally used with 
this method. The positioning of the capaci-
tor for the purpose of reading the capacity 
value is done by moving the capacitor around 
until some word on the face is in proper 
position to be read. Often the word is the 
name of the manufacturer, such as " Aerovox", 
or " Sprague" or "American", or something 
similar. The- name is often located between 
the two rows of dots, with each row having 
three dots as shown in Fig. 33. 

The use of six dots instead of three 
provides the user with much additional 



information. Furthermore, such a system 
makes it possible to show the exact capacity 
much more accurately than with the three-
dot system. 

Here is the way the six-dot system is 
used. The three upper dots indicate the 
three significant figures of the capacity 
value. (This contrasts with only two sig-
nificant figures and a zero indicator in the 
three-dot system.) In the drawing we see a 
mica capacitor whose upper three dots are 
red, brown and green. From our color code 
chart we know these three colors represent 
2 and 1 and 5. But in this case the green 
(or 5) does not represent zeros. Instead 
this is a third digit. This means the three 
upper colors mean the significant figure 
value of the capacitor is 215. But 215 
what? This number must still be multiplied 
by some multiplier to obtain the actual 
capacity of the capacitor. 

The actual capacity of the capacitor is 
learned by multiplying the three significant 
figures above by the decimal multiplier 
represented by the colored dot in the lower 
right side of the capacitor. This is shown 
to be brown in this particular case. Brown 
represents the figure one (1), so to obtain 
the correct value of the capacitor we must 
now add one zero to the figures 2 and 1 and 
5. This means the value of the capacitor 
is 2150 micromicrofarads. By using four 
colored dots to represent the capacity value 
a much more accurate rating can be desig-
nated than was possiblewithonly three dots. 

But the six-dot system provides additional 
information. The voltage breakdown rating 
of the capacitor (working voltage) is also 
indicated. The colored dot in the lower 
left corner of the capacitor shows the 
voltage rating. In the illustration, 
the lower left colored dot is shown to be 
blue. Our color code tells us blue repre-
sents 6. But in this case, 6 what? 

The voltage is rated to the closest 100 
volts. In this case the color blue stands 
for 6, which in turn stands for 600 volts. 

There is still another colored dot on 
the capacitor. This is the center one in the 
lower row. This colored dot stands for 
the tolerance. In the illustration we see the 
lower center dot is orange in color. Orange 
stands far the figure three (3). This means 
the tolerance is 3%, which is another way of 
saying the exact capacity of the capacitor 
is within 3%, plus or minus, of 2150 micro-

microfarads. This is pretty accurate rating. 
But when using the capacitors in some of the 
circuits we use at the higher frequencies, 
it is necessary to work with much greater 
accuracy than was necessary at the lower 
frequencies. Most of the mica capacitors 
used in television work will be rated with 
the six-dot system. 

In recent years there has been a tendency 
toward making paper capacitors in smaller 
capacity ratings thanwas formerly attempted. 
This has resulted in reducing the physical 
size of the capacitors, making it more dif-
ficult to imprint the ratings on the surface 
of the capacitors. Color coding has been 
resorted to in this case as a substitute for 
the numerical figures themselves. 

It is not generally practical to rate 
paper capacitors quite so closely and ac-
curately as canbedone with mica capacitors. 
So, when color coding has been used with 
tubular paper capacitors no attempt has been 
made to rate them beyond two significant 
figures. 

The colors are placed on the capacitors in 
the form of bands, in much the same manner 
as the color is placed on axial type resis-
tors. The appearance of the smaller ca-
pacitors resembles very closely that of many 
resistors. The principal distinguishing 
feature is that the resistors seldom have 
more than four colors while the capacitors 
have five colors. 

The illustration in Fig. 34 indicates 
reasonably accurately the appearance of a 
color-coded paper capacitor. 

Fig. 34. 
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The body color of such a capacitor is 
usually black. The rating colors are usual-
ly clear and vivid. 

The first three colors indicate the ca-
pacity rating. In the illustration the 
first three colors are orange, yellow and 
red. From the color code we know these 
colors stand for the figures 3 and 4 and 2. 
The first two colors represent the signifi-
cant figures of the capacity value while the 
third is the multiplier designating the num-
ber of zeros to be added to the first two 
numbers. 

In this case the first two significant 
figures are 3 and 4, therefore the first two 
figures of the capacity rating is 34, with 
the red indicating two additional zeros to 
be added. This means the capacity rating 
of the capacitor is 3400. 

The fourth color band, in this case the 
color green, indicates the tolerance. 
The color green, standing for 5, means the 
indicated rating is within plus or minus 5% 
of the actual rating. In other words, the 
capacity rating of the capacitor is 3400 
micromicrofarads, plus or minus 5%. 

• The fifth and last color band indicates 
the voltage rating of the capacitor. In 
this case the voltageratingcolor is yellow, 
standing for the figure four (4), meaning 
the voltage rating is 400 volts. The voltage 
rating color is usually isolated slightly 
from the other four colors. 

The isolation of the voltage rating color 
aids in determining how to read the colors on 
the capacitor. On the smaller capacitors 
the colored bands oftencopeclose to filling 
most of the space on the body of the capaci-
tor. Often it is difficult to determine 
just which end of the capacitor should be 
considered the starting point for the pur-
pose of reading the values. If the capacitor 
is positioned so the isolated band is to the 
right, the correct values can then be de-
termined without difficulty. 

There are other points of interest which 
aid in reading the values from the colors. 
The sealing bead is at one end of the ca-
pacitor. This is a small globule of metal 

FL. 35. 

which encloses the pigtail at the point 
where one end joins the body of the capaci-
tor. Usually this end is the one from which 
to start reading the colors. This is not 
an infallible rule, but it is an aid. 

Still another frequently used capacitor 
that finds many applications in the high-
frequency circuits of TV receivers is the 
ceramic capacitor. These little capacitors 
are built in the shape of a small disk from 
which a couple of pigtails project. In 
appearance they look like the illustration 
in Fig. 35. 

They are usually brown or tan in color. 
Some use color to indicate the capacity, but 
many more have the actual capacity stamped 
on one side with figures. The exact capaci-
ty is indicated, without any tolerance 
percentages or voltages being given. Dozens 
of these ceramic capacitors are used in the 
R-F and I-F sections of TV receivers. 

There is another type of ceramic capacitor 
which resembles very closely a very small 
resistor. These capacitors are usually 
coated with a cream-colored covering which 
closely resembles wax. The capacity is 
indicated by use of colored dots. Little 
difficulty is experienced in reading the 
values because the colors follow the stand-
ard accepted practice as used with other 
kinds of capacitors and with resistors. No 
attempt is made to rate such capacitors for 
voltage or tolerance. There isn't room on 
the body. 
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NOTES FOR REFERENCE 

Electricity derived its name from the Greek word for amber. 

The Leyden jar was invented in Germany in 1745. 

Capacitors will not pass direct current. 

Capacitors will apparently pass alternating current, but will present some opposition to 
its passage. 

The opposition presented to the passage of alternating current by capacitors is called 
capacitive reactance. 

The capacitive reactance of any capacitor can be determined by the formula: Xe .  1  
2nfC 

The names " Capacitor" and "Condenser" are generally used interchangeably. . 

A typical problem in finding the capacitive reactance is worked out in detail. 

Trend in capacitors today, because of their small size, is to color coding the values. 

NOTES 

• 
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Section /. INTRODUCTION 

Man has been striving to improve his mode 
of life since the dawn of recorded history. 
During the thousands of years of which we 
have a record, many new things have come 
into existence. Most of these new things 
have made our daily lives easier, or more 

enjoyable. Yet many of the things which we 
accept with such little thought did not come 

into existence until civilization had been 
developing for untold centuries. 

Where today we can flick a switch and 
illuminate our homes, turn a faucet and ob-
tain an almost limitless supply of water, 
step on the starter of an automobile and be 
whisked quickly and effortlessly to any 
place that strikes our fancy, it is hard to 
realize that none of these were known to our 
grandparents in their childhoods. It is 
even harder to realize that we need turn 
our history pages only a little further back 
to find a time where man was dependent 
almost entirely upon his own brute strength. 

It was not many generations before the 
birth of Jesus Christ when all farm work was 
performedby the sheer strength of the farmer 
himself and the other members of his family. 
The hoe was the universal tool for culti-

vating crops. It was used to break the 
ground, chop the weeds, nurture the growing 
plants, and often to cut them down at the 
end of the growing season. 

It remained for an inventive Egyptian to 
fasten the handle of a hoe to a beast of 
burden so the hoe could be pulled throuéh 

the ground. He attached another handle to 
the hoe so it might be guided in its proper 
course. By just such an innovation was born 
the plow. 

Down through countless centuries of time 
man couldcallupon only his awn strength and 
that of domestic animals when there was need 
for work to be done. Even upon the sea the 
only means of locomotion was that furnished 
by the muscles of the oarsmen. Not for many 
centuries did anyone think of harnessing the 
winds by means of sails to aid in the pro-
gress of the water-borne craft. 

Several centuries after the invention of 
the sailing vessel, another inventive genius 

Fié.1. Various Types of Electron Tubes 
found in Radio, Television and Industry. 
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Fié.2. It was more than 3000 years after the dawn of history before man began using 
animal power. It was another 2500 years before he developed artificial power. It was 
only 150 years from there to the invention of the vacuum tube, but during the 50 years 
since then, man has learned almost as much as he did during all the other years of 

recorded history put together. 

thought of harnessing the winds to lift 
water for irrigation, and to grind grain 
into meal and flour. The first windmills 
were crude affairs, and for the most part 
remain rather crude. Their use was limited 
to such times as the wind was blowing at a 
velocity sufficiently strong to turn the 
windmill vanes. Yet limited though this use 
was, it did provide man with his first source 
of power which did not depend upon him or 
his animals. 

The white man discovered America, es-
tablished settlements and colonies here, 
and continued to live here for nearly three 
hundred years before any other source of 
power was known. The pioneers in this 
wilderness of forest, swamp and towering 
mountains had no bulldozers nor tractors, 
nor even dynamite, to aid them in their 
herculean tasks of clearing land for crops, 
and erecting shelters for themselves and 
their families. The pioneering white man 
had been struggling for nearly three hundred 
years to obtain a lasting foothold on this 
continent before James Watt, in England, 
invented his steam engine. 

In brief, despite all the knowledge he had 
gathered during several thousand years of 
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developing civilization, man's acquisition 
of knowledge had moved forward at such a 
slow pace that he did not arrive at a suf-
ficiently high degree of learning where he 
could devise an artificial source of power 
for himself until a little less than two 
hundred years ago. It is only against the 
background of such a long struggle for 
learning that we can fully appreciate the 
almost unbelievable developments which have 
taken place since the introduction of the 
vacuum tube. 

The vacuum tubecameinto existence through 
the combined efforts of many men, rather 
than being the invention of a single man. 
No one person can claim credit for the in-
vention of the vacuum tube as James Watt 
could claim credit for the invention of the 
steam engine. Many scientists and inventors 
such as Edison, Fleming, Thomson and 
DeForest all contributed their invaluable 
shares toward the creation of the amplifying 
vacuum tube. In addition to these men, 
whose names will long continue to shine as 
the originators of the vacuum tube, there 
are tens of hundreds of others who have each 
contributed their bit toward bringing the 
usefulness of the vacuum tube to the high 
peak we know today. There will be many 



others in the future who will add one re-
finement to another to the end that it will 
be able to do things -- probably many things 
-- as yet unthought of. 

Edison first noted the peculiar behavior 
of something within the glass envelope of 
one of his incandescent lamps. He reported 
his discovery to the scientific world. 
Edison's discovery, coupled with many of 
his own experiments, enabled Thomson in 
England to announce the existence of the 
electron. Fleming went on from there to 
develop his " valve" which we now call the 
diode vacuum tube. Dr. Lee DeForest went 
another step further and inserted a third 
element into the diode vacuum tube. By 
means of the third element, which we now 
call a grid, he was able to obtain a measure 
of control over the flawofelectrons through 
the vacuum tube. 

DeForest's invention of the three-element 
vacuum tube led directly to many of the 
wonders we accept so matter-of-factly today. 
Long distance telephone conversations were 
the first results of the vacuum tubes. Then 
voice radio broadcasting. From radio broad-
casting the experimenters spread out in 
every direction. Their individual experi-
ments are serving to increase man's collec-
tive knowledge of the potentialities of this 
still comparatively new scientific wonder. 

Television is a direct outgrowth of 
DeForest's invention of the grid-controlled 
vacuum tube. Also radar, sonar, loran and 
other navigation and direction-finding 
equipment. One field as great as any has 
been the recent introduction of vacuum 
tubes as the control agent in many indus-
trial manufacturing processes. This use 
of the vacuum tube has created an entirely 
new branch of electronics. The use of 
vacuum tubes in industry is generally 
separated entirely from the use of the tube 
in communication work, such as radio and 
television. Industrial uses of electronic 
tubes are generally referred to as " Indus-
trial Electronics". Industrial Electronics 
is a specialized field and, in general, 
has little in common with radio, television 
and other communication uses other than 
the fact that electron tubes are used in 
all these fields. 

Section 2. EIECTRONS IN THE VACUUM TUBE 

We have discussed the manner in which 
electrons move from atom to atom in a con-
ductor. Such movement, when continuously 

in the same direction, causes what we have 

come to know as the flow of electrical 
current. 

Electrons move through a vacuum tube in 
a somewhat different manner. Within the 
evacuated space inside the tube, the elec-
trons are completely free from the atoms, 
and can move through space unhampered by 
many of the things which restrict their 
movement while confined to the atoms which 
form metallic conducting materials. 

There are several elements within a vacuum 
tube. At least two of the elements are 
metal. From one of these, which we call the 
cathode, the electrons are released into 
the free space within the tube. It is the 
general practice to refer to this release 
as emission from the cathode. At any rate, 
an action takes place which makes it possi-
ble for the electrons to gather in the free 

space within the tube, no longer bound to 
the atoms of the metal of the cathode. 

Most vacuum tubes have another element 
which is called the anode. This is a 
specially prepared piece of metal within 
the evacuated space of the tube which serves 
to attract the free electrons which are 
emitted from the cathode. Thus in all the 
essentials of a vacuum tube we have a piece 
of apparatus which allows electrons to 
emerge from the surface of a piece of metal 
at one place, travel through an evacuated 
space, and land on the surface of another 
piece of metal. (See Fig. 11.) 

Very simply, that describes a vacuum tube. 
The cathode is usually specially treated to 
aid the emission of electrons. The space 
within the tube is highly evacuated so 
the passage of the electrons will not be 
hindered. Then we have the anode toward 
which the electrons flow through the space. 

It could well be asked just what practical 
value such a device could have. If it was 
desired to move a group of electrons from 
one place to another, such an end could be 
accomplished just as readily by connecting 
a piece of metal wire between the cathode 
and the anode. 

So we could. But merely moving the elec-
trons from one piece of metal to another is 
not the only thing we are interested in. 
Far more important than this is the fact 
that we have here a stream of electrons 
which are not bound to the atoms of a con-
ductor. For a change we have a stream of 
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electrons out free in space. And being free 
in space, they are subject to control such 
as is not possible so long as they are bound 
to the atoms of metal. 

We can cause the electrons to pass from 

the cathode to the anode at extremely high 
speeds. We can slow down their passage to 
a very slow rate. he can cause a lot of 
electrons to flow during a given period 
of time. We can check the flow to a mere 
trickle, or even stop it entirely if we 
so desire. 

We can bend the stream of electrons so as 
to send it in virtually any direction which 
might strike our fancy. We can expand the 
stream of electrons, or contract it to pin-
point dimensions. All of these we can do 
at speeds which at first seem fantastic. It 
is our ability to thus control the flow of 
electrons through it which makes the vacuum 

tube such a valuable instrument. 

Fig. 3 illustrates some of the things we 

can cause electrons to do during the time 
they are free within the space of the vacuum 
tube. Referring to the individual sections 
of that illustration: 

A. 

B. 

C. 

D. 

E. 

They may be made to travel between the 
cathode and the anode at speeds almost as 
great as that of light; or they may be 
slowed down to a tiny fraction of that 
speed. 

Practically all the electrons may be 
stopped at any desired point. 

Some electrons may be stopped at one 
place and others allowed to proceed. 

A tube element may be " Screened" from 
parts of the total electron flow, some 
portions remain in what amounts to an 

electronic shadow. 

The electrons forming the stream between 
the cathode and the anode may be forced 
to spread out thinly in some places, yet 
be bunched closely together at other 
places. 

F. Electrons may start out for one element, 
then be made to change their course and 
reverse, then swing back and forth before 
finally reaching an intermediate element. 

G. The electrons may be concentrated into a 
straight beam. This is done in a tele-
vision picture tube. 
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H. 

I. 

J. 

E. 

L. 

N. 

N. 

Electrons may be deflected in any desired 
direction. This is also done in a tele-
vision picture tube as well as in the 
cathode-ray tubes used in oscilloscopes 
which are used for observing the voltage 
patterns in electrical circuits. 

The stream of electrons may be focused 
like a beam of light. 

The focused beam may be continually de-
flected so the electron spot follows a 
pattern which may be repeated over and 
over. This is the way a picture is 
painted on the screen of a television 
picture tube. It also features the 

operation of an oscilloscope cathode 
ray tube. 

Electrons do not necessarily follow 
straight lines. They can be forced to 
follow curved paths which turn either 

gradually or sharply. 

The curved path followed by electrons may 
be made in such a manner as to bring them 
back to the conductor from which they 
started; or, they may do several loops 
and finally arrive at the outgoing ele-
ment conductor. 

A flying electron may be made to hit a 
neutral atom and knock an electron from 
the outer orbit of that atom. This, in 
effect multiplies the number of electrons 
in certain portions of the tube. This 
action is commonly found in certain elec-
tron tubes widely used in industrial 
electronic control work. In them a small 
amount of inert gas is deliberately in-
serted into the tube during its manu-
facture. 

The atom which has lost an electron thus 
becomes a positive charge. In the tube 
space we will have negative elec-
trons going in one direction and positive 
atoms (ions) going in the other direction. 

0. Electrons may be driven at such terrific 
velocities from the cathode to the anode 
that they cause the anode to emit X-rays. 
It is in this manner that X-rays for use 
in medical examinations and for in-
dustrial inspection are generated. 

None of the things we have described and 
illustrated can be duplicated outside a 
vacuum tube. FUrther than this, while some 
of those things may seem to be of little 
importance at this time, actually they all 
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Fig.3. Some of the things electrons can be made to do in an electron tube. 
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play some part in putting the electron tube 
to work to perform some one or more of its 
marvelous functions. Several of them are 
absolutely essential to the proper operation 
of a television receiver. Others are the 
very key to the precision with which these 
tubes can control industrial production pro-
cesses. Still others are useful in repro-
ducing the sound of high-fidelity electrical 
phonographs and public address systems. In 
short, every movement described in Fig. 3 
does some useful service for mankind. 

Sect ton S. ELECTRON EMISSION 

We have mentioned emission somewhat 
briefly several times in this lesson and 
in some previous lessons. Up to this time 
we have made no attempt to describe exactly 
what we meant by that term other than to 
intimate that it had something to do with 
the separation of the electron from the 
metallic mass. 

In previous discussions of the movement 

of electrons in and through metals you will 
recall we have emphasized the multitude of 
free electrons which swarm somewhat hap-
hazardly throughout the entire mass of the 
metal. Upon several occasions we have 
hinted at the agitation which is the normal 
state of atoms within the metal, and how at 
times they collide with each other. These 

collisions usually result in dislodging one 
or more electrons from the atom. The point 
is that materials such as metals contain an 
abundance of free electrons roving idly 
around from point to point within the metal. 

Realizing these things, one is tempted to 
ask what prevents the electrons from moving 
right out of the metal under ordinary con-
ditions, and flying right out into space. 
What are the restrictions which keep the 
electrons within certain boundaries? What, 
in other words, keeps the electrons tightly 
bound to the limits of the metal in a 
copper wire? 

Asamatter of fact, some electrons do just 
that very thing. But under ordinary con-
ditions the number which escape are rela-
tively few, and for most purposes can be 
considered to be a negligible number. In 
fact there are so few get away that we can 
say with reasonable accuracy that no emission 
of electrons from metal takes place until 
certain special conditions are deliberately 
introduced. 

Although the actual conditions are some-
what different, the action of what takes 
place can be visualized by thinking of a 
group of children at play. One group has 
joined hands and formed a circle. Another 
group is inside the ring. Those on the 

Fig.4. The children on the inside cannot break through the encircling ring unless they 
attain constderable "kinetic energy". 
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Ftg.5. By developing considerable "kinetic energy" some children are able to break 
through the encircling ring. 

inside are trying to get out, but are making 
no really determined effort. This situation 
is somewhat comparable to that of a piece of 
metal under normal conditions. Some of the 
electrons are seeling escape, but they are 
unabletodo so. To state it scientifically, 
theydonot have sufficient kinetic energy to 
break through the surface tension and over-
come the work being done to keep them in. 

Likewise the children within the circle do 
not have sufficient kinetic energy to break 
through the encircling ring and overcome the 
work done by the encirclers to keep them in. 

Should the children in the inside of the 
ring suddenly increase the speed of their 

movement so that they rush toward the en-
circling ring with such force as to break 
through, such action would be similar to 
that which takes place in a piece of metal 
when it is heated. When a piece of metal is 
heated, the agitation of the atoms and 
electrons is greatly increased. In their 

agitation some of the electrons attain suf-
ficient kinetic energy so they break through 

‹4:- 

the surface tension of the metal and fly 
rightoutinto space. This is the phenomenon 

known as electron emission. Because in this 
case the emission resulted from the action 

L9, f heat, this particular type of emission 
is known as thermionic emission. Thermionic 
emission is the kind of emission most fre-
quently encountered in vacuum tube work. Heat 

is deliberately applied to the cathode of 
the tube in sufficient quantity to cause it 
to emit electrons in great numbers. 

Still another example which is usefill in 
attempting to understand this phenomenon 
of thermionic emission is the emission of 
steam from a boiling teakettle. Fig. 6 
shows an ordinary teakettle partially filled 
with water. At this time no heat is being 
applied to the water and no noticeable 
amount of water is being evaporated into the 
air. As we all know, a certain small amount 
of water is being evaporated at all times 
but the amount is so small as to be negli-
gible. This is much the situation which 
prevails in a piece of metal when it is 
not heated. 

But in Fig. 7 heat has been applied to the 

teakettle. Now we can see bubbles rising 
through the water, the water itself boiling, 
and steam rising from the surface in great 
quantities. Just as heat can cause steam 
to be emitted by the boiling water, so can 
heat cause electrons to be emitted from the 

surface of metals. 

Section 4. TBEEMIONIC EMISSION 

The phenomenon of thermionic emission is 
made use of more frequently in vacuum tubes 

than anywhere else. It is so generally 
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Fzê.6. Unless heated, water does not 
emit any noticeable steam. 

thought of in connection with electron tubes 
that we often forget it had been observed 
long before electron tubes were thought of, 
and scientists had conducted many experi-
ments in connection with it. In fact, 
scientific investigators had experimented 
with thermionic emission more than a hundred 
years before Thompson proved the existence 
of the electron. 

In bringing about thermionic emission it 
is, of course, essential to apply sufficient 
heat to the source of electrons that they 
can be caused to be emitted. Almost any way 
that heat can be applied to the metal will 
cause the electrons to be emitted. A gaso-
line or acetylene torch, a gas flame, or 
even a coal or wood fire will bring about 
thermionic emission. But since, in a vacuum 
tube, the emitting surface ( the cathode) is 
enclosed within a hermetically sealed glass 
or metal envelope, none of these methods 
would be at all practical. 

Because electrical heat can be applied 
within an enclosed space just as readily as 
elsewhere, the universal practice is to heat 
the cathodeofvacuum tubes with electricity. 
This is done by passing electric current 
through a heating element. 

Some cathodesareheated directly. By this 
is meant that the heating element itself 
forms the cathode. Fig. 8 is a magnified 
view of a fanciful situation showing elec-
trons emerging from a piece of wire heated 
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by a current forced through it by a battery. 
In this particular case the wire is merely 
in open air. The same action would take 
place if the wire was a part of a filament 
within the glass enclosure of a vacuum tube. 
Fig. 9 shows an enlargement of a piece of 

filament within a vacuum tube. If the 
magnification were sufficiently great, we 
could imagine we could see the electrons 
emerging from the surface of the metal. 

Where the filament itself forms the cathode 
we speak of it as being a directly heated 
cathode. It is also frequently referred to 
as a filament cathode. Other times merely 
as the filament. The wire of the filament 
is usually formed from the metal tuns ten. 
In some vacuum tubes, especially those used 
for high-voltage, high-power radio trans-
mitters, only the pure tungsten is used for 

the filament. Where the pure tungsten is 
used, the filament must be heated to a 
white-hot temperature. These temperatures 

range from about 2000 degrees Fahrenheit to 
a little over 2200 degrees Fahrenheit. 

It is not generally satisfactory to heat 
the filament to such high temperatures. For 
that reason pure tungsten filaments are 
seldom employed except on those tubes where 
the voltage is so high that other types of 
cathodes would not be able to stand up 
under the strain. 

Because so much work must be doné on the 
metal of tungsten to start the emission of 

Fié.7. Heat applied to the teakettle 

causes the water to emit steam. 



Fié.8. An artist's conception of elec-
trons emeréiné from a heated wire. 

electrons, tungsten is said to have a high 

work function. Work function refers to the 
amount of work which must be done on a metal 
to extract the electrons. In the case of 
tungsten the work is great, it being neces-
sary to heat the metal to extremely high 
temperatures before it will give up its 
electrons. 

To overcome the reluctance of tungsten to 
give up its electrons, a mixture of tungsten 
and the metal thorium is now widely used as 
the filament for many vacuum tubes. The 
thoriated-tungsten filaments have largely 
replaced pure tungsten filaments on all re-
ceiving tubes and on most transmitting 
tubes. The pure tungsten filament will be 
found only on those tubes where the operating 
voltage is very high. 

The thoriated-tungsten filament will emit 
many times as many electrons as a pure 
tungsten filament at the same temperature. 
The basic purpose of the thorium which is 
added to the tungsten is to act as an 
emitter. The tungsten acts as the heating 
agent in the same manner as when it is used 
by itself. It likewise gives structural 
strength to the filament, keeping the fila-
ment rigid and in its proper place. It is 

claimed that though the thorium is mixed 
with the tungsten it never actually com-
bines chemically. The molecules of the 
thorium are scattered throughout the fila-
ment, mingling with the molecules of the 
tungsten but never combining with them. 
The thorium molecules remain free to move 
around, and under most conditions a layer 
of thorium which is one molecule thick 
exists on the surface of the filament. 

The thin layer of thorium has the property 
of emitting electrons in huge amounts. The 
layer of thorium reduces the surface tension 
making it much easier for the free electrons 

to escape from the filament and fly out into 
space within the tube. 

Should the layer of thorimq be burned 
away by any chance, such as by excessive 
filament temperature or for any other reason, 
the electron emission will be radically re-
duced. The absence of the thorium results 
in a marked change in the work function at 
the surface of the filament. The work 
function then becomes quite high. 

When this happens, it is often possible to 
restore the tube to its original condition 
by reactification. Reactification consists 

Fié.9 How electrons are emitted from a 
heated vacuum tube filament. 

TBA-9 



Fié.10. Vacuum Tube Filament. 

ofanoperation called flashing. In flashing 
a filament, it is operated at about three 
times its normal voltage for about 12 to 15 
seconds. At the end of this period, the 
voltage is reduced to about one and a half 
times its normal operating voltage. It is 
then operated at one-and-a-half the normal 
voltage for about two hours. During the 
process of flashing, no other voltages are 
applied to the tube. As a result of the 
flashing, the molecules of thorium which 
are normally scattered throughout the fila-
ment are "boiled" to the surface. They 
again form a thin layer of thorium, one 
molecule thick, over the entire surface of 
the filament. 

In some cases all the thorium in the fila-
ment will have been exhausted due to long 
use. In such case, flashing will result in 
little benefit. The emission will continue 

to be that of pure tungsten. Under most 
circumstances it will then be impossible to 
use the tube for the purpose for which it 
was originally designedandthe only alterna-
tive will be to replace the tube. 

Fig. 10 shows the general shape of a 
filament which is also used as a cathode 
(directly heated cathode). Usually the 
filament is in the form of a ribbon. When 
constructed in this shape, there is more 
surface area to the cathode than when in 
the shape of a circular wire. 
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The general shape, construction and 

operation of the simplest form of a vacuum 
tube is sham in Fig. 11. This illustration 
does not show how the cathode is heated, but 
it does show quite clearly how the electrons 
move through the connecting wire to the 
cathode, travel through the evacuated space 
within the glass envelope to the anode, then 
leave the tube through the wire connected to 
the anode. This isa tube with two elements; 
the anode and the cathode. Such a tube is 
call ( a diode. This word is coined from 
tw Greek words meaning " two" and "path". 

Section 5. INDIRECTLY HEATED CATHODES 

There is another type of cathode in which 
the cathode is completely isolated from the 
filament heaters. These are called Indirect-
ly heated cathodes. The cathode in these 
tubes is formed in the shape of a small 
slender cylinder. The cylinder of the 
cathode is usually made of nickel. Nickel 
has a relatively high work function and is 
not normally considered a good emitter of 
electrons. To overcome this defect, the 
nickel is coated with certain metal oxides 
which are themselves good emitters. The 
oxides of Barium and Strontium are the ones 
most commonly used, but occasionally other 
kinds are used for special effects. 

It is not essential to understand the 
actual manufacture of vacuum tubes in order 
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to know how to use them. In fact, very few 
experienced electronic technicians have more 
than the vaguest idea of how tubes are manu-
factured. But an elementary explanation of 
the more essential features of manufacture 
is interesting, and certainly is not amiss 

if it leads to a better knowledge of the 
operation of tubes in their daily work. 

After the Barium or Strontium oxides are 
applied to the nickel of the cathode, the 
entire unit is heated to approximately 1000 
degrees Fahrenheit. In the process of heat-
ing, a certain amount of carbon dioxide is 
released. This carbon dioxide is then with-
drawn by the evacuating pumps. The mainte-
nance of the metal within the tube at 
temperatures higher than those at which it 
would normally be operated, tends :to release 
other gases from the metal which would 
hinder proper functioning of the tube. 
These gases are also withdrawn by the pumps. 

Despite their high efficiency, no evacu-

ating pump can create a perfect vacuum with-
in the tube. To overcome this deficiency, 
another operation is resorted to in the 
final steps in the manufacture of the tube. 
During manufacture, a small amount of chemi-
cal called a "getter" is placed within the 
envelope of the tube. This getter remains 
inert during evacuation. After the tube is 
sealed, the getter is flashed. The flashing 

Fté.11. How Electrons Hove Through a 
Vacuum Tube. 

Pté.12. A Vacuum Tube Cathode 
and It's Heater. 

of the getter absorbs all remaining particles 
of gas within the tube, creating a vacuum 
which is as near perfect as man can attain. 
The flashing of the getter frequently is the 
cause of the discolored appearance of many 
glass tubes. 

Indirectly heated cathode tubes are used 
wherever possible and practical. They can 

be operated at much lower temperatures than 
pure tungsten filament cathodes or even the 
thoriated-tungsten filament cathodes. Fur-
ther than this, theyaremuch better emitters 
at the temperatures at which they can be 
operated than are the other types of tubes. 

One exception to this is the newer types 
of filament- cathode tubes used in portable 
radio and television receiving sets. The 
filaments in these tubes are exceedingly 
small, comparable in size to a human hair. 
They are used in circuits where the amount 
of emission is relatively unimportant but 
where the battery drain is important or where 
instant heating isa factor to be considered. 

Fig. 12 illustrates rather clearly the 
construction of the indirectly heated 
cathode. The heater element is fastened 
securely to the base of the tube. It is 
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Fig.13. Wealth is a relative matter. The worker is 
but he is relatively poorer than 

usually shaped somewhat like a kinked hair-
pin. By this means it can fit inside the 
cylinder of the cathode proper where it can 
apply its heat as directly as possible to 
the inner walls of the cathode cylinder. 
The inner surface of the cathode cylinder 
is coated with a ceramic material which 
prevents short circuits in case the fila-
ment should touch the cylinder wall. 

Section 6. THE ELECTROSTATIC FIELD 

When Thomas A. Edison was experimenting 
with his incandescent lamp he discovered 
that he could place an extra piece of metal 
within the glass envelope of the tube and 
obtain a current flow from it even though 
there was no metallic connection between it 
and any other part of the lamp's electrical 
circuit. He could not understand this but 
did report his observations to the scien-
tific world. This mysterious effect he 
•discovered came to be known as the "Edison 
effect", and is still known as such today. 

The "Edison effect" accounts for the move-
ment of electrons within the vacuum tube 
from the cathode to the anode. But in order 
to completely understand what takes place 

inside the tube it is necessary to make 
certain we understand those things we call 
"electric field", " electrostatic field", 
"electrostatic charges", and just plain 
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relatively richer than the beéear, 
the wealthy man. 

"charges". In general these all refer to 
to about the same thing, and are merely 
different names for much the same thing. 

It is well that we understand what is 
meant by the terms " charges" and " charged 
bodies". We will make frequent reference 
to charges in motion, and to charged bodies. 
We are already familiar with the fact there 
are two elementary charges, two basic parti-

cles of electricity. First we have the 
electron, which we consider to be a negative 
particle of electricity. Then there is the 
proton, which is a positive charge of elec-
tricity. The electron is mobile, able to 
move freely from place to place. This is 
because it has much less mass than the 
proton -- in other words, itismuch lighter. 
The proton, on the other hand, we consider 
to be relatively fixed in position. It is 
not readily movable. 

More than this, we have spoken of things 
in an electrical circuit being either posi-
tive or negative. For the purpose of our 
studies, any point in any electrical circuit 
which has a relative over-supply of elec-
trons will be considered to have a negative 
charge. On the other hand, those locations 
in an electrical circuit which are deficient 
in electrons will be considered to have a 
positive charge. In this manner we can 
establish our electrical polarities as being 

• 
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directly linked to the presence or absence 

of electrons. It should always be remembered 
that these polarities, or over-supply and 
deficiencies of electrons, is strictly a 
relative matter. What might be a negative 
polarity with respect to one point may 
actually be a positive polarity with respect 
to another point. 

This matter of the relative polarities in 
an electrical system is not greatly dif-
ferent from the monetary abundance of men 
in various walks of life. In Fig. 13 are 
shown three men. One is obviously a beggar, 
the second is an ordinary middle-class 
worker, even as you and I. The third, how-
ever, is obviously wealthy. Now if the 
amount of money each of these men possesses 
is likened to electrical charges we could 
say the middle class worker is negative with 
respect to the beggar because he has more 
money than the beggar. On the other hand, 
the middle class manispositive with respect 
to the wealthy man because he has much less 
money than the other. 

Under normal conditions each atom in any 

material such as a metal is an electrically 
balanced particle. There are equal numbers 
of electrons and protons. But under certain 
conditions an atom may lose one of its elec-
trons, and under certain other conditions 
may acquire an extra electron. This creates 
an unbalanced condition and the atom becomes 
what we call an ion. 

We have never seen an electron, nor for 

that matter an atom. But that does not keep 
us from creating a picture of what we think 

Fié.14. The positive ton is an atom 
which has lost an electron. 

Fié.15. The negative ion is an atom 
which has acquired an extra electron. 

Negative tons are relatively rare. 

THE NEGATIVE ION IS AN ATOM 
THAT HAS ACQUIRED AN EXTRA ELECTRON 

an electron or an atom might look like. In 
Fig. 11 we have what amounts to an artist's 
conception of what a positive ion looks 
like. A positive ion is an atom which has 
lost one of its electrons and, as a result 
of its unbalanced electrical condition, is 
now a positive charge. Due to its positive 
charge, the positive ion will now attract 
any stray electrons which might be in the 
vicinity. If a piece of metal has enough 
of these positive ions, it is said to be 
positively charged. 

In Fig. 15 we give what amounts to the 

artist's conception of a negative ion. A 
negative ion is one which has obtained an 
extra negative from some place. If a piece 
of metal possesses enough negative ions it 

is said to be negatively charged. 

But just as the wealth of each of the 
three men in Fig. 13 is a relative matter 
among them, so are the various charges on 
pieces of metal a relative matter among 

them. This is shown in Fig. 16. The piece 
of metal in the center is in an electrically 
balanced condition. Each of its atoms pos-
sesses its proper number of electrons. How-
ever it is negative with respect to the 
piece of metal at the left because the piece 
at the left has an insufficiency of elec-
trons; that is, some of its atoms are 
deficient in electrons. In this case, the 
piece of metal in the center, having more 
balanced electrons than the piece at the 
left, is said to be negative with respect 
to the piece at the left. 
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Fié.16. The center piece of metal is more negative than the piece at the left because 
the one at the left has more positive ions. But it is more positive than the piece at 

the right because the one at the right has more negative ions. 

But let's compare the same piece of metal 
in the center with the one at the right. 
Here we find the piece at the right has some 
negative ions, some atoms with an over-
abundant supply of electrons, Now we find 
there are more electrons in this piece of 
metal than in the one in the center. Thus 
we find that while the piece of metal in 
the center was negative with respect to the 
piece at the left, it is actually positive 
with respect to the one at the right. 

In Fig. 16 we assumed some of the atoms 
in one piece of metal had lost electrons 
and in another piece of metal some of the 
atoms had actually acquired extra electrons. 
It is possible that this condition could 
exist. But it has been learned that such a 

thing as a negative ion seldom exists. What 
actually does happen is various degrees of 
insufficiency of electrons. This is shown 
rather clearly in Fig. 17. Here we see a 
piece of metal at the left which is composed 
of atoms, each of which is electrically 
balanced. In other words, the atoms in 
this piece of metal has all its normal 
supply of electrons. But the piece of metal 
in the center of Fig. 17 has some atoms 
which are deficient in electrons. As a 

result of this deficiency the center piece 
of metal is positive w5.th respect to the 
piece of metal at the left. But let's take 
a glance at the piece of metal on the ex-
treme right. Here we find a situation where 
even more of the atoms are deficient in 
electrons. This being so, we find that more 
of the atoms in the piece at the right are 
deficient in electrons than the piece of 
metal in the center. As the result of this, 
the piece at the right is positive with 
respect to the piece in the center. 

Here we have a clear illustration of the 

relative polarities which might be found 
anywhere. While the center piece of metal 
in Fig. 17 is positive with respect to the 
piece at the left because it has fewer elec-
trons, it is actually negative with respect 
to the piece of metal at the right because 
it has more electrons than the piece at 
the right. 

In our illustration we have pictured rela-
tively few atoms for each piece of metal. 
Actually it would take tens of billions of 
atoms to make any of the pieces of metal. 
But the situation which is pictured as pre-
vailing where only a few atoms and electrons 

• 
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are involved is exactly the same as would 

occur with the uncountable billions of 
other atoms. 

Section 7. THE SPACE CHARGE 

As the result of the emission of electrons 
from the metal of the cathode two actions 
take place. Perhaps it would be better to 
say that as the result of the emission two 
special conditions are caused to exist. The 
electrons are negatively charged particles 

— 

of electricity, and being such tend to repel 
each other. The cathode thus causes huge 
quantities of electrons to exist in the 
space around the cathode itself, each of 
the electrons strongly repelling all the 
other electrons. This being so, the natural 
conclusion is that the repulsion existing 
among the electrons would tend to cause them 
to spread throughout the space inside the 
glass envelope, getting further and further 
from the cathode. 

Just such a thing probably would happen 
except for another condition which has been 
set up by the emission of the electrons from 
the cathode. Remember the cathode has 
emitted, or given up, electrons. This has 
the effect of making the cathode more posi-

tive than it was before it lost the elec-
trons. In other words, the very action of 

emitting electrons causes the cathode to 
become more positive than it was before. 
This positive polarity of the cathode has 
an attraction for the electrons it has just 
emitted, and tends to keep the electrons in 
it's own vicinity. Such a situation is 
shown in Fig. 18. There we see a cathode 
which has been heated. This cathode has 
emitted some electrons which continue to 
remain close to the cathode. 

The heating of the cathode will cause it 
to give up a certain number of electrons. 
The exact number will depend upon several 
things, including the temperature of the 
cathode. The electrons will continue to 
hang around in the vicinity of the cathode 
due to its increasingly positive polarity. 
The cathode will continue to emit electrons 
until such time as it becomes so positive 
that it will attract electrons back to it 
just as fast as others are emitted. If more 
heat is applied, the number of electrons 
emitted will rise, and the cathode will 
become slightly more positive until the 
situation reaches a state of balance. Under 
normal conditions the heated cathode will 
become only a few volts more positive than 

Fig.17. khile the piece of metal in the center is more positive than the one at the left, 
it is more negative than the one at the right. Polarity is always a relative matter. 
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HEATED CATHODE 

SURROUNDED BY A 

CLOUD OF ELECTRONS 

Fié.18. Cloud of electrons around a 
heated cathode. 

the cold cathode, but this small voltage 
is sufficient to keep the emitted electrons 
clustering around it in a cloud. These 
free electrons in the space surrounding the 
cathode are called the " space charge", or 
about equally common, the "electron cloud". 
This condition will continue to exist so 
long as the cathode remains heated. 

If the cathode is allowed to cool down 
it will discontinue emitting electrons. But 
the cathode will retain its positive po-
larity. Such being so, it will attract the 
electrons in the space charge. The elec-
trons in the space charge will no longer be 
repelled by newly emitted electrons, so will 
come closer and closer to the cathode until 
they are actually reabsorbed back into the 
metal of the cathode. As the electrons are 
reabsorbed into the cathode, the cathode 
gradually loses its positive polarity and 
attains a balanced, or neutral, condition. 

Section 8. FLECTBOSTATIC FIELDS 

If the cathode within a vacuum tube merely 
emitted electrons when it was hot, the elec-
trons formed a cloud around the cathode 
during the period it remained heated, then 
returned to the cathode when it cooled, this 
whole business of thermionic emission would 
not mean very much to us. But this isn't 
all. In order to take advantage of the 
electrons which form the space charge we 
create an electrostatic field within the 
tube by the introduction of another element 
we have mentioned before, the anode. Under 
most normal conditions the anode is made 
much more positive than the cathode. 
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To understand exactly what takes place 

inside the vacuum tube it would be well to 
review a few things we have already dis-
cussed, and to explain a few other things. 
First, let us consider one of the funda-
mental laws of electricity and electro-
statics, as well as things magnetic: 

1. Like charges repel each other. 
2. Unlike charges attract each other. 

This states clearly and unqualifiedly that 
one electron has no use for another elec-
tron. They exert a strong force to repel 
each other. In a like manner, negative 
ions, that is, atoms which have an extra 
electron, have no attraction for each other; 
they repel each other. Neither will one 

positive ion attract another positive ion; 
they, too, repel each other. 

An electron, however will be attracted to 
a positive ion. To put this explanation in 
a brief form, anything which is electrically 
positive has a strong attraction for any 
other thing which is electrically negative. 
But things which are electrically nega-
tive repel other things which are elec-
trically negative, and things which are 
electrically positive will repel other 
things which are electrically positive. 

It is not within the scope. of these 
lessons to attempt to explain just why 
these things are as they are. Perhaps the 
learned scientists themselves are none too 
sure. But we can accept these things as 
being facts without understanding the reason 
for them. Even though none of us have ever 
seen the wind, nobody can deny there is such 
a thing. The evidence of the swaying trees, 
the swirling leaves, the disturbed dust, and 

Fié.19. Lines representiné the electro-

static field surroundtné charted bodies. 



its pressure upon our faces is more than 
enough to convince us there is such a thing 
as wind. In a like manner we can readily 
prove the truth of the laws governing at-
traction and repulsion of electrical charges 
even though we cannot explain why they 
should be. 

Even though we cannot explain what it is 
we do know there is some invisible kind of 
force existing between electrical charges. 
There can be no question that it actually 
is some kind of force since it can be proven 
beyond any shadow of a doubt that it is 
capable of making things move. This force 
which exists between electrically charged 
bodies is called an electrostatic field. It 
is closely associated with electrical 
charges, electrons and ions. Because it 
is associated with these things, it is also 
associated with all other objects of much 
greater dimensions. 

In a normal atom which is electrically 
balanced, the electrostatic fields exist. 
But because of the balanced condition, the 
presence of the electrostatic field is not 
noticeable. Each of the electrons and pro-

tons of the atom balance each other out with 
the result that no external electrostatic 
field can be noted. 

However, should an electron be removed 
from an atom, the electrical balance of the 
atom is upset. The atom will become a posi-
tive ion; then the ion will be surrounded 
by an electrostatic field. Such field will 
be positive to the extent represented by 
the removal of the one electron. 

The electrostatic field which surrounds 
a positively or negatively charged object 
can be represented by directional lines. By 
directional lines we mean something much 
like that shown in Fig. 19. There we see 
a negatively charged object with the lines 
extending away from it. In the same illus-
tration we see another object which carries 
a positive charge. In this case we see the 
lines extending towards the object. Thus, if 
two negatively charged objects were brought 
near each other, the electrostatic lines of 
force would be in opposite direction and the 
two objects would repel each other. If two 
objects which were bearing opposite charges 
were brought near each other, the lines 
would be in the same direction and the two 

objects would be drawn to each other. 

The electrostatic field would exist be-
tween the two oppositely charged objects 

Fié.20. Electrostatic field between the 
cathode and the anode of a vacuum tube. 

regardless of how far they were apart. But 
the farther they were separated, the less 
would be the attraction between them, and 
the weaker the electrostatic field between 

them. On the other hand, the closer they 
were brought together, the stronger would be 
the electrostatic field between them. 

All this discussion may seem rather 
scholarly. But it does lead us up to the 

part the electrostatic field plays in 
the functioning of a vacuum tube. 

In most vacuum tubes the anode has an 
electrical charge which is highly positive 
with respect to the cathode. Here we have 
two elements placed fairly close to each 
other inside the tube. One is much more 
positive than the other. The result is that 
an electrostatic field is created between 
the two elements. The basic principles on 
which the vacuum tube operates can be under-

stood by studying Fig. 20. The anode is 
much more positive than the cathode. This 
is the same thing as saying the cathode is 
more negative than the anode. Between the 
two elements exists an electrostatic field. 

Around the heated cathode is a cloud of 
electrons. The cathode is somewhat more 
positive than the electrons, but the anode 
is much more positive. The bulk of the 
electrons will continue to cloud around 
the cathode because, even though it is less 

positive than the anode, it is much closer 
than the anode. Thus its influence is rela-
tively stronger. But on the outer fringe 

of the electron cloud a few of the elec-
trons will come under the influence of the 
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Fié.21 Electron movement through a complete circuit including anode, cathode and battery. 

attraction of the anode and be drawn to it. 
The higher the voltage on the anode, the 
more electrons will come under the influence 

of its attraction and be drawn to it. But 
it should never be forgotten that the reason 
the electrons are drawn to the anode is 

Fié.22. Principle Elements of a 
Vacuum Tube. 

because it is much more positive than the 

cathode. Should, by any chance, the anode 
become negative with respect to the cathode 

no electrons will be attracted to the anode. 

Fig. 21 shows how the anode is maintained 
positive by means of a battery. The illus-
tration is a bit fanciful in that it gives 
play to the artist's imagination, but it 
does show how the electrons are emitted from 
the hot cathode, how they are attracted to 
the positive plate, then return through the 
battery to the cathode. Essentially this 
represents the action which takes place in a 
circuit which contains a vacuum tube and its 
associated source of voltage. 

Section 9. ARRANGEMENT OF 
THE VACUUM TUBE ELEMENTS 

In our previous descriptions we have made 
no attempt to explain exactly how the ele-
ments were arranged within the tube. From 
Fig. 20 it might be surmised that the 
cathode was in one part of the glass en-
velope and the anode in another part. 
Actually such is not strictly true. Nor-
mally the cathode is firmly anchored in the 
center of the glass envelope. It is held 
rigidly in place by a glass stem which ex-
tends up inside the bottom of the tube and 

• 
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by insulated braces which extend from the 
upper end of the cathode to the glass 
envelope itself. 

The anode is also a cylindrical piece of 

metal not greatly different from the cathode 

except that it is larger. The anode is 

then put into place inside the tube so it 
can surround the cathode, but will not touch 
it. The anode is also firmly anchored in 
place. Fig. 22 shows the general arrange-

ment of the cathode and anode with respect 
to the glass envelope of the tube. When 
the anode is placed in this position it is 
much more effective in attracting electrons 
from the cathode. 

It would be well to mention here the cus-

tomary practice of naming the anode. In 
Industrial Electronic work it is the general 
practice to refer to the anode by that name, 
the anode. But in radio and television, it 
is much more general to refer to the anode 

as the " plate". Nearly all radio men use 

the term "plate" when speaking of the anode, 
and many television men follow this prac-
tice. In our lessons we will use both 
terms. This will enable you to become 
thoroughly familiar with both terms, regard-

less of what kind of work you might be doing 
or with whom you might be working. 

It would be well to go another step 

further and mention that the picture tube 
used in television work often has several 

anodes. Some of these often perform functions 
somewhat different from those in other types 
of tubes. For this reason, television men 

who refer to anodes in other tubes as 
"plates", will speak of those in the picture 
tube as " anodes". 

This may seem a bit confusing at first 
glance. But you will find that actually 
it is not. Certainly our explanation is 

not intended to confuse you. If there 
is anything confusing it is the practice 
of the men who have brought the use of these 
tubes to the high level they occupy today. 
We are merely passing on to you hints of 
these practices as they exist. 

To clarify this situation just a bit 
further, we can say that " anode" is the 
correct technical designation for that par-
ticular element in a vacuum tube. The name 

"plate" has come into existence through 
usage of service men in the field. It 
came about largely because of the shape of 
the early anodes, and is so firmly en-
trenched in the vocabularies of the old 
timers there is little possibility it will 

ever be eliminated. 

NOTES FOR REFERENCE 

The vacuum tube is the result of the efforts of many men -- not just one. 

Thomas A. Edison's discovery of the "Edison effect" was the first step toward the vacuum 

tube, though he did not know it. 

The existence of the electron was proven by J.J. Thomson in England in 1899. 

Fleming produced the first functional vacuum tube, which he called the Fleming valve. 

Vacuum tubes are still called "valves" in England and Australia. 

Two essential elements in a vacuum tube are the cathode and anode. 

The purpose of the cathode is to " emit" electrons. 

There are two general types of cathodes, the directly heated type in which the filament is 
also the cathode, and the indirectly heated type in which the filament heats a specially 

prepared cylinder which composes the cathode. 

Most cathodes are specially treated with materials which aid the emission of electrons. 

Many tungsten filament cathodes have Thorium mixed with the tungsten to aid electrons 

emission. 
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Barium and Strontium are often added to the surface of indirectly heated cathodes to aid 

emission. 

"Work function" relates to the difficulty encountered in the emission of electrons from a 
metal. The higher the work function, the fewer electrons are emitted. 

Where the filament also serves as the cathode it is usually referred to as the "Filament". 
Where it serves only to heat the cylindrical cathode it is usually referred to as the 

"heater". 

Thoriated-tungsten filaments can often be reactivated by " flashing". 

"Electrostatic field" is the name given the strain which exists around a free electron or 
positive ion, and especially to that space between two oppositely charged bodies. 

"Space charge" refers to the electron cloud around an emitting cathode. 

NOTES 
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Section 1. INTRODUCTION 

The diode is the most simple type of 
vacuum tube we have. It consists of only 
two elements, the cathode and the anode. 
It is a direct descendant of the original 
Fleming valve, and from the standpoint of 
fundamentals is little changed from Fleming's 
original valve. True, the external ap-
pearance, and the construction of the 
elements which go into modern diode tubes, 
have changed considerably, but the princi-
ples of operation have not. 

The diode tube continues to play a very 
important part in modern electronic devices 

• 

such as radio, television and industrial 
controls. Most electronic devices depend 
upon one or more diode tubes as the source 
of high voltage D-C power for the operation 
of the other electronic tubes. In some 
respects the diode remains the " kingpin" 
of tubes; that is, if any one tube can be 
said to be more important than any other. 

Because the diode occupies such an im-
portant place in the electron tube family, 
and because most other electron tubes are 
little more than modifications of the diode, 
it is well for us to study its operating 
characteristics in considerable detail 
before going any further. 

Fié. 1. The Diode Tube. 
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Fiê.2. Each Horse has its Own Peculiar Characteristics. 

Speaking of " Characteristics", that is 
one word you might just as well get used 
to right now. It will be used over and over 
many times in our discussions of vacuum 
tubes. It is the general name given by 
radiomen and electronic technicians to the 
individual peculiarities of each particular 
tube. Whole books have been written around 
the " Characteristics" of vacuum tubes, and 
many old timers in the business use the 
word in regular conversation without giving 
any real thought as to exactly what the 
word means. 

Actually the application of the word to 
the description of electron tubes is little 
different from the way it would be used to 
describe a person or an animal. One horse 
might be described as being "high-stepping", 
while another couldbedescribed as plodding. 
The high spirits of the one horse would be 
called a characteristic of that type of 
horse. It would be useful for riding, 
hunting, and show. But such a horse would 
not do so well in pulling a plow, or as a 
member of a team of draft horses to pull 
heavy loads. On the other hand, a heavy 
draft horse would have certain important 
"Characteristics" of its own. It could pull 
heavy loads with ease, and perform enormous 
amounts of work. But it would be useless as 
a race horse, would not likely be very good 
for riding, and would be completely out of 
place as a hunting horse. 

Here the word "Characteristics" is used 
to describe the abilities of the two horses. 
The characteristics of the one would include 
speed, good riding, spirit. The charac-
teristics of the other would include great 
strength, ponderous weight, sluggish move-
ments. The word " characteristic" could be 
said to mean the " distinguishing peculiari-
ties" of each horse. 

The term is also frequently applied to 
people. It is characteristic of some people 
to be good workers, steady in their actions, 
punctual in their appearances, and reliable. 
It is also characteristic of other people 
to be good leaders, to be capable of super-
vising the work of others, to welcome 
responsibility, and to be able to plan 
ahead. It is characteristic of still other 
people to work best under the supervision 
of another, to need direction, to lack the 
ability to plan ahead. The point is that 
the term "Characteristic"isused to describe 
the peculiarities of one group of persons 
which set them apart from other people. 
Some characteristics are good; others are 
bad. Some are one thing; some are another. 
Seldom, or never, are all possible charac-
teristics found in any one person, any more 
than every kind of characteristic will be 
found in any one horse. 

The same thing is true of electron tubes. 
Some tubes have been designed to do one 

• 

TBC-2 



certain job, and do it well. Other tubes 
have been designed to do some other job, and 
to do that job well. But no electron tube 
has yet been developed which can do every 
job equally well. It is extremely unlikely 
that any such tube will ever be designed. 
Such being true, it is necessary to learn 
the various things which electron tubes are 
expected to do, then determine how one tube, 
or one particular type of tube, can best do 
some specific job. 

For these reasons we will be continuously 
studying the characteristics of various 
tubes. There are so many different types of 
tubes, and so many new tubes being added to 
each of the various types, it is difficult 
or impossible to become fully acquainted 
with them all. For this reason the tube 
manufacturers have prepared little booklets 
which they call " tube manuals". These 
manuals describe the exact characteristic 
of each tube. The trained technician can 
determine from these characteristics ex-
actly how any particular tube will fit in 
with his needs. 

Section 2 CATHODE EMISSION 

In much the same way we use symbols to 
designate various electrical elements and 
properties when diagramming circuits. We 
also use certain symbols to designate the 
various elements of a vacuum tube. The 
envelope of the tube itself is shown by 
merely drawing a circle. See A in Fig. 3. 
Occasionally the circle is slightly dis-
torted into the form of an oval, but the 
common method is to draw a simple circle. 
Many engineers omit the circle for the en-
velope of the tube, but the better practice 
is to include it in the diagram. 

At B in Fig. 3 is shown the common symbol 
for the cathode. This symbol can be used 
to designate either the directly heated 
cathode or the indirectly heated types. 
This symbol is also used when it is not 
known exactly what type of cathode the tube 
to be used will have. 

The tube heater, or filament, is shown in 
symbolic form at C in Fig. 3. Where the 
tube is of the directly heated cathode type, 
this is the symbol most commonly used, al-
though the one shown at B can be used. 
Where it is definitely known that a tube 
is of the directly heated cathode type, the 
better practice is to use the symbol at C. 

The symbol at C is also used to show the 
heaters which are used to heat the cathode 

of an indirectly heated type where it is 
necessary or desirable to show the heater on 
the diagram. When it is necessary to show 
the heater of an indirectly heated cathode, 
it is the common practice to combine the 
symbols at B and C and draw it as at D. 

The most common method of showing the 
anode, or plate, in an electron tube is that 

shown at E in Fig. 3. An older practice was 
to draw a small rectangle to represent the 
anode, but this method of designating the 
anode has just about disappeared. The rec-
tangle is considerably harder to draw than 
the symbol shown at E in Fig. 3, and had 
no real advantages over it. A few of the 
old timers in this business occasionally 
use the rectangle to show the anode, and 

many of the diagrams of older electronic 
equipment continue to use that method. But 
for the most part it has almost disappeared 

from modern diagrams. 

The method of drawing a symbol for a diode 
tube is shown at F in Fig. 3. The symbol 
for the anode is shown at the top of the 
circle. Near the bottom is shown the heaters 
for the cathode, and immediately above the 
heater symbol is the cathode itself. This 

would be the symbol for an indirectly heated 
cathode type of diode. Had there only been 
a symbol for a filament and a symbol for the 
anode, we would have known it was a directly 
heated cathode type of diode. 

In counting the number of elements in a 
tube the heaters are never counted as being 
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one of the elements. However, if the 
heaters act as the cathode, as in a directly 
heated cathode type of tube, then they 
would be counted. However, they would 
not be counted as a tube element because 
they were the heaters, but because they 
were the cathode. Because there are so 
many circuits in most electronic devices, 
it is a common practice to omit the heaters 

from circuit diagrams when they do not act 
as the cathode. 

Since we know the cathode must be heated, 
we can often leave the heater circuits out 
of circuit diagrams without misleading any-
one. This makes it much easier to follow 
the more important circuits on the diagram. 

These are merely comments on general 
practices, and much more will be said about 

them as we progress with our studies. When 
they are not mentioned, the newcomer into 
this field is sometimes justalittle puzzled 
by what seems to be inconsistent practices. 
As you get a little deeper into this work 
you will see there actually is no inconsis-

tency at all. 

We already know the cathode of an electron 
tube will not emit electrons until it is 
heated. In Fig. 4 we have all the necessary 
elements for cathode emission with oneex-
ception. The cathode is not heated. But 
if the switch were to be closed, the voltage 
of the battery would force current through 
the heater of the cathode, causing it to 

heat the cathode. 

But just how much current must be forced 
through the cathode to cause emission? Just 

how hot must the cathode be? Will the same 
number of electrons be emitted when the 
cathode temperature is low as when it is 
high? If more and more heat is applied to 
the cathode, will the emission of electrons 
continue to rise at a steadily increasing 
rate? All of these are natural questions, 
and you should know the answers to them in 
order to properly understand the use and 
operation of vacuum electron tubes. 

Section 3. CHARTING CATHODE EMISSION 

Suppose we set up a circuit as shown in 
Fig. 5 and study the action of the diode 
tube under various conditions. In order to 
provide a positive voltage on the anode of 
the tube we have connected a battery between 
the cathode and the anode with the negative 
terminal of the battery connected to the 
cathode and the positive terminal to the 
anode of the tube. In order to measure 
the amount of current which flows through 
the circuit we have placed a milliammeter 
in the anode circuit. A milliammeter is a 
current reading meter which is sensitive 
enough to read milliamperes -- a milli-
ampere being 1/1000th of an ampere. Such 
meters are in common use in electronic work. 

During the course of our experiments we 
will assume the voltage of the anode circuit 
does not change. This means that any change 
in the value of the current flowing in the 
anode circuit is brought about in some way 
other than by changes in the anode cir-
cuit voltage. 

TBC-4 



• 

FLOW-- 4 MA 

111111 

"B" BATTERY 

2 CELL 

"A"BATTERY 

MILLIAMPERES 

100 

50 

10 

Fig.6. 

In Fig. 5 we have 1 cell in the " A" 
battery. The " A" battery is the one used 
to supply heating current to the cathode 
heater. But the one volt does not force 
enough current through the heater to raise 
the temperature high enough to cause any 
measurable number of electronstobe emitted. 
The milliammeter does not register any cur-
rent flow. For all practical purposes the 
use of one cell in the "A" battery does not 
set up any electron emission. 

Now let's add another cell to the " A" 
battery as shown in Fig. 6. The two cells 
will force more current through the heater, 
thus raising its temperature high enough to 
start some emission from the cathode. The 
milliammeter shows that 4 milliamperes of 
current is flowing in the anode circuit. 
Some electrons are shown passing through 
the space of the tube from the cathode to 
the anode. At the right is a chart showing 
a small amount of current. 

At Fig. 7 we have added another cell to 
the " A" battery. This extra cell forces 
still more current through the cathode 
heater, raising its temperature still 
higher. The milliammeter shows that 18 
milliamperes of current will flow through 
the anode circuit when the heater circuit 
contains three cells. The 18 milliamperes 
of current in the anode circuit when three 
cells are used in the heater circuit con-
trasts sharply with the 4 milliamperes of 
anode current when there are only two cells 
in the heater circuit. The chart at the 

FLOW -- 18 MA. 

3 CELL 

"A" BATTERY 

MILLIAMPERES 

100 

50 

10 

Fit. 7. 

right shows the comparison of 18 milli-
amperes with the 4 milliamperes in Fig. 6. 

Now let's see what will happen when we add 
still another cell to our heater circuit. 
This is shown in Fig. 8. When four cells 
are used in the heater circuit the tempera-
ture of the cathode is raised high enough 
so there are many electrons being emitted. 
The milliammeter in the anode circuits shows 
that now there are 50 milliamperes of cur-
rent flowing in that circuit. This contrasts 
very sharply with 18 milliamperes for three 
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cells in the heater circuit, and only 4 

milliamperes when there are two cells in 
the heater circuit. Note the current flow 
on the chart at the right in Fig. 8. Com-
pare this with the chart in Figs. 6 and 7. 

In Fig. 9 we have added still another cell 
to the heater circuit. This raises the 
cathode temperature still higher, and causes 
it to emit still more electrons. But the 
milliammeter shows us that this time the 
anode current has risen only to 60 milli-
amperes from the 50 milliamperes when 4 
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cells were used. Although the cathode 
emission has risen enough for the anode 
milliammeter to show a gain of 10 milli-
amperes, nevertheless the increase is much 
less sharp than when the cells in the heater 
circuit was increased from three cells to 
four cells. This being so, one might sus-
pect that a point had about been reached 
where additional electron emission cannot 
be obtained merely by increasing the cathode 
temperature. To test out this supposition 
we will add another cell to the heater cir-
cuit, making 6 cells in all. 

The addition of the sixth cell to the 
heater circuit is shown in Fig. 10. But 
the addition of this extra cell does not 
apparently increase the electron emission 
from the cathode by any important amount. 
This is shown by the fact the milliammeter 
in the anode circuit shows an increase of 
only one milliampere when the sixth cell 
is added to the heater circuit. A com-
parison of the chart at the right of Fig. 10 
to that in Fig. 9 shows only a very insig-
nificant change in current flow. 

To test this another step further, we will 
add two additional cells to our heater cir-
cuit, makingatotal of 8 cells all together. 
The addition of the two extra cells does 
increase the electron emission, but the 
amount is so insignificant as to be negli-
gible. The milliammeterintle anode circuit 
shows the addition of the two extra cells in 
the heater circuit has increased the anode 
current by only one milliampere. 

Increasing the number of cells in the 
heater circuit increases the voltage of that 
battery. The higher voltage causes more 
current to flow through the heater, thus 
raising the temperature of the heater and 
the cathode. With steadily increasing 
heater voltage the anode current first in-
creased rather slowly, then quite rapidly. 
Finally, as the voltage was increased still 
further, the anode current increased at a 
much lower rate. These observations point 
out three very important facts to us: 

1. Until the cathode gets quite hot there 
is no appreciable electron flow despite 
the fact the cathode-anode "B" battery 
is furnishing considerable potential 
difference between the cathode and the 
anode. 

2. Increasing the cathode temperature, in-
creases the number of electrons which 
are emitted from the cathode. This 
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permits a rapid increase in the flow of 
electrons through the space inside the 
tube from the cathode to the anode. 

3. After the cathode reaches a specific 
temperature, there is very little ad-
ditional increase in emission regardless 
of how much higher the temperature is 
raised. 

The use of charts and "graphs" is a con-
venient and useful method of showing how a 
vacuum tube will perform under certain 
designated conditions. In Figs. 5 through 
11, we have drawn a chart at the right of 
the illustration. These charts made possi-
ble a ready comparison of the actions which 
took place in each illustration. In Fig. 6 
only 4 milliamperes of current is flowing in 
the anode circuit. The bare figures "4 M.A." 
do not mean very much themselves, but when 
they are set down as a certain length on a 
piece of paper they begin to acquire some 
significance. When they are set alongside 
other lengths on paper which represent 
18 M.A. and 50 M.A., a comparison of their 
respective values can be observed in a 
glance. 

In Fig. 12 we have taken all the charts 
from Figs. 5 through 11 and placed them side 
by side. The height of the marks indicate 
the number of milliamperes, the exact number 
can be ascertained by referring to the milli-
ampere scale at the left of the chart. The 
marks are separated according to the number 
of cells in the heater circuit which each 
mark represents. Thus the first (which 
actually is zero) is shown for one cell, the 
second mark is for 2 cells, the third for 
three cells, etc. When the marks are located 
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in this manner we can tell at a glance 
exactly what the situation is when any com-
bination of circumstances exists. In Fig. 
13 we have redrawn the marks on a regular 
graph. The horizontal lines indicate the 
various current values, the various vertical 
lines are evenly spaced so the locations of 
the various cell combinations can be readily 
designated. The use of regular graph paper 
makes it much easier to draw one of these 
charts. Graph paper can be readily obtained 
in almost any stationary store, or one of 
the dime stores. 

When the graph paper is used, it is not 
even necessary to draw the entire mark we 
used in previous charts to show the re-
lationship of anode current to heater 
circuit voltage. Fig. 14 shows how this 
can be done. When only one cell is used 
in the heater circuit it does not heat the 
cathode sufficiently to cause any electron 
emission, thus no anode current. So on the 
graph in Fig. 14 we locate a vertical line 
representing one cell in the heater circuit, 
then move our pencil along it until we come 
to " zero" current. This is right at the 
bottom of the vertical line. Next we move 
over to the vertical line representing two 
cells in the heater circuit. We move the 
pencil up this line to a point which corre-
sponds to 4 milliamperes on the scale at the 
left of the graph. There we will place a 
dot. This is shown in Fig. 14. 

Then we find a spot on the vertical line 
for three cells which corresponds to 18 

milliamperes and place another dot. This 
is also shown in Fig. 14. We continue in 
the same manner on the vertical lines for 
4 cells, 5 cells, 6 cells and 8 cells. A 
dot is placed on the graph paper at each 
point where the anode current corresponds 
with the number of cells used to obtain the 
meter reading. No dot is placed on the 
vertical line representing 7 cells. This is 
because no reading was taken with 7 cells. 

Once the dots have been placedon the graph 
it is the common practice to draw a smooth 
curve from dot to dot. Such a curve is 
called the " Characteristic curve" of the 
cathode- temperature anode-current relation-
shipofthis particular tube. Similar curves 
are drawn to show many other relationships 
between various elements of vacuum tubes. 
The curveofthe particular tube we have been 
discussing is shown in Fig. 15. Other diode 
tubes might pass larger or smaller amounts 
of anode current as the heater voltage was 
changed. It would depend on the size of the 
cathode emitting surface, the type of 
emitter, the resistance of the heater ele-
ment and other things. But the relationship 
between the heater temperature and the anode 
current of any tube can be worked out by 
following the method we have described. 

Section 5. USING THE 
INFORMATION FROM THE GRAPH 

In the particular tube we have been dis-
cussing, we would learn from our experiments 
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that it would operate most efficiently at a 
temperature created by placing about four 
cells in the heater circuit. Using less than 
this number of cells radically reduces the 
electron emission. Increasing the number of 
cells adds to the cost, the weight and the 
bulkiness, but does not give enough ad-
ditional emissiontojustify the extra cells. 

Running tests on some other tube might 
show that it would operate most efficiently 
at a much higher voltage. Still other tubes 
might operate more efficiently at much lower 
voltage. But the point is that creation of 
such a graph, whether you have to do it 
yourself or it is done by the manufacturer, 
gives you very important information at 
a glance. 

Section 6. TEMPERATURE SATURATION 

When the cathode has been heated to such 
temperature that further increase results in 
no increased electron emission we have 
reached a state known as temperature satu-
ration. Before leaving this subject it 
would be well to make certain one thing is 
understood. That is to understand exactly 
what causes temperature saturation. 

You will recall we said that during the 
course of our discussion we would assume 
the anode voltage would remain constant --
it would not change. Thus the electrostatic 
field between the cathode and the anode 
would remain virtually steady. 

Furthermore, you will recall that as the 
cathode emits electrons the very actor 
emission causes the cathode to become some-
what more positive, thus exerting a measure 
of attraction for the electrons in the sur-
rounding space charge. As the temperature 
of the cathode rises, it emits more and more 
electrons until it reaches a condition where 
it attracts electrons as fast as it emits 
them; that due to the cathode's location 
with respect to the electron cloud and the 
anode, it has as much attraction for the 
nearby electrons as the more positive -- but 
more distant -- anode. When this condition 
is reached, it does no good to increase the 
temperature of the cathode. No more elec-
trons can get away from it. 

However, when the point of temperature 
saturation is reached in a tube, it is 
possible to obtain a greater anode current 
by increasing the voltage between the cathode 
and the anode. The higher positive voltage 
then tends to make the anode relatively more 
attractive to the electrons. Fig. 16 indi-
cates how a higher anode voltage will raise 
the point of temperature saturation. 

Section 7. EFFECT OF ANODE VOLTAGE 

We have seen the effect on the current in 
the anode circuitofchanging the temperature 
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of the cathode. Now we shall investigate 
what changes will take place in the anode 
current when we change the anode voltage. 

Perhaps it is well that we explain the 
terms "anode current" and anode voltage. A 
voltage normally exists between the cathode 
and the anode. This voltage is developed in 

a source of power outside the tube, such as 
the battery in figure 17. Inside the tube 
the current flows from the cathode to the 
anode. Outside the tube the current flows 
from the anode ( under the influence of the 
battery voltage ) to the cathode as shown by 
the arrows. This outside circuit is referr-
ed to as the anode circuit. 

Probably the most accurate description 
would be " anode-cathode circuit. But this 

Fié.17. 

designation would be just a little too long 
and unwieldly for everyday use. It could 
not be called the "cathode circuit", because 
as you will soon learn, there are many cir-
cuits connected to the cathode and it would 
be confusing to call this circuit by that 
name. But this particular circuit does in-
volve the anode, and no other circuit does 
go to the anode, so it is natural to call 
the one circuit which connects the anode to 
the cathode the "anode circuit". 

Moving along another step from here, it is 
the most natural thing in the world to call 
any current which flows in the anode circuit 
by the name "anode current". It is equally 
natural to call any voltage which exists 

between the anode and the cathode by the 
name " anode voltage". You will encounter 
these terms constantly in your work with 
electron tubes, so it is just as well to get 
them straight in your mind at this time. In 
many electron tubes the cathode forms a part 
of many circuits, and as you will find out 
later, the cathode is the basic point from 
which all voltages in the tube are measured. 

Beginning with Fig. 17 we will study the 
effect on the anode current of changing 
the value of the anode voltage. During 
these series of tests we will not change 
the voltage across the heaters. In other 
words the temperature of the cathode will 
remain constant during these experiments. 
In Fig. 17 we have a diode tube with 20 
positive volts applied to the anode. A 

milliammeter is connected in the anode cir-
cuit in such manner that we can determine 
the value of the current flow. The meter 
shows us that when the temperature of the 
cathode is some particular value, an anode 
voltage of 20 volts will cause 17 milli-
amperes to flow through the tube and the 
external circuit. 

We have constructed a graph at the right 
of the illustration. On this graph we have 
placed a dot to mark the value of the cur-
rent when the anode voltage is 20 volts. 

In Flg. 18 we have the same circuit with 
all the same components. The only difference 
is that in this circuit we have placed 40 



• 

Fig. 18. 

positive volts on the anode of the tube. 
The reading of the milliammeter shows us the 
anode current has increased to 48 M.A. We 
have placed a dot on the graph at the right 
to show the anode current when the voltage 

is 20 and 40. 

We have increased the anode voltage still 
more in Fig. 19. Here the voltage has been 

raised to 60 volts. Nothing else about the 
circuit has been changed. The milliammeter 

now tells us the anode current has risen 
to 85 ma. The indication at this time is 

that the anode current values will rise 
clear off the chart if we continue to in-
crease the anode voltage. This indication 
is shown by the three dots which mark the 
value of the anode current at the three 
anode voltages we have used, 20 volts, 40 

volts and 60 volts. 

To carry our investigation a little 
further, suppose we increase the anode 
voltage another 20-volt step to 80 volts. 
This condition is shown in Fig. 20. The 
increase in the anode voltage has again 

Fig. 19. 
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resulted in an increase in the anode cur-
rent. But the increase is not now nearly 
so great as when we previously increased 
the anode voltage. Raising the anode 
voltage to 80 volts increases the anode 
current to only 92 milliamperes. This is 
shown by the reading of the milliammeter. 
The rising curve of dots on the graph at 
the right is no longer rising as steeply 
as before. 

In Fig. 21 the voltage on the anode has 
been increased another 20 voltsto100 volts. 
But this increased voltage has resulted in 
increasing the anode current only one milli-
ampere to 93 milliamperes. It is becoming 
evident that merely increasing the anode 
voltage is not going to keep the anode cur-
rent rising. The location of the dots 

representing the various voltage and current 
readings on the graph have been joined 
together with a curving line. The curve 
which had been rising steeply has now 
flattened out so that it is now moving al-
most horizontally. This flattening of the 
characteristic curve is a graphical visual 
indication that further increase in anode 
voltage has little effect on anode current. 

Section 8. VOLTAGE SATURATION 

When the curve of the line on the graph 
flattens outsothat additional anode voltage 
does not result in any appreciable anode 
current, we say the tube has reached voltage 
saturation. This means the tube has reached 

a condition where additional voltage has 
little or no affect; it is saturated with 
voltage. Although we call this condition 
voltage saturation, the condition is brought 
about because the anodeisalready attracting 
all the electrons the cathode is emitting. 
If there are no additional electrons avail-
able in the space charge of the tube, an 
increase in voltage would naturally have 
no further effect. When measuring the 
voltage and current, the appearance is that 
the tube has becomasosaturated with voltage 
that additional voltage has little effect --
thus the term, voltage saturation. 

To a certain extent, the term voltage 
saturation seems almost a misnomer. But 
it has the sanction of long usage and there 
is little likelihood the designation will 

be changed. The term is brought to your 
attention, and explained, so you will under-
stand what is meant when you encounter it 
in your everyday work. 

Which brings us to the point that we have 
now learned something about another charac-
teristic of a diode vacuum tube. We have 
learned that: 

1. Anode current, or electron flow in the 
anode circuit, can be increased by In-
creasing the anode voltage. 

2. After the anode voltage reachesacertain 
high value, no additional current flow 
can be obtained by increasing the anode 
voltage to still higher values. 
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Section 9. EFFECT OF 
NEGATIVE ANODE VOLTAGE 

In all our discussions of anode current 

flow we have assumed the voltage on the 
anode was positive in polarity. Such is 
usually the case. But suppose the anode 
were to become negative, such as would 
happen if the tube were placed in an A-C 

circuit. What action would take place? 

It isn't hard to figure out the answer 
to that. You have probably figured it all 

out for yourself already. We can almost 
answer that question by asking another. 
Just what causes the electrons to be at-
tracted to the plate in the first place? 
Because it is positive, of course. 

Then if the plate should be negative 
rather than positive it would not attract 
electrons. In that case, if the plate 
should become negative it would not attract 
electrons -- in fact it would repel them --
with the result that no anode current at all 
would flow. This situation is shown in 

Fig. 22. 

Section 10. VACUUM TUBE RECTIFIERS 

This very ability of the vacuum tube to 

pass electrons only when the anode is posi-
tive makes possible its first use, and one 
which is still very valuable; the use of 
the tube as a rectifier. A rectifier is a 
device which changes alternating current 
into a current which flows only in one 

direction. As a matter of fact, the diode 
vacuum tube is used more frequently as a 
rectifier than for any other purpose. Even 
its use as a diode detector involves its 
ability to act as a rectifier. 

Nearly all commercial electrical power 
is generated and distributed in the form of 
alternating current. Ordinary alternating 
current power is not desirable on the anodes 
of many amplifying tubes. This means that 
before the regular A-C house current can be 
used to power a radio or television re-
ceiver, or be placed on the anodes of ampli-
fier tubes in an Industrial Electronic 

Fig.22. No Anode Current will Flow when 
the Anode is Negative. 
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device, the A-C power must be converted into 
direct current. This is where the vacuum 
diode tube is brought into use. 

Fig. 23 gives an exaggerated view of the 
mannerinwhich the electrons are continually 
moving back and forth under the influence of 
alternating voltages. The electrons in a 
circuit connected to ordinary 60-cycle house 
current will move in one direction for 
1/120th of a second. Then they will re-
verse and move in the other direction for 
1/120th of a second. They will immediately 
reverse again, keeping this up continually, 
a reversal every 1/120th second. 

LOAD 

LOAD 

Fi4.24. Direction of Current is Determined 
by the Polarity. 
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If an alternator is connected to a load, 
the current will flow for one instant as in 
Fig. 24, then an instant later will reverse 
and flow in the opposite direction as shown 
in the same illustration. For many purposes 
it makes no difference in which direction 
the current moves, and this continual re-
versal is no hindrance. In fact, alter-
nating current is highly desirable for many 
applications. 

But there are other places where the cur-
rent cannot be used if it is constantly 
changing its direction. Electronic devices 
of many kinds cannot use A-C power on their 
amplifier tubes. Radio and television 
receivers, in particular, must have D-C 
for use on their amplifier tube anodes. 

Suppose the load shown in Figs. 23 and 24 
was such that D-C power must be supplied, 
but only A-C power was available. When that 
situation arises we make use of the vacuum 
tube rectifier. An electron tube would be 
inserted in the circuit as shown in Fig. 25. 
The action of the diode rectifier is such 
that it will allow the current to flow in 
one direction but will block its flow in the 
opposite direction. The direction of the 
voltages and current at the output of a 
diode rectifier is shown in Fig. 26. The 
current pulses shown at the lower part of 
Fig. 26 are all flowing in the same di-

Fie. 25. A Diode Tube Allows Current to 
Plow in only One Direction. 



FiÉ.26. Potential is alternately in one 
direction, then tn the other. But current 
flows only on the positive half-cycles. 

rection. But the flow is not smooth and 
even, such as would be the flow from a 
battery or from a D-C generator. For this 
reason the current from a vacuum diode 
rectifier as shown in Figs. 25 and 26 is 
not usually called direct current. It 
is called unidirectional current, which 
means current flowing in only one direction. 

i/ tSection 11. FILTERS 

Such uneven current pulses are frequently 
undesirable. In order to use the unidi-

rectional current provided by vacuum diode 
rectifiers it is usually necessary to smooth 
out the unevenness by means of circuits 
called filters. These filter circuits 
usually consist of high-capacity capacitors, 
or large inductance coils called choke 
coils and are used to filter out the uneven 
ripples in the unidirectional current. 

In Fig. 27 is shown the method of con-
necting a large value capacitor into the 
circuit so as to smooth out the worst of 
the ripples. A-C voltage is applied to the 
anode and cathode of the vacuum tube, but 
since the tube will pass electrons only when 
the anode is positive, the electrons will 
move through the load in the direction of 
the arrows. Fig. 27 shows the circuit at 
an instant when the anode is positive. 
During this instant the capacitor will 
charge up with the polarities as indicated. 

During the next instant the anode of the 
tube will be negative. (See Fig. 28.) This 

will effectively block the passage of any 
electrons in either direction. The tube 
will act just like a switch which is open. 
Note the equivalent circuit of Fig. 28. If 
the tube were completely removed from the 
circuit for this instant, the situation 
would be the same. This means that so far 
as the external A-C circuit is concerned, 
it might just as well be disconnected during 
this instant. 

But the capacitor which had charged up on 
the positive cycle is now free to discharge. 
It cannot discharge through the tube -- the 
action of the tube is such that it is like 
an open circuit or an open switch. But the 
capacitor can discharge through the load, 
and this it does. If the switch in the 
equivalent circuit of Fig. 28 was closed 
during each positive cycle and opened during 
each negative cycle, it would act exactly 
like the tube. 

It will be noted that the movement of the 
electrons through the load from the dis-
charging capacitor is in the same direction 
as the movement of electrons when they were 
flowing through the circuit and the tube. 
What this means is that during the positive 
half-cycles the electrons will move through 
the load from one side of the power line to 
the other. At this time the electrons flow 
through the load and through the tube. But 
during the half-cycles when the anode of 
the tube is negative, the tube effectively 
opens the external circuit, but the capacitor 
can discharge through the load in the same 
direction that electrons from the power line 
were flowing an instant before. This means 
that electrons are flowing through the load 
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in the same direction during both half-
cycles of the A-C power cycle. The load 
doesn't know nor care whether the electrons 
which are flowing through it at any par-
ticular instant are directly from the power 
line or are from the discharging capacitor, 
just so they are all flowing in the same 
direction. 

Capacitors are especially useful in the 
filtering of unidirectional current pulses 
where the load is such that it needs rela-
tively little current. Typical loads of 
this type would include high resistance 
relays, vacuum tubes, electrostatic air 
cleaners, television picture tubes, and 
similar things. 

Sectton 12. THE FILTER "CHOKE". 

Where the load is such that a fairly high 
current passes through it, the capacitor 
alone is not usually sufficient. In cases 
of this kind an inductance coil -- the 
"choke" coil -- is added in series with 
the load. The inductance acts somewhat like 
a flywheel. When the current surges begin, 
the inductance tends to hold the current 
back. But as the peak of the surges pass 
and tend to decrease, the action of the in-
ductance coil is such as to keep the current 
flowing. Thus the coil has a smoothing 
effect where the current flow is of some 
consequence. 

A common method of connecting a choke coil 
into the filter circuit is shown in Fig. 29. 
Here the capacitor and the choke both work 
to keep the voltage and current reasonably 
stable through the load. The capacitor 

strives to smooth out the voltage peaks, 
while the choke tries to smooth out the 
current peaks. Both working together are 
more effective than either a capacitor or 
a choke alone. 

Such a capacitor might have a capacity 
ranging anywhere from about 20 mfd. to over 
100 mfd., the exact value depending upon 
the purpose for which the power was being 
filtered. In small A-C - D-C radio re-
ceivers, capacitors of 30 mfd., 40 mfd. and 
50 mfd. are quite commonly used. 

The choke would normally have an iro 
core and would have an inductance of fro 
2 henries to about 10 henries. A very 
common type filter choke has an inductanc 
of 5 henries. This type filter choke is 

A -C 
VOLTAGE 

CHOKE COIL 

CAPACITOR 

dorlde e 

Fié.29. 

• 

TBC -16 



used in many radio and television receivers. 
The physical size of the choke would depend 
upon the amount of current it would be ex-
pected to carry. A small choke for use in 
circuits where the current drain did not 
exceed 50 milliamperes would be small enough 
to fit almost anywhere on a small chassis. 
None of its external dimensions would likely 
exceed 1-1/2 inches. Larger chokes for use 
in transmitters where the current drain 
reached, or exceeded, 500 milliamperes might 
be quite large, and very heavy. Such chokes 
might exceed six or seven inches in each of 
its dimensions and weigh anywhere from 
twenty to one hundred pounds, possible more. 

Section 13. THE "PI" FILTER 

Where even better filtering is desired 
than can be given by a single choke and a 
single capacitor it is customary to add 
another capacitor to the filter network. 
The second filter is connected in the manner 
shown in Fig. 30. The name "Pi" filter is 
given to this network because the normal 
schematic arrangement of the components is 
such as to resemble the Greek letter "Pi". 
This is shown in the small diagram of 
Fig. 30. 

Filter circuits which have the capacitor 
connected between the choke and the cathode 
of the tube are called " condenser input" 
filters. This name is given because the 
early common name for capacitors was " con-
denser", and because the first element of 
the circuit looking from the tube is the 
capacitor. Thus the name "condenser input". 
A condenser- input filter has the charac-
teristic of maintaining the voltage of the 
main load circuit at a high level. The 
voltage through the load is frequently 
higher than the effective voltage of the 
A-C line. Where the current drain is 
relatively light, such as is common in 
radio and television receivers, the con-
denser-input type of filter circuit is most 
commonly used. 

When the filter choke is connected between 
the capacitor and the cathode of the recti-
fier tube, as shown in Fig. 31, the circuit 
is referred to as a " choke- input" filter. 
This type of filter circuit is used where 
the current drain of the circuit is rela-
tively high. Such conditions will be found 

a in radio transmitters, some Industrial 
Electronic circuits, and in high-power 
public address systems. The output voltage 
of the choke-input filter circuit is not 
nearly so high as that of the condenser-

TPi FILTER 

Fié.30. The "Pi" Filter Circuit. 

input filter, but the voltage will remain 
much more stable under changing loads. In 
transmitters where the current drain is 
relatively high, and the high-power tubes 
usethepower in rapidly fluctuating amounts, 
the choke-input filter holds the voltage at 
a much more stable level than would be the 
case if condenser-input filters were used. 

Where the current drain is quite high and 
it is highly desirable to maintain the 
voltage at a constant level, it is a common 
practice to add additional elements to the 

Fié.31. 
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filter circuit. Fig. 32 shows such a cir-
cuit. . In this circuit there are two chokes 
and two capacitors. Such a circuit will 
handle very heavy demands in the way of 
fluctuating loads, eliminate all trace 
of the A-C ripple, and keep the output 
voltage very steady. 

The rectifier circuits we have discussed 
so far, and their associated filter cir-
cuits, are all known as half-wave " recti-
fiers". A glance back at Fig. 26 will 
explain where this name comes from -- only 
one-half of the original A-C 60-cycle power 
is used. Since the current flows through 
the tube in spurts -- and no current flows 
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through the tube itself during one-half the 
time -- relatively large capacitors and 
chokes are needed to keep the voltage and 
current smooth. The capacitors and chokes 
must be large enough to supply power for 
the load during the half- cycles when the 
tube is not conducting. 

Section 14. FULL-WAVE RECTIFIERS 

The use of half-wave rectifiers is quite 
common. Nearly all the less expensive A-C - 
D-C radio and television receivers employ 
half-wave rectification. Many industrial 
electronic circuits also use half-wave 
rectification. 

But there are some cases where half-wave 
rectification is not adequate. Too much 
power is being wasted. It costs too much 
to build the filter circuits to smooth out 
the A-C ripples. In these cases it is 
better to use " full-wave" rectification, 
thus using both sides of the A-C wave. 

Full-wave rectifiers employ power trans-
formers, the secondary of which is center-
tapped. Fig. 33 shows the schematic of such 
a transformer. The primary is designedtobe 
connected directly to the regular 120-volt, 
60-cycle A-C power commonly found in most 
homes. The main secondary winding is such 
that the voltage between the two ends of the 
winding will be from about 600 volts to about 
900 volts, although insome cases the voltage 
may be higher or lower. The transformer 
diagrammed in Fig. 33 has 750 volts between 
the two ends of the main winding. This 
winding is tapped in the exact center so 
there are 375 volts betwen the center tap 
and each of the two ends. The other second-
ary winding supplies the filament voltage for 
heating the cathodes of the rectifier tubes. 

In Fig. 34 we show how one tube is con-
nected into the rectifier circuit. During 
the instant in which the polarities are as 
shown, the tube in the circuit will conduct. 
In this respect the circuit is not greatly 
different from a half-wave rectifier. Note 
the arrows which show the current movement 
during this particular half-cycle. Note how 
similar the current flow is to that in a 
half-wave rectifier. The positive side of 
the load and filter circuit is connected 
to the rectifier filament circuit. Since 
the filament circuit is also the cathode 
circuit, this is the same as making the con-
nection directly to the cathode. With this 
exception the circuit is almost identical, 
so far, to that of a half-wave rectifier. 
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Fié.34. Full-Wave Rectifier During the Positive Half-Cycle. 

Now let's see what happens during the next 
half-cycle. Fig. 35 shows the polarities 
reversed from the situation in Fig. 31. Now 
the bottom end of the high-voltage winding 
on the power transformer is positive. This 
means the top end is negative. Since this 
would put a negative voltage on the anode of 
the diode tube shown in Fig. 34, that tube 
could not now conduct. 

But in Fig. 35 we have added another tube 
to the rectifier circuit. The anode of this 
second tube is connected to the bottom end 
of the high-voltage winding on the trans-

former. This means this second tube is now 
in position to conduct and will attract 
electrons from the cathode. Since the 
cathode of this tube is also the filament, 

and the filament of this tube is connected 
to the filament of the first tube, this 
all means that any electrons attracted from 
the cathode must also be brought in through 
the filter circuit. There is no place else 
for them to come from. 

The fact that the low-voltage winding 
which supplies heating current to the fila-
ments is also connected to the cathodes of 

Fié.35. Full-Wave Rectiner During Opposite Half-Cycle. 

TBC-19 



the two tubes, is only incidental. No elec-
trons can be attracted from that circuit 
-- it is a closed ciréuit and has only the 
ONE connection with the filter circuit, 
the load, and the high-voltage winding, 

We now have a situation where electrons 
will be attracted through the filter cir-
cuit to the cathode of the top tube, and 
from there to the anode of the top tube when 
the respective polarities are as shown in 
Fig. 34. Then during the next half-cycle 
when the polarities are reversed, the elec-
trons will be attracted through the same 
filter circuit to the cathode of the bottom 
tube, and from there to the anode of the 
bottom tube when the polarities are as shown 
in Fig. 35. Thus it makes no difference 
which end of the high-voltage winding is 
positive; it will attract electrons to the 
anode of one tube or the other. Further-
more, it makes no difference which tube is 
conducting; its cathode must obtain its 
electrons from the filter circuit, which in 
turn draws the electron current through the 
load. Now we have a circuit which makes use 
of both sides of the A-C sine wave. 

It will be noted that the negative side 
of the filter circuit returns to the center 
tap on the high-voltage winding. A careful 
study will show that regardless of which 
tube is conducting, the center tap on the 
transformer will be negative with respect 

to the anode of that tube. For example, in 
Fig. 34 the anode of the top tube is posi-

Fig.36. Full- Wave Rectifier Using a 
Duodiode Tube. 

TBC-20 

tive. But the center tap is negative with 
respect to the anode of that tube. In 
Fig. 35 the bottom tube is conducting and 
its anode is positive. At this instant, 
the center tap is negative with respect to 
the anode of that tube. 

Section 15. THE DUODIODE 

In our description of the operation of the 
full-wave rectifier we have shown the opera-
tion with two tubes. Two tubes are actually 
used in many cases such as transmitters, and 

heavy-duty public address systems. But 
vacuum tube manufacturers have designed 
special tubes which actually combine two 
tubes into one glass envelope, and thus 
perform the same function as two entirely 
separate tubes. 

Fig. 36 shows such a tube, known as the 
duodiode, connected into a full-wave recti-
fier circuit. The filament acts as the 
cathode for both sides of the tube. There 
are two anodes. They are alternately posi-

tive; thus one is conducting while the other 
is at a negative potential. This situation 
reverses itself 120 times a second on 60-
cycle A-C voltage. The tube is thus able 
to perform the same function as two separate 
diode tubes. It makes no difference which 
anode is positive, it will attract electrons 
from the same cathode. And since the cathode 

is connected directly to the filter circuit, 
it will maintain a constant voltage across 
the filter circuit and the load. 

No attempt has been made while describing 
the rectifier circuits to explain the type 
of load which might be connected to a recti-
fier circuit. Actually we are not particu-
larly concerned at this time what the load 
actually is. It might be a small motor, or 
an electric light or some other similar 
electrical device. More than likely, how-
ever, the load on such a rectifier circuit 
will be the anodes of vacuum amplifier 
tubes. The current through such tubes would 
be very small, on the order of about 2 to 
10 millfamperes each. Since the ordinary 
rectifier tube is capable of passing from 
50 milliamperes to more than 100 milli-
amperes, it can be seen that such a recti-
fier system can supply power to a large 
number of amplifier tubes. 

Probably the oldest:, and most common, 
example of a duodiode such as is diagrammed 
in Fig. 36 would be the type 80. Other 
tubes similar to the 80 are the 5Z3, bY3, 
5U4 and several others. When you encounter 



any of the above named tubes in an elec-
tronic de-trace, you will know it is a recti-
fier tube. Usually the rectifier tube is 
somewhat larger than the other tubes. How-
ever, this is not always the case. Reference 
to a standard tube manual will quickly tell 
you whether a certain tube is a rectifier 
tube or not. 

Section 16. FILTER CAPACITORS 

The capacity of the capacitors used with 
full-wave rectifiers can be much lower than 
those used with half-wave rectifiers. There 
are two reasons for this. The ripple fre-
quency of full-wave rectifiers is 120 cycles 
per second whereas the ripple frequency of 
the half-wave rectifier is only 60 cycles 
per second. This is assuming the line fre-
quency is the common 60-cycle power normally 
supplied to most homes. The other reason is 
that there are no wide gaps in the current 
and voltage surges as shown in the lower 
part of Fig. 26. The half-wave voltage and 
current surges are also shown at the top 
of Fig. 37. The lower part of that illus-

tration shows how the gaps between the 
positive peaks are filled in by the other 
half of the sine wave. 

HALF- WAVE 

/.% /-\ 

FULL- WAVE 

Fig.37. Ripple Frequency of Ralf-Wave 
and Full-Wave Rectifiers. 

The capacitors used in the filter circuit 
of most full-wave rectifiers usually have a 
capacity of about 8 mfd. to 12 mfd., although 
some capacitors a little larger can be found 
in some electronic devices. Practically all 
capacitors used in filter circuits are of 

the electrolytic type. These capacitors are 
polarized and it is necessary to exercise 
care to see that the polarities are observed 
when installing them in a circuit. 

NOTES FOR REFERENCE 

The diode is the most simple type of tube, and is probably the most common. 

An important use for diode tubes is found in the rectifier circuits of various electronic 
devices. 

A duodiode is actually two diodes in one glass envelope. They are very common. 

"Temperature saturation" refers to the condition in which increased temperature of the 
cathode does not result in any increased anode current. 

"Voltage saturation" refers to a condition where increased anode voltage does not result 
in increased anode current. 

The "A" battery is used to heat the filaments of a vacuum tube. 

The "B" battery is used to supply anode voltage to a vacuum tube. 

Rectifiers are used to change alternating current into direct current. 

Unidirectional current is current which is flowing in only one direction, but is not neces-
sarily a continuous current flow. 

A half-wave rectifier is one which passes only one side of the voltage wave into the filter 
circuit. 

A full-wave rectifier is one which utilizes both sides of the A,C voltage wave. 

Electrolytic capacitors are used almost exclusively in the filter circuits of rectifiers. 
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Section 1. INTRODUCTION 

The perfection of the diode vacuum tube 
in the form of the original "Fleming Valve" 
opened up the electronic age. Although its 
first introduction to the scientific world 
created no great enthusiasm at the time, it 
is now hard for us to recall any other 

invention which has wrought so many changes 
in the lives of men. 

But the diode tube had, and still has, 
many limitations. It is a perfect rectifier. 
And as such it has many uses, but the diode 
alone is relatively insignificant when its 
accomplishments are placed alongside those 
of the three-element tube, the triode. 

The triode receives its name from two 
Greek words which mean "three" and "path". 
Literally, a triode tube is one which 
employs three elements in its operation. 
Two of them are identical with those we find 
in the diode -- the cathode and the anode. 
The triode tube has a cathode identical in 
most respects with the ones we find in the 
diode tubes. Some of the cathodes are 
directly heated, just as they are in the 
diodes, while others are indirectly heated. 

In the same manner the anode is also quite 
similar. In some respects the anode in a 
triode may be somewhat different in its 
physical aspects from ones generally found 
in diode tubes, yet at the same time they 
are not significantly different. Because 
some diode tubes are called upon to pass 
larger amounts of current than triodes their 

anodes and cathodes may be somewhat larger. 
But in most essential respects the elements 
in a triode are patterned very closely after 

those to be found in diodes. 

It remained for Dr. Lee DeForest to intro-
duce a third element into vacuum tubes, and 
in so doing to open up entirely new possibi-
lities for their use. Dr.DeForest is almost 
universally proclaimed the "Father of Radio". 
This title is well deserved. The third 
element he introduced into the vacuum tube 
literally opened upnewworlds of opportunity 
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Fié.2. The anode and cathode of a triode 
tube. 

in the realm of electricity, electronics and 
science. Practically every advance in the 
field of electronics during the past half 
century has been made possible as a result 
of Dr. DeForest's pioneering work. 

Section 2. THE GRID 

The anode and the cathode are arranged in 
a triode very much the same way they are 
in a diode. The basic arrangement is shown 

4. 

Fié.3. Row the grid is located within 
a tri ode tube. 

in Fig. 2. There the cylindrical cathode 
is placed inside the larger cylinder of the 
anode. The illustration is that of an 
indirectly heated cathode. The heaters 
would be placed inside the cathode in the 
same manner as the heaters of an indirectly 
heated diode tube. 

The third element in a triode tube, the 
one first introduced by Dr. DeForest, is 
the grid. In appearance the grid is a most 
insignificant looking piece of apparatus. 
It is nothing more than a piece of wire 
coiled around the cathode. (See Fig. 3.) 
It is so anchored, however, that it touches 
neither the cathode nor the anode. Should 
it touch either the cathode or the anode it 
would lose its effectiveness. 

To make the grid appear less significant, 
it is not even connected to an electrical 
circuit at one end. In fact it is merely a 
piece of wire which comes up from the base 
of the tube, makes several turns around the 
cathode, then stops. From the conventional 
electrical standpoint it would appear to 
be of no use since it fails to make a 
complete circuit. 

In order to understand just what the grid 
does inside the tube we will review very 
briefly the action of a diode. Fig. 4 shows 
an exaggerated view of a heated cathode from 
which electrons are being emitted. The 
electrons, being particles of negative 
electricity, are attracted to the positive 
anode. While only a few electrcns are shown 
being emitted from the cathode, actually 
billions of them are emitted each second, 

• 
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Fig. 5. 

and then move through the space inside the 
tube to the anode. 

In Fig. 5 we have the same cathode and the 
same anode. But in addition to these we 
have the coils of wire which compose the 
grid. The grid encircles the cathode in 
such a manner as to partially screen the 
cathode from the anode. It erects a sort 
of fence, so to speak. 

So long as the grid remains electrically 
neutral, it will have no appreciable effect 
upon the passage of electrons from the 
cathode to the anode. The electrons will 
have no particular difficulty in passing 
through the gaps between the encircling 
coils of the wire. 

But, if a negative voltage is placed upon 
the wire of the grid the newly acquired 
negativeness of the grid will tend to repel 
the electrons. The electrons will be 
repelled and prevented from coming close to 
the grid wire. 

If the negative voltage is not too high, 
some of the electrons will still be able to 
pass through the spaces between the wires at 
points furthest from each coil of wire 
as shown in Fig. 5. This will mean that 
midway between each turn of the grid a few 
electrons will be able to break through and 
reach the anode. But the majority of the 

electrons will be unable to get through 
and will thus be forced to remain in the 
vicinity of the cathode. This means that 
when there is a negative voltage on the 
grid of a triode tube there will be far 
less electrons reach the anode than would 
be the case in a diode tube where there 
was no grid. 

It should be noted that a current does not 
need to flow through the grid in order for 
it to repel the electrons. Merely the 
presence of a negative voltage is sufficient 
to hold up the passage of electrcns through 
the spaces between its coils. 

Section 3. TRIODE SYMBOLS 

Just as is the case with other electrical 
and electronic components it has become the 
general practice to represent the elements 
of a triode vacuum tube by means of a 
symbol. Such symbol is commonly used on 
schematic diagrams and other places where 
it is necessary to designate the presence 
in a circuit of such a tube. The symbol 
shown in Fig. 6 is the one that has been 
used for many years to represent a vacuum 
triode tube. All the elements inside the 
tube are represented: the anode, the grid, 
the cathode and the heaters. 

Very often it is convenient to omit the 
heaters from schematic diagrams. All 
persons who use such diagrams recognize the 
fact that heaters are necessary to keep 
the cathode hot. And since the presence of 
the wires leading to the heaters often tend 
to confuse an already complicated drawing 
it is a frequent practice to leave the 
heater symbols out of the tube symbols. 

Fig.6. Symbol of a vacuum triode showing 
the heaters. 
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Fig.7. Symbol of a vacuum tube with the 
heater symbols omitted. 

When that is done the triode tube symbols 
would be drawn as shown in Fig. 7. 

The symbols shown in Figs. 6 and 7 are 
the ones which have been used for many years 
in radio and television work. However, 
that symbol has one drawback. It is some-
what hard to draw. It is hard to keep the 
zigzag lines of the grid even and symmetri-
cal, and slows down the work of the drafts-
man in the engineering drafting rooms. To 
overcome that difficulty a slight modifica-
tion of the symbol has been coming into use 
during recent years. This is particularly 

— -- 1-
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Piê.9. Effect of the grid on the move-
ment of electrons. 

Fté.8. The newer symbol for a vacuum 
triode. 

true with respect to Industrial electronic 
circuits, but the practice is also catching 
on in radio and television work. The newer 
symbol is drawn as shown in Fig. 8. It will 
be noted that there is no change so far as 
the cathode and the anode are concerned. But 
instead of the grid being drawn in a zigzag 
fashion as in Fig. 6 it consists of several 
dashes. Since this symbol has such an ob-
vious advantage over the older one it will 
probably eventually replace the older one 
entirely. However, since both symbols are 
widely used at the present time we will use 
both of them in these lessons so you will 
become thoroughly familiar with them both. 

Section 4. ACTION OF THE OHIO 

As we mentioned before, the mere presence 
of the grid wire in the tube has little or 
no effect on the passage of electrons so 
long as the voltage on the grid is the same 
as that of the cathode. But suppose, as in 
Fig. 9, a battery is connected between the 
grid and the cathode in such a manner as to 
place a negative voltage on the grid. When 
this occurs the wire of the grid itself will 
become negative, and when this happens an 
electrostatic field will be set up between 
the grid and the cathode. The electrostatic 
field will be such as to tend to repel the 
movement of electrons from the cathode 
toward the grid, and through the meshes of 
the grid to the anode. 

If the voltage is not too high some of the 
electrons will be able to move through the 
spaces between the grid wires as shown in 
Fig. 9. After they pass through the grid 
they will come even more strongly under the 
influence of the anode and will be attracted 
to it. But it should be noted that a 

• 
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negative voltage on the grid reduces very 
materially the movement of electrons from 
the cathode to the anode. 

On the other hand if the grid is made 
slightly more positive than the cathode it 
tends to boost the flow of electrons from 
the cathode to the anode. Fig. 10 shows 
the effect on electron flow of both a 
negative voltage on the grid and that of a 
positive voltage. The negative voltage at 
A radically reduces the flow of electrons, 
while the presence of the positive voltage 
at B materially aids the flow of electrons. 

Section 5. EFFECT OF ANODE POTENTIAL ON 
ANODE CURRENT WITH "ZERO" GRID 

Since it is possible to control the flow 
of electrons through a vacuum triode by 
adjusting the voltage on the grid of the 
tube we find many new possibilities opened 
up for us. In order to learn just what some 
of these possibilities are, suppose we 
conduct a few experiments. In these experi-
ments we will study the effect upon the 
flow of anode current by placing a variety 
of voltages on the grid and on the anode 
of the tube. 

In our first series of tests we will keep 
the grid voltage at what we call " zero 
potential". What this means is that the 
grid will be maintained at the same voltage 
as the cathode. You will recall that we 
have already mentioned that the voltages on 
all the elements of a vacuum tube are 
measured with respect to the voltage on the 
cathode. Since in this ease the grid is 
going to be connected directly to the 
cathode it is rather obvious that the 
voltages on these two elements are going to 
be the same. When this condition exists it 
is the common practice to say the grid is at 

"zero potential", or is a "zero grid". 

In much the same way we experimented with 

the diode, we will now place a milliammeter 
in the anode circuit of the tube. This will 
enable us to read the amount of current 
which flows in the anode circuit. Likewise, 
we will place a voltmeter so as to read the 
voltage which is caused to exist between 
the cathode and the anode. The various 
connections in the test circuit would be as 
shown in. Fig. 11. 

It will be noted that the battery is 
tapped so that only 10 volts are placed 
on the anode of the tube. These are posi-
tive volts -- 10 positive volts. As the 

Fié.10. The differiné effects of a 
Positive and a neéattve voltaée on 

the rtd. 

result of these 10 volts on the anode 
electrons are attracted to it in sufficient 
quantity to cause •5 milliamperes of current 
to flow in the external anode circuit. 
The 10 volts are shown registered on the 
voltmeter and the 5 MA of current is shown 
on the milliammeter. Note particularly that 
the grid of the tube is connected directly 
to the cathode so that the voltage on the 
grid must be the same as that on the cathode. 

Yt.11. 
TBK-5 



Fig. 12 

In Fig. 12 the grid is also connected 

directly to the cathode. But in this 

illustration we find the voltage tap on the 
battery has been moved so that 29 volts are 
now placed on the anode. The milliammeter 

tells us that the 20 positive volts on the 

Fig.13. Locating "coordinate points* on graph paper to represent current which flows 
as the result of variously applied anode voltages. 

anode now cause 11 MA of current to flow in 
the anode circuit. 

In order to keep track of the various 
currents which are caused to flow by the 

various voltages which are placed on the 

anode of the tube, suppose we set up a chart 

as shown in Fig. 13. Taking the reading we 
obtained in Fig. 11 we will move along the 

bottom of the chart until we find a vertical 
line which represents 10 anode volts. Then 
we will move up this vertical line until we 
find a horizontal line which corresponds to 
5 milliamperes. There we will place a dot. 
This will represent the voltage and current 
in Fig. 11. For your convenience we have 

already placed a dot there for you. Now we 
record the readings we obtained from the 
meters in Fig. 12. Again we will move along 

the bottom line until we find a vertical 
line which represents 20 volts. Then we 
will go up the vertical line until we find a 

horizontal line which represents 11 milli-

amperes. There we will place another dot. 
Again we have placed the dot there for 
your convenience. 
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Pig. 14. 

Now let's look at Fig. 11. Here we find 
the tap on the battery has been changed 
again, so voltage on the anode has been 
raised to 30 volts. The milliarnmeter tells 
us the 30 anode volts cause 18 milliamperes 
of current to flow in the anode circuit. 

We will again record these results on our 
chart. We will find the "coordinate" point 
which is represented by the 30 anode volts 
and the 18 milliamperes of current. To find 
that " coordinate" point we locate the 
vertical line which represents the 30 volts, 
then move up that line until we come to the 
horizontal line for 18 milliamperes. There 
we will place another dot. And again we 
have marked the location so as ta assist you 
in this first experiment. (See Fig. 13.) 

Now we will go on to Fig. 15. In this 
illustration we have jumped the anode 

• 

voltage from 30 volts to 50 volts. Wnen 
this is done we find that the milliammeter 
reads 36 milliamperes. The next step is 
to find the "coordinate" point on our chart 
in Fig. 13, which represents both 60 volts 
and 36 milliamperes. If you find the 
point where the vertical line for 50 volts 
crosses the horizontal line for 36 milli-
amperes you will find that we have again 
placed a dot there so you can check the 
accuracy of your own attempt to locate that 
"coordinate" point. 

In Fig. 16 we have jumped the anode 
voltage from 50 volts to 70 volts. When we 
do so we find the anode current rises to 

63 milliamperes. You should now locate the 

ccordinate point of 70 volts and 63 milli-
amperes. If you locate the correct spot you 

will find we have placed another dot there. 
(See Fig. 13.) 
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Yié.18. A plotted graph showtné anode current flow aéatnst anode uoltaée. 

For our final experiment we will raise 
the anode voltage to 90 volts. When we 

do so the anode current will rise to 90 
milliamperes. This is shown by the meter 
readings in Fig. 17. Again we have placed 
a dot on the chart of Fig. 13 which repre-

sents 90 anode volts and 90 milliamperes 

of anode current. 

If this same series of experiments are 

carried out with the same tube each value of 
anode voltage should cause the same amount 

of anode current to flow as is shown by the 
chart. The chart can be made even more 
useful. If the dots on the chart in Fig. 13 
are connected together with a smooth curving 

line as shown in Fig. 18 we can readily find 

the amount of current which would flow for 
any value of voltage we might wish to place 

on the anode. Thus we could determine 
ahead of time what the tube would do. 

For example, suppose we wanted to know 
how much anode current would flow if we 

placed 78 volts on the anode. We could 
quickly learn this information without 
going to the trouble of actually connecting 

up the experiment. All we would have to do 
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is locate the vertical line representing 

78 volts. Then we would move up that line 

until we crossed the curving " characteristic 
curve". The point where the anode voltage 
line crosses the "characteristic curve" also 
represents the amount of current which would 

flow in the anode circuit as the result of 
placing 78 volts on the anode. The exact 
amount can be determined by following the 
line to the left to the milliampere scale. 

We then find the amount of current which 

would flow as the result of 78 volts on the 

anode, would be 74 milliamperes. 

The point where the 78 volt vertical line 
crosses the characteristic curve is marked 

by a small " x" and the letter A. The point 
"A" in other words, marks the spot where 
the anode voltage line for 78 volts, the 

anode current line for 74 milliamperes, and 
the characteristic curve all come together. 

The chart is equally useful to us in 

another way. Suppose we need 60 milli-
amperes of current in the anode circuit for 
some reason. It might be that we have a 
relay coil in the anode circuit which needs 

60 milliamperes in order for it to "pull in". 



• 

• 

Or, it might be that 60 milliamperes is the 
maximum amount of current it is permissible 
to allow to flow through the coil of a loud 
speaker. Or, it might be any number of 
other things. If we wanted to know how many 
volts were needed to cause 60 milliamperes 

of current to flow in the anode circuit we 
would locate 50 milliamperes on the horizontal 
milliampere scale. Then we would move to 
the right on the horizontal line whi:h 

represents 60 MA until we come to te 
characteristic curve. This point is marked 
with another small " x" and the letter B. 
From this point we go downward in a vertical 
direction until we come to the voltage 
scale. When we do this we find that 60 
milliamperes of anode current requires 68 
volts on the anode. 

Section 6. EFFECT OF ANODE POTENTIAL ON 
ANODE CURRENT WITH NEGATIVE GRID 

In the series of experiments just con-
cluded the grid of the triode was kept at 
zero voltage. The result was not greatly 
different than would have occurred had the 
tube been a diode rather than a triode. 
But suppose the grid had been somewhat 
negative. Then the results would have been 
materially different. 

Suppose we take the same tube and by 

means of a battery place a negative voltage 
of 5 volts on the grid. The battery which 
is used to place negative voltages on 
the grid of a vacuum tube is called a 
"C" battery. This is to distinguish the 
grid battery from the " A" battery used 
to heat the filaments and the "B" battery 
which is used to supply voltage to the 
anode. 

 YVVW 
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Suppose we start off our experiment in 
much the same way we did with the zero grid 
in Fig. 11. In Fig. 11 with a zero grid and 
10 volts on the anode we obtained a current 
in the anode circuit of 5 milliamperes. 
But with 5 negative volts on the grid we 
find that by putting 10 positive volts on 
the anode in Fig. 19 we are unable to obtain 
any anode current at all. 

Suppose we raise the anode voltage another 
10 volts to 20 positive volts as in Fig. 20. 
We find here that even 20 positive volts 
are not enough to cause any anode current 
to flow. 

We will raise the anode voltage another 
10 volts and place 30 positive volts on 
the anode as in Fig. 21. We now have some 
anode current, but it is very small. Instead 
of the 18 milliamperes of current we had 
when we placed 30 volts on the anode with a 
negative grid in Fig. 14, we now have only 
2 milliamperes at 30 anode volts and 5 
negative volts on the grid. 

Suppose we keep a record of the current 
which flows in the anode circuit when 
various anode voltages are applied. In this 
series of experiments we will keep the grid 
voltage at 5 negative volts in each of the 
experiments. We will prepare a chart in 
Fig. 22 in exactly the same manner as the 
one we had in Fig. 13. In Fig. 21 we find 
that we obtain 2 milliamperes of current 
with 30 positive volts on the anode. In 
order to mark this on the chart we will 

locate the vertical line which represents 
30 volts, then move up that vertical line 
until we locate the horizontal line which 
represents 2 milliamperes. 

5V. 

•  

C- BATTERY 

rr<1% ZERO 

20 VOLTS 

B- BATTERY 

Fig. 20. 
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40 VOLTS 

C- BATTERY B- BATTERY 

current as changing the anode voltage 30 
volts. A carefUl study of Figs. 14 and 25 
will prove profitable in your future studies 
of electron tubes. 

As an example of the importance of this 
point suppose we have a relay in the anode 
circuit which is closed, or "pulled in", 
at 45 milliamperes. By applying 60 volts 
to the anode of this tube without any 
negative voltage on the grid we can cause 
45 milliamperes, or more, to flow in the 
anode circuit and through the coil of the 
relay. Now suppose the relay will open up, 
or " drop out" at approximately 18 or 20 
milliamperes. There are two ways in which 
the current in the anode circuit, and 
through the relay coil, can be reduced. 
We could reduce the anode voltage from 
60 volts to 30 volts while keeping the grid 
voltage at zero, or we could keep the anode 

18 MA 

5V 

- - 

C -BAT TERY B- BATTERY 

Fié. 25. 

Fit. 24. 

voltage steady at 60 volts and place a grid 

voltage of 5 negative volts on the grid. 

It can thus be readily seen that a small 
change in the voltage on the grid accom-
plishes the same results, so far as the 
anode current is concerned, as a large 
change in the anode voltage. Frequently 
it is much easier to bring about a small 
change in the voltage on the grid than it 
would be to bring about a large change in 
the voltage on the anode. 

In Fig. 26 we still have a negative voltage 
of 5 volts on the grid, but have raised the 
anode voltage to 70 volts. This results in 
an anode current of 25 milliamperes. The 
next step is to locate the point on the 
chart in Fig. 22 where the 70 volt vertical 
line crosses the 25 milliampere horizontal 
line. We have placed another dot there. 

Fté.26. 
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Fig.27. 

In Fig. 27 we find that 80 positive volts 

on the anode causes a current of 33 milli-
amperes to flow in the anode circuit. In 
Fig. 28 the 90 anode volts cause 43 milli-
amperes to flow, and in Fig. 29 we have 
placed 100 volts on the anode which causes 
a current of 55 milliamperes to flow in the 
anode circuit. The coordinate points on 
the chart in Fig. 22 should be located 
where the respective voltages and currents 
meet for the various values involved in each 

of these illustrations. 

Because 100 positive volts on the anode 
has not caused the current to rise to a 
value approaching that when the grid was at 
zero potential we have added 20 extra volts 
onto the anode circuit in Fig. 30. When we 
do this the anode current goes up to 83 
milliamperes. This still is not as much 
anode current as we had when the grid was at 

P té. 29. 

zero, but it will be enough to show the 
effects on the anode current of the different 
voltages which we might place on the anode 
and on the grid. 

If we connect all the dots on the chart 
in Fig. 22 we will come up with another 
"characteristic curve" for the triode tube 
we are discussing. (See Fig. 31.) This 
curve will show the various anode voltage 
and current relationships when the grid 
voltage is 5 volts negative. By means of 
this chart, or " Graph" asit is more commonly 
called, we can locate any value of current 

which would flow when any specific value 
of voltage was placed on the anode. Provided 
of course, that the grid voltage remains 
constant at 5 negative volts. 

The graphs in Figs. 18 and 31 are both 
very valuable for many purposes when either 
of them are used alone. But suppose we 
place both graphs together on the same scale 
as shown in fig. 32. Here we have something 
which is even more valuable. The broken 
line represents the characteristic curve of 
the tube when the grid is at zero potential. 
This is the identical curve we developed in 
Fig. 18. The solid line curve in Fig. 32 
is the same as the one in Fig. 31. 

Since they are both drawn on the same 
graph and on the same scale we are able to 
use the information provided by both curves 
at the same time. For example, suppose we 
had a tube which is operating with 90 
positive volts on the anode. If the grid 
was at zero potential the anode current 
would amount to 90 milliamperes as shown by 
the intersecting lines at " A" Fig. 32. 
Should the grid of the tube then be made 

• 

TBK-12 



S
e
c
t
i
o
n
 
7.
 

e 'e cl ., ›.'e e >, o e 

1.. q CL) nJ ,•>, i. Z Ce 1) : I- e C cbtip .0 o g • g ,-J •,-q o t -è4 

cd • EJ Li ,n 4,2, co-4 8 u -c,l `n e o co ;.., 7! c•-, ›. c> . ,-1 
. o ,... ;_. e 0 • a) -,-) L. 'IC  

cd ;oaf ;_, 0 oco-o cd ° $.• •r-1 >og 
a) a) Z •-e  e b-O cd 0 • •H   
C 0 e *, (1) -C ;_, Z ° : ,.0 ..-4 • 

.4.) h.0 co-, co v) .,.. ol) 4.) 't br•o-4 -4-) 0  ;... 4H a) u -4.D 
C,..4 0  p...e u ci,  
O 0 u) od -4' a> •  a) e e clo 

4  
u z eo4 „ci a) El -Z .0 .4J la ' 4-) g ,r 0  '•o1J e z 

• U 

>b ,--1  

0 • a) 
r.-.1 (1) .r.i bf) 

3 Z o  
° '' e • ;..: e •,.J -o-D e > — 

•,-1 
e e „, 

• ...o 
..' be ''' -r-I 0 .-I 

,o .4 0 o 0 a) o-Z cr) 0  

a) - '..i  o > o 
4J 

a • 'z'  CH O• ;., a) 4.) : -4  (I) -,J  ''-e .0 C e 
a) 

$„" e ct > c) oop •e ct 4-e '2) e-'  0 a) 4-I ot 0  .sc) 
on (1) 

,- 31,  à.) 
e 4r) le g bor., de Z '10 .o.D oZ -, e'' e ••• 5.0 CL) 

"..1 e-' C4' 0 •ri Z e'''' .r. ,-'4 hij E' .1-1 r-i g. 

o -,t.) o e .,- 4•4 u a) >(j). e oH u 

v) 

o e 2 -g . 'à a) -,44 
.-.1 cc Cl.) _0o ,--1 P4 Lo v) > F 

.oJ Hi e 4-) -10 5 3 3 ,o 4 -co Co R4 e 

 il 
 

 —
 

06
 

09
 

OL
 

09
 

Óg
 

0*
 

Oç
 

OZ
 

01
 

1N38k0 
111

3001
0 

• 
rtrnr1+77-` 



A
N
O
D
E
 
C
U
R
R
E
N
T
 

o 

o 

o 

o 

o 
e 

o 

o 
0/ 

o 

imenennenenalleMBINIMMOMBMOINIMOUrnernenernIMMIMMUMMORIMMUMUMUMUMMUMMUMMMUM 
sammemmusememommimmememmammanemminimmelmeammuMMIMUMMMUMMUMMMMIUMMUM 
ufflummammUMMUMUMUnealleMUMIUMMUMMUMUMOUBOMMUMBUMB ammummummoMMMUMMUM 
immanummammimmUMMUMMUMBOOMMIMUMMUMOWBUMMINUM IMMUMMUMMIUMMUMBINI 
mmmmammmmenummmmammmmeàmnnennnemlammmmwaneUUaeannaU e MinnIMMUMMUMMMIIMMUIM 
ImeimannommenammummunnimmummammemannNealleamminne IMUMMUMUMMIMIMMUMM 
imennumummemBenenennennUMMIMMUMOMI.MOUNIMUMMIU ,;ii Ammummemmommummum 
nanammennommommiummennennellimmilinnUalaeialiamelifflOWIM .., AUMMIUMMUMMUMMIMUMMIMM 
ammumenamenneummimmumummumnalWamennemmanne '4 nommemommummummgemg 
neemmennemenaiumminummennmenmeammummannemenninne 44, mommumumemmummomm 
amminnenannenneummummaniminenneenenneranemmenrnell -• MUMUMMUMMMUnimmen 
mummummememmumemmummememmummanymmumum i;> n Q. UMMUMUMMORIMMUMMUMM 
menammemensimmemealleeneernellanneUrinanneemenfflan le (.1 MIMMUMMMIMMIUMMMINIMM 
menannimmummilimmummeneanallelle IMOUINIUMIUMMMUM CD _, elIMMIMEMMIUMMMIUMM 
linennummimmannannellennearnQ 21111111fflinen» <ci r A7 nammummimmemmumillirn 
mmennemanummummulemenemimenn MIUMUMMUMUNI a %-? MBammammummummummmmmmm 
mnimmummimmenlimmemomminena AIMMMernennem inn ManaMOMUMUMUMMMUMUMUMMM 
eminemunmenummilumenemmillen MOMMIUMUNIMIŒ formmumummommumammummomm 
mummemennannelimummemumangen o  0111111111111111MUMMMUU AMIMMOMMOMMUMMIUMMMMUMMMMM 
imennennennualmmemmalmimarn Q WIMIMOMMUMMIIMOMAUMBBOMIMMIMMMMUMBUMMUUMMIMM 
Immusesammarnmemmeamenan 4, riellmunernannlinUfflannemenannenalmiummomMMUMMUM 
nommemennealifflaimeneernil OBOUBUIMINIMMOIlteMMUMOUBOMMIMMMUMIIMMUMMMUM 
usimmenneammaammempimmen •alinneennenerlineUMMUUMMUMMIIMUmmummmarn 
menammemmenimanneammeggin Willineenanang illeeird egnainnanumummemmummommomum 
illenennennerniMOMMUMMOWIRIOMMIllm mart% meMBOMMUMORMMUMMMUMminnimmummom 
immemmeemenammenammeemmumasseseemmanneminmalimmunnimmemmummummommammumma 

:::::::::::::::::::::::::14:::::::::::::::gia:::::::::::::::::::::::::::::::::: 
mignmenemmammemmemmenumallenennemummedmalliMffleellinealffliummummummommommi 
anneannennUMBOOMMIITIMIUMMelegriOMMUMMOVIIIMBOMMOMmumnaUMMIROMMUMMM 
Imenmenannallimennemileme% MOUBBBIUMBe•mrdriggeOMUMUMBrnammommummommaimamemm 
enannennannennennerntil MITIOUSUM tenimmOMMOIMOMMUMOUNIMUmniumumMUMUMB 
aimmennumememmummulinen Me eenginmmmmamqmannenmmemmmmmmmmmmummmMnMa 
BUBOUBBOUBMIUMOBBOUUMUMB BBB IIMUrIMUUMMUMBOOMMUOIMMUMBOUBMWMUMMUMMIMMUMMMUMB 
imenammemenennenneUrnennennifflialleallIMMUMOIMIUMMrnemeneeMUMMMBIMMUMOMUMMUM 
BusemmansmeemmempdensimmennenaMPAMOROmmeammeelleemmommeammummuummummm 
mommaannIMUMBOVISOMMOMMIMPtalleUMUneenneennannalaeliemaimMUMMUMMBUMMUMMIM 
samemenemenn UU â UU MMUMUMBOU UU a UU MOMMUMUMMUUMIUMOUBBOOMMOMMUUMUMUMUMMMUMMUM 
menenneginirmemaimmaffleNUOMMAMOOMUMUUMUMMOUWOMUMMernmauffluMUMUMUMUMUMMUMMIRMUMM 
UUUUUUUUUUUUU UMMUUMMUMMMU.AMMUOUUMUOUMMOMMUUMMUMMUMMUMUUMUMMMMMIMIRMMUUUMMMMUUMM 

otananeenUMBOOnsernearninallOOMMUffleieneMBUMMMUMMUMMUMMUMBM 
IMUSOMMUIPUBUMUMUUMUMPUM IMBOUUMOUVUOUUMMUUMUOUBOOMMUUMMUUMMUMMUMUMUMUMMIMUMM 
ammenesannesommemptámmennernemeamangemmessumernmememmumammemmummememm 
nommmannemaimenOPtdieMBOUMMOUBWOUVINIMUMMUMUMIROMMUMMUMMUMUMMUMMIMMUMMEM 
UU m UU immemenemilemlaBOMMUMmummanealummummemesemmummeenUMMUMUUMUUMMUMMIUMM 
mIUMMMUMMUmnailIMMUMMUMOUBBOUUMUSUBBOUWOUBOOMUMMUMUMMUUMUMMUMMUMUMUMMUUMB 

10 20 30 40 50 60 70 80 90 100 Ho 120 

ANODE VOLTAGE 

Fié.32. Plotting the anode currents against the anode voltages when the grid is at zero 
potential, and again when it is 5 volts negative. 

In order to have the proper sensitivity that 
it cannot carry any electrical current 
without soon becoming pitted and useless. 
Fig. 33 shows that the movement of the hand 
on the meter will carry it back and forth 
across one or the other of two electrical 
contacts. When the meter needle swings to 
the left as in Fig. 33 it will contact a 
circuit which is connected directly to the 
cathode of a vacuum tube. The needle itself 
is connected to the grid of the same tube. 

Thus, when the needle swings to the left 
it connects the grid of the tube directly 
to the cathode which places the potential 
on the grid at the same level as that 
of the cathode. If this is the same type 
of tube we have been previously discussing 
a current of 90 milliamperes would flow 
in the anode circuit. This current also 
flows through the magnet coil on a relay, 
magnetizing it sufficiently to make it 
pull in. When the relay pulls in, it 
closes another circuit through its two 
contacts. This second circuit can carry 

quite a heavy current -- enough to control 
almost any apparatus. 

TBK-14 

Now let's take a look at the circuit in 
Fig. 34, Here the needle on the delicate 
meter has swung to the right. When it does 
so, it breaks the contact with the cathode 
and makes another contact with a circuit 
which goes to the 5 volt battery. Thus when 
the needle swings to the right it causes 
the 5 volts of the battery to be impressed 
upon the grid of the vacuum tube. Since 
this is the same type of tube we have been 
discussing we know that when 5 negative 
volts are on the grid and 90 positive volts 
on the anode, the anode current will drop 
to 43 milliamperes. (See Figs. 28, 31 and 
32.) Since only 43 milliamperes are flowing 
through the anode circuit there will be only 
that amount of current through the coils 
of the relay. If the relay is properly 

designed or selected, it will become suf-
ficiently deenergized that it will " drop 

out" when only that amount of current is 
flowing through its coils. When the relay 
contacts separate, the circuit to the control 
apparatus will be broken. 

Thus with this type of circuit we are able 
to take the readings directly from a very 



• 

• 

Pig.33. How a delicate meter needle can be used to place a zero voltage on the grid of a 
triode tube. 

delicate meter and use them to control the 
grid of a vacuum tube. The vacuum tube 
can then change the current to any possible 
type of control apparatus. The vacuum tube 
is thus able to do something the delicate 
nature of the meter would not permit it to 

do directly. 

It would not have been necessary to use 
exactly 90 volts on the anode of the vacuum 
tube. Perhaps we are placed in the situation 
where we must use a relay which would pull 
in when the current through its coils 
amounts to approximately 75 or 76 milli-

• 

amperes and drops out when the current is 
reduced to about 33 to 35 milliamperes. We 
could use the same tube but we would not 
need to use so much anode voltage. By 
referring to the graphs of Fig. 32 we wpuld 
find that 80 volts on the anode would 
provide 77 milliamperes of anode current 
when the grid was at zero potential. This 
is shown at point " C" in Fig. 32. 80 volts 
will also furnish only 33 milliamperes of 

current when 5 negative volts are placed on 

the grid. By use of the graphs we can 
select any combination of anode or grid 
voltages which are needed to work with any 

Ftg.34. flow a delicate needle can place a neéattve voltage on the grid of a triode. 
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particular type of relay. We have used the 
example of the relay to demonstrate one 
useful feature of these graphs. It should 
be emphasized that this is not the only 
place such graphs, or tubes, are useful. 
Far from it. We have selected them at 
this time merely because they enable us to 
explain one feature of vacuum tube work. 

Section 8. FAMILIES OF CURVES 

It is probably rather obvious to you by 
this time that it is possible to put still 
other negative voltages on the grid of 
the tube and obtain still other amounts 
of current in the anode circuit for varying 
anode voltages. In Fig. 35 we have drawn 
another chart on which there are six differ-
ent curves. Each of these curves represent 
a different value of grid voltage, the 
exact value being marked at the end of 
the line, or curve. From these curves it 
can be seen that as the negative voltage on 
the grid is increased it becomes necessary 
to raise the anode voltage higher and 
higher in order to obtain any sizable amount 
of anode current. 

As an example of this suppose there are 
100 positive volts on the anode of the tube. 
If the grid is at zero potential, 116 milli-
amperes of current will flow in the anode 
circuit. But if the grid is made negative 
by 5 volts the anode current will drop to 
54 milliamperes. If the negative voltage 
on the grid is increased to 10 volts the 
anode current will drop to 25 milliamperes. 

Increasing the negative grid voltage to 15 
volts reduces the anode current to 8 milli-
amperes, and increasing it to 20 negative 
volts cuts off all anode current completely. 
This means that if 20 negative volts are on 
the grid of the tube the anode voltage must 
be considerably higher than 100 volts before 
any anode current will flow. 

When a group of curves covering the 
various characteristics of a single tube 
are drawn on the same chart, or graph, as 
shown in Fig. 35 they are called a "family 
of curves". As we progress a little further 
in our studies we will find that such a 
family of curves become quite important to 
us in our use of vacuum tubes. The manu-

facturers of tubes furnish such families 
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of curves for the information of the user. 
The trained radioman or electronic techni-
cian can then determine from these curves 
exactly how he can best use the tube, or 
can use the information to determine whether 
some particular tube will meet the require-
ments of whatever particular problem he is 
called upon to solve at that time. 

Section 9. THE TRIODE AS AN AMPLIFIER 

The triode tube is called upon to do 
many things, but probably the most important 
of all is its ability to " amplify". By 
amplify we mean to make larger, to increase. 

When a vacuum tube is being used it is 
frequently desirable to change the value 
of the current flowing in the anode circuit. 
There are many reasons why we might find it 
desirable to change the anode current, it is 
not necessary to name any particular one. 

Referring to Fig. 35 again, suppose we 
have a tube which has 120 positive volts on 
the anode and 10 negative volts on the grid. 
When this condition exists with that parti-
cular tube approximately 41 milliamperes of 
anode current will be flowing. 

Now suppose we want to increase the anode 
current from 41 milliamperes to approxi-
mately 84 milliamperes. There are two ways 
in which we can do this. We can increase 

the anode voltage, or we can decrease the 
grid voltage. If we decide to increase the 
anode current by changing the anode voltage 
we must raise the anode voltage from 120 

volts to approximately 156 volts, or a total 
of 36 volts. This is shown by following 
the curves on the chart. 

But suppose we decide to change the anode 
current by changing the grid voltage. If 
we decide to do this we find that we can 
increase the anode current from approximately 
41 milliamperes to approximately 84 milli-
amperes, by reducing the negative grid 
voltage from 10 negative volts to 5 negative 
volts. This is a difference of only 5 volts 

on the grid. 

The effectiveness of a triode vacuum tube 
as an amplifier is measured by setting up a 
ratio of the number of negative grid volts 
change necessary to create an anode current 
change against the number of anode volts 
change needed to effect the same anode 
current change. To explain this just a 

little further, in the example just given we 
effected an anode current change of approxi-

mately 43 milliamperes by changing the anode 
voltage by 36 volts. We effected the same 
change in the anode current by changing the 
grid voltage by only 5 volts. Thus the 
effectiveness of the tube as an amplifier 
is measured by setting up a ratio of the 
36 to the 5. This is equivalent to 7 1/5, 
which is found by dividing the 5 into the 
36. This means the grid is 7 times as 

effective in controlling the anode current 
as is the anode. 

Thus in this particular tube the amplifi-
cation factor would be 7 1/5. Usually the 
amplification factor is given as an even 
number. In this case the amplification 
factor would most likely be 7. At this time 
it should be emphasized that the tube we 
have been describing is a hypothetical one. 
We have deliberately set up values for the 
purpose of explanation which would be fairly 
easy to understand. As a matter of fact 
many vacuum tubes have amplification factors 
much higher than this. 

While we have not yet gotten into a 
discussion of the linear portion of the 
characteristic curve it is important that 
that portion of the curve be used when 
determining the amplification factor of any 
particular tube. 

To carry this explanation of amplification 
factor just a step further we will mention 
that one triode tube might be able to effect 
a change of one milliampere in the anode 
current of the tube by changing the grid 
voltage by one volt. But it might take 20 
volts difference in the anode voltage to 
change the anode current by one milliampere. 
In this case the grid would be 20 times as 
effective in changing the anode current as 
would the anode. We would say that this 
particular tube had an amplification factor 
of 20. 

Some other tube might have an amplifica-
tion factor of 40; a third tube might have 
an amplification factor of 50, and still 
another one an amplification factor of 70. 
One point should be made quite clear: the 
total current and the total voltages have no 
bearing on the amplification factor. It is 
only the changes in these values which are 
taken into consideration. 

Section 10. TUBE CONDITIONS WHICH 
AFFECT AMPLIFICATION FACTOR 

There are several things which affect the 
amplification factor of vacuum tubes. One 
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of the things which affect the amplification 
factor is the distance between the turns of 
wire which compose the grid -- the distance 
between them, or their closeness together. 
The closer the turns of wire are to each 
other the higher will be the amplification 
factor. Conversely, the farther the turns 
are apart the lower the amplification factor 
will be. (See Fig. 36.) 

It might be well to mention that the 
amplification factor of a tube is commonly 
referred to as the "mu" of the tube. This 

Ft é. 37. 

CATHODE GRID 

comes about from the use of the Greek letter 
Mu ( 4) as the symbol for amplification 
factor. Radio and electronic men are like 
most other Americans, they tend to shorten 
technical names into others which to them 
seem more convenient. 

But to get back to our discussion of the 
wire which composes the grid of a triode 
tube. The closer the grid wires are together 
the greater is the effect of its electro-
static field in holding back the passage of 
electrons. It is understandable that a 

• 
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smaller negative voltage on a grid with the 
wires close together would be as effective 
in holding back electrons as would a higher 
negative voltage on a grid where the wires 
were farther apart. Since the smaller grid 
voltage of the one tube is more effective 
than the higher grid voltage of the other 
tube it follows that the tube with the 
closer grid wires would have the higher 
amplification factor, or to use the more 
common designation,wouldhave the higher mu. 

The effectiveness of the relative amount 
of space between the turns of wire which 
composes the grid of a triode can be better 
visualized by referring to Fig. 37. There 

it can be seen how the widely spaced grids 
allow the electrons to pass between the 
turns of wire much more readily than is the 

case where the turns are closer together. 

the grid is located to the cathode the 
higher will be the overall amplification 
factor of the tube. 

The ideal location for the grid would be 
a separation of only a few molecules of 
space between the cathode and the grid. 
But there are practical limitations. The 
grid must never actually touch the cathode, 
and since tubes are frequently subjected to 
rather rough usage, the grid must be far 
enough away that an accidental contact 
between it and the cathode can never occur. 

This is a problem for the tube designer, 
and is one which has resulted in many 
innovations to increase the amplification 
factor of tubes higher and higher. Fortu-
nately for us in our studies that is one 
problem we do not have to worry about. 

GRID 
CATHODE 

CATHODE \ 

ANODE 

GRID 

• • • 

ANODE 

Fig. 38. The grid is more effective when close to the cathode than when farther away. 

Another item in determining the amplifica-
tion factor of a tube depends upon the 
position of the grid between the cathode and 
the anode. It should always be remembered 
that the positive voltage on the anode is 

always much greater than the negative 
voltage on the grid. One of the reasons 
that the smaller voltage on the grid is more 
effective than the higher anode voltage is 
that the grid is located much closer to the 
cathode, and thus much closer to the newly 

emitted electrons. 

Since the grid is closer to the newly 
emitted electrons than is the anode it is 
only natural that it would have considerably 
more influence on the electrons than would 

the anode. This brings us to the point 
which is illustrated in Fig. 38. The closer 

Perhaps it would not have been necessary 
to describe the physical relationships of 

the various elements within a vacuum triode 
tube. Probably you will never have occasion 
to design such a tube. But there are still 
many things you must learn about tubes 
before you will be able to work with them 
with perfect confidence. Since many of the 
things you have to learn depend in some 
measure upon a knowledge oftubeconstruction 
this information we have just given you will 
make your future studies somewhat easier. 

Sectton 11. NAMES OF TUBE 
VOLTAGES AND CURRENTS 

We have referred to the current which 
flows in the anode circuit as the anode 
current, and the voltage applied to the 
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anode as the anode voltage. These terms are 
technically accurate, and are the names in 

common use. But like so many other things 
in electrical and electronic work, special 
designations have been adopted and have come 
into everyday use. Because there are so 
many circuits connected with vacuum tube 
work (many of which we have not yet touched 
upon), it has become necessary to adopt very 
short symbols, composed of letters, to 
describe these currents and voltages. 

In the case of the anode current the 
letter / is used to designate the current 
just as that letter is used elsewhere to 

designate the flow of any current. But 
since in the case of anode current we want 
to distinguish that current from all other 
kinds of current we add a subscript to the 
letter I. Because the word " plate" is so 

Ft. 41. 

Fig. 40. 

frequently used as a designation for the 
anode the first letter of the word "plate" 
has been adopted as the one to distinguish 
anode current from all others. In this way 
the symbol I has come to be the commonly 
accepted symbol for anode current. It is 
pronounced I- subscript- p, which has been 
generally shortened to I- sub-p, or, in many 
cases, merely " I-p". (See Fig. 39.) Much 
the same thing is true of the anode voltage. 
The standard letter E is used to designate 
the voltage on the anode. But to distinguish 
that voltage from all other voltages it also 
is given the subscript p. This becomes Ep 
as shown in Fig. 40. It should be noted in 
Fig. 40 that the voltage is measured between 
the anode and the cathode. As mentioned be-
fore, all voltages involving a vacuum tube are 
measured between the cathode and the particu-
lar element under investigation. But in the 

Fit. 42. 

• 
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case of the anode one might ask why the 
voltage was not merely measured across the 
battery since that is the same as that 
between the cathode and the anode. 

In the case of the circuit in Fig. 40, 
that could have been done. But such would 
not be true with many vacuum tube circuits. 
In fact, a separate designation is reserved 
for the voltage across the battery. 

Suppose the circuit of Fig. 40 were 
changed so that a resistor was inserted in 
the anode circuit as shown in Fig. 11. 
Such a resistor would be known as a load 
reststor and is quite common to most vacuum 
tube circuits. 

When the resistor is in the circuit there 
will be a voltage drop across that load 
resistor when anode current flows through 
It. When this happens the voltage on the 
anode of the tube will not be the same as 

the voltage at the terminals of the battery. 

Fig. 41 shows a load resistor of 10,000 
ohms inserted in the anode circuit. The 
milliammeter shows there is an anode current 
flowing through the anode circuit. When 

10 milliamperes flow through a resistance of 
10,000 ohms there will be a voltage drop of 
100 volts. The value of the voltage drop is 
readily determined by applying Ohm's Law to 
the problem. In this case we merely multi-
ply the resistance by the current. 10 x 
10,000 equals 100,000. But since Ohm's Law 
applies to amperes whereas a milliampere is 
only 1/1000th of an ampere we must divide 
100,000 by 1000. This gives us 100 volts. 

If a voltmeter across the battery in 
Fig. 41 showed us the battery was creating 
a voltage difference of 3-50 volts we would 
have to subtract the voltage drop across 
the resistor in order to find the actual 

voltage which would be applied to the anode. 

In this case 100 volts subtracted from 350 
volts would leave 250 volts for application 
to the anode. If voltmeters were placed as 
shown in Fig. 41 they should read the values 
as shown. 

Note the manner of designating the voltage 
across the battery. It is not the same 
designation we used to describe the voltage 
applied to the anode. The anode voltage is 
called. The battery voltage is called 

P 
Rb. The b of the designation is not derived 
from the word " battery". Instead it comes 
from the fact that the battery under dis-
cussion delivers the "B" voltage for use 
with the vacuum tube. 

There is still another voltage which has a 
special designating symbol with which we 
should become familiar. That is the voltage 
placed on the grid. In Fig. 42 we have 
placed a voltmeter in the grid circuit to 
measure that voltage. We have also added 
the generally accepted method of distin-
guishing that voltage from all others. We 
have named that voltage Fg. 

You will also note that the load resistor 
in Fig. 42 has been designated by the 
symbol RL. This is merely the letter R, 
which we already know is always used for 
resistors and resistances, to which has been 
added the subscript L to distinguish it as 
the load resistor from all other resistors 
which might be found in the vacuum tube 
circuit. It might be well to mention that 
as we continue our studies of vacuum tubes 
we are going to find several other resistors 

associated with the operation of the tubes. 
Thus it will become necessary to provide 
each of the various resistors with certain 
designating subscripts so as to distinguish 
each of them from the others. But we need 
not worry about that just at this time. The 
matter of the various resistors will be 
taken up at the proper time. 

(Reference Notes on the page following) 
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NOTES FOR REFERENCE 

The triode tube is a vacuum tube which contains three principal elements: the cathode, 
the anode and the grid. The grid of the triode can also be called the " control grid" to 
distinguish it from other grids which are found in other types of vacuum tubes. 

The control grid of a triode is an effective device for controlling the current through 
the tube. 

The grid is far more effective in controlling the flow of current than is the anode. 

A small voltage on the grid is more effective in controlling the flow of anode current 
than is a much larger voltage on the anode. 

The effectiveness of the grid results from the fact that a negative voltage can be impressed 
upon it. Since the electrons are themselves negative particles of electricity they are 
repelled by any other negative material. 

Anode current is designated by the symbol Ip. 

Anode voltage is designated by the symbol E. 

"B" battery voltage is represented by the symbol Ft) . 

The negative voltage on the control grid is represented by the symbol E. 

All voltages on the various elements of a vacuum tube are measured with respect to the 
cathode. 

The varying characteristics of vacuum tube operation as the various voltages applied to 
its various elements are changed are often described by drawing " characteristic curves" 
on graph paper. 

"Characteristic curves" are very useful in studying the usefulness of any particular 
vacuum tube. 

A triode tube's principal usefulness stems from its ability to amplify. 

NOTES 
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Section 1. INTRODUCTION 

As has been pointed out in previous dis-
cussion of vacuum tubes, there are a variety 
of types of such tubes. Each is specifically 
designed to do one certain job better than 
any other. tube, or to fit into a certain 
place in a circuit better than any other 
tube. Some vacuum tubes use filaments or 
heaters which operate on 1.5 volts. Others 
need 2.5 volts, or 5 volts, or 6.3 volts, or 
12.6 volts. Still others operate on many 
other voltages. 

Some vacuum tubes are relatively large 
insofar as their physical size is concerned. 
Other tubes do very nearly the same job but 
are much smaller. Some tubes operate at 
high voltages such as are supplied by A-C 
power supplies with their step-up trans-
formers. Others do almost equally good jobs 
at lower anode voltages. 

But all types of vacuum tubes have certain 
"characteristics" which are similar. When 
we learn and understand how to use the 
particular characteristics of one tube, we 
will encounter little trouble in utilizing 
the characteristics of all other tubes, and 
thus be able to put each of them to use to 
the best advantage. 

Our studies so far have taken us through 
the basic fundamentals of thermionic e-
mission, space charge, operation of the 
diode tube, and some of the characteristics 
of the triode. Almost everything you have 

learned about vacuum tubes will be useful 
in working with any vacuum tube you are 
likely to encounter. All vacuum amplifier 
tubes utilize the principle of thermionic 
emission. All have the problem of the space 
charge. Every tube has a cathode and an 
anode. In these respects all tubes are 
alike. Every vacuum tube except the diodes 
have a control grid such as was discussed 
in our studies of the triode. 

Fié.1. Construction of a Beam Power Tube. 
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The tubes we have previously discussed 
will be encountered in almost every elec-
tronic device you will ever be called upon 
to work with, regardless of whether it is a 
radio, a television receiver or someldindof 
industrial electronic control apparatus. 
Practically every kind of electronic device 
has need for one or more diode tubes for use 
as rectifiers, and most of them use triodes 
somewhere in their circuits. 

Section 2. INTERELECTRODE CAPACITANCE 

But even the triode, valuable though it 
is, has certain drawbacks which have been 
overcome in the design of other types of 
vacuum tubes. The triode has two principal 
drawbacks; first is the feedback from the 
anode to the grid at high frequencies due to 
interelectrode capacitance and the second is 
its relative low amplification factor. 

The first of these drawbacks, the inter-
electrode capacitance, comes about due to 
the fact that both the grid and the anode 
are constructed of metal and are separated 
from each other, although being at the same 
time relatively close together. You will 
recall from our study of capacitors that the 
essentials of a capacitor is that two pieces 
of metal are separated from each other by 
means of a dielectric. Inside the vacuum 
tube we have the elements of this condition. 
It is not an intentional condition; it is 
one which has been brought about as the 
result of the very nature of the things with 
which we must work. 

The capacity of the interelectrode capaci-
tance which exists between the grid and the 
anode is relatively small. It is on the 
order of . 000007 to . 000015 mfds. At ordi-
nary frequencies this amount of capacity 

Fié.2. Interelectrode Capacitance 
Between the Grid and the Anode. 
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Fié.3. Physical Construction of a Tetrode. 

is of little concern. In fact, the fre-
quency can be increased to several hundred 
thousand cycles per second before the 
interelectrode capacitance becomes really 
bothersome. But at the higher frequencies, 
a portion of the amplified signal which has 
reached the anode circuit is fed back to 
the grid as the result of this interelec-
trode capacitance and creates very unde-
sirable conditions. 

It is not our purpose to go very deeply 
into the technicalities of feed-back at 
this time -- this will be taken up after 
you have been better prepared to under-
stand it -- but the feed-back is mentioned 
as being an undesirable characteristic of 
the triode tube and hinders its use for 
many purposes. It should be mentioned, 
however, that that very characteristic is 
taken advantage of in some applications, 
and actually put to work. 

The second drawback to the triode tube 
is its relatively low amplification factor. 
It is true that some triodes have ampli-
fication factors which go as high as 50 
to 70, but the majority of triode tubes 
seldom have an amplification factor of 
more than 20. 

It might be argued that a tube which can 
multiply a signal by as much as 20 is doing 
pretty good. And in the early days of radio 
that was mighty fine. But progress in radio 
and electronic work has not been satisfied 
with amplification factors of that value. 
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Section 3. TEE TETRODE 

Back around the year 1930, a new vacuum 
tube was introduced to the radio world which 
had what was then an amazing amplification 
factor. It overcame the two principal 
defects of the triode tube. It reduced 
the interelectrode capacitance to negligible 
values and attained an amplification of 
400 or better. The very least that could 
be said about this new tube was that it 
was some tube. This new tube was called 
a tetrode. 

The new tube accomplished these two things 
by placing another grid between the contrel 
grid and the anode as shown in Fig. 3. 
Placing the second grid between the anode 
and the control grid effectively reduced 
the interelectrode capacitance, thus making 
it possible to use this new tube on much 
higher frequencies than the triode could be 
used without special neutralizing circuits. 

But the introduction of the second grid, 
which is generally referred to as the screen 
arid, also increased the amplifying ability 
of the tube many times. To fully understand 
how this was brought about, let us return to 
the triode for just a few minutes. Although 
it has not been stressed before, it should 
be recognized that the anode in a triode 
performs two functions. In performing one 
function it acts to collect the electrons 
which are emitted by the cathode and are 
able to pass through the coils of the con-
trol grid. It also performs this same 
function in the newer tube, and most other 
vacuum tubes. 

But the anode in the triode also has the 
function of establishing an electrostatic 
field between it and the cathode. Thus the 
voltage on the anode would vary as the anode 
current varied. This changing voltage then 
causes the electrostatic field between the 
anode and cathode to vary in strength. 

To see just how this condition affects the 
amplification factor of the triode, suppose 
that an electrostatic field of a given 
strength exists between the anode and the 
cathode when no anode current is flowing. 
In other words, the grid is so negative no 
anode current can flow. At this instant 
the full voltage of the " B" battery will 
be applied to the anode because at that 
instant there will be no voltage drop in 
the load resistor. (Since no current is 
flowing through the resistor, there will. 

be no drop across it.) 

With the full battery voltage applied to 
the anode, the electrostatic field between 
the anode and the cathode will be at its 
maximum strength. 

Now suppose the grid is made a little 
less negative and some current is allowed 
to flow in the anode circuit. This current 
will flow through the load resistor creating 
a voltage drop. This voltage will be 
instantly reflected back on the anode, 
causing the voltage on the anode to be re-
duced. This reduces the strength of the 
electrostatic field, thus making the anode 
that much less attractive to the electrons 
near the cathode. As the grid is made less 
and less negative, more and more current 
will flow in the anode circuit. But as 
more and more current flows in the anode 
circuit, the anode voltage is reduced lower 
and lower. 

The net effect of all this is that there 
is a definite limit to the amplifying 
ability of a triode. 

In a tetrode, however, the screen grid 
is interposed between the anode and both the 
control grid and the cathode. The screen 
grid is then connected to a source of posi-
tive voltage. The positive voltage applied 
to the screen grid is usually somewhat lower 
than that applied to the anode. Normally it 
is about 90 volts. (See Fig. 4.) The screen 
grid acts to set up an electrostatic field 
between it and the cathode. This electro-
static field causes the electrons to leave 
the vicinity of the cathode in the same 
manner the field created by the anode in a 
triode causes them to leave the cathode. 

Fie•4. Connections to a Screen Grid Tube. 
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Fte.5. Xouement of Electrons Through a Screen Grid Tube 

The electrons which pass through the coils 
of the control grid wive toward the screen 
grid. Some of them strike the wire mesh of 
the screen grid and are passed on to the 
outside of the tube through the screen grid 
circuit. But these are comparatively few. 
The greater portion of the electrons pass 
through the meshes of the screen grid. This 
is due to the high velocity they attain while 
under the influence of the electrostatic 
field between the cathode and the screen 
grid. If it were not for the anode, these 
electrons which pass through the meshes of 
the screen grid would soon lose their mo-
mentum and would return to the screen grid. 

But the instant the electrons pass through 
the meshes of the screen grid they come 
under the influence of the electrostatic 
field which exists between the screen grid 
and the anode. Remember that although the 
screen grid is much more positive than 
the cathode and the control grid, it is 
much more negative than the anode. Thus 
the instant the electron passes through the 
meshes of the screen grid it is caught in 
the electrostatic field between the screen 
grid and the anode, and since the anode 
is much more positive than the screen grid, 
the electron continues on to the anode. 
(See Fig. 5.) 

TBH-4 

The main point is that the electrostatic 
field which exists between the screen grid 
and the cathode remains virtually constant 
-- it does not fluctuate in strength as does 
the field between the anode and the cathode 
in the triode. This is because relatively 
few electrons go to the screen grid, and what 
few do reach it do not cause any appreciable 
voltage fluctuations between the grid and 
its external source of voltage. Further than 
this, the screen grid is also closer to the 
cathode in a tetrode than the anode normally 
is in a triode. Thus it is possible for a 
much lower positive voltage on the screen to 
set up a much stronger electrostatic field 
than a much higher voltage could set up in a 
triode between the anode and the cathode. 
The ultimate result is that the amplification 
factor of a tetrode can be made many times 
higher than that of a triode tube. 

The screen grid itself is usually made of 
a wire mesh as indicated in Fig. 3. Very 
frequently this wire mesh is in two parts. 
One part is interposed between the anode and 
the control grid as shown in Fig. 3; the 
other part is actually placed outside the 
anode. Placing a portion of the screen grid 
between the anode and the outer glass en-
velope of the tube protects the anode from 
stray electromagnetic and electrostatic 

• 
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fields which might affect it from outside 
the tube. 

In construction, the anode was connected 
to a pin at the base of the tube. So was 
the cathode and the heaters. The connection 
for the screen grid was also usually made to 
a pin in the base of the tube. But the con-
trol grid was brought out to a little metal 
cap on the top of the glass envelope. These 
tubes were so extremely sensitive that the 
control grid connection was moved just as 
far as possible from the other tube con-
nections. By constructing the tubes in this 
manner, the grid connection could be made 
to the tube above the metal chassis on which 
the tube was mounted while all the other 
connections were made underneath the metal 
of the chassis. One of the best examples of 
the screen grid tube, the tetrode, is the 
type 24. The type 24 was at one time the 
finest radio tube on the market. 

But like so many other tubes, the tetrode 
was not perfect. The tetrode required a 
voltage supply which was somewhat compli-
cated. It needed a positive voltage for the 
screen grid of approximately 90 volts. It 
needed another voltage for the anode which 
was considerably higher. So long as these 
voltages were supplied, the tetrode operated 
beautifully. The public demanded good 
radios, yet lower and lower prices. This 
meant short-cuts had to be found through 
manufacturing practices. The heavy and ex-
pensive transformer for the power supply was 
dropped in many radio receivers. But when 
the transformer was remeved, the tetrode did 
not always work properly. When the anode 
voltage on the tetrode dropped into the 
region below 90 volts, the anode current had 
a habit of dropping so low as to seriously 
distort the signal. 

Section 4. SECONDARY EMISSION 

This drop in the anode voltage was caused 
by what is called secondary emission. Up to 
this time we have discussed only one type 
of emission -- thermionic emission caused by 
heat. Actually there are several types of 
emission. It was one of these -- secondary 
emission - which caused trouble in the 
tetrode when the anode voltage was reduced 
below certain critical values. 

When an electron travels through the space 
of a tube under the influence of the elec-
trostatic fields which exist there, it 
attains unbelievably high speeds. Although 
its travel through the tube covers only a 

relatively short distance, its speed some-
times approaches that of light if the con-
ditions are just right. Under almost any 
condition which exists in a vacuum tube the 
electrons can attain velocities of many 
thousands of miles per second. 

Any object which attains such speeds ac-
quires considerable kinetic energy. When the 
electron strikes the metal of the anode it 
hits so hard that it frequently knocks two 
or three other electrons right oat of the 
metal into the space which surrounds the 
anode. This knocking loose of other elec-
trons is known as secondary emission. (See 
Fig. 6.) Such secondary emission is normally 
taking place all the time at the surface of 
the anode of any vacuum tube. But since the 
anode is the most positive element in a 
triode such electrons as are knocked loose 
from the anode are quickly attracted back to 
it. When the anode voltage of a tetrode is 
considerably higher than the screen grid 
'voltage, the electrons which are knocked 
loose are also quickly attracted back into 
the anode. 

But let's see what happens when the anode 
voltage drops to a value comparable to the 
voltage on the screen grid. The electrons 
will be attracted from the cathode as be-
fore. Many of them will pass through the 
screen grid, and due to the acquired kinetic 
energy will continue toward the anode until 
it strikes that element. In striking the 
anode, the electron may knock several elec-
trons loose. These will be emitted out into 
the space of the tube. The force with which 
they are knocked loose will cause many of 

ANODE 

SECONDARY EMISSION 

Fié.6. Fast Noutné Electron Knocks 
Other Electrons from the Anode caustné 

Secondary Emission. 
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Pié.7. Symbol of Pentode Tube. 

them to come under the influence of the 
attraction of the screen grid. If the anode 
'voltage is low enough there will be enough 
electrons attracted to the screen grid to 
materially reduce the anode current. This 
reduction of the anode current in a tetrode 
is called the anode current "dip", and is 
a cause of considerable distortion in the 
output of the tube. 

Since the tetrode tube is not suitable for 
operation at the low voltages found in radio 
receivers which do not use power trans-
formers, the use of the tetrode gradually 
fell into disfavor. It is seldom used these 
days except for replacement purposes in the 
older model radios. However, these screen 
grid tubes will still be found in nearly 

cor 7ROL GRID 
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SUPPRESSOR 
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Flé.8. Construction of One Type 
of Pentode. 
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every radio receiver built between 1930 
and about 1938. 

Section 5. THE SUPPRESSOR GRID 

Largely due to the fact that the general 
public kept demanding less expensive, and 
less bulky radios, the use of the tetrode 
gradually declined. Notwithstanding the 
fact that the tetrode, with its two grids, 
was a great improvement over the triode for 

use in receiving sets, the drawback of 
needing a high voltage power supply kept 
the price of the radio receivers which used 
these tubes too high. 

Tube manufacturers, and their research 
scientists, kept on with their experimen-
tations. Eventually, in the latter part of 
the 1930's, it was found that by adding 
still another grid to the vacuum tube the 

problem of secondary emission could be over-
come. Not only was it possible to overcome 
that problem, but the amplification factor 
of the vacuum tube was increased far higher 
than that of the tetrode. This third grid 
was called the "suppressor grid" because 
its prime function was to suppress the 
secondary emission. 

The suppressor grid was placed between 
the screen grid and the anode as indicated 
by Fig. 7, which shows the symbol for the 
"pentode" tube. The name "pentode" has been 
given to a tube with three grids. This is 
because the three grids, the cathode and 
the anode make five elements and the name 
"pentode" is a coined word which means 
"five" and "path". Some of the names which 
are used to designate the various type tubes 
seem to strain somewhat the original roots 
from which the words are derived, but these 
names have been applied to the tubes as we 
have described them, and will probably con-
tinue to be used far into the foreseeable 
future. Some of us may be inclined to 
question the aptness of some of the names 
applied to some of the vacuum tubes, or to 
some of their elements. But the fact re-
mains that these are the names by which they 
are universally known and it is not for us 
to attempt to change them. 

The actual physical arrangement of the 
various grids and the anode and cathode in 
some types of pentodes would be similar to 
that of Fig. 8. However, other types of 
pentode tubes have all the grids constructed 
of spiral turns of wire as shown in Fig. 9. 
Each of the grids will be securely anchored 
within the envelope of the tube so none of 
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Fig.9. Physical Construction of Another 
Type Pentode. 

the wires are free to move and thus acci-
dentally make contact with any of the 

other elements. 

If such a tube were sliced right down 

through the middle, cutting across the 
various grids and the anode, it would look 

something like that of Fig. 10. In a pentode 
of this type the spirals of the grids are 
usually arranged so the wire of each grid 
lies in the " shadow" of the grid ahead of 
it. This means the wire of the screen grid 

• 

lies in the same plane as that of the con-
trol grid. When the screen grid is arranged 
in this manner, the electrons which have 
passed through the gaps between the spirals 
of the control grid will keep right on ac-
celerating their speed as they approach the 
screen grid, and when they reach the screen 
grid, the greater majority of them will pass 
right onthrough the gaps between the spirals 
of the screen grid. Their speed will have 
become so great by the time they reach the 
screen grid that most of them will pass 
through the gaps which exist between the 
wires of that grid. 

They will likewise pass through the spaces 
between the spirals of the suppressor grid 
which are also arranged so the turns of that 
grid also lie directly behind the turns of 
the screen grid. In this manner, those 
electrons which are able to sneak through 

the control grid find a wide open path 
straight through to the anode. 

Section 6. WHAT THE SUPPRESSOR GRID DOES 

You may say this is all well and good, 
but just what does the suppressor grid do? 
You remember that when the anode voltage on 
the tetrode tube dropped a little low we 
would encounter what is called secondary 
emission. This secondary emission is brought 
about because the electrons which strike the 

anode knock other electrons loose. These 
secondarily emitted electrons have no high 
degree of kinetic energy driving them toward 
the anode. On the contrary, when they are 

Fig.10. Arrangement or Grids in a Pentode. 



knocked loose from the anode they are forced 
toward the screen grid. When the screen 
grid is almost as positive as the anode, 
many of these secondarily emitted electrons 
will reach the screen grid, and pass to the 
outside of the tube through the screen grid 
circuit. But let's see what happens when 
there is a suppressor grid between the anode 
and the screen grid. 

A study of Fig. 10 indicates that the 
suppressor grid is negative with respect to 
both the anode and the screen grid. Maybe 
the illustration does not make this entirely 
clear, but such is actually the case. To 
review the voltages on the various elements 

within the tube, we can start at the cathode 
and count it as being at zero voltage. The 
first grid, the control grid, is usually 
negative with respect to the cathode. The 
screen grid will then be positive with 
respect to the cathode, a common voltage 
being about 90 volts. Then comes the sup-

pressor grid; it is usually at the same 
potential as the cathode. In fact, the 
common practice is to connect the suppressor 
grid directly to the cathode. Finally we 
have the highly positive anode. 

Now to study the action of the suppressor 
grid when the anode voltage drops somewhat 
low -- or at any other time for that matter. 
The electrons may be knocked loose from the 
anode under the bombardment of the fast 
moving free electrons which have been at-
tracted from the cathode just as they were 
in the tetrode. But the instant the elec-
trons are emitted from the surface of the 
anode, they emerge into an electrostatic 
field between the positive anode and the 
much more negative suppressor grid. The 
result is that they are immediately at-
tracted right back into the anode again. 
Since the electrons have not gotten far from 
the anode they do not acquire any great 
amount of kinetic energy by the time they 
are attracted back to the anode. Thus 
they will not knock other electrons loose 
from the anode as do the fast moving elec-
trons coming directly from the cathode. 

Section 7. ELECTROSTATIC FIELDS 
WITHIN A PENTODE 

To make certain you clearly understand 
the nature of the various voltage relation-
ships which exist within a pentode tube, 
suppose we go back and review the complete 
action of such tube. First, it should be 
understood that the anode plays virtually 
no part in attracting the electrons from 
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Electrostatic Fields Which Exist 
Within a Pentode. 

the vicinity of the cathode. This function 
is left to the screen grid. Actually, 
the anode is so completely screened from the 
cathode by the screen grid and the suppressor 
grid that it cannot have any material effect 
on the electrons near the cathode. 

A study of Fig. 11 may help to clear up 
any possible uncertainty you may feel about 
this situation. The upper part of Fig. 11 
shows the general physical arrangement of 
the various elements within a pentode tube 
insofar as they relate to each other. It 
can be seen that an electrostatic field 
exists between the cathode and the screen 
grid. This field is such that the screen 
grid is much more positive than the cathode, 
and thus attracts many electrons in that 
direction. 

Electrons, under the influence of the 

electrostatic field which exists between the 
cathode and the screen grid, move toward 
the screen grid. The closer the electrons 
come to the screen grid, the stronger be-
comes the attraction. This results in the 
electrons moving faster and faster. By 
the time the electrons reach the locality 
of the screen grid they are traveling at 
terrific speeds, many thousands of miles 
per second. Those electrons which happen 
to be traveling directly toward one of the 
spiraling wires of the screen grid will 
strike the grid and pass to the outside of 
the tube through the screen grid circuit. 
But these electrons will be relatively few 



because the effect of the control grid 
is to create "shadows" in the direction of 
the screen grid wires, the electrons are 
"beamed" toward the spaces between the 
spirals of the screen grid wire. The elec-
trons continue to rush ahead at great speed, 
but under the influence of the field which 
exists between the screen grid and the 
suppressor grid they are slowed down con-
siderably. This is because the suppressor 
grid is much more negative than the screen 
grid. However, they still have enough 
kinetic energy for them to coast through 
the spirals of the wire which compose the 
suppressor grid. 

After passing the suppressor grid trie 
electrons are again caught up in another 
electrostatic field. This is the one which 
exists between the suppressor grid, which is 
at zero potential, and the anode, which 
is highly positive. The electrons are again 
speeded up, and continue to gather speed 
until they strike the anode. Since the 
distance between the suppressor grid and 
the anode is not so great as that between 
the screen grid and the anode in a tetrode 
tube, the electrons do not attain such great 
speed before striking the anode. Thus they 
do not cause as much secondary emission, 
and what they do cause is easily taken care 
of by the action of the suppressor grid. 

The graph in Fig. 11 shows how the elec-
trostatic field within the tube is built up 
in a positive direction from the cathode to 
the screen grid. From the screen grid 
to the suppressor grid, however, the elec-
trostatic field is reversed. But it does 
not drop all the way to zero. This is what 
causes the electrons to slow down as they 
approach the suppressor grid. But between 
the suppressor grid and the anode, the elec-
trons come under the influence of the 
electrostatic field between the suppressor 
grid and the anode. This is where they 
obtain their final burst of speed. The 
graph in Fig. 11 shows how the electrostatic 
field becomes quite strong between the sup-

pressor grid and the anode. 

Section 8. AMPLIFICATION 
FACTOR OF PENTODES 

Because the anode in a pentode is so com-
pletely shielded from the cathode, and the 
electrons in the vicinity of the cathode, 
the anode voltage has very little effect 
on the anode current. This means that very 
great changes in the anode voltage must be 
made to effect any measurable change in the 

anode current. On the other hand, the anode 
current is greatly influenced by the control 
grid voltage. 

Since it requires a very large change in 
the anode voltage to effect the same change 
in the anode current as is effected by a 
very small change in the control grid 
voltage, it follows that the amplification 
factor of the pentode tube is very high. 
Tubes such as the 6SJ7, a very common type, 
have an amplification factor of more than 
1500. This is approximately 100 times the 
amplification factor of most triode tubes. 

It can be readily seen how useful the 
pentode tube can be in building up the ex-
tremely small voltages which are frequently 
encountered in radio, television and indus-
trial electronic work. The voltage which is 
built up on the antenna of a radio or tele-
vision receiver is so small that it is 
measured in units called microvolts, a 
microvolt being one millionth of a volt. 
Antenna voltages of from 25 microvolts to 
100 microvolts are very common. The pentode 
tube has no equal in building up these un-
believably small voltages to values where 
they can be used. 

In the field of industrial electronics 
the pentode tube is also invaluable. The 
photoelectric tube, for example, passes 
currents which are measured in microamperes. 
The voltages found in photoelectric circuits 
are also so small they are measured in 
microvolts. The pentode is extremely useful 
in building up these voltages to values 
which are commercially useful. 

But while the pentode is without par in 
building up voltages of very small magnitude 
it should not be thought that it is uni-
versally useful. So long as the voltage 
changes on the grid of the tube do not 
exceed approximately 0.1 volt, the tube 
does an excellent job. Thus it can take 
an extremely small voltage and build it up 
to more reasonable values. But when the 
grid voltage reaches avalue whereitschanges 
exceed 0.1 volt, the pentode loses its use-
fulness. After the voltage has been built 
up to values on the order of 0.1 volt or 
greater, it is much better to use a triode 
tube. Pentodes introduce distortion when 
the grid voltage swings exceed about 0.1 
volt. The triode will operate beautifully 
with voltage swings of many volts on its 
grid. Some power stages in transmitting 
stations use triodes on which the grid 
voltage swing amounts to 125 volts, and more. 
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Fie.12. Pentode with Externally 
Connected Suppressor. 

This gives an indication of why no one 
vacuum tube can be universally used for all 
purposes. Where the signal is extremely 
small, as is the case of the one picked up 

by the radio or television antenna, the signal 
is commonly amplified by means of the 
pentode tube. Then when the voltage has 

been built up to a much greater strength 
the triode is often brought in and takes 
over the job to build up the voltage still 
nigher in the final stages of amplification. 

Section 9. HOW THE SUPPRESSOR 
GRID IS CONNECTED 

There are several types of pentode tubes. 
Some have the connections to the suppressor 
grid brought out through a base pin con-
nection so that it can be connected to an 
external circuit on the outside of the tube. 
This is shown in Fig. 12 which shows the 

suppressor grid connected to the cathode by 
means of connections outside of the tube. 
When the connection to the suppressor grid 
is brought out separately to the outside 
of the tube, it is possible to use the sup-

pressor grid for other purposes besides that 
of suppressing secondary emission. There 

are not many other uses for the suppressor 
grid beside the one for which it was origi-
nally designed, but there a few. This is 
particularly true in the case of radio 
transmitters. 

There are other types of pentode tubes 
where the suppressor grid is connected 
directly to the cathode inside the tube. 
(See Fig. 13.) When this is done it reduces 
the number of connections which must be made 
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on the outside of the tube. It is also 
possible to use tube bases which have fewer 
base pins than when the suppressor grid 
connection is brought out separately. Since 
most uses of the pentode tube require the 
suppressor grid to be connected to the 
cathode, it can just as well be connected 
on the inside as on the outside. 

It should be remembered, however, that 
there are several types of pentodes in 

existence which have the suppressor grid 
connected on the outside and there are other 
types which have it connected to the cathode 
on the inside. 

Section 10. BEAM POWER TUBE 

When a loudspeaker, such as those in 
radio or television receivers or in a public 
address system, is to be supplied with power 
from a vacuum tube we are more concerned 
with the tube's ability to deliver a lot 
of anode current than we are with its 
ability to amplify voltages. Tubes which 
are used to amplify voltages normally do 
not allow much anode current to flow. The 
6K7 tube, a pentode, is usually used in 
circuits where the anode current will range 
from about 4 milliamperes to about 7 milli-
amperes. The 6J7, another pentode, normally 
delivers about 2 milliamperes to about 6 
milliamperes. The 6C5, a triode used for 
voltage amplification and as an oscillator 
tube, delivers a maximum of 8 milliamperes 
of anode current. 

Anode currents of these amounts are not 
enough to drive the cones of most loud-
speakers. Neither are these currents enough 
to operate relays and other electrical loads 
commonly found in industrial electronic 
circuits. 

Ftg.13. Internally Connected Suppressor. 



Fig.14. Arrangement or Elements in a Beam Power Tube. 

Some triodes are so designed that they 
are capable of delivering a lot of anode 
current. In fact, most of the high-power 
transmitting tubes are triodes. But a 
triode which will deliver a lot of anDde 
current, and thus a lot of power, requires 
a wide swing of A.C. signal voltage on the 
grid. A large A.C. signal voltage is some-
times not available. To meet the need for 
a tube which can deliver a lot of anode 
current, yet not require a large signal 
voltage on the grid, a new type of tube was 
developed. This is the justly famed " Beam 
power" tube. The most important examples 
of the beam power tube are the 6L6 and the 
6V6. A cutaway view of a beam power tube 
is shown in Fig. 1. 

In a beam power tube the suppressor grid 

has been replaced by beam forming plates as 
shown in Fig. 1 and Fig. 14. Fig. 14 is a 
top view of the tube, such as would result 
if the top of the glass envelope of the tube 

were broken off. The spiral wires of the 
screen grid are located so as to be in 
the " shadow" of the control grid. This 
arrangement helps form the electron beam. 
The beam forming plates create an electro-
static field which extends from one plate 
to the other as shown by the dashed lines 
in Fig. 14. This field acts very much like 
the suppressor grid of the pentode tube. 

But where the pentode tube is designed to 
pass only a very few milliamperes of current 
the beam power tube is capable of passing 
large amounts of electrons. In the case of 

the 6L6, anode current exceeding 100 milli-
amperes is quite commonplace. The advantage 

of thebeam power tube is that it can control 
the flow of this large amount of current 
with approximately 30 volts on the control 
grid of the tube. A somewhat comparable 
triode power tube would deliver only about 
40 milliamperes of anode current, but would 

require over 50 volts on the control grid. 

The screen grid voltage can be somewhat 
higher on a beam power tube than it is on a 
tetrode. The beaming of the electrons into 
an almost solid stream between the screen 
grid and the anode causes a massing of the 
electrons at about the point where they pass 
through the influence of the beam forming 
plates. The electrons have a tendency to 
slow down their speed as they pass through 

that portion of the tube. When any fast 
moving body of' individuals slow down, regard-
less of whether it is people or electrons, 
the tendency is for massing to occur. In 
the case of the electrons which form the 
beam in these tubes, the massing of a vast 
number of negative particles of electricity 
sets up what amounts to a flowing negative 

cloud. Any electrons which might be knocked 
loose from the anode due to secondary 
emission immediately come under the in-
fluence of this moving negative cloud and 
quickly return to the anode. 

Section 11. TUBE CONSTANTS 

Up to this time we have spoken in gener-
alities about many things concerning vacuum 
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Fié.15. Graph of Grid Voltage Against 
Anode Current. 

tubes. This applies to triodes, tetrodes, 
pentodes and beam power tubes. We are now 
ready to take up the discussion of what are 
generally called " tube constants". These 
are the interdependent relationships of the 
various operating characteristics of vacuum 
tube amplifiers which it is essential to 
understand if we are to put these tubes 
to work at specific tasks. 

The tecnnical name for tube constants is 
the "parameters of tubes". This is the term 
used by many engineers and long haired 
writers. But the term " tube constants" seem 
more desirable, and has the sanction of long 

usage among most radio and electronic men. 

One thing which is encountered in all 
vacuum tubes which are used as amplifiers 
is that they have three identifying ratings. 
Each rating has a different name but each 
is a tube constant. 

Tube constants are ratings which depend 
upon the geometric structure of the tube. 

This means the physical size of the tube and 
the spacing of the various elements within 
the tube. These ratings -- tube constants --
have very practical values because they 
determine the performance of the tube when 
in operation. 

One tube constant which we have mentioned 
before briefly is amplification factor. The 
tube constant of amplification factor ex-
presses numerically how much greater is the 
effect of the grid voltage in controlling 
the anode current than is the anode voltage. 
To put this in other words, this is a numeri-
cal expression which has as its basis the 
action of the grid field and the anode field 
upon the electron cloud around the cathode 
with particular respect to the distance be-
tween the grid and the anode. In the final 
analysis, the amplification factor of a 
triode depends very largely upon the spacing 
of the anode and the grid with respect to 
the cathode. 

The amplification factor is usually ex-
pressed as: 

g = dEp 
dE 

This does not mean that Mu, the ampli-
fication factor, is equal to the full anode 

voltage divided by the full grid voltage. 
Far from it. Note that little d in front 
of the E. Mathematically speaking, that 
little d stands for a "a little bit of". 
In this case Mu is equal to a " little bit 
of" the anode voltage divided by a "little 
bit of" the grid voltage. To make this 
clear, suppose we draw ourselves some graphs 
showing the relationships between the anode 
current, the anode voltage and the grid 
voltage. 

In Fig. 15 we have prepared ourselves a 
chart for making a graph. Along the bottom 
of the graph we have marked off the vertical 
lines to represent various values of nega-
tive grid voltage. Along the left hand side 
of the graph we have marked off the graph to 
show the number of milliamperes of anode 

current which would flow under various grid 
voltage consitions. 

For the sake of convenience, suppose we 
were to place 250 volts on the anode of the 
tube. We will keep this same anode voltage 
while we take several measurements of the 
anode current while we change the grid 
voltage. If we took the first anode current 
reading while the grid voltage was a nega-
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Fig.16, Grid Voltage - Anode Current 
Characteristic Curve. 

tive 16 volts we would find there was no 
anode current at all. So let's take a cur-
rent reading while the grid voltage is 

14 volts. If we were making a real test 
we would find that this tube would have a 
little less than . 5 milliampere of anode 
current at - 14 volts. We have put a dot on 
the graph at that point. 

Next we will take an anode current reading 
with the grid -voltage at - 12 volts. A real 
reading would show there was a little over 
1.5 milliamperes flowing. We have placed 
another dot on the graph at that location. 

We will next take a reading for - 10 grid 
volts. This would show 4.5 milliamperes, 
and we have marked another dot at that 
location. At -8 grid volts we would have 
9 milliamperes of current flowing, and at 
-7 grid volts we would have 11.5 milli-
amperes of anode current. 

In Fig. 16 we have connected together all 

the dots we marked on the graph of Fig. 15. 
This gives us a smooth curve. This shows 
the anode current against the grid voltage 

for a constant anode voltage -- in this case 
250 volts. This is quite commonly called 

the In-Eø CHARACTERISTIC curve. This charac-
teristic'curve is used constantly in working 
out problems revolving around the ampli-
fication characteristics of vacuum triodes. 

In Fig. 17 we have drawn another curve 
on the graph in addition to the one drawn 
in Fig. 16. This gives us two curves in 
Fig. 17. One of these curves shows the 
changing anode current as the grid voltage 
is changed while the anode voltage is held 
steady at 250 volts. This is the same curve 
we drew in Figs. 15 and 16. The other 
curve in Fig. 17 shows the varying anode 
current as the grid voltage is changed but 
while the anode voltage is held constant 
at 200 volts. 

These two curves resemble very closely 
those we would draw if we took actual 
measurements with a type 5,15 vacuum triode 
tube. Now suppose we wanted to find the 
amplification factor of that tube. Suppose 
we wanted to find the amplification factor 
when the grid was at-8 volts, and the anode 
was 250 volts. 

The first step would be to locate a point 
which corresponded to those two values. In 
this case that would be at the point marked 
"P". Then we go up the 250-volt curve to 
some point, in this case we will use point 
"A". From point " A" we will drop a line 
vertically to intersect with the 200 volt 
line. This is the dotted line marked "dED". 
This line intersects with the 200-volt line 
at "8". 

From "B" the line runs horizontally to 
intersect the 250-volt line again, this time 
at "C". This is the dotted line marked "dE". 

At point "A" the anode current is approxi-
mately 11.5 milliamperes. At point "C" the 
anode current is approximately 5.4 milli-
amperes. 

Note that point " A" also represents -7 
grid volts and point "C" represents approxi-
mately 9.6 volts. 

The change in plate current amounts to the 

difference between 11.5 milliamperes and 
5.4 milliamperes, or 6.1 milliamperes. You 
should understand that this 6.1 milliamperes 

TBH-13 



111811111111111118111111 
111111M111111111. Ill m om 
UMMUUMUUUMUUU ti•UM Le» U 
immommusums ismiai 
UUMIUMMIUMUUNIUUU o 
IMUUMMUUMUUUMUU OVUM 111 
UUNIMMUUMMIU111 MO U UOU 0 ill•Miummailma nu 

0 UKUU•UUMUMUUMM Munn 
millinumumm e (V um 
1811.1mUnamme mu unfurl: 
IMUMUICUUUMUU1 1UU   
Bumuummuudiousiii 111 
IMMIUMIUUZUOUV MUM 

11111111111 11111n111  

1 1/11111/  

Lain d  
-16 -14 - 12 - lc -8 -6 

GRID VOLTS 

Ftg.17. Characteristic Curves at Two 
Anode Voltages. 

represents a very significant value. It 
is not the total current which flows. It is 
not the minimum current which flows. It 
is the change in anode current we are bring-
ing about. 

Now note this. There are two ways in 
which we can bring about this 6.1 milli-
ampere of current change. We can do it by 
changing the voltage on the anode, or we can 
do it by changing the voltage on the grid. 

If the anode voltage is kept at 250 volts 
we can bring about the change by moving the 
grid voltage from " C" to "B", or from "B" 
to " C". This amounts to a grid voltage 
change of 2.6 volts. ( 2.6 volts is the 
difference between -7 volts and -9.6 volts.) 
If the grid voltage is kept at -7 'volts, the 
anode current can be changed by 6.1 milli-
amperes by reducing the anode 'voltage from 
250 volts to 200 volts as indicated by the 
"dEn" line between "A" and "B". This is 
a deference of 50 anode volts. 

dEr = 50 volts. 

dE = 2.6 volts. 
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Fié.18. Graph Showing the Method of 
Calculating Plate Resistance. 

Our formula says that amplification 
factor, or MU, is equal to: 

dEo 
dE 

In this case it is equal to 50 divided 
by 2.6 or roughly 19.2. This value compares 
very favorably with the rating of 20 which 

is given this type of tube by the manu-
facturer. 

Section e2. KATE RESISTANCE 

Another tube constant which is important 
to us in our study of vacuum triodes is that 
of plate resistance. Actually there are two 
kinds of plate resistance: A-C and D- C. 
The D-C resistance is normally of little 
interest to us in vacuum tube work. The 
D-C plate resistance is quite easily de-
termined for any given valueofgrid voltage. 

Fig. 18 is similar to the graphs we worked 
with in Figs. 16 and 17. Suppose we wanted 
to determine the D-C plate resistance of the 
tube when operating with -8 volts on the 
grid, and 250 volts on the anode. First we 



find the operating point for such condition. 
To do so we move up the vertical grid 
voltage line for -8 volts until we come to 
the 250 volt anode curve. This is located 
at point " P e . This point also represents 
9.1 milliamperes of anode current. To find 
the D-C plate resistance we merely make use 
of Ohm's Law and divide the anode voltage 
by the anode current. In this case that 
is 250 volts by 9.1 milliamperes. This is 
roughly equivalent to 27,400 ohms. 

For any other value of anode voltage the 
D- C plate resistance would be determined 
through the use of Ohm's Law in a like 
manner. But the determination of the A- C 
plate resistance is a slightly more diffi-
cult task. Yet not too difficult. 

The A- C plate resistance of a vacuum 
triode is defined to be the ratio of the 
change in anode current resulting from 
a change in anode voltage. The formula for 
A-C plate resistance is: 

dEp 
rP -   

dI 

We can again refer to Fig. 18. We want 
to find the A- C plate resistance of this 
tube with the grid held at a steady voltage. 
Suppose we maintain the grid at -7 volts. 
We will then reduce the anode voltage from 

250 volts to 200 volts. This will result 
in the anode current dropping from approxi-
mately 11.5 milliamperes at point " A" to 
approximately 5.6 milliamperes at point "B". 
This is a difference, or change, of 5.9 
milliamperes for a difference, or change, 
or 50 volts. 

The A-C plate resistance is then found by 
dividing the 5.9 milliamperes into 50 volts 
which gives us approximately 8400 ohms. 
This is slightly higher than the rating 
given by the manufacturer hut the difference 

can be accounted for by slight discrepancies 
in drawing the curves on the graph. The 
result is sufficiently accurate for most 
vacuum tube work. 

Section /3. TRANSCONDUCTANCE 
(MUTUAL CONDUCTANCE) 

The third tube constant which is always 
important to us in vacuum tube work is 
transconductance. 

Let us ignore for a moment the fact we 
are dealing with vacuum tubes. We will 
think merely in the terms of simple elec-
trical circuits. When we do this we know 
that any resistance in the circuit always 
tends to limit the current. By the same 
token it stands to reason that the plate 
resistance of a vacuum tube, regardless of 
what its value might be, would also tend 
to limit the value of the change in plate 
current which the change of grid value 
tries to produce. 

Since the change in plate current which 
is caused by any change in grid voltage is 
always important, it would seem to be only 
natural that we should have some term to 
designate this important relationship. This 
is where transconductance comes in. It is 

the term used to define that relationship. 
Transconductance is also known as mutual 
conductance. In fact, the latter name was 
once the favored one for it, but in recent 
years it is being used less and less. 

Transconductance is the ratio of change 
caused in the anode current by any change in 
the grid voltage. 

The symbol for transconductance is gm. It 
is expressed in micromhos. 

The matter of transconductance will be 
discussed at considerably greater length 
in other lessons. 

NOTES FOR REFERENCE 

Tetrodes are vacuum tubes which have two grids. They are four element tubes. 

Pentodes are five element vacuum tubes. They have three grids. 

The screen grid is positively charged and is used to shield the anode from the grid, reducing 
interelectrode capacitance and raising the amplification factor. 

The suppressor grid is used to suppress secondary emission. 

Beam power tubes deliver relatively large power with relatively small grid voltage. 

Tube constants refer ta plate resistance, amplification factor and transconductance. 
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Section 1. INTRODUCTION 

At the top of Fig. 1 we have two vacuum 
tubes whose filaments are connected in 
series to a source of potential. The source 
of potential might be a battery, or 'night 
be the power line from the power company. 
Each tube's filament is controlled by a 
switch, and both switches are open. 

Now suppose we close the switch to the 
left-hand tube. Will the filaments of that 
tube light up? No, because the circuit to 
that filament also passes through the fila-
ment of the other tube, and through its 
switch which is also open. But if we now 
also close the switch to the right-hand 
tube, both filaments will light up. This 
is because there will be a complete circuit 
through the two closed switches and through 

both filaments. 

But if either switch is opened, both fila-
ments will go dark. We have no separate 
control over either tube individually. 

Section 2. ADVANTAGES OF 
PARALLEL CONNECTIONS 

In the lower part of Fig. 1 we have recon-
nected the filaments of the same tubes, 
using the same switches, and have connec .;ed 
them to the same source of power. But we 
have done away with the series connection 
and have now connected the two filaments 
in parallel to the source of power. 

We will again close the switch to the 
filament of the left-hand tube. This time 
the filament will light up. There is a 
complete circuit to the filament entirely 
independent of the filament of the other 
tube. The circuit is from the source of 

Fig.i. Lamps Connected in Series and 
in Parallel. 
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Fie.2. Lamps in Series and tn Parallel. 

power on the upper line, through the fila-
ment through the switch to the other line, 
then back to the source of power. 

We will next close the switch to the 
filament of the right-hand tube. The fila-
ment of this other tube will light up. This 
is because there is a complete circuit to 
this filament -- a circuit that is in no 
way dependent on the circuit to the left-
hand tube. 

Each filament takes its own current from 
the line. The current through the fila-
ment of the left-hand tube does not flow 
throtIgh the filament of the right-hand tube. 
Neither does the current through the right-
hand tube flow through the left-hand tube. 
Each is completely independent of the 
other. Each will work perfectly regardless 
of what is happening in the other tube. 
For this reason we can open or close the 
switch to either tube filament causing it 
to light up or go out as best suits our 
convenience. Thus with parallel connection 
we have individual control of each tube. As 
you have probably gathered, there are many 
places where the parallel connection is 
ideally suited. 

Section 3. SERIES CONNECTION 

Nearly all the electric lamps in our homes 
are connected in parallel. This makes it 
possible to turn on whatever lamp is needed 
at any particular time, and to turn off 
those which are not needed. If all the 
lamps in the house were connected in series 
it would be necessary to have them all 
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burning at one time, or have all of them 
turned off. Furthermore, if all the lamps 
in the house were connected in series and 
one of them happened to burn out, then all 
the lamps in the house would go out. This 
would be most inconvenient to say the least. 

This is shown a little more clearly in 
Fig. 2. At the top are three electric lamps 
connected in series. If one lamp burns 
out, or if one is removed from the socket, 
it breaks the electrical circuit and no 
current can flow through the other two 
lamps. As a result, the other two lamps 
also go out. 

At the bottom of Fig. 2 the connections 
to the lamps have been rearranged. The 
three lamps are now connected in parallel. 
It is readily apparent that one or more of 
the lamps can burn out, or lie removed from 
the socket, without affecting the other 
lamp, or lamps. This is because both sides 
of each lamp are connected directly to the 
source of power. There is a complete cir-
cuit from the source of power through each 
lamp entirely independent of the circuits 
through the other lamps. It should now be 
easy for you to determine from the actions 
or the other lamps when one lamp in a group 
burns out, or is removed, whether the lamps 
are connected in series or in parallel. 

It has been mentioned that usually elec-
tric lamps are connected in parallel. But 
this is not always true. Frequently the 
lamps used to light up Christmas trees are 
connected in series. This is the reason 
that when one of them burns out they all go 
out. Some street lighting systems use lamps 
connected in series. In the past it was 
sometimes thought that series connections 
for street lighting circuits had certain 
advantages over the parallel system of 
lighting. But the disadvantages now seem 
to be somewhat greater than the advantages, 
and the modern trend is to get away from the 
series systems. Airport lighting on some 
landing fields use series connections for 
their landing lights where the lines to 
the lights lead for longdistances across the 
fields. But these cases are all exceptions 
to the general rule that most electric lamps 
are connected in parallel. 

Sect ton 4. WHERE SERIES 
CONNECTIONS CANNOT BE USED 

With series connection, all the separate 
parts of the circuit are connected end to 
end, one after another. Each of them must 
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carry exactly the same current as all the 
others. And if any part does not carry 
any current, then no part has any current. 
In order to use a series circuit it is 
necessary to connect together only those 
types of electrical devices which use ex-
actly the same amount of current. Two or 
three 100- watt lamps could be connected in 
series, for example, across the proper 
voltage and they would work perfectly. But 
if you tried to connect a 60-watt lamp and 
a 20U-watt lamp in series you would run into 
trouble. These two lamps do not use the 
same amount of current. If you tried to 
force tl.rough enough current to light the 
200-watt lamp you would likely burn out 
the 60-watt lamp. On the other hand, if the 
60- watt lamp worked all right, the chances 
are there would scarcely be enough current 
through the 200- watt lamp to even redden 
its filament. 

Neither could you connect an electric 
flatiron in series with a 100- watt lamp. 
They are not designed to use the same cur-
rent and you would run into trouble with 
one or the other. 

When using two or more devices which are 
designed to use the same voltage, it is 
usually more convenient to connect them in 
parallel than to connect them in series. 
Under most circumstances it is more con-
venient to maintain a power source whose 
voltage remains the same, than it is to have 

a source whose current remains constant. 

Section 5. CURRENT IN SERIES 
CIRCUITS AND PARALLEL CIRCUITS 

When using a series connection, all the 
various parts of the circuit use the same 
current, but may have widely varying po-

tential drops. The difference of potential, 
or voltage drop, across each part of the 
circuit will depend upon the resistance of 
that particular part. This was gone into 
in considerably more detail earlier. 

With a parallel connection, all parts 
operate at the same potential difference, 
but may use widely varying currents. The 
exact amount of current through each part 
of the circuit will be determined by the 
resistance of that part. 

In Fig. 3 we show three lamps connected 
in series. One lamp has a resistance of 
20 ohms, the second has 40 ohms and the 
third 60 ohms. According to our rule for 
combining resistance in a series circuit 
this would add up to a total of 120 ohms 
of resistance for the complete circuit. A 
voltage of 240 volts is impressed upon this 
circuit, and this voltage will cause a 
current of 2 amperes to flow in the circuit. 

As a result of the current flowing through 
the various resistances there will be a 
voltage drop across each resistor. The 
exact amount of the drop will be determined 
by the amount of resistance and the value 
of the current. (See Fig. 4.) But the 
total voltage drops around the circuit will 
be equal to the original voltage of the 
source, 240 volts. 

Now let us see just what the situation 
will be when we connect these same lamps in 
parallel across the 240 volt power source. 
Because they are connected in parallel, each 
lamp will have the full 240 volts of the 
source across it. This is shown in Fig. 5. 
The current through each lamp will be de-
termined by the value of the resistance of 
each lamp and the voltage across it. Since 

/e2P0 OHMS 

240 VOLT SOURCE 

40 OHMS 60 OHMS 

20 + 40 + 60 = 120 OHMS 

240 VOL7S 120 OHMS = 2 AMPERES 

Fig.3. Resistance and Current in a Series Circuit. 
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A CIRCUIT IS EQUAL TO THE RESISTANCE OF 

THAT PART MULTIPLIED BY THE CURRENT 

THROUGH IT 

Fié.4. 

the voltage is the same across all of them, 
240 volts, the current will differ according 
to the resistance of each lamp. 

When 240 volts are impressed across the 
lamp having 20 ohms of resistance, a current 
of 12 amperes will flow through it. 240 
volts across the 40-ohm lamp will cause a 
current of 6 amperes to flow through it. 
And likewise, the 240 volts will cause a 
current of 4 amperes to flow through the 
60 ohms of the third lamp. If we add these 
three currents together, we will find that 
a total of 22 amperes will flow through the 
parallel circuit consisting of the three 
lamps. This is shown in Fig. 6. 

Now it is possible you might be inclined 
to ask: If only two amperes flowed in the 
series circuit from the 240 volt source, how 
could 22. amperes flow from the same source 
when the lamps were connected in parallel? 
Where did the extra current come from? How 

was it created? 

If you ask a question like that, it is 
because you have forgotten what we mentioned 
back at the time we were studying Ohm's 

240 VOLTS 

20 í 40 60 
OHMS t OHMS OHMS  

0240 0 24 0 0 240 
VOLTS VOLTS VOLTS 

kié.5. 
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Law. There is always electricity present. 
Plenty of it. The amount that will move 
in any circuit is always determined by two 
things: The pressure behind it, and the 
resistance through which it moves. This is 
one truth you should always remember: The 
current is always dependent upon the voltage 
and the resistance. If the voltage is 
increased, more current will flow -- pro-
vided the resistance remains the same. If 
the resistance is increased, less current 
will flow -- provided the voltage remains 
the same. 

Section 6 EletfuCTIVE RESISTANCE 

You have probably noticed by this time 
that if we connect two or more resistors 
in series, less current will flow through 
them than if only one is in the circuit by 
itself. In other words, the more resistors 
we connect in series, the less current will 
flow in any of them. The reason for this, 
of course, is that in a series circuit 
resistances add up, and the more resistance 
the less current can flow. On the other 
hand, if we connect two or more resistors 
in parallel, more current will flow through 
the circuit than if only one resistor is 
in the circuit by itself. Now let us ex-
amine this situation and see just why this 
should be. 

In Fig. 7 we have three resistors. Each 
has a resistance of 15 ohms. These re-
sistors might be electric lamps, flat 
irons, toasters, or anything else, but con-
sidering the value of their resistance it 
is most likely they are common wire-wound 
resistors such as are so commonly used in 



radio and television work. We will con-
sider them as such. 

If we want to use these three resistors 
in the same radio or television circuit we 
could connect them together in several ways. 

We could connect them in series, in which 
case their individual resistance would add 
together to give us a total resistance of 
45 ohms. We could connect them in parallel, 
in which case their combined resistance 
would be another value. Or we could connect 
them in what is known as series-parallel, an 
arrangement which we will discuss later. 

We have just said that if we connected 

these resistors in parallel, their combined 
resistance would be another value. Our 
problem now is to discover just what that 
value would be. Calculating the effective 
resistance of two or more resistors when 
connected in parallel is a never-ending part 

20 40 
 OHMS OHMS 

240 VOLTS 0 12 
AMPS 

60 
OHMS 

6 
AMPS 

4 
AMPS 

12 AMPS + 6 AMPS + 4 AMPS 

22 AM PS 

Fté.6. Current in a Parallel Circuit. 

of the radio and television technician's 
job. He is confronted so often with the job 
of determining the effective resistance 
between two points when there are two or 
more resistors connected between them that 
after a few weeks experience he accepts the 
situation with scarcely a thought. 

Our first step is to make certain we fully 
understand exactly what is meant by the ex-
pression effective resistance. Effective 
resistance is that resistance in any part of 
a circuit which determines exactly how much 
current will flow through the circuit. In 
Fig. 6 it could be seen that more current 
would flow through the circuit when three 
lamps are connected in parallel than if only 
one lamp was in the circuit. For example, 
if only the 20 ohm lamp had been in the 
circuit andtheother two removed, 12 amperes 
of current would have flowed in the circuit. 
But adding the other two lamps to the cir-
cuit set up a situation where 22. amperes 

 ANVNYVVW  
15 OHMS 

 ,AAMANVVW  

15 OHMS 

 MANNWAh  
15 OHMS 

Fié.7 Three Individual Resistors or 
Equal Value. 

of current flowed. It would be correct to 
say that adding the two extra lamps to the 
circuit lowered the effective resistance. 

In Fig. 8 we have connected one of the 
15-ohm resistors across a 60-volt power 
source. When we do this, 4 amperes of cur-
rent will flow through the resistor. This, 
of course, is what we would normally expect. 

But in Fig. 9 we have connected another 
of the 15-ohm resistors in parallel with 
the first resistor. Now 4 amperes of cur-
'rent flows through each of the two resistors, 

making a total of 8 amperes of current in 
the circuit. In other words, when we place 
two resistors of the same value across the 
same voltage in a parallel circuit, exactly 
twice as much current will flow in the 
circuit. 

By Ohm's Law we could calculate the ef-
fective resistance of the circuit by dividing 
the 60 volts by the 8 amperes of current. 

This would give us an effective resistance 
of 7.5 ohms. Another way to say this is 
that two 15-ohm resistors connected in 
parallel will oppose the flow of current 
to exactly the same extent as one 7.5-ohm 

resistor. They have the same effectiveness 
as one 7.5-ohm resistor. 

60 VOLTS 

15 
OHMS 

4 
AMPS 

Fié.8. 15-ohm Resistor Across 60 Volts 
allows 4 amperes to flow. 
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4 AMPS + 4 AMPS = 8 AMPS 

BY OHMS LAW 60 VOLTS + 8 AMPS = 7.5 OHMS 

Fié.9. Two 15- ohm Resistors across 
60 Volts allows 8 Amperes to flow. 

In Fig. 10 we have added the third 15-ohm 
resistor in parallel with the other two, and 
placed all three across the 60-volt power 
source. 4 amperes of current will flow 
through each resistor, which means that 12 
amperes of current will flow in the circuit. 
Again by Ohm's Law we can determine the 
effective resistance of the three resistors 
when they are placed in parallel. Dividing 
the 60 volts by the 12 amperes we obtain 
5 ohms of resistance. This is the effective. 
resistance of the parallel circuit when the 
three resistors are used. 

It will be noticed that when two resistors 
of the same value are connected in parallel 
their effective resistance will be exactly 
one-half the resistance as when only one 
resistor is in the circuit.. Likewise, when 
three resistors of the same value are con-
nected in parallel, the effective resistance 
is cut to one-third of the resistance when 
any one of them is used by itself. This 
rule holds true regardless of how high the 
resistance. Two resistors of any single 
given value when connected in parallel will 
have their effective resistance reduced to 
one-half the resistance of either when used 
by itself. This is a very valuable point 
for any radioman to remember. 

As mentioned before, there are an almost 
endless number of values of resistors manu-
factured by the various companies making 
them. It is almost impossible for any 
technician to maintain a constant supply of 
all kinds on hand. But suppose the tech-
nician has available to him an unlimited 
supply of 100,000-ohm resistors. This is a 
very common value and most radio men keep an 
abundant supply of them on hand. They cost 
only 1« to 5¢ each, depending upon the type 
and the wattage. 

Suppose the radio technician needs a 
50,000-ohm resistor for somepurpose, perhaps 
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as a screen-grid resistor for a vacuum tube. 
He does not have a 50,000-ohm resistor on 
hand but he has plenty of 100,000-ohm re-
sistors. Almost without second thought the 
technician takes two of the 100,000- ohm 
resistors, connects them in parallel in his 
screen-grid circuit, and has the 50,000 ohms 
of resistance which he needs. If it had 
been a 25,000- ohm resistor he needed he 
would have connected four of the 100,000-ohm 
resistors in parallel. 

On the other hand, suppose he needed a 
200,000-ohm resistor to replace the plate 
load resistor of a vacuum tube. Instead of 
connecting the resistors in parallel as 
before, he would connect them in series. 
Connecting the two 100,000-ohm resistors in 
series would give him the 200,000 ohms 
needed for the plate load. 

All this can be summed up in a few words 
by saying that if a radioman needs a resis-
tor with one-half the resistance of those he 
has at hand, he takes two of his resistors 
and connects them in parallel. If he needs 
one with one-third the resistance, he con-
nects three of them in parallel. And if he 
needs one with one-fourth the resistance, 
he connects four of them in parallel. It 
is not likely he will need to connect more 
than two or three in parallel in most cases. 

And if he needs a resistor with a resis-
tance twice as great as any he has on hand, 
he will connect two of his resistors in 
series. If a resistor with three times the 
resistance is needed, he connects three 
in series. 

Section 7. UNEQUAL 
RESISTANCES IN PARALLEL 

If the technician needed a 150,000-ohm 
resistor and had a 100,000-ohm resistor and 
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60 VOLTS 7- 12 AMPS = 5 OHMS 

Fié.10. Three 15- ohm Resistors across 
60 volts allows 12 Amperes to flow. 



a 50,000-ohm resistor handy, he could con-
nect them in series and have the value he 
needs. But suppose he needed a 75,000-ohm 
resistor. Could he connect the two resis-
tors in parallel and get the value he wants? 
The answer is no. 

Our problem now is to see just how resis-
tors of unequal value can be combined so 
their effective resistance can be learned. 

There are several methods by which the 
effective resistance of resistors in paral-
lel can be determined. Some are more useful 
in one situation, and another method might 
be more useful in another situation. As a 
general rule when two or more resistors 
having different values of resistance are 
connected in parallel we are interested in 
knowing what their effective resistance is. 

One way is to use Ohm's Law to determine 
the current through each of the resistances, 
then add the currents together to find the 
total current through the circuit. When we 
have learned the total current through the 
circuit we can readily find the effective 
resistance by again using Ohm's Law. 

As an example of this, let us study the 
situation presented in Fig. 11. There we 
have three resistors connected in parallel 
across 120 volts. The resistors are all of 
unequal values, one having 24 ohms of resis-
tance, the second having 40 ohms of re-
sistance and the third having 60 ohms of 
resistance. 

In using the Ohm's Law method of determin-
ing the effective resistance, the first 
step is to determine the value of the cur-
rent through each of the resistors. We find 
there are 5 amperes of current in the first 
resistor, 3 amperes in the second and 2 
amperes in the third. Adding these together, 
we find there are a total of 10 amperes of 
current flowing in the parallel circuit. 
Now to obtain the effective resistance we 
divide the voltage across the circuit by the 
current flowing through it. In this case 
we divide the 120 volts by the 10 amperes 
and find that the three resistors in paral-
lel have the same effectiveness as would 
one resistor of 12 ohms. Thus, a 24-ohm 
resistor, a 40-ohm resistor and a 60-ohm re-
sistor connected in parallel have an effec-
tive resistance of 12 chms. 

As an exercise for you it is suggested 
that you work the problem over again, but 
instead of using 120 volts as a power source 

120 
VOLTS 

24 e 
OHMS 

40 
OHMS 

60 
OHMS 
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BY OHMS LAW. 120 VOLTS OHMS = 5'AMPS 

120 VOLTS - 40 OHMS = 3AMPS 

120 VOLTS- 60 OHMS=  2AMPS 

TOTAL CURRENT = IOAMPS 

120 VOLTS - 10 AMPS = 12 OHMS EFFECTIVE 
RESISTANCE 

Fig.11. One method of finding effective 
resistance. 

raise the voltage to 240 volts. See what your 
effective resistance would be in that case. 

Section 8. THE RECIPROCAL METHOD OF 
FINDING EllIfUCTIVE RESISTANCE 

There is another method for finding the 
effective value of two or more resistors 
connected in parallel which is used much 
more widely in radio and television work. 
It is more direct, and must faster, es-
pecially when it is necessary to learn the 
effective value of several resistors when 
they are so connected. This is called the 
reciprocal method. 

But before getting into the reciprocal 
method of finding effective resistance for 
resistors connected in parallel, it is well 
that we mention something of' the way resis-
tors in a circuit are numbered. 

In a radio or television circuit there 
might be many resistors, each doing an im-
portant job of its own. It would not be wise 
to designate a resistor merely by the work 
it was doing, such as a cathode resistor, or 
a plate load resistor, or a bias resistor, 
or a bleeder resistor. Since there might be 
twenty or more vacuum tubes in the circuit, 
and more than half of them with a resistor 
in the cathode circuit, if we were to desig-
nate any one resistor by the name " cathode 
resistor" or " cathode- bias resistor" it 
might be extremely hard for some other 
person to know exactly which cathode resistor 
we were referring to. To overcome this 
difficulty, it has become a standard prac-
tice to number the resistors in a circuit. 

Fig. 12 shows one common way of numbering 
the resistors in a circuit. The resistors 
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RI R 2 R 3 

Fié.12. Common method of numbering re-
sistors so each can be distinguished 

from the others. 

are numbered "R1", "B," and "Re. Borrowing 
from the engineering practice of using sub-
scripts, the radiomen started out by calling 
their first resistor in a circuit "Resistor 
R-subscript one", the second resistor would 
be called "Resistor a- subscript two", and 
the third "Resistor El-subscript three", and 
so forth. Well, radiomen being what they 
are, it didn't take them long to shorten 
that designation. Soon they were saying 
"R sub one", "R sub two" and "R sub three",, 
and so forth. Even that practice has been 
shortened to the point where most radiomen 
now merely say " R-one", " R- two", and so 
forth. 

To avoid confUsion for you in the case you 
are well acquainted with algebraic methods 
it should be explained that in writing "al" 
and "Re and "R3 "1, the Ris not a coefficient 
of 1 or 2 or 3. The R is not multiplied by 
either the 2 or the 3 or the 4 as the case 
might be. The figures are merely used to 
distinguish one resistor from another. 

In Fig. 12, R1 is the first resistor in 
the circuit. The figure 1 serves no purpose 
except to distinguish the first resistor 
from all the others. 

The resis tors could have been dis tinguished 
from each other by naming the first one 
George, the second one Charlie and the third 
one Albert. Or they could have been named 
Alpha, Beta and Gamma. Or, they could have 
been named anything else which might have 
struck our fancy. In radio and television 
work it has become the practice to number 
the resistors R1, R2, R2, R4, and so forth 
because it is an easy thing to do. It is 
simple, and is easy to remember. 

The reciprocal method of finding the ef-
fective resistance of several resistors 
connected in parallel consists merely of 
adding the reciprocals of the values of the 
resistors and then finding the reciprocal 
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of the result. That sounds easy, but 
actually it takes a little explaining to 
become understandable. 

The reciprocal of any number is the figure 
1 divided by the number. The reciprocal of 
2, for example, is 1/2. The reciprocal 
of 4 is 1/4. The reciprocal of 10 is 1/10. 

In Fig. 13 we have three resistors. R1 
has a resistance of 40 ohms, R2 has a resis-
tance of 10 ohms and R3 has a resistance of 
8 ohms. To find the effective resistance 
of the three resistors in parallel by using 
the reciprocal method it is first necessary 
to find the reciprocals of the value of 
each resistances. 

R1. The reciprocal of 40 ohms is 
40 

2' The reciprocal of 10 ohms Is 10 

R3 • The reciprocal of 8 ohms isi. 
8 

The rule says to add the reciprocals. In 
this case we will have to add 1/40, 1/10 and 
1/8. In adding fractions it is necessary 
to find a common denominator. In this case 
the lowest common denominator would be 40. 
So now we change our reciprocals into 
fractions which all have the same denomina-
tor, 40. 

1/40. 

4/40. 

5/40. 

Adding the reciprocals together: 

1/40 + 4/40 + 5/40 = 10/40 

which is equal to 1/4. 

Now the rule says that after we have 
added the reciprocals together we find the 

120 VOLTS RI 
40 

OHMS 

8 
OHMS 

R2 10 R3 

OHMS 

Fié.13. Three reststors tit parallel. 
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Fig. 14. 

reciprocal of the result. In this case, 
the reciprocal of 1/4 is 4. This means that 
the effective resistance of a 40-ohm resis-
tor, a 10-ohm resistor and an 8-ohm resistor 
connected in parallel is 4 ohms. 

The first time through the reciprocal 
method of finding effective resistance may 
look a little difficult. Actually it is 
not. It is by far the most widely used 
method among practical radiomen. It is 
fast, and after a little practice is easy. 

It is suggested that you apply the princi-
ples of the reciprocal method of finding 
effective resistance to the circuit in 
Fig. 6. This will enable you to obtain a 
little practice in its use. As a hint, it 
is suggested that you make 120 the common 
denominator in that problem. 

It is also suggested that you use the 
current method to solve the circuit of 
Fig. 13. This will give you a little more 
practice in that method also. It is always 
a good idea to know more than one way of 
doing things. 

Fig. 14 shows how another parallel circuit, 

one containing five unequal resistances, is 
worked out using the reciprocal method of 

finding the effective resistance. For 
additional practice, it is suggested that 
you work this problem out for yourself using 
the current method of finding the effective 
resistance. Without looking at our figures, 
it is suggested that you then work out this 
problem again by yourself using the recipro-
cal method. The practice will make you more 
familiar with the actual operations, and give 
you a little more confidence in yourself. 

Many radio and television technicians 
become so familiar with this method of 
finding effective resistance they can fre-
quently figure the more simple problems in 
their heads without having to use pencil 
and paper. This is an ability they acquire 
by practice, of course, and it is not ex-
pected you will be able to do such a thing 
until after you have been in radio work for 
several years. 

v, 

ction 9. TAPPED RESISTORS IN PARALLEL 

Two vitreous enameled, wire-wound, resis-
tors are shown in position at the left-hand 
side of Fig. 15. Each resistor has a tap 
connection brought out between its ends. 
The electrical diagram is shown at the 
right, and on this diagram we have marked 
the number of ohms in each section of the 
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30 

Fié.15. Tapped Resistors forming two parallel circuits. 

resistors. Ve want to learn the effective 
resistance from A through to B. Ne also 
want to learn the effective resistance from 
A through to C. 

We may begin by examining the entire 
circuit to find just how its resistances 
are connected. 

1. Current may flow from A to B through the 
upper left-hand resistance of 15 ohms. 

2. Current may flow from. A to B also through 
the upper right-hand resistanceof8 ohms. 

3. Then between A and B we have two resis-
tances in parallel, one of 15 ohms and 
the other of 8 ohms. 

4. In tracing a path from A to C we find 
that current may pass through the two 
left-hand resistances, one after the 
other, in series. One of these resis-
tances is 15 ohms, the other is 30 ohms. 
Thus their total series resistances is 
15 plus 30, or 45 ohms. 

5. We may trace another path from A to C 
through the two right-hand resistances. 
One is 8 ohms and the other is 24 ohms. 
These two are in series, so their total 
resistances is 8 plus 24, or 32 ohms. 

6. We have between A and C two different 
current paths. One path has a total 
resistance of 45 ohms and the other has 
a total resistance of 32 ohms. This 
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makes a parallel circuit having 32 ohms 
of resistance in one branch and 45 ohms 
in the other. 

Now we actually have two separate parallel 
circuits. une is from A to B. It has 
one branch with 8 ohms of resistance and 
another branch with 15 ohms of resistance. 

The other parallel circuit also has two 
branches. One branch has 32 ohms of resis-
tance, and the other branch has 45 ohms. 

For our first step we will determine the 
effective resistance between A and B. Ac-
cording to the rules for solving such a 
circuit by the reciprocal method, we first 
find the reciprocals of the resistance in 
each branch of the circuit. The reciprocal 
of 8 ohms is 1/8. The reciprocal of 15 ohms 
is 1/15. The lowest common denominator is 
120. Changing 1/8 and 1/15 into fractions 
having a denominator of 120 we will have: 

15 4. 8 23 
120 120 120 

The reciprocal of 23 is 120 
120 23 

120 Thus the effective resistance is equal to 
23 ohms. 

Changing this improper fraction into a 
whole number and a decimal we merely divide 
the 120 by the 23. This will give us 
approximately 5.2 ohms. This means that 

• 

• 



the effective resistance between A and B 
is 5.2 ohms. 

In the circuit from A to C we have two 
branches, one of wLich has a resistance of 
32 ohms and the other a resistance of 45 
ohms. This is solved in exactly the same 
way. First we find the reciprocals. The 
reciprocal of 32 is 1/32. The reciprocal 
of 45 is 1/45. 

We add these two together, but to do so 
we must find a common denominator for each 
fraction. The common denominator in this 
case is going to be quite large. It is 
1440. Our two fractions now become: 

45 , 32 . 77 
1440 1440 1440 

The effective resistance is equal to the 
reciprocal of this result. The reciprocal 
of 

77 1440  is 
1440 77 

Thus the effective resistance of a resistor 
having 32 ohms resistance and one having 
45 ohms, when the two are connected in 
parallel is, 

1440 ohms. 
77 

It would be much more convenient to convert 
this fraction into a whole number and a 
decimal. To do this we would do just as 
before: Divide the 1440 by the 77. This 
will give us approximately 18.7 ohms. Thus 
the effective resistance of a 32-ohm resis-
tor and a 45- ohm resistor connected in 
parallel is approximately 18.7 ohms. 

Perhaps you have noticed that in every 
case of finding the effective resistance of 
two or more parallel resistors, the effective 
resistance has always been less than that 
of the smallest of the separate resistors. 
You can check back on this by reviewing the 
problems we have cited. This situation is 
always true and furnishes one check on the 
accuracy of your calculations. If you ever 
come up with an answer which shows the ef-
fective resistance to be greater than that 
of the smallest individual resistor, you 
will know you have made a mistake somewhere 

in your calculations. 

As with most everything else connected 
with radio and other electrical work, there 
is a formula which shows how to find the 

effective resistance of two or more paral-
lel resistors by the reciprocal method. 
Here is the formula: 

1 1 

RT R1 

1 1 
R2 R3 

1 
R4 

. . etc. 

What this means is that you can find the 
reciprocal of the total resistance (a,r) by 
adding the reciprocals of the individual 
resistors. Then once you have the recipro-
cal of the total resistance you merely find 
the reciprocal of that to obtain the actual 
effective resistance. It would be an ex-
cellent idea to jot this formula down in 
your note book where you will have it handy 
when you need it. You will not have to 
refer to your notes very long. You will 
be using the formula so much that it will 
soon become second nature to you. 

Section 10. INCREASING THE 
RANGE OF A METER 

There are so many ways the radioman uses 
his knowledge of parallel resistances, it 
is hard to point to any one use and say that 
one is more important than any other. One 
extremely useful application of the know-
ledge is in extending the range of a meter 
with which he has to work. 

Very often the ammeter with which he is 
working does not have.a range sufficiently 
great to read the current in some circuit 
with which he is working. Or perhaps it is 
a milliammeter -- the principle is the same. 
In order to do the job he is called upon to 
do, and yet use the instruments which are 
at hand, he must devise some means of ex-
tending the range of his meter. 

Fig. 16 shows a meter such as he might be 
using. In this case, the meter has a 
full-scale reading of one ampere. This 
means that when one ampere of current is 
flowing through the meter, the scale will 
be deflected to its extreme limit. If an 
attempt is made to use the meter to measure 
more than one ampere, there is great danger 
of burning out the working mechanism, and 
ruining the meter. These meters are quite 
sensitive, and easily burned out if im-
properly used. 

But the skilled radioman knows how he can 
extend the range of the meter, and safely 
measure a much higher current than the meter 
was designed to measure. First he determines 
the internal resistance of the meter. In 
this case the internal resistance is found 
to be 9 ohms. 
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FiÉ.16. How a Neter Shunt Operates. 

One of the first thing a radioman learns 
about parallel circuits. is that when two 
resistors are in parallel, and the value of 
the resistances are unequal, the resistor 
with the lowest resistance will pass the 
largest current, and the resistor with 
the highest resistance will pass the least 
current. To put this in the form of a rule 
we would say: 

Two currents in parallel are inversely 
proportional to the resistances in which 
they flow. 

If one resistance has 10 times as many 
ohms as the other, it will take only 1/10 
the current that the other takes. If the 
resistance ratio is 100 to 1, the current 
ratio will be 1 to 100. 

The meter in Fig. 16 is capable of measur-
ing currents only up to one ampere. But 

suppose it is necessary to measure currents 
up to 10 amperes. To extend the range of 
the meter we will connect a resistor in 
parallel with the internal resistance of 
the meter. The resistor will be connected 
between the terminals of the meter. This 
resistor will have a resistance much smaller 
than that of the meter itself. The resistance 

1 

OHMS 

Resistors in parallel. 
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is so much smaller than that of the meter 
that such a resistor is usually referred 
to as a shunt. This is because it is used 
to shunt the major portion of the current 
around the meter itself. 

Now in order to make the meter function 
accurately, the resistance of the shunt 
must be carefully calculated so as to 
shunt an exact amount of current around the 
meter, and yet let the proper amount pass 
through the meter so it will register 
properly. In the case of the meter with 
which we are working, we want to extend 
its range so we can measure ten times as 
much current as the meter was designed to 
measure. To accurately measure the larger 
amount of current we should design a shunt 
which will allow one- tenth of the total 
current to pass through the meter, and the 
other nine- tenths to pass through the shunt. 
Then when the meter reads 1/10 ampere, we 
will know one ampere is flowing in the main 
circuit. Likewise, when the meter reads 
.5 ampere we know that 5 amperes is flow-
ing in the main circuit. 

In this case we would place a shunt having 
1 ohm of resistance across the terminals 
of the meter. The shunt has 1/9 the resis-
tance of the meter, so it will pass nine 
times as much current as the meter. In 
other words, 1/10 of the total current will 
pass through the meter and 9/10 will pass 
through the shunt. Then to measure what-
ever current is to be measured, the reading 
is taken from the meter, then multiplied by 
10. This will give the correct amount of 
current flowing in the circuit. 

The subject of meter shunts and multi-
pliers will be gone into at considerably 

• 

• 



• 

greater length in a later lesson. It is 
a complete subject in itself, and is an 
important one to the radio man. 

Section 11. ANOTHER METHOD FOR 
DETERMINING EFFECTIVE RESISTANCE 

The reciprocal method 
commonly used method for 
tive resistance. It is 
use when more than two 
parallel if you are in 
your answer. 

is by far the most 
determining effec-
the only method to 
resistors are in 
a hurry to obtain 

But there is another method which is quite 
commonly used when there are only two resis-
tors in parallel. This method involves 
multiplication, addition and division. The 
two resistances are first multiplied to-
gether. Then they are added together. The 
sum obtained by adding them together is 
divided into the product obtained when they 
were multiplied together. The formula for 
this operation is written like this: 

Rt Ri R2 

R1 + R2 

Take the problem presented by the two 
resistors connected in parallel in Fig. 17. 
The formula: 

R1 R2 
Rt 

R1 + R2 

can be changed by the insertion of the actual 
values of the resistors to look like this: 

Rt . 5 x 20 
5+20 

Multiplying 5 by 20 gives us 100, and 
adding 5 to 20 gives us 25. Our equation 
now looks like this: 

Rt . 100 
25 

Changing the fraction into a whole number 
gives us the result: 4 ohms. This means 

that when a 5 ohm resistor is in parallel 
with a 20 ohm resistor their effective 
resistance is 4 ohms. 

This method of obtaining the effective 
resistance is often used when there are 
only two resistors in parallel. It is 
possible to use it when there are more than 
two resistors, but the calculations become 
so complicated that it is far easier to use 
the reciprocal method. 

Sect ton 12. FINDING THE VALUE OF 
ONE PARALLEL RESISTOR 
WHEN THE OTHER IS KNOWN 

Very often the radioman is faced with a 
problem where he knows what the total resis-
tance is, or should be, and knows the value 
of one of the paralleling resistor. But he 
must figure out what the value of the other 
resistor is, or must be. 

The problem might be a cathode resistor 
which he discovers has too high a resis-
tance. Not having any smaller resistors 
handy, the radioman decides to lower the 
effective resistance in the cathode circuit 
by paralleling the existing resistor with 
another resistor. rhe problem is what value 
resistor to use in parallel. 

in 4 OHMS 

? OHMS 
I R2 

20 OHMS 

RI 
RI R2 

R2-R T 

4 X 20 80 
= 20-- 4 = —16 = 5 OHMS 

Ft. 18. 
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R1 

R2 

 mww  
4 OHMS 
R 3 R 6 

NW MNW 
5 OHMS 5 OHMS 10 OHMS 

R 4 R 5 

13 OHMS 7 OHMS 

R7 

40 OHMS 

R8 

10 OHMS 

Fié.19. An apparently complicated 

Other situations which often arise, in-
volve the problem of paralleling one or more 
of the resistances of a voltage divider 
network, where the total resistance must 
not be upset, or the resistance network of 
a diode detector in a modehl superheterodyne 
receiver. 

The best method to use is to multiply 
the effective resistance by the value of 
the other resistance. This will give you 
one value. Next, subtract the effective 
resistance from the other resistance. This 
will give you a second value. Now divide 
the first value by the second value. This 
will give you the value of your unknown 

resistor. 

The formula for this is: 

_  Rt R2  

R2 - Rt 
R1 

In order to see how this formula is used 
we will substitute the actual known value 
in Fig. 18 into the formula. Rt is equal 
to 4 ohms. R2 is equal to 20 ohms. Our 
problem will now look like this: 

Ri = 4 x 20 . 80 . 5 ohms. 
20-4 16 

Fté.20. The first step in stmplifyiné a resistance network. 
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resistance network. 

Thus we find that in order to have an 
effective resistance of 4 ohms when one of 
the paralleling resistors has a resistance 
of 20 ohms, the other resistor must have a 
resistance of 5 ohms. This formula is used 
over and over. It would be an excellent 
idea to jot this down in your little note-
book also. Then you will have it handy 
whenever you want to use it. 

Section 13. SERIES-PARALLEL CIRCUITS 

In radio and television work, some of the 
circuits become quite involved. There may 
be two or more resistors in parallel with 
each other. Then in series with these, 
there may be one or two other resistors 
which may be connected either in series or 
in parallel. Sometimes these arrangements 
extend at great length. 

To the unitiated -- that is, the untrained 
man -- it would seem to be almost hopeless 
to try to figure out just what was going on 
inside such an array of circuits. The 
trained man knows that regardless of how 
complicated a circuit may look, it can 
always be broken down into simple series 
circuits, or into simple parallel circuits. 
It does not make any difference what the 
arrangement of the resistors might be, 
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RI 

----e/VOAAAAr-
5 OHMS 

Rb 

 ‘MA/VVWV  
2 OHMS 

R6 

vWvvWWv-
10 OHMS 

R7 
VVVVMM 
40 OHMS 

R 

AMMAA,  
10 OHMS 

Fié.21. The second step in simplifying a resistance network. 

by careful analysis they can be readily 
simplified. 

There are only two basic circuits. The 
series circuit. And the parallel circuit. 
All other circuits, no matter how complex, 
are merely combinations of series or paral-
lel circuits. 

At first glance the circuit in Fig. 19 
would seem extremely complicated. There 
are parallel circuits, and there are series 
circuits. And there are combinations of 
series and parallel circuits. 

In solving such a circuit, the trained 
man attacks it methodically. He looks to 
see what he can combine to make the circuit 
a little more simple, then draws it again. 
In this case the trained man would note 
that resistors R4 and a5 are in series with 
each other. The first step would be to 
combine them into one resistor. 

The circuit is then redrawn as in Fig. 20. 
Note that R4 and R5 have been combined into 
a single resistor which we have chosen to 
call Ra . It has a total resistance of 20 
ohms. This is the sum of the values of R4 
and R5 , one of which had 13 ohms and the 
other 7 ohms. 

The next step is to find something else to 
simplify. Probably the best thing would be 
to combine R,, R3 and Ra into one unit and 
determine their effective resistance. This 
we will do by use of the reciprocal method, 
and then redraw the circuit to fit this 
new condition. 

The circuit is redrawn as shown in Fig. 
21. Note here that R,, R3 and Ra, have been 
combined. Their effective resistance is 
now represented by a single resistor which 
we have chosen to call Rb . It has an ef-
fective resistance of 2 ohms. 

For our next step we could do either of 
two things. We could combine R1, Rb and 
R6, which are in series with each other, 
into one single resistance; or we could 
combine a7 and R8. It makes no difference 
which we do, but we shall choose to combine 
the parallel resistors, R7 and R8 into their 
effective resistance, and then redraw the 
circuit to show how it will then look. 

Fig. 22 shows how the circuit looks when 
R7 and R8 have been combined into one effec-
tive resistance. We have chosen to call 
this effective resistance Re in order to 
distinguish it from the other resistances. 
Now in Fig. 22 we have four resistances in 

RI 

 AMAAMA.  

5 OHMS 

Rb 

AAMAMAA 

2 OHMS 

R 6 

 AAANNINAN%  

10 OHMS 

5 + 2 + 10 + 8 = 25 OHMS 

Rc 

MAAAAANNi  

8 OHMS 

FiÉ.22. After the resistance network has been completely simplified into n simple 
series circuit. 
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series. The final step is quite simple. 
All there is to do is add these four re-
sistances together and we will have the 
effective resistance of the network which 
looked so formidable just a few minutes 
ago. The sum of 5 ohms, 2 ohms, 10 ohms 
and 8 ohms is 25 ohms. Thus the network of 
resistors shown in Fig. 19 has an effective 
resistance to the flow of current equal to 
a 25 ohm resistor. 

To obtain a little more practice in the 
solving of series and parallel circuits, 
we have shown such a circuit in Fig 23. 
The values of the various resistors are 
shown. It would be a good idea for you to 
solve this circuit. You will not find it 
to be a hard problem. As a hint, it is 
suggested that you first find the effective 
resistance of resistors RA, and R3. When 
this has been done, add this value to the 
resistance of resistor R1. To check the ac-
curacy of your work, the total resistance 
of the network is 30 ohms. 

If you would like to tackle a little more 
difficult problem, you might try solving 
the circuit shown in Fig. 24. As a hint 
to you, it would be a good idea to find the 
effective resistance of R1 and R, first. 
Then find the effective resistance of R4, 
R5 and R6. After you have worked out this 

Fig.23. A simple series-parallel circuit 
to be solved. 

much of the circuit you will have the 
equivalent of three resistors in series. 
You already know what to do with resistors 
in series. In order for you to check the 
accuracy of your work, the total resistance 
of the network is 10 ohms. 

Most of the problems we have shown you 
use such values that the resistance comes 
out in even values. Under actual working 
conditions, of course, the values with 
which you will be working are not quite 
so convenient. But while you are learning, 
it is the principles which are most im-
portant. The actual arithmetical numbers 
are entirely secondary. 

S 2.o 

RI 

 'MAMMA  
5 OHMS 

R2 
 MAMMA,  
20 OHMS 

R3 

 MAAAAINAN  
2 OHMS 

-t- -t- -._ 

R4 
 ,AAA4,01VM  
40 OHMS 

/ / 

R5 
.AAANVVVVV  
5 OHMS 

lí a 

R6 

 MAAAAAAM  
40 OHMS 

Fig.24. A more complicated resistance network. 

(Reference Notes on the Page following) 
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NOTES FOR REFERENCE 

Total current through resistors in parallel equals the sum of currents through the separate 
resistors. 

The effective resistance of equal resistances in parallel is equivalent to the value of one 
resistor divided by the number of resistors. 

When unequal resistances are in parallel, the one with the highest resistance will pass the 
least current, and the one with the least resistance will pass the greatest current. 

The effective resistance of resistances in parallel is always less than the value of the 
smallest individual resistance. 

Ohm's Law can be used to determine the effective resistance of several resistances in 
parallel. 

The formula for finding the effective resistance by the reciprocal method is: 

1 = _Al , 1 . 1 . 1_ . . . . etc. 
nt lt, n3 n4 

fwo currents in parallel are inversely proportional to the resistances through which they 
flow. 

The formula for finding the effective resistance when only two resistances are in parallel 
is: 

Ett  ti1 ;12 

R1 R9 

The formula for finding the resistance of one branch of a parallel circuit when the effective 
resistance and the value of the other resistance are know is: 

R1 

• 

Rt R2  

R2 - at 

NOTES 



• 

e 

• 



Radio and,, 
tS 

INDUSTRIAL TRAINING INSTITUTE 



• 

• 



• 

TEENIER TRAINING 9 
COPYRIGHT 1950- INDUSTRIAL TRAINING INSTITUTE, CHICAGO- PRINTED USA. 
 11•1111BIMB 

PE LEVISION 
VACUUM TUBE AMPLIFIERS 

Contents: Introduction - Relative Values of Anode Current - Dynamic Characteristic 
Curves - Phase Inversion - Methods of Obtaining Grid Bias - Cathode Bias - Degeneration 
- By-Pass Capacitor - Stage Gain - Power Amplifiers - Load Lines - Notes for Reference. 

Section 1. INTRODUCTION 

One of the principal uses for vacuum tubes 
such as the triode, thetetrode, the pentode, 
the beam power tube and still other types 
which we have not yet discussed, is in 
amplifier circuits. By " amplifier cir-
cuits" we mean circuits which will increase, 
or multiply, some electrical value. 

By custom, vacuum tube amplifiers are 
divided into two general groups: The voltage 
amplifier, and the power amplifier. One 
is designed to take small voltages and in-
crease them into much larger voltages with-
out changing the wave form of the voltage, 
or changing the frequency at which it might 
be changing in strength, or amplitude. The 
other is so designed that it can take some 

substantial value of signal voltage which is 
applied to the grid and change it into suf-
ficient power at the output of the anode 
that it can do whatever work is required. 
As mentioned before, this work might mean 
moving the cone of a loudspeaker or the 
operation of a relay. In other applications 
it might be used for some other purpose. 

It should be remembered that voltaÉe 
alone, when applied to the proper elements 
of a vacuum tube can bring about certain 
actions within and without the tube. But 
nearly all other electrical devices require 
power to operate them. The usual set up, 
then, is for a voltage amplifier to be used 
to raise small voltages up to a strength 
sufficiently great for application to the 
grid of a power amplifier tube. 

VOLTAGE AMPLIFIER TUBE 

SMALL VCLTAGE 

CHANGE ON 

GRID 

LARGE VOLTAGE 

CHANGEATANODE 

POWER AMPLIFIER TUBE 

APPLIED TO 

GRID OF 

SECOND TUBE 

PRODUCES LARGE 

POWER OUTPUT 

Fig.1. Functions of the Voltage Amplifier and the Power Amplifier. 
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Fié.2. Power amplifier tubes have wide 
spaces between the spirals of the grid 
wires, permitting large current but 

requiring high grid voltages. 

The output of the voltage amplifier is 
applied (through appropriate circuits) to 
the grid of a power tube. The power tube 
converts the signal voltage into sufficient 
power to operate whatever device the tubes 
are used with. (See Fig. 1.) 

A triode tube can be used either as a 
voltage amplifier or as a power amplifier. 
The exact use to which it is put will de-
pend very largely upon the internal con-
struction of the tube. If the triode has 
been designed for power amplification it 
will be so constructed that reasonably 
abundant amounts of electrons can pass 
through the spiral wires of the control 
grid. This will mean that the spirals will 
be spaced rather widely apart as in Fig. 2. 

We have mentioned previously that some 
triode grids had the spirals spaced widely 
apart but did not at that time explain why 
they were so constructed. At that time we 
did mention that tubes which had the grids 
widely spaced did not have as great an 
amplification factor as tubes with the grid 
wires closer together. Further than this, 
we said that when the wires were widely 
spaced, more grid voltage was required to 
materially affect the passage of the elec-
trons. It is for these reasons that power 
amplifiers, especially triodes, require much 
more grid voltage than do the tubes which 
are used primarily as voltage amplifiers. 

A triode tube which has been designed 
especially for use as a voltage ampltfter 
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will have the spiral turns of the grid 
wires much closer together, as in Fig. 3, 
and will probably have the grid somewhat 
closer to the cathode. The voltage ampli-
fier tube will not pass nearly so many 
electrons as the power amplifier tube, but 
the grid will be able to exert a much higher 
degree of control over those electrons 
which are passed. 

All this may give you the impression that 
in some mysterious way some vacuum tubes 
amplify voltage only, while others amplify 
power only. Such an idea, however, would 
be entirely wrong. Actually all operate 
on the principle that a change in the grid 
voltage results in a change in the anode 
current. The main difference between them 
lies in the fact that one vacuum tube with 
a high amplification factor may not pass 
enough current to operate any electrical 
device but its anode current changes can 
be changed into voltages which greatly ex-
ceed the original voltages applied to the 
grid, while another tube with a low ampli-
fication factor may not be able to greatly 
increase the output voltage over that ap-
plied to the grid, it will pass sufficient 
anode current to operate some electro-
mechanical device. 

Since the characteristics of one type of 
triode may lend themselves admirably to the 
job of increasing the signal voltage, that 
type is generally referred to as a voltage 
amplifier. And since the characteristics 
of the other type of triode are such as 
to make it better adapted for changing 
large voltage changes into large current 
changes it is called a power amplifier. 

Fté.3. Voltage amplifier tubes have 
closer spactné of the grid wires, étvtné 
high amplification but allowing only 

a small current. 
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POWER AMPLIFIER TUBE 

110 

M A 

VOLTAGE AMPLIFIER TUBE 

Fig. 4. 

It should be remembered, however, that 
the basic essentials of each type of tube 
are the same. Each operates in exactly 
the same manner as the other. The dif-
ference between them is one of degree rather 
than of nature. 

Perhaps it might seem we are giving a 
bit too much stress to something which may 
seem relatively unimportant. Unfortunately, 
it is easy for a newcomer into this field 
to fail to fully understand either the 

close similarities of the two types of 
tubes in some ways or recognize their dis-
similarities in other ways. The really 
unfortunate thing is that some of the old 

timers fail to fully understand these things. 
A failure to understand will nearly always 
result in mental confusion, and is usually 
reflected in the quality of work one can 
turn out. 

Section 2. RELATIVE VALUES 
OF ANODE CURRENT 

In Fig. 4 are shown two vacuum tube cir-
cuits. The one at the left utilizes a power 

amplifier tube. The one at the right, a 
voltage amplifier tube. The same value 
of voltage is on the anode of each tube. 
The circuits are identical in every way 
except for the type of tube. The circuit 
which uses the power amplifier tube has a 
current of 110 milliamperes flowing in the 
anode circuit. The other circuit which 
uses the voltage amplifier tube has only 
10 milliamperes of current in the anode cir-
cuit. These current values give an indi-
cation of the difference in the anode current 

values between these two types of tubes. 

Even though both of these tubes operate 
essentially on the same principle, let's see 
why the tube at the left -- the power tube 
-- could not be satisfactorily used as a 
voltage amplifier. To control the large 
amount of anode current the grid would re-
quire considerable voltage. This is because 
the spirals of the grid wire are so wide 
apart. To reduce the anode current from 
110 milliamperes to about 50 milliamperes 
would probably require about 25 volts on 
the grid, possibly a little more. 

Fig. 5 repeats the circuit at the left 
of Fig. 4, that of the power tube. First 
is shown the circuit with a zero grid and 
an anode voltage of 350 volts. The load is 
1000 ohms. When the 110 milliamperes of 
anode current flows through the 1000 ohm 
load there will be a voltage drop of 110 
volts. At the right of Fig. 5 we have the 
same circuit except that a negative grid 
voltage of 25 volts has been added. With 
25 negative volts on the grid, the anode 
current has been reduced from 110 M.A. to 
50 M.A. There is a resulting voltage drop 
through the load resistor of 50 volts. 
This is a change of 60 volts across the 
load resistor. 

Now let's see what we have. A change of 
25 volts on the grid has resulted in a 
change in the voltage across the load of 
60 volts, or a gain in voltage of 2 2/5ths. 
This is not very much voltage gain for one 
stage of vacuum tube amplification. 

Next we will see what happens in the cir-
cuit using the vacuum tube at the right of 
Fig. 4. Here we have only 10 M.A. in the 
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anode circuit. Where the anode current is 
small it is possible for us to use a high 
resistance for the load resistor. Instead 
of the 1000-ohm resistor we use for the 
power amplifier tube we will use 10,000 
ohms. (See Fig. 6.) 

Since this is a voltage amplifier tube, 
the spiral wires of the grid will be close 
together. A small grid voltage will have 
a material effect on the passage of elec-
trons. 5 negative volts on the grid would 
probably result in reducing the anode cur-
rent to about 4 milliamperes. 4 M.A. flow-
ing across the load resistance of 10,000 
ohms would result in a voltage drop of only 
40 volts. This is a difference of 60 volts 
from that when the anode current was 10 M.A. 

F 
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What we have here is a situation where 5 
volts change on the grid results in 60 volts 
change across the load, a voltage eain for 
the amplifier tube stage of 12. This means 

the output voltage of the stage is 12 times 
greater than the input voltage. 

Although the tube designed for power 
amplifier work could be so used that it 
would amplify the voltage 2 2/5ths times, 
a tube especially designed for voltage 
amplification would amplify it 12 times. 
For this reason it would not be feasible 
to use a power tube as a voltage amplifier 
tube. We already know why it is not feasi-
ble to use a voltage amplifier tube as a 
power tube -- the voltage amplifier tube 
does not pass enough anode current. 
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Section 3. DYNAMIC CHARACTERISTIC CURVES 

In our study of the action of vacuum tubes 
we have created a number of " graphs" showing 
the action of one part of the tube when the 
voltage was varied on another part. This 

type of graph shows what is generally re-
ferred to as static curves of vacuum tubes. 
This name is given to them because it shows 
what will happen to the anode current, or 
some other feature of the tube, when there 
is no load in the anode circuit. 

As we have intimated, the vacuum tube is 
nearly always operated with a load of some 
kind in the anode circuit. The load might 
be any of a number of different things. It 
might be a resistance, such as an ordinary 
carbon resistor, or it might be some other 
type of load. The point is, however, that 
the kind of characteristic curve we use 
for studying the operation of a vacuum tube 
when under load is somewhat different than 
the one we study when it is not under load. 
Where the curves of a tube not under load 

are called static curves, those of a tube 

which is operating into a load are called 
dynamic curves. Dynamic curves are general-
ly used to determine exactly how a tube 
will operate in an actual operating circuit. 

In order to use a dynamic curve we must 
first construct such a curve. In Fig, 7 
we take the first steps toward doing just 
that thing. We have constructed the basis 
for a graph there. We have taken a vacuum 

triode and placed 250 volts on the anode, 
then connected a milliammeter in the anode 
circuit as shown in Fig. 8, and a volt-
meter across the grid circuit. Then we 
have set up a voltage divider network 
across a battery so we can vary the voltage 
on the grid. 

With the arrangement shown in Fig. 8 we 
have proceeded to take a variety of grid 
voltage and anode current readings. The 
results of these readings have been recorded 
on the graph in Fig. 7. 

We start out by placing 20 negative volts 
on the grid of the tube. With such a high 
negative voltage on the grid no anode cur-
rent is able to flow. So we place a dot 
on the graph on the - 20 volt vertical 
line. But since no current is flowing, 
the dot is placed on the " zero" current 
horizontal line. 

The next reading is taken at -18 volts on 
the grid. With this voltage on the grid a 
small amount of current begins to flow --
about 1/10th of a milliampere. Another dot 
is placed on the graph where the vertical 
-18 grid voltage line crosses the horizontal 
location which would represent 0.1 M.A. 

Fiê.8. 

TH0-5 



The next reading is -16 grid volts. With 
this voltage on the grid, 0.2 M.A.ofcurrent 
will flow in the anode circuit. Another dot 
is placed on the graph where the vertical 
-15 volt line crosses the horizontal 0.2 
M.A. line. 

The readings continue. -14 grid volts al-
lows 0.3 M.A. to flow. -12 allows 0.5 M.A. 
of current; -8 volts allows 1.2 M.A. of 
current; -4 volts allows 4 M.A. of current. 
And so it goes until the readings have been 
taken up to 12 positive volts on the grid. 

Note how the dots arrange themselves on 
the graph. When the grid is quite negative, 
any reduction in the negative voltage results 
in some increase in anode current, but not 
very much. But as the grid voltage is re-
duced some more, the anode current increases 
quite rapidly. In this region the line of 
dots rise on the graph paper in a very steep 
line. But after the anode current rises 
to about 8 M.A. the line of dots do not 
rise quite so steeply any more. Instead 
they incline toward the right. This indi-
cates that decreasing the grid voltage no 
longer has as much effect on the anode cur-
rent as it did before. When the anode 
current reaches values in this neighborhood 
it is approaching what we call voltage satu-
ration. This is the same voltage saturation 
we encountered when studying diode tubes. 

In order to see a little more plainly how 
the several meter readings are related to 
each other we can join all the dots together 
with a curving line as in Fig. 9. The graph 
in Fig. 9 shows several things very dis-
tinctly. The first thing to be noted is 
that when the grid voltage is in the region 
below about -6 volts we encounter what is 
known as a " non-linear" portion of the 
curve. By " non-linear" we mean that in 
the region where the grid voltage ranges 
from about -6 volts to about -20 volts a 
change in the grid voltage is not always 
reflected in a proportional change in the 
anode current. This non-linear portion of 
the curve is often called the lower "knee" 
of the curve. 

As an example of this we can see by glanc-
ing at the graph that we will cause the 
anode current to change from 2 M.A. to 1.2 
M.A. by changing the grid voltage from -6 
volts to -8 volts. This is the section of 
the curve from point "A" to point "B". Thus 
we find that changing the grid voltage by 
2 volts here, we change the anode current 
by 0.8 M.A. 

TBO-6 

But let's see what happens when we change 
the grid voltage from -8 to -10 volts. Here 
we again change the grid voltage by 2 volts, 
but we change the anode current from 1.2 
M.A. to 0.8 M.A. or a change of only 0.4 M.A. 
This is the section of the curve from point 
"B" to point "C". 

From A to B a change of 2 volts on the 
grid caused a change of 0.8 M.A. in the 
anode current, but from B to C another 

change of 2 volts on the grid resulted in 
a change of only 0.4 M.A. in the anode cur-
rent. Thus the changes in this region of 
the curve are not even; they are not pro-
portional. 

But from point "A" to point "D" is virtual-
ly a straight line. A change of 2 volts on 
the grid anywhere along that portion of the 
curve will result in a change of 2 M.A. of 
anode current. This part of the curve, the 
straight portion, is called the " linear" 
portion of the characteristic curve. This 
is the part of the curve that we usually try 
to use for voltage amplifier work. 
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It should be noted that after the anode 
current reaches about 8 M.A. in the region 
of point D the curve is no longer straight 
-- it is no longer linear. In this region 
any voltage changes on the grid will not be 
reflected in proportional changes in the 
anode current. This non-linear portion of 
the curve is called the upper " knee" of the 
curve. 

Operating a vacuum tube in the regions 
below point A or above point D will result 
in the signal becoming distorted. By dis-
tortion we mean that the output signal will 
not be a reproduction of the input. This is 
usually undesirable. In most applications 
we want the output signal to be an exact 
reproduction of the input signal, but greatly 
amplified. This is the reason we usually 
find it desirable to operate a tube between 
points A and D. 

Usually the signal which is to be ampli-
fied is an alternating voltage. Now an 
alternating voltage, as we already know, is 
one which is alternately positive or nega-
tive with respect to some zero base. This 
is shown graphically in Fig. 10. One instant 
the voltage is in a positive direction; an 
instant later it is in a negative direction. 

If it is desired to amplify a voltage such 

as the one shown in Fig. 10 we could de that 
very readily by means of a vacuum tube. All 
that is necessary is to provide some means 
of introducing the signal onto the grid of 
the vacuum tube. 

Now suppose the grid of the tube had no 
negative voltage on it at all when the 

alternating voltage signal was placed upon 
it. If that were the situation there would 
be 8 M.A. of current flowing at that point. 
See point "D" in Fig. 9. Now we will apply 
the voltage of the wave shown in Fig. 10 to 
the grid of the tube which is graphed in 
Fig. 9. Placing 2 negative volts on the 
grid by means of the signal will reduce 
the current from 8 M.A. to 6 M.A. 

But what happens when the positive half 
cycle of the wave comes along? That causes 
the anode current to increase. The anode 
current will rise from its normal value of 
8 M.A. to 9 M.A. under the influence of the 
2 positive volts. 

Here we have an undesirable situation. 
The negative half of the inputsignal voltage 
wave placed on the grid will cause the anode 
current to drop 2 M.A., but the positive 
half of the voltage wave will cause the 
anode current to increase only 1 M.A. It 
is entirely obvious that the output signal 
would not be an exac,t reproduction of the 
input signal -- one-half of the voltage 
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wave will have been amplified just twice 
as much as the other half. 

It becomes quite clear that we must do 
something to the grid in order to change 
the operating point. Before we do any thing 
we should study the graph and see just where 
we could operate the tube so it would repro-
duce the signal we want to place on the 
grid. A study of the graph will show us 
that if we could arrange it so the anode 
current would be about 5 M.A. when there was 
no signal on the grid, we could then apply 
a signal to the grid and the signal would be 
perfectly reproduced in the anode circuit. 

In order to cause the tube to operate so 
that 5 M.A. of current will flow in the 
anode circuit when no signal is applied, we 
place what is called a "bias voltage" on the 
grid of the tube. A "bias voltage" is a 
negative voltage which is placed on the grid 
of the tube so as to place the operating 
point in the region on the linear portion 
of the curve which is most desirable. 

In this case it would seem most desirable 
to operate the tube around point "P" in 
Fig. 11. In order to make the tube operate 
at that location we will place a negative 
"bias" of 3 volts on the grid of the tube. 
Doing this will reduce the anode current to 
5 M.A. and place the operating point just 
about midway of the linear portion of the 
characteristic curve. 

Suppose we now try our signal again. We 
will start it off in the positive direction 
as shown by Fig. 12. First the alternating 
voltage will move in a positive direction to 

rig. 12. 
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Fig.13. Changes in the grid voltage 
results in changes in the anode current. 
The anode current can be graphed to the 

right of point "p". 

a peak of 1 volt, then reverse itself and 
go in a negative direction to a peak of 
1 volt. In the next cycle it will go to 
2 volts positive, then 2 volts negative. 

We will place the signal voltage on the 
grid, superimposing itonthe negative "bias" 
of 3 volts. The alternating voltage will 
alternate back and forth around the biasing 
voltage shown in Fig. 13. The varying grid 
voltage will cause the anode current to 
increase or decrease around the operating 
point "P". The anode current will increase 
when the grid voltage goes in a positive 
direction and will decrease when the grid 
voltage goes in a negative direction. We 
can graph the varying grid voltage by using 
the vertical biasing point of Fig. 13 as the 
zero level for the signal voltage. Then we 
can graph the varying anode current on the 
line extending horizontally to the right 
from the operating point "P" in Fig. 13. 





The graphing of the alternating signal 
voltage and the resulting anode current has 
been done in Fig. 14. Where the signal 
voltage in Fig. 12 has first moved 1 volt 
in a positive direction, we have marked that 
from point A to point B around the bottom 
of the grid biasing point line. When this 
1 positive volt is superimposed on the 3 
negative volts it causes the grid voltage 
to drop from -3 volts to -2 volts. This 
change in the grid voltage causes the anode 
current to rise from 5 M.A. to 6 M.A. which 
is shown as the curving line from A' to B' 
on the varying anode current graph. 

Next the signal on the grid goes in a 
negative direction; it goes back to the 
normal bias of -3 volts, then continues 
going negative until it reaches -4 volts. 
This is from point B to point C. When the 
grid is negative by -4 volts the anode cur-
rent is reduced to 4 M.A. as shown on the 
curve which graphs the changing anode cur-
rent. This is the change from B' to C'. 

In the next cycle of the signal voltage 
it goes 2 volts in a positive direction. 
This reduces the voltage on the grid to -1 
volt. When the grid voltage is -1 volt the 
anode current will be 7 M.A. The graph of 
the grid voltage shows the voltage moving 
from point C to point D, and the anode 
current moving from point C' to point D'. 

It will be noted that for every change in 
grid voltage there will be a change in the 
anodecurrenteich is directly proportional. 
When the anode current is exactly propor-
tional to the signal voltage, the output 
signal will be an exact reproduction of 
the input signal. 

The importance of obtaining an exactly 
proportional anode current can be better 
understood when it is realized that the 
anode current will flow across a load. 
Every change in the current across that 
load will result in a voltage change which 
is directly proportional to the value of 
the current. This follows from the appli-
cation of Ohm's Law. 

To illustrate this, suppose the anode 
current is flowing through a load resistance 
of 20,000 ohms. Such a circuit would be 
similar to Fig. 15. We have found that 
changing the grid one volt will change the 
anode current 1 milliampere. One milli-
ampere flowing across 20,000 ohms results 
in a voltage drop of 20 volts. The ultimate 
result is that through the action of the 

tube the original signal voltage which was 
applied to the grid of the tube reappears 
across the load resistor magnified 20 times. 

During the time when there is no signal 
on the grid of the tube -- only the 3 volts 
of negative bias -- the various currents 
and voltages in the tube circuits will be 
as in Fig. 15. With a battery voltage of 
350 volts, a load resistance of 20,000 ohms, 
and 3 volts bias on the grid, there would 
be 5 milliamperes of anode current flowing. 
The 5 M.A. flowing through the load resis-
tance would cause a voltage drop of 100 
volts across that resistance, thus placing 
250 volts on the anode of the tube. 

To repeat, this is the situation in and 
around the tube at times when no signal is 
applied to the grid of the tube. 
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Now suppose we apply the signal which has 
been diagrammed in the graph of Fig. 14. 
There we find a signal which swings 1 volt 
each side of the zero line for one cycle 
and then swings 2 volts each side of the 
zero line during the next cycle. 

We can apply the signal to the grid of the 
tube by means of a transformer coupling as 
shown in Fig. 16. The 3 negative bias volts 
can act directly on the grid through the 
conductor of the transformer secondary 
winding. But at the instant the upper end 
of the transformer is one volt positive, as 
shown in Fig. 16, this one positive volt 
will be subtracted from the 3 negative volts 
of the bias. This makes a total of 2 nega-
tive volts which are on the grid during that 
instant. With only 2 negative volts on the 



• 

Fi1.16. The small signal voltage superimposed on the grid by means of 
reappears greatly enlarged across the load resistor. 

the transformer 

grid we find by looking at the graph of 
Fig. 14 there will be 6 M.A. of current 
flowing in the anode circuit. When the 
6 M.A. of current flows through the 20,000 
ohms of resistance in the load there will 
be a voltage drop of 120 volts. This is 
shown in Fig. 16. When the voltage across 
the load increases to 120 volts, that re-
duces the voltage on the anode to 230 volts. 

The main point is this: A change of one 
volt on the grid (from -3 to -2) causes a 
change of 20 volts (from 100 volts to 120 
volts) across the load resistance. The 
20 volts which we can tap off from across 
the load resistance is just as useful to 
us as the one volt applied to the grid. In 
fact it is much more useful -- it is 20 times 

• 

larger. The shape of any voltage wave which 
might appear across the load resistance will 

be exactly the same as the voltage wave 
shape which is placed upon the grid, pro-
vided we are careful to keep the tube 
operating on the linear portion of the 
characteristic curve. 

The same thing occurs when the input sig-
nal on the grid of the tube goes in the 
negative direction except the action will 
be reversed. When the input signal goes 
in the negative direction by 1 volt as shown 
in Fig. 17, the results will be as shown in 
the diagram there. Making the grid 1 more 
volt negative increases the negative voltage 
on the grid to -4 volts. The graph in 
Fig. 14 tells us that when the grid is 

Fig. 17. 
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4 volts negative there will be 4 M.A. of 
current flowing in the anode circuit. 
4 M.A. in the anode circuit will cause a 
voltage drop across the load resistance 
of 80 volts, a change of 20 volts from the 
normal condition when there are -3 volts 
of bias on the tube, and a change of 40 
volts from that when the grid was only 
2 volts negative. 

«Section 4. PHASE INVERSION 

The step by step description of the action 
which takes place in a voltage amplifier 
circuit when a signal is being amplified 
is accurate except for one little point. 
The signal which appears as a voltage across 
the load resistance is an exact repro-
duction of the signal which was placed on 
the grid with one exception. The signal 
is inverted. 

We did not show the inverted condition 
of the signal at the output of the tube at 
the time we were going through the ampli-
fication action because we did not want to 
distract your attention from the point then 
being described. But the matter of phase 
inversion should now be mentioned and de-
scribed. It should be emphasized that in 
most radio or sound circuits the matter of 
inverting the phase is usually unimportant. 
Normally the ear could not detect such in-
version. But inversion of the signal phase 
must be considered when working with video 
circuits. If phase inversion is not taken 
into consideration, the spots which should 
be white on the picture may come out black, 
and those which should have come out black 
may come out white. 

F1. 18. 
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Fig. 18 shows graphically how the signal 
is inverted. The grid voltage is at all 
times negative, but under the influence of 
the signal voltage it is sometimes more 
negative than at other times. When it be-
comes less negative as is the case when the 
signal is positive, the anode current will 
increase proportionately. More anode cur-
rent creates a larger voltage drop in the 
load resistance but decreases the voltage 
on the anode. Thus, as the grid voltage 
becomes more positive, the anode voltage be-
comes less positive, and when grid voltage 
becomes less positive, the anode voltage be-
comes more positive. 

The output signal will be exactly the same 
as the input signal except that it will be 
greater, and will be inverted. Technically 
this inversion is referred to as a signal 
1800 out of phase. That is merely a mathe-
matical expression commonly used in elec-
tronic work to express phase inversion. So 
that you will become accustomed to each of 
these expressions, we will use them both 
from time to time. 

This is in line with our practice of 
trying to use all the expressions -- both 
technical and vernacular -- which you will 
encounter in your work in this field. It 
is a peculiar characteristic of electronic 
work that engineers and amateurs, as well 
as ordinary repairmen, all work side by side 
in perfect harmony. Engineers bring their 
technical terms into the shop where they are 
often picked up by the less highly skilled 
workers. The technicians and repairmen 
also have their own pet names for many 
things in the way of electronics. The 



engineers in turn pick up this everyday 
slang and use it as commonly as the more 
technical expressions. This has resulted 
in two or more names for nearly everything 
in electronic work. Sometimes it is a 
bit confusing to the newcomer into the 
field, but even the rankest novice soon 
finds himself slipping into the habits of 
the more ancient workers, and adopting the 
expressions of the profession, then using 
them as his own. 

Section 5. METHODS OF OBTAINING GRID BIAS 

In our previous discussions of vacuum 
tubes we have acted on the assumption that 
a separate battery has been used to provide 
the bias needed for the proper operation 
of the vacuum tube. In many cases this is 
done. In the earlier days the battery was 
used almost exclusively. 

But a battery has definite drawbacks when 
used for this purpose. For one thing, using 
a battery makes just one more thing which 
is subject to deterioration and need for 
replacement. This feature alone makes the 
battery unsatisfactory. Another objection 
is that a battery, even the smallest, is 
bulky. Usually we strive to keep all the 
components of an electronic device as small 
and compact as possible. 

In broadcast transmitters and some other 
special applications we will find specially 
regulated grid voltage supplies. But since 
these types of biases do not concern us at 
the moment,wewill describe the method which 
is in most common use in nearly all elec-
tronic devices you are likely to. encounter. 

In order to fully understand how such a 
bias operates, we will review very briefly 

the voltage drops which occur across resis-
tances when current flows through the 
resistance. Suppose we set up a circuit 
similar to that shown in Fig. 19. Here we 
have a battery connected to three resis-
tances in series. If we start from point A 
and go in a clockwise direction we will find 
the battery creating an electromotive force 
of 350 volts. The polarity of the battery 
is such that there will be a deficiency of 
electrons at point A and an over- supply at 
the other end of the battery. 

The electromotive force of the battery 
will push some of the electrons through the 
resistance of resistor 111. But in pushing 
the electrons through the resistance there 
will be a drop of 10 volts in the voltage. 
In other words, the right end of R1 is more 
negative than the left end. 

Even with a drop of 10 volts in the elec-
trical potential we still have 340 volts 
left to push the electrons through the re-

sistance of R2 . But in pushing the elec-
trons through B.2 we drop the voltage another 
240 volts. This leaves 100 volts with which 
to push the electrons through R. By the 
time the electrons have gotten through R3, 
all the electromotive force has been used 
up and the electrons are back at the start-
ing point. 

Technically speaking, the battery raises 
the electromotive force. The voltage is 
then dropped as the current passes through 
each of the resistors. There will be a 
voltage drop across each resistor, depending 
upon the amount of resistance, and the value 
of the current. 

Most worthy of note is that the right end 
of resistor 111 is negative with respect to 

Fté.20. 
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the left end. In this case the voltage 
difference between the two ends amounts to 
10 volts. 

In Fig. 20 we have redrawn the circuit 
of Fig. 19 but have sUbstituted a vacuum 
tube for resistor R2. The circuit will 
now be identical except for that one sub-
stitution; the voltage drop across R1 will 
be the same, the voltage drop across R3 
will be the same, and the voltage drop 
across the tube will be the same as that 
across R2 in Fig. 19. Note that in Fig. 20 
the grid-is tied directly to the cathode, 
and is of course at the same potential as 
the cathode. 

Note also that that cathode is not at the 
same potential as the negative end of the 
battery. Instead, it is 10 volts more posi-
tive than the most negative part of the 
battery, although the anode is still 240 
volts more positive than the cathode. 

Now suppose we redraw the diagram again 
and connect the grid as in Fig. 21. The 
cathode is still 10 'volts more positive than 
the negative end of the battery due to the 
action of RI. But now we have the grid con-
nected to the negative end of the battery. 
This means that the cathode is 10 volts more 
positive than the grid. 

If the cathode is 10 volts more positive 
than the grid it is the same thing as saying 
the grid is 10 volts more negative than the 
cathode. It means the same thing. In our 
work we normally would say the grid is more 
negative than the cathode. 
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Section 6. CATHODE BIAS 

The more conventional method is to draw 
this circuit in the manner shown in Fig. 22. 
When resistor R1 is connected as shown here 
it is usually referred to as the cathode 
resistor. Somotimes it is called the cathode 
bias resistor. Sometimes the bias resistor. 
When it is connected in this manner all the 
current which flows through the tube must 
pass through the cathode resistor. By 
selecting a resistor of the proper value 
it is possible to place whatever value of 
negative voltage on the grid that suits our 
needs or the requirements of the tube. In 
general, the current which will flow through 
the cathode resistor will be the same as 
that which flows in the anode circuit. In 
the case of tubes which use screen grids we 
will find slightly more current through 
the cathode resistor than is in the anode 
circuit. This is because the current which 
flows in the screen grid circuit must also 
pass through the cathode resistor. 

We can place any value of grid bias on the 
grid which suits ow* fancy. As an example, 
we need 5 negative volts on the grid. We 
may know there are normally 5 milliamperes 
of current in the anode circuit. We can 
find the amount of resistance we need in 
the cathode resistor by dividing the 5 volts 
by the 5 milliamperes. By dividing 5 milli-
amperes into 5 volts we find we need 1000 
ohms of resistance. (5 volts 4- . 005 amperes). 

Then with 1000 ohms of resistance in the 
cathode circuit we will have a voltage drop 
across it of 5 volts when 5 milliamperes of 
current flows through it. This 5 volts can 



then be applied to the grid as was previously 
shown in Fig. 22. 

Section 7. DEGENERATION 

The thought has probably come to you that 
if the varying anode current which passes 
through the load resistor creates voltage 
fluctuations across that resistor, why does 
not the same varying current which flows 
through the cathode resistor cause voltage 
fluctuations across the cathode resistor? 
And if such varying voltages are created 
across the cathode resistor, what prevents 
them from being applied to the grid in the 
form of a varying signal which would inter-
fere with the original signal applied to 
the grid? 

Indeed, something like that would actually 
take place if the circuit where left as shown 
in Fig. 22. To see exactly what would 
happen, suppose we follow through a sequence 
of actions which would follow the placing 
of a signal on the grid. 

First we will make the grid slightly more 
positive than normal. This will cause 
more current to flow through the anode cir-
cuit -- and the cathode resistor. More 
current through the cathode resistor would 
cause a larger voltage drop across the 
cathode bias resistor. A larger voltage 

drop across the cathode resistor means more 
negative voltage on the grid. 

So -- the effect of placing more positive 
voltage on the grid immediately results in 
placing additional negative bias on the same 
grid, thus cancelling, or partially can-
celling the signal voltage. Actually the 
fluctuating voltage applied to the grid from 
the cathode bias resistor will seldom or 
never be as great as the original signal 
voltage. But the fluctuating current which 

flows through the cathode resistor does very 
definitely cut down the effectiveness of 
the signal voltage. This cuts down, or 
limits, the gain which could be obtained 

through such a tube. 

Reduction of the signal voltage, due to 
the action of the cathode resistor is known 
as degeneration. Although it limits the 
effectiveness of the signal voltage, such 
degeneration does have some advantages. 
Should any distortion creep into the ampli-
fied signal while passing through the tube 
and its immediate circuits, such degener-
ation will tend to radically reduce the 
distortion. For this reason many vacuum 

tube circuits are deliberately designed to 
have some degeneration in them. This aids 
in maintaining a high degree of fidelity. 

By high fidelity we mean a reproduction of 

the original sound so that it appears to the 
ear to be the same. High quality radios, 
radio-phonograph combinations, F-M receivers 
and the better television receivers all 
strive for high-fidelity. In many of these 
sets a certain amount of degeneration is 
deliberately introduced into the receiver 
to improve its tone quality and fidelity. 

Section 8. BY-PASS CAPACITOR 

Where we have plenty of gain in a vacuum 
tube stage we can afford a reasonable amount 
of degeneration. But there are other times 

when we want the gain to be as high as 
possible. In that case it becomes neces-
sary to arrange the cathode circuit in such 
a manner as to avoid as much degeneration 
as possible. 

The average amount of current which flows 
through the cathode resistor will remain 
virtually stable, notwithstanding that there 
may be fairly wide swings from instant to 
instant. If we can devise a method of iron-
ing out these wide swings, so to speak, and 
keep the actual flow of electrons through 
the resistor at a fairly constant level, we 
will be able to use the cathode resistor 
as a source of grid bias and yet not be 
bothered by the fluctuating voltage which 
is caused by the varying anode current. 

In Fig. 23 we have added a " by-pass" 
capac 4tor to the cathode circuit. The by-

rig. 23. 
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pass capacitor will absorb the varying 
voltage and current changes, "passing" the 
A-C component of the current in the cathode 
circuit along to the cathode. The actual 
D-C component will flow through the resis-
tor as a steady, unfluctuating stream of 
electrons. The effect of the capacitor is 
to "by-pass" the fluctuations around the 
resistor, yet at the same time allowing 
the steady stream of electrons to flow 
through the resistor. 

Such by-pass capacitors usually have 
fairly high capacity. Many of them are 
electrolytics. An electrolytic capacitor 
can be used in this application because of 
the polarized conditions under which it will 
operate. The use here is somewhat similar to 
its use in filter circuits with rectifiers. 

Sect ton 9. STAGE GAIN 

The voltage amplification of a vacuum 
tube circuit is usually referred to as the 
éatn of the circuit, or stage. A stage of 
amplification is measured from the input at 
the grid of a tube to the output at the load 
in the anode circuit. The amount of ampli-
fication which can be achieved in one stage 
depends upon several things. These things 
include the amplification factor of the 
tube, the plate resistance of the tube and 
the load resistance in the plate circuit. 

The gain in a stage, or in a circuit, is 
commonly expressed by means of a formula. 
The gain itself is represented by the letter 
A, the first letter of the word amplt-
ftcatton. 

We should be careful to distinguish be-
tween the two terms "voltage amplification" 
and " amplification factor". Ampliftcatton 
factor is the measure of a tube's ability to 
amplify. Voltage ampltficatton is the term 
used to signify exactly how much the voltage 
has actually been increased in one stage; 
usually this is somewhat less than the 
amplification factor of the tube used in 
the circuit. To say this in another way: 
We are seldom able to use à tube's ability 
to amplify to the limit of its efficiency. 

Since the voltage amplification of any 
circuit depends upon the amplification 
factor (Mu) of the tube, the plate resis-
tance of the tube, and the resistance, it 
would seem reasonable that we could combine 
all these factors into a formula, and be 
able to apply the formula to fit any exist-
ing conditions. This has been done. The 
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higher the amplification factor, the greater 
the voltage amplification can be. The load 
resistance must be determiriedwithinreasona-
ble limits or the circuit will not be satis-
factory. Increasing the load resistance up 
to a certain value is usually beneficial to 
the proper operation of the circuit; in-
creasingitbeyond that point is detrimental. 
Thus in any formula it is reasonable that 
the load resistance must be considered in 
two or more places. Finally, the plate 
resistance is a limiting factor on the 
amount of voltage amplification which can 
be achieved. 

The formula for determining the voltage 
amplification of a stage is given as: 

A (voltage amplification) 
µRL 

RL + RP 

To find the gain of a stage, then, we 
should multiply the lu of the tube by the 
load resistance. The product of that multi-
plication will then be divided by the sum of 
the load resistance added to the plate 
resistance. It should be understood that 
by plate resistance we mean the dynamic 
plate resistance, the A-C plate resistance. 

If you are mathematically inclined you 
will notice from observation of the formula 
that the larger we make the load resistance 
the nearer we will come to realizing the 
full advantage of the amplification factor 
of the tube. This is because the greater 
the value of the load resistance the less 
significance is attached to the plate 
resistance. 

To see how this formula will work out in 
a practical circuit, suppose we select a 
vacuum tube which has a lu of 20. By looking 
in a tube manual we can learn the plate re-
sistance of the tube from the manufacturer's 
published data. In the case of this tube 
we find the plate resistance is 10,000 ohms. 
We place these values in our formula and 
find that it looks like this: 

A - 
20x RL 

RL + 10,000 

All we have to do now is to select a load 
resistance. This is a factor over which we 
have complete control. We can put in what-
ever value resistance strikes our fancy. 



But if the circuit is going to work properly 
we must make the load resistance a value 
which will give us a good gain, yet not 
create distortion in the signal as it passes 
through the stage. We can tell by looking 
at the formula that the higher we make the 
load resistance, the greater will be the 
gain. For this reason we will select a 
resistor having 100,000 ohms of resistance 
as the load for the tube. Putting, that into 
our formula it will look like this: 

A .  20 x 100,000 
100,000 + 10,000 

Which is equivalent to 

2,000,000  
110,000 

Which can be solved still further and we 
come up with a figure of approximately 18.2. 

This is large amount of gain for a tube 
with a Mu of 20. Fürthermore, we will find 
that if the load is made too high, dis-
tortion will be found in the output of the 
stage. The anode current will be held to 
such a low value the tube will operate in 
the non-linear portion of its characteristic 
curve, and other elements will enter into 
the picture to affect the fidelity of the 
output signal. For this reason it is not 
practical to use load resistances as high 
as we have here. 

Practical experience has shown that best 
gain can be obtained, together with the 
least distortion by using a load resistance 
which is approximately equal to the plate 
resistance of the tube. Suppose we try our 
formula with the same tube but with only 
10,000 ohms of resistance in the load. Our 
problem will now look like this: 

A .  20 x 10,000 
10,000 + 10,000 

Which, of course is equal to: 

200,000 
20,000 

This, then will figure out to a total gain 
of 10 for the entire circuit. 

Experience has also shown, however, that 
it is possible to use load resistances some-
what higher than the value of the plate 
resistance. When the load resistance ex-
ceeds the plate resistance, some distortion 
will be introduced, but until the load 
resistance reaches a value that is double 
the value of the plate resistance, the dis-
tortion is not noticeable to the human ear. 
The distortion can be readily detected by 
use of instruments, and would be troublesome 
in video circuits. But in the case of sound 
the distortion can be tolerated by the ears 
without being objectionable. 

We will now try a load resistance in our 
hypothetical circuit which has a value of 
20,000 ohms, just double the plate resis-
tance of the tube. Placing this new value 
in our formula, we have: 

A .  20 x 20,000 
20,000 + 10,000 

Which is equal to: 

400,000 
30,000 

This figures out to a gain of about 13.3. 
And this is just about the maximum amount 
of gain which can be secured from a stage 
without introducing too much undesirable 
distortion. 

If the voltage amplifier stage is to be 
used in an industrial circuit where high 
fidelity is of little concern, the gain can 
be stepped up much higher by the use of 
higher load resistances. But for sound or 
video work we must be satisfied to sacrifice 
some of our gain for a better fidelity. 

Section 10. POWER AMPLIFIERS 

In working with vacuum tubes which are 
designed for use as power amplifiers, we 
are concerned with somewhat different things 
than when working with tubes used to ampli-
fy voltages. Now we are going to be con-
cerned with tubes which have relatively 
large currents flowing in the anode circuit, 
currents large enough to do some work. 
These tubes will probably require much 
higher voltage swings on their grids than 
the tubes we have been working with pre-
viously, but if these tubes are preceded 
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Fit. 24. 

by voltage amplifier stages we will have 
available the necessary grid voltage. 
Furthermore, since we are dealing with 
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relatively large anode currents we must 
limit the load resistance to values con-
siderably smaller than was the case with 
voltage amplifiers. In fact, one of the 
biggest problems we must face in dealing 
with power amplifiers is to select the load 
resistance which will prove most satis-
factory; that is, deliver the most power 

with respect to the value of the voltage 
on the grid. 

In studying the characteristics of a power 
tube we use a somewhat different " family" 

of characteristic curves than we use with 
tubes intended for voltage amplifiers. To 
create them we will set up a circuit such 

as that in Fig. 24. In this circuit we will 
maintain a steady negative bias of 5 volts 
on the grid. Then we will measure the anode 
current by means of the milliammeter as we 
vary the anode voltage. 

Our first attempt to obtain anode current 
will use 25 volts on the anode. Here we 

10 20 3040 50 60 70 80 100 120 140 160 180 200 220 240 
90 110 130 150 170 190 

ANODE VOLTS 

Fié.25. Graph of the anode current when the anode voltage is varied. One curve 
represents a grid bias of -5 volts, the other - 10 volts. 
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Fig.28. A load line is laid out by first marking off a point on the zero current line as 
at "X", and another at some larger current, as at "y". 

Then we will again start with a low anode 
voltage and gradually raise it, keeping a 
record all the time of the anode current 
readings. This record is kept on the same 
chart in Fig. 25 as was used to record the 
anode current when the grid was 5 volts 
negative. 

When the grid is 10 volts negative we 
find that we are unable to secure any anode 
current until the anode voltage is raised 
above 50 volts. We will start at 50 volts 
and place a dot on the zero current line 
at point P. The next reading will be 60 
volts on the anode. This results in anode 
current of almost 5 milliamperes. 70 volts 
gives us 8 milliamperes at point R; 90 
volts gives us 18 milliamperes at point T. 
All these results are recorded on the graph 
and when all the readings have been taken 
up to 160 volts, a smooth curve is drawn 
to join the dots. This results in the curve 
marked "-10 grid volts". 
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The next step is to draw other curves to 
show the anode current and voltage relation-
ships when the grid bias is 15 volts nega-
tive, 20 volts negative, and 25 volts 
negative. Then to complete the " family of 
curves" we will use a zero bias on the grid, 
then some positive biases. When all these 
readings are recorded on the same sheet of 
graph paper we will have the family of 
curves shown in Fig. 27. 

Section 11. LOAD LINES 

The thing we are actually most interested 
in is finding the best load into which we 
can work our tube. By this we mean we are 
trying to select a load resistance which 
will give us the best results when using 
the tube under consideration. 

We could find the proper value by a series 
of experiments on a hit or miss basis. We 
could actually conduct all the experiments 

• 

• 



we describe in Figs. 24 through 27. But 
this would take a lot of time. Further than 
this it is unnecessary. The tube manu-
facturer has already conducted all these 
experiments for us and drawn the family of 
curves as shown in Fig. 27. These families 
of curves are readily obtainable from the 
manufacturer, and are usually included in 
most tube manuals and handbooks. Since 
there are more than a thousand different 
types of tubes, it would be a most exhausting 
job if you had to run all these experiments 
on every tube you might want to use. Fortu-
nately, all you have to do is refer to your 
tube manual and utilize the graphs the 
manufacturer has provided for you there. 
What we are trying to do here is explain 
to you how these graphs can be used. 

Since we have the graph of a family of 
curves supplied to us by the manufacturer, 
we might just as well make use of it. In 
using these family of curves the rules say 
we must find a location on the anode voltage 
side of the graph where there is no current 

flowing, and place a mark there. Then we 
must select some value of current somewhere 
on the chart and place another mark on it. 
Then draw a straight line between the two 
marks and it will give us the load line and 
the resistance for that load. 

That all sounds very good, but at first 
glance it is somewhat difficult to under-
stand. Fortunately this is one of the 
things we do not need to understand right 
at the beginning if we learn the steps of 
procedure which are laid out for us. After 
we have gone through these steps a few 
times, it will gradually dawn on us what 
the manufacturer is trying to tell us. 

The first step is to locate some point 
on the anode voltage line where the current 
is zero. Well, the current is zero all the 
way across the graph at the bottom. What 
is meant is that we should choose some spot 
where the grid voltage is so high it has 
cut off all current flow for that particular 
anode voltage. 
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Fié.29. Drawing a straight line between "X" and °Y" completes the load line. 
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Fié.30. A variety of load lines for a variety of load resistance. 

Suppose we have a supply voltage of 190 
volts. This would be the same as the "B-
voltage" we have mentioned several times, 
the battery voltage. 

If no anode current is flowing, there 
would be no voltage drop across the load. 
This would be true regardless of what the 
value of the load might be. So if we have 
a supply voltage of 190 volts and there was 
no voltage drop across the load, there would 
be 190 volts applied to the anode of the 
tube. So our first move will be to place a 
dot on our graph where it is marked "X" in 
Fig. 28. This is the first step. 

Next the rules say locate some value of 
anode current somewhere on the graph and 
place another mark on it. Actually it makes 
little difference where this second mark is 
placed so long as it is somewhere on the 
chart. For the sake of convenience, we will 
place a mark at point "Y" in Fig. 28. This 
represents 70 anode volts and 130 milli-
amperes of anode current. 

Now these two values -- 70 volts and 
130 milliamperes -- have a real meaning. 
The 130 milliamperes flows through the 
load, and in doing so causes a voltage 
drop. But we don't know how much that 
resistance is -- that is, what we are 
trying to find out. But we do know the 
voltage drop across the load must be the 
difference between 190 volts and 70 volts. 
(We know this because we are supplied 190 
volts by the power supply, yet only 70 
volts are applied to the anode. The balance 
must be the voltage drop across the load.) 
The difference between 190 volts and 70 
volts is 120 volts. 

This gives us more information. We 
still do not know the resistance of the 
load. But we know the value of the cur-
rent which flows through the resistance, 
and we know the voltage drop across the 
load. We can find the resistance by using 
Ohm's Law. 120 volts divided by 130 milli-
amperes gives us approximately 920 ohms 
of resistance. 
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The final step is to draw a straight line 
between points "X" and "I"' in Fig. 28. This 
has been done in Fig. 29. This straight 
line is called the " load line". It shows 
exactly how much anode current will flow 
for any value of grid voltaée when the 
supply voltage is 190 volts and the load 
resistance is 920 ohms. 

Fig. 30 shows loads of several resistances 
drawn on the same graph where the anode 
voltage is 200 volts. Note that as the 
anode current decreases the voltage always 
approaches the 200-volt mark on the bottom 
line. Note also that as the resistance is 
increased, the amount of anode current which 
can flow becomes less and less. If the load 
resistance becomes too great there is a 
tendency for the tube to work in the region 
where distortion will be created. This is 
in the lower part of the family of curves 
where the curves are not linear. For this 
reason it is not a good practice to use a 
load resistance which is too high. 

Farther than that, note that the current 
swings are not very great. Take the case 
of the load line for 4000 ohms, the bottom 
line. Even when the grid voltage has been 
reduced to zero the anode current does not 
exceed 40 milliamperes. Using a load resis-
tance as high as 4000 ohms prevents the tube 
from delivering to its full capabilities. 
A lower resistance will give a much greater 
swing in the anode current. 

But there are also practical limits beyond 
which it is not wise to go in reducing the 
amount of resistance in the load. Remember 
the anode current is flowing in both the 
tube and the load. In the load the high 
voltage and the high current are capable 
of doing work, delivering power. But there 
is power being dissipated inside the tube 
also. The more electrons which bombard 
the anode as the current through the tube 
rises, the hotter the anode becomes. There 
is a practical limit to the power which 
the anode of each tube can dissipate. If 
the tube is driven too hard, the anode 
becomes too hot, and eventually the tube 
will burn up. (See Fig. 31.) 

There are two general types 

amplifiers. 

Fié.31. Too small a load will overheat 
the anode and cause the tube to burn up. 

The manufacturer, fortunately, has experi-
mented with his tubes and has determined how 
much power can be dissipated by the anode. 
This is called the "plate dissipation" of 
the tube, and is given in the tube manual 
by the manufacturer along with the other 
data concerning the tube. 

In running the load lines for any par-
ticular tube you should keep in mind this 
matter of "plate dissipation" and be careful 
to choose a load resistance of such value 
that the tube will not be damaged by too 
small a load. 

The lines representing the various values 
of loads in Fig. 30 which would be most 
desirable would be those of 1200 or 1500 
ohms. These load values give a reasonable 
swing in the anode current. The 1500-ohm 
load allows the anode current to swing from 
a little over 80 milliamperes to zero cur-
rent, depending upon the swing of the grid 
voltage, which the 1200-ohm load allows a 
swing from almost 100 milliamperes to zero, 
again depending upon the swing of the grid 
voltage. These values of load resistance are 
low enough to permit reasonably wide swings 
in the anode current, yet are large enough 
to prevent too much power from being dissi-
pated inside the tube, and thus damaging it. 

NOTES FOR REFERENCE 

of vacuum tube amplifiers 

Voltage amplifiers deliver relatively little 

affects the anode voltage. 

voltage amplifiers and power 

anode current, and a small grid voltage greatly 
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Power amplifiers deliver large anode currents but need considerable voltage on the grid to 
control the flow of anode current. 

Data concerning the characteristics of tubes can be secured frow the manufacturers or from 
tube supply houses. This data is included in " tube manuals". These manuals are being 
constantly changed by the manufacturers. Their cost in nominal. 

Characteristic curves are used to place the operating point of voltage amplifiers. 

Families of curves and load lines are used to determine the best load for a power ampli-
fier tube. 

The following chart shows the various values of volts in the load and the tube, the power 
dissipated in the load and in the tube, and the percentage of work done in the load and 
in the tee for the power amplifier tube graphed in Fig. 30. 

OHMS AMPERES VOLTS WeTS Pi-MENT OF WORK 

In Load Zero Grid In Load In Tube In Load In Tube In Load In Tube 

600 0.145 87 113 12.61 16.39 43.5 56.5 

800 .122 97.5 102.5 11.90 12.50 48.8 51.2 

1000 .1055 105.5 94.5 11.10 10.00 52.6 47.4 

1200 .093 112 88 10.42 8.18 56.0 44.0 

1500 .0795 119.5 80.5 9.50 6.40 59.8 40.2 

2000 .064 129 71 8.22 4.58 64.2 35.8 

3000 .047 141 59 6.62 2.78 70.5 29.5 

4000 .037 149 51 5.51 1.89 74.5 25.5 

NOTES 
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Section 1. INTRODUCTION 

There is something unbelievably fascinating 
about working with vacuum tubes. Few men 
who have once been bitten with the bug 
through contact with them have ever been 
able to break away into some other line of 
work and be completely happy. Almost 
without exception those men who have been 
promoted into jobs where they are no longer 
required to maintain daily contact with 
vacuum tube work have deliberately gone out 
of their way to create some means for 
maintaining such contact. Most often this 
has been accomplished by entering (or 
remaining in) the ranks of radio amateurs. 

In other instances men who have risen 
through the ranks to a desk job have been 
able to spend enough time in the engineering 
rooms of laboratories to satisfy their 
compelling inner urge for continued personal 
contact with vacuum tubes and their many 
types of circuits. Usually a way is found 
by which a man can continue to delve into 
the seductive mysteries of radio and tele-
vision which seem to abound on every side. 

A vacuum tube, or several vacuum tubes in 
combination, can be caused to do so many 
things there seems to be no end to their 
possibilities. Which brings us to a subject 
which we have not yet touched upon although 
we have skirted it quite closely several 
times. This is the matter of connecting 
two or more vacuum tubes together so they 
can all work as units of a whole. 

When we discussed how one or more vacuum 
tubes could be used to amplify the tiny 
voltages which are picked out of the air, 
and are then used to supply the grid voltage 
for operating a power amplifier tube you 
must have wondered just how one tube could 
be connected to another. One tube cannot 
be connected to another by merely tying 
them together with a piece of wire. Note, 
for example, the situation of trying to 

Fig.l. Table liodel Television Receiver. 
(Courtesy of General Electric) 
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VOLTAGE AMPLIFIER POWER AMPLIFIER 

WRONG METHOD OF COUPLING 

Fié.2. 

connect the anode of the voltage amplifier 
tube in Fig. 2 with the grid of the power 
tee. Even the most casual inspection will 
disclose that the high positive voltage on 
the anode of the voltage amplifier has now 
been placed on the grid of the power ampli-
fier tube. From our studies of vacuum tubes 
we know very well we do not want a high 
positive voltage on the grid of a tube. 
Quite the reverse. This calls for a bit 

of thought. 

Although we cannot tolerate the htéh 
positive voltage normally on the anode of 
the voltage amplifier on the grid of the 
power amplifier, we do want the ampli-
fied- signal voltage which appears on the 
anode placed, in some manner, on the grid 
of the power tube. Obviously, connecting a 
simple piece of wire is not going to do 
the job. This brings us to the subject 

of coupling. 

Sect ton 2. TYPES OF COUPLING 

Connecting one vacuum tube stage to a 
succeeding stage is accomplished by means of 
what is called coupling. There are three 
general methods of coupling. These methods 

are called: 

Resistance coupling 
Transformer coupling 

Impedance coupling 

Since you are already familiar with the 
operation of a transformer we will take up 
a discussion of transformer coupling first. 
Transformer coupling was once used almost 
exclusively for connecting one stage to 

TBW.2 

another. The earlier radios frequently used 
many stages of transformer coupling in order 
to bring the signals up to a strength where 
they were useful. Transformer coupling is 
still used extensively in high power audio 
systems where a lot of power is needed to 
drive large loudspeakers. Furthermore, many 
coupling transformers will be found in 
radio transmitters. 

Section 3. HOW TRANSFORMERS 
ARE USED FOR COUPLING 

In transformer coupling we use the primary 
of the transformer as the load for the anode 
of one tube and place the secondary in the 
grid circuit of the following tube. (See 
Fig. 3.) The grid of the second tube is 
thus effectively isolated from the high 
positive voltage on the anode of the first 
tube. Nevertheless, every change in the 
anode current of the first tube is instantly 
reflected as a change in the voltage which 
is placed on the grid of the second tube. 
This is accomplished by the normal action 
of the transformer which causes a voltage 
change in the secondary whenever the current 
through the primary changes. 

Sectton 4. A-C COMPONENT 
AND D-C COMPONENT 

It is time we called attention to some-
thing which you have probably already 
noticed but which we have not emphasized. 
There are two kinds of current flowing in 
the anode circuit of the voltage amplifier 
tube (or any vacuum tube, for that matter.) 
First, there is the reasonably steady flow 
of current through the tube and the anode 

• 
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circuit which is its normal state. This 
is what we call the D-C component. Second, 
we have the fluctuations which occur in the 
anode current due to the fluctuating signal 
voltage on the grid. This we call the 
A-C component of the anode current. 

The high positive voltage on the anode, 
and the steady D-C current, are necessary 
to the proper operation of the tube. How-
ever, we do not want any of this to reach 
the grid of the next tube. But the fluctu-
ating portion of the anode current is 
another matter. This has been brought about 
as a result of signal changes on the grid, 
it is an enlarged reproduction of the 
original signal. In short, this is what 
we want to pass along to the grid of the 
next stage. 

The problem of separating the D-C compo-
nent from the A-C component, and passing 
the A-C component along to the next tube, 
is an ideal job for a transformer. The 
steady D-C component can flow through the 
primary of the transformer without affecting 
the secondary in any way. But the A-C 
component of the anode current will induce 
A-C voltages in the secondary which are 
exact reproductions of the original signal 
voltage. The transformer can even be de-
signed to actually increase these voltages. 

It is understandable that any transformer 
can be designed to step up the voltage, or 
to step it down, or to merely pass it along 
from the primary to the secondary without 
being changed in any way. When a trans-
former is used to couple one vacuum tube 
stage to another, and the only function of 

the transformer is to isolate the high 
voltage of one anode circuit from the grid 
of the next circuit, the transformer is 
often designed with a 1:1 turns ratio. In 
such a transformer the output voltage will 
be the same as the input voltage. Such a 
transformer will pass the signal along 
with high fidelity. Such transformers are 
commonly used in radio transmitters where 
high fidelity is an important consideration, 
in high power audio circuits such as public 
address systems, and in the audio system 
of some high quality radio and television 
receivers. 

Section 5. STEP-UP COUPLING TRANSFORMERS 

It is also possible to use transformer 
coupling to actually "step-up" the voltage 
from one stage to another. Advantage of 
this feature of transformer coupling was 
taken in the early days of radio. In those 
days the only amplifier tubes were triodes; 
ttleyhadrelatively low amplification factor. 
By using a triode to amplify the signal 
voltage some 20 times within the stage and 
then using a step-up transformer with about 
a 1:3 ratio it was possible to obtain a 
voltage gain of about 60 in one stage of 
amplification. (See Fig. 4.) Several such 
stages could result in considerable amplifi-
cation of the tiny radio signal. 

Section 6. LIMITS TO STEPPING 
UP THE AMPLIFICATION 

It might be asked: If the signal could be 
stepped up some three times by means of an 
interstage coupling transformer with a 1:3 
step-up ratio why not increase the turns 

COUPLING TRANSFORMER 

CORRECT METHOD 

BY-PASS 
CAPACITOR 

Fit.3. Interstate couplint by means of a transformer. 
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Fié.4. How tain can be increased by using a transformer. 

ratio on the transformer and step the voltage 
up some 10 or 20 times? 

If a signal of only one frequency, such 
as 100 cycles or 1000 cycles, were to be 
amplified through the transformer coupling 
such a high step up ratio would be perfectly 
feasible. Put unfortunately such is not 
generally the case in vacuum tube cir-
cuits where the transformer coupling would 

be used. 

If we pause for a moment to analyze the 
signal which would pass through such a 
transformer we will find that much of it 
would represent frequencies created origi-
nally by a voice or musical instruments. In 
the case of the human voice the frequencies 
would probably range from perhaps 100 cycles 
to around 1000 cycles. The musical instru-
ments will produce frequencies from less 
than 100 cycles up to several thousand 
cycles. If we expect to reproduce the 
original sounds in such a manner that they 
closely resemble ones originally created it 
is necessary to amplify each of the various 
frequencies by the same amount. It would 
not do to amplify the sound of the drum or 
the bass viol by large amounts and the 
sound of the piccolo by a much lesser amount. 
The result would not be satisfactory. 
Neither would we want to over-emphasize the 
deep voice with the lower pitch over the 
higher pitched one. That would not be 
satisfactory either. 

The natural question could be: Why 
should the frequency of the signal make any 
difference in its amplification? You 
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probably already know the answer if you 
think it over for a moment. 

Remember in our study of inductance we 
found that an alternating current of high 
frequency would encounter more opposition --
or reactance -- ina coil than an alternating 
current of lower frequency. We found the 
opposition met by the alternating current 
would increase as the frequency increased. 
This is indicated by the formula: 

X = 2nfL. 

Section 7. HIGH FREQUENCIES 
AND LOW FREQUENCIES 

Now the varying currents and voltages in 
the anode circuit of a vacuum tube are 
nothing more nor less than alternating cur-
rents and voltages of varying frequencies. 
If the signal voltage and current has a 
relatively low frequency, such as the voice 
of a man or a note from a drum or bass viol, 
such signal will meet low opposition in the 
primary of the transformer. The signal 
will be passed through to the secondary 
circuit with full strength. 

But suppose the signal voltage and current 
has been originally produced by a high 
violin note, or by a piccolo. In this case 
it will have a frequency many times higher 
than before. The higher current and voltage 
frequency in the anode circuit of the tube 
will meet considerably more opposition in 
the primary of the transformer than did the 
lower frequency. It will be passed through 
to the secondary in greatly reduced volume. 

• 
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Now the natural question is: If all this 
is true how can any transformer be used to 
couple between vacuum tube amplifier stages 
by using any turns ratio. The answer is 
that design engineers have been able to 
create transformers which will pass a band 
of frequencies without discriminating 
against any of the frequencies within that 
band -- provided, the turns ratio between 
the primary and the secondary does not ex-
ceed 1:3. In designing such transformers 
an electrical property known as impedance 
plays a very important part. We have paid 
little attention to impedance sor jut 

be g-iv-ingit-----mtic-h ci5fisideration 
soon. Impedance is a combination of resis- _ 
tance and reactance. 

Resistance and reactance in a circuit 
cannot be added together like adding a 
bushel of apples to a barrel of apples, 
or a quart of water to a gallon of water. 
But there are ways by which these two 
quantities can be combined to determine 
the total opposition in an electrical cir-
cuit. It is by taking advantage of the 
peculiarities of impedance that engineers 
have been able to create highly practical 
coupling transformers. 

It should be mentioned that gain through 
the transformer will normally fall off at 
very low frequency due to lack of sufficient 
inductance in the primary of the trans-
former. Further than this there will be a 
very sharp falling off of amplification at 
very high frequencies due to the distributed 
capacitance between the windings of the 
primary coil. But over a reasonably wide 
range, or band, of frequencies the amplifi-
cation will be substantially constant. 
This is particularly true if no attempt has 
been made to obtain too much voltage gain 
through the transformer. 

Transformers have the advantage of aiding 
the vacuum tubes in providing additional 
gain in a stage. This was very important 
when the amplification factor of all tubes 
was low, and accounts for the former wide-
spread use of transformer coupling. FUrther-
more, if properly designed the transformer 
coupling will provide a high degree of 
fidelity in the receiver where it is used. 

However, transformer coupling is not an 
unmixed blessing. Transformers are bulky 
and heavy, especially those designed for 
audio work, and are relatively expensive. 
A good audio transformer may weigh several 
pounds, take up considerable space on the 

chassis, and cost several dollars. Because 
of these reasons transformer coupling is 
not used nearly so widely now as it once 
was. This is not to say, however, that 
transformer coupling has disappeared from 
the scene. Far from it. It is still used, 
especially in large power units and in 
transmitters. 

Section 8. RESISTANCE COUPLING 

Resistance coupling is by far the least 
expensive method of connecting one vacuum 
tube stage to another, and takes up the 
least room. We have discussed resistance 
coupling operation in our lessons of vacuum 
tube amplifiers without actually explaining 
what it was. 

Resistance coupling, essentially, is the 
placing of a resistor in the anode circuit 
of a vacuum tube, then tapping off the 
varying voltage which develops across the 
resistor as a result of the varying anode 
current. Yet the problem is not solved 
quite so easily as that either. (See Fig.2.) 

If we are to tap off the voltage which is 
developed across the load resistor in Fig. 5 
we must do it in some manner other than that 
of Fig. 2. Our problem now is to find some 
method of passing the A-C component of the 
anode circuit signal along without passing 
the D-C component. We have already seen 
that this problem can be solved by using a 
transformer, but we need a method less 
expensive, less heavy and less bulky than 
the transformer. 

F. 5. 
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Section 9. USING A CAPACITOR 

Another method of separating the D-C 
component from the A-C component is by using 
a capacitor. The D-C cannot pass through 
the capacitor, but the varying A-C component 

can pass through with little difficulty. 

So we will try placing a capacitor between 
the anode of the first tube and the grid of 
the second tube as in Fig. 6. At first 
glance this looks like it might be the 
solution. But a little more study brings 
home the fact that the voltage on the grid 
of the second tube may be changing with 
respect to something or other but there is 
no reason to believe it is changing with 
respect to the cathode of that tube. For 
all we can tell the voltage on all the 

elements of the second tube will be changing 
together, and not changing with respect to 
each other. We must tie the cathode of the 
second tube down to some basic value, some 
neutral value, so the voltage changes on 
the grid of that tube can change with 
respect to it. 

Suppose we connect the cathode of the 
second tube to the opposite end of the 
load resistor from where the capacitor is 
connected. (See Fig. 7.) Would this 
circuit work? 

Yes, the circuit would probably work 
without too much trouble, provided we were 
prepared to use a separate battery, or 
other voltage source, for each tube. But 
it would be very extravagant to provide a 

LOAD 
RESISTOR 

1  

 ---111111147---
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separate battery for each tube when one 
battery could furnish the necessary power 
for all the tubes. 

We have connected up a circuit in Fig. 8 
exactly like that in Fig. 7 except we have 
not provided any power for the second tube. 
It will be noted that in Fig. 8 the cathode 
of the second tube is connected to the 
positive side of the battery just as in 
Fig. 7. But now we do not have a second 
battery. 

If we are going to use the same battery 
for both tubes where are we going to connect 
the anode circuit of the second tube? We 
cannot connect it to the positive side of 
the battery too. Both the anode and the 
cathode would then be at the same potential. 
There would be no more working potential on 
the tube than there would be if no battery 
at all was connected. It will do no good 

to connect the anode of the tube to the 
other end of the battery. That would place 
a negative voltage on the anode. 

It is entirely evident that we must con-
nect the cathode of the second tube some 
where else. Suppose we try connecting the 
cathode of the second tube to the negative 
end of the battery as in Fig. 9. Will this 
provide us with a base for the cathode of 
the second tube so the varying voltage on 
its grid will vary in magnitude with respect 
to the cathode? Of course. Any voltage 
fluctuations across the load resistor will 
now be reflected immediately on the grid 
of the following tube through the coupling 
capacitor. But how to get a positive voltage 
on the anode of the second tube? 

Fig. 10 shows the proper method of using 
the same battery, or other power source 
for two or more vacuum tubes. Note that 

COUPLING 
CAPACITOR 

LOAD 
RESISTOR 

Fie. 9. 
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the cathode of the second tube has been 
connected to the battery in the same manner 
as in Fig. 9. Now the anode circuit has 
been brought out through load resistor No. 2 
(110) to the positive side of the battery. 
The battery can now place a positive voltage 
on the anode of each tube. Any voltage 
fluctuations across load resistor No. 1 

(RL1) will instantly appear on the grid of 
the second tube where they will be amplified 
still more to appear again across the second 
load resistor. 

But is this circuit perfect? Insofar 
as the information we have given you is 
concerned the circuit should work. But 

there is one additional little item we have 
not previously mentioned. This refers to 
grid "blocking". 

Grid blocking is a situation which occurs 
when electrons passing from the cathode to 
the anode of a tube accidentally hit the 
wires of the control grid and become trapped 
there. It should be understood that it is 
not intended that any electrons should 
strike the grid and become trapped there. 
But remember, the grid is right in the path 
of electrons which are emitted from the 
cathode. The grid is negative and should 
not attract any electrons. But there are 
billions of electrons clouding around in 

• 
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the space between the grid and the cathode. 
Each of them are repelling each of the 
others. It is inevitable that some of the 
electrons, under the influence of repulsion 
of other electrons, will attain considerable 
velocity in the direction of the grid wire, 
and before they can swerve aside will strike 
the grid. 

Once the electron strikes the grid it is 
trapped. It cannot escape from the grid 
except through thermionic emission or 
secondary emission. The grid is not heated 
and the chance of secondary emission is 
remote at best. It is forced to remain on 
the grid. But each additional electron 

create any voltage difference between the 
arid and the cathode? It is rather obvious 
that it will not. The signal reaching the 
grid through the coupling capacitor will 
effect the grid all right, but it will place 
exactly the same voltage on the cathode. 
For all practical purposes there will be no 
difference in the voltage on the grid and 
that on the cathode except for the cathode 
bias, and we can discount that. The resis-
tance of the cathode bias resistor is too 
low to offer any real opposition to the 
signal voltage. 

It is evident that we must do something 
to correct this situation. The question 

HI 

_--f 1111107i_ 

RLI GRID 
LEAK 

RESISTOR 

Rt_2 

which strikes the grid makes the grid just 
that much more negative. If this condition 
continues the grid will soon become so 
negative it will prevent any electrons from 
passing through to the anode. 

It is imperative that some means be pro-
vided to allow the electrons which are 
trapped on the grid a means of escape. We 
cannot make any kind of connection between 
the grid and the anode. That would result 
in a positive voltage reaching the grid. 
Such is not desirable. Suppose we connect 
the grid with the cathode as in Fig. 11, 
which is similar to many other previous 
diagrams we have drawn. Would this work? 

The answer to this question is to ask 
another. If the grid is connected directly 
to the cathode will the applied signal 

is, what? Fig. 12 provides the answer. 
For the direct connection between the grid 
of the second tube and the cathode of that 
tube in Fig. 11 we have substituted a 
resistor. This resistor is called a értd 
leak resistor. The resistance of this 
resistor must be quite high to prevent the 

signal voltage from the coupling capacitor 
from leaking through it to the cathode of 
the second tube where it is not wanted. 
Since the electrons which are normally 
trapped on the grid are relatively few in 
number, it is perfectly feasible for the 
resistance of the grid leak resistor to be 
quite high -- the few electrons on the grid 
will be able to make their way through it. 

The ohmic resistance of the grid leak 
resistor ranges from 250,000 ohms up to 
several megohms. A very common value for 
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many voltage amplifier tubes is 500,000 
ohms, or 0.5 megohm. The resistance must 
be so high as to be virtually an open cir-
cuit for the alternating signal voltage 
coming through the capacitor from the anode 
circuit of the preceding tube, yet the 
resistance must not be so high as to make 
it impossible for the electrons trapped on 

the grid to leak off. 

Section 10. ADVANTAGES AND DISADVANTAGES 
OF RESISTANCE COUPLING 

Resistance coupling isusedmore frequently 
today than any other type of coupling. It 
has the advantage over transformer coupling 
of being much less expensive, less bulky, 
and weighing much less. Two resistors and 
one capacitor comprise the total number of 
parts needed to connect one stage of ampli-
fication to another by means of resistance 
coupling. The two resistors together proba-
bly will not cost more than five cents, and 
on a quantity basis even less. The capacitor 

would not cost more than ten cents. 

Compare these costs with that of an audio 
transformer to be used for coupling two 
stages of audio together. The transformer 
might cost considerably more than a dollar. 

But these are not the only advantages of 
the resistance method of coupling. A 
chassis for mounting the parts for a radio 
receiver using resistance coupling can be 
much smaller than one using transformer 
coupling. If the coupling is to be by means 
of transformers between all the stages, a 
place must be provided on the chassis for 

Fig.13. Transformer coupling between 
output tube and loudspeaker. 
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mounting the transformers. If resistance 
coupling is to be used, however, the re-
sistors and the capacitor can be mounted 
directly to the tube socket lugs. No special 
provision need be made on the chassis for 
these small components. 

But the advantages of resistance coupling 
is not all one-sided. Resistance coupling 
does have the disadvantage of being unable 
to utilize the full amount of the amplifi-
cation factor of the tube as can the trans-
former method of coupling. In fact a stage 
of resistance coupling is unable to use much 
more than 55% to 60% of the full ampli-
fication factor of the tube and still retain 
high fidelity. The use of resistance 
coupling with tubes having low amplification 
factor is not advisable, and is the reason 
it was not widely used in the early days of 
radio. In those days the vacuum tubes had 
so little gain none of it could be sacri-
ficed. For that reason transformer coupling 
was used almost universally in those days. 
But at the present time our high-gain tubes 
have such high amplification factor we can 
afford to sacrifice some of it to obtain the 
other advantages of resistance coupling. 

In general, if the load resistance does 
not greatly exceed the plate resistance of 
the tube little or no distortion will be 
introduced by use of resistance coupling. 
By introducing a small amountofdegeneration 
into the stage it is possible to eliminate 
any distortion which might appear. 

Section 11. WHERE TRANSFORMER 
COUPLING IS ALWAYS USED 

There is one place where the transformer 
has advantage over the resistance method of 
coupling, and is one which is found in 
nearly every type of radio or television 
receiver, whether new or old. This is where 
it is desirable to couple a "high-impedance" 
circuit, such as that of a vacuum tube anode, 
to a low impedance circuit. An example of 
this is connecting the anode circuit of a 
power amplifier to the "voice coil" of a 
loudspeaker. 

The normal situation in the anode circuit 
of a vacuum tube, even a power amplifier, is 
to have a high voltage and a relatively low 
current. The voltage may be on the order of 
100 volts on up, and the anode current from 
about 45 or 50 M.A. up to something like 100 
M.A. Often it is desirable to connect this 
output to a load where a much lower voltage 
would be suitable but a higher current would 
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be desirable. This is the condition we 
encounter in the operation of a loudspeaker 
from a vacuum tube power amplifier. 

In Fig. 13 is a diagram of a vacuum tube 
driving a loudspeaker. The anode circuit 
is what is known as a " high- impedance" 
circuit. The voltage is high and the cur-
rent relatively low. The " voice coil" 
circuit of the loudspeaker is what we call 
a " low- impedance" circuit. The voltage is 
low but the current is high. The need for 
high current is brought about by reason of 
the fact the voice coil operates within a 
magnetic field. Any changes in the current 
in the voice coil itself will react with the 
magnetic field and cause the cone of the 
speaker to move. This action changes the 
electrical impulses into mechanical movement 

which sets up sound waves in the air. The 
transformer is an ideal device for connecting 
the "high-impedance" of the anode circuit to 
the "low-impedance" of the voice coil. 

It is not our purpose to explain the 
operation of a loudspeaker at this time. 
The loudspeaker is such an important subject 
that an entire lesson is devoted to that 
one subject alone. But this does serve as 
an illustration of one place where the 
transformer still rules supreme over resis-

tance coupling, although resistance coupling 
seems to have taken over most every other 
place. 

Section 12. RESISTANCE COUPLING 
ACTION, STEP BY STEP 

We are already familiar with the voltage 
drop which occurs across a resistor when 
current flows through it. This situation 
is taken advantage of in resistance coupling 
to change the current changes in the anode 
circuit of a tube into voltage changes which 
can be impressed upon the grid of a following 
tube. This has been discussed before. 

In Fig. 14 we have set up a circuit which 
contains the first essential components for 
a resistance coupling network. We have the 
vacuum tube, a source of power and a load 
resistor. The tube is such that 5 milli-
amperes of current will flow under normal 
conditions. The load resistor has a resis-
tance of 10,000 ohms. The power supply 
delivers 300 volts. 

Rearranging the circuit as in Fig. 15 we 
can readily see there will be a voltage drop 

300V. 

250V. 250V. 

Fit. 15. 
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across the resistor under the normal con-
dition when there is no signal on the grid 
of the tube. The graph at the right shows 
there is a voltage difference between the 
zero end of the battery and the upper end of 
the load resistor of 250 volts at that time. 

In Fig. 16 we find the negative voltage 
on the grid of the tube has been increased 
sufficiently to reduce the anode current to 
4 milliamperes. The 4 M.A. flowing across 
the load resistor causes a voltage drop 
of 40 volts as is indicated. 

Since there are only 40 volts drop across 
the resistor the voltage between the nega-
tive end of the battery and the upper end of 
the resistor is now 260 volts. The change 
is recorded on the graph at the right. 

In Fig. 17 the grid voltage has been in-
creased again, dropping the anode current 
to 3 milliamperes. The anode current 
through the load resistor now causes only 
30 volts drop across it, making the voltage 
between the negative end of the battery and 
the upper end of the resistor 270 volts. 
This has also been recorded on the graph. 

Other changes are made in the grid voltage 
in the readings recorded on the graph in 
Fig. 18. 

At D we record another voltage reading 
between the upper part of the load resistor 
and the negative end of the battery when 
the anode current was again 4 milliamperes, 
and at k with the anode current back to 
normal 5 milliamperes. 
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In Fig. 19 we find the anode current in-
creased to 6 milliamperes. This current 
causes a voltage drop of 60 volts across 
the load resistor and reduces the voltage 
between the upper part of the load resistor 
and the negative end of the battery to 240 
volts. These values have also been recorded 
on our graph at the right. 

In Fig. 20 the anode current has changed 
to 7 milliamperes. This causes a voltage 
drop of 70 volts across the load resistor 
and reduces the voltage between the upper 
end of the load resistor and the negative 
end of the battery to 230 volts. The result 
is recorded on the graph at the right. 

Fig. 21 shows how the changing voltage 
which appears across the load resistor can 

be tapped off as an alternating voltage 
and applied through the coupling capacitor 
to the grid of the following tube. The 
capacitor will present relatively little 
opposition to the passage of this alternating 
voltage, but the 500,000 ohm grid leak 
resistor will present a large amount of 
opposition. The result is that nearly all 
the voltage which appears across the load 
resistor can be applied directly to the 
grid of the following tube. 

Sect ton 13. SUCCESSIVE STAGES 
OF AMPLIFICATION (CASCADE) 

Fig. 22 shows how a signal is magnified 
through several stages of resistance coupling 
between the input to the first stage and 
the output at the loudspeaker. A small 
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Fig. 19. 
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signal having a swing of 0.1 volt is placed 
on the grid of the first tube. The output 
of that tube is tapped off at the load 
resistor and applied to the grid of the 
following tube. The action of the first 
stage has amplified the signal voltage from 
0.1 volt to 2.25 volts. 

The signal is then placed on the grid of 

the second tube and again amplified. It 
appears across the output of the second 
stage and is applied to the grid of the 
final tube, the output power tube. 

The voltage has been amplified now until 
it has reached the value of 50.5 volts when 
it is applied to the grid of the final out-
put power tube. The main purpose of the 
final tube is not to amplify the voltage 

F. 21. 
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again. However, it does amplify the signal 

some -- to the value of 100 volts. 

The voltage gain of this final tube, 
however, is merely incidental. The main 

purpose here is power. The output of the 
final tube is connected to the primary 
winding of an output power transformer where 
the output of the tube is matched to the 
voice coil of the speaker. This diagram 
serves to illustrate the uses for both 
resistance coupling and transformer coupling 

and further serves to show typical gains 
which can be expected in the several stages 
of amplification. Successive stages of 
amplification is called " cascading". 

Section 14. IMPEDANCE COUPLING 

There is a third type of coupling called 
"impedance coupling". Instead of resistance 
in the anode circuit of the tube an induc-
tance is used. The main components of the 
impedance circuit are shown in Fig. 23. 

Impedance coupling was once used to a 
limited extent in audio circuits of radio 
receivers. However, the impedance method of 
coupling possessed no particular advantages 
over resistance coupling while the com-
ponents were considerably more bulky and 
expensive. The choke needed for audio work 
was comparable in size, cost and weight 
with the transformer used for transformer 
coupling, but lacked its gain. All things 
considered, the impedance method of coupling 
had little to commend its use in audio work. 

It is used to some extent in the radio 
frequency sections of radio receivers, and 
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Fig.22. How resistance coupling and transformer coupling are both 
used in some amplifier unit. 

will be often found in both the RF and IF to another for the purpose of " matching" 

impedances. Sometimes the circumstances are 
such that it is not convenient, or possible, 
to use a transformer for that purpose. 
It might be mentioned that at high fre-

There are instances in television work quencies it is not always possible to design 
where it is necessary to couple one circuit a transformer which will give exactly the 

sections of television. 

Section 15. CATHODE FOLLOWER 

Fig.23. Impedance coupling. Fig.24. Cathode follower coupliné. 
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performance desired. To overcome the 
difficulties which sometimes arise in 
matching two such circuits we sometimes 
resort to what is called the " cathode 
follower". Such a circuit is shown in 
Fig. 24. Such a vacuum tube circuit and 
stage will not provide any amplification. 
But the elements of the vacuum tube will 
effectively isolate one circuit from the 
other in one respect while permitting the 
signal to pass without any trace of dis-
tortion. The cathode follower is commonly 
used to couple Television Video Circuits. 

The input signal is placed on the grid of 
the tube in the normal manner. But instead 
of tapping off the output across the load 
resistor as in the case of resistance 
coupling the output is tapped off across the 
cathode resistor. The signal comes out at 
the same magnitude at which it entered the 
circuit, but the output can be either high 
or low impedance and so can the input. 
Usually one is high impedance and the other 
is low impedance. It is to match the two 
impedances that this circuit is found most 
useful. 

NOTES FOR REFERENCE 

A vacuum tube amplifier is connected to a following stage by means of coupling. 

Transformer coupling has the advantage of using the full gain of a tube plus some gain of 
its own. It has the disadvantage of high cost, bulky and considerable weight. 

Resistance coupling is inexpensive and compact. It has the disadvantage of being unable 
to utilize the full gain of a tube. 

NOTES  

TBR-16 



NOTES 

e 

• 



• 



7Échni cal Training 
SERVICE 

Radio and 

eTELO 

INDUSTRIAL TRAINING INSTITUTE 
e4t, 

TBS 
19 



• 

• 



e 

• 

REV I SED 
1952 

-71N TEENIER TINNING) 
sisavi-cis 

COPYRIGHT 1950 - INDUSTRIAL TRAINING INSTITUTE, CHICAGO - PRINTED US A 

PE LEVISION 
OSO LLATORS 

Contents: Introduction - The Armstrong Oscillator - Feedback - Oscillator Frequency - 
Oscillator Grid Bias - Hartley Oscillator - Hartley Series Fed Oscillator - The Electron 
Coupled Oscillator - Comparing Frequencies - Notes for Reference. 

Sectton 1. INTRODUCTION 

No conversation with a radioman or tele-
vision technician can last for more than a 

few moments without the word " frequency" 
creeping into it in some way. The radio and 
television man is constantly dealing with 
frequencies. Everything he does involves 

work with some kind of frequency. 

It one moment he will be working with 

low frequencies. The next, perhaps, it 
will be high frequencies. He also has audio 
frequencies to deal with -- and radio fre-
quencies. ha the superheterodyne receiver 
he has the intermediate frequency and the 
oscillator frequency. 

The man who has occasion to work with 
communication receivers, such as those 
used by radio amateurs and commercial 
radio operators, also has to deal with 

"beat frequency oscillators", ultra high 
frequencies and very high frequencies. 
The television man must always consider 

video frequencies. 

All frequencies with which radio and 
television men deal are alternating currents 
or voltages. With the exception of the 
ordinary electrical power, found in most 
homes, and the audio speech frequencies 
these alternating currents or voltages are 
going through their cycles far faster than 
is perceptible to any of the human senses. 

The human eye can perceive changes which 

do not exceed about 16 changes per second. 
This peculiarity of the hummaeyeis utilized 
by the moving picture projector by means of 

which it is possible to project a series 
of still pictures, each of them slightly 
different from the others, on a screen. 
The series of still pictures follow each 
other in such rapid succession they appear 

to the human eye to blend into each other 
and thus create the illusion of movement. 
Since the still pictures are projected at 
the rate of 16 each second, or at a somewhat 
higher rate, the human eye is unable to see 
them as individual pictures. 

From this it follows that the human eye 
could detect no change which resulted from 

Ftg.1. A Teleutston Receiver Uses 
Several Types of Oscillator Circuits. 

(Courtesy General Electric) 
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changing voltages or currents which had a 
frequency much greater than 15 or 16 cycles 
per second. 

The human ear can detect changes consider-
ably higher in frequency than would affect 
the eye. But there is a very definite limit 
beyond which even the ear does not respond 
to sound created by changing voltages or 
currents. The average human ear hears best 
when the frequencies range from a little 
more than 100 cycles per second up to a 

little more than 1000 cycles. But most 
people can readily perceive frequencies up 
to about 5000 to 8000 cycles. Those with 
hearing somewhat better than the average can 
hear up to 12,000 cycles, or even a little 
higher. There are exceptional persons whose 
ears respond to frequencies up to about 
18,000 or 19,000 cycles. It is a rare 
person indeed who can hear frequencies 
higher than that. 

Yet in radio and television work we are 
constantly dealing with frequencies many 
times higher than any of these. Frequencies 
ranging up into the hundreds of thousands 
each second, yes even into the millions, are 
commonplace in ordinary radio broadcast 
work. Television involves frequencies which 
range up into the hundreds of millions 
each second. 

These numbers seem almost staggering to 
the person who first makes their acquaint-
ance. They seem so unrealistic as to verge 
on the fantastic. One is often tempted to 
doubt that the experts themselves actually 
know what they are talking about. It seems 
incredible that any object could move so 
fast as to create such frequencies. One 
wonders what kind of device could be con-
structed which would operate fast enough 
to create such unbelievably high frequencies 
without being subjected to a prohibitively 
high rate of wear. 

As a matter of fact these high frequencies 
are not created by any kind of mechanical 
device. The highest frequencies created by 
mechanical means are those used for heavy 
duty induction heating, and these do not 
exceed about 12,000 to 15,000 cycles per 
second. These frequencies are just about 
the limit which can be reached through the 

use of mechanical generators. 

When frequencies higher than these are 
needed, we must resort to what is called 
vacuum tube osctllators. In ordinary 
conversation it is customary to drop the 
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"vacuum tube" and merely use the word 
"oscillator". The vacuum tube oscillator 
is capable of generating alternating currents 
and voltages of virtually any frequency 
which might be desired. In radar work 
specially designed vacuum tubes commonly 
generate frequencies which range up to many 

billion cycles per second. 

What is an oscillator? 

An oscillator is an electronic circuit 
which is specially designed so it will be 
capable of generating alternating currents 
or voltages. It should be noted that an 
oscillator is an "electronic circuit". This 
means it includes a vacuum tube, plus some 
other components. 

Occasionally even experienced radio and 
television men get the false idea that an 
oscillator consists of the vacuum tube 
alone. This is not correct. An oscillator 
consists of the tube and its associated 
circuit. This point may seem rather minor, 
yet it is often important. 

Since the vacuum tube is such an important 
factor in an oscillator circuit, and since 
we more frequently refer to the "oscillator 
tube" than to any of the other components 
of the oscillator circuit we fall into the 
habit of thinking of the tube as being the 
oscillator. But the tube alone will not 
"oscillate". It must have the other essen-
tial components which go to make up a 
complete oscillator circuit. 

There are many types of oscillators. Each 
has its own advantages and disadvantages. 
None can do every job an oscillator is 
called upon to do. Some oscillators are 
designed to do a very specialized job. But 
there are other jobs which can be done by 
any of several types of oscillators. We 
will discuss some of the more important 
types in this lesson, and point out the 
things each is best capable of doing, and 
where it is most frequently used. 

It is impossible to cover every type 
oscillator ever designed. Many specialized 
circuits have been designed -- some in 
foreign countries -- which are never en-
countered by the average radio or television 
man. It would serve no purpose to waste 
your time describing them all. The ones 
which are included in this lesson will 
probably meet every one of your immediate 
needs. Others will be discussed as need 
for them arises. 



• 

Fig.2. A Transformer Coupled Amplifier Circuit. 

Section 2. THE ARMSTRONG OSCILLATOR 

One of the oldest oscillator circuits, and 
the one which was once the most widely used 
of all, is the Armstrong oscillator. It was 
designed by Major E. H. Armstrong, who, many 
years after designing the oscillator, 

introduced Frequency Modulation radio, the 
modern F- M. 

The Armstrong oscillator is still quite 
commonly used by amateurs and experimenters 

but is seldom found in modern radio re-
ceivers. However, it is one of the easiest 
oscillators to understand. For that reason 
we will present a description of it first, 
and using our knowledge of it go on to 
the other types which are somewhat more 

difficult 

As a preliminary it should be emphasized 
that a Vacuum tube's ability to generate 
alternating current-- to act as an oscil-

lator -- results directly from its ability 

to amplify. 

There are times when a tube's amplifying 
ability will generate oscillations where 
they are not wanted. Yet the essential 
fact is that its ability to oscillate 

depends upon its ability to amplify. 

• 

In Fig. 2 we have drawn a simple amplifier 
circuit. We have the input signal which 
is applied to the inductance L1 which is 
also the primary of a transformer. By 
transformer action the signal is passed 
along to the grid of the vacuum tube. The 
vacuum tube amplifies the signal and it 
appears again on the primary of transformer 
T2. From there it can go on to another 

stage of amplification. 

In 
have 
from 
been 
it has been the signal picked up by the 
antenna of a radio or television receiver. 
Other times it might have come directly 
from a microphone or a phonograph pickup. 
We have never considered the source. With 
this in mind notice the difference in the 
strength of the output signal from that of 

the input signal. The output is much larger 
than the input. Of course, this is no 
different than we would expect. We know the 
normal use to which vacuum tubes are put is 
to amplify a small signal into a much 
stronger, or larger, one. The main point is 
that the signal at the output of the anode 

circuit is much larger than is needed to 
drive the grid of the tube. 

all our studies of vacuum tubes we 
assumed the signal has been obtained 
some outside source. We have never 
concerned with the source, sometimes 

Fig.3. Feeding Some of the Output Signal Back to the Input. 
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Now suppose we run the anode current of 
the tube through a small coil such as L2 in 
Fig. 3 before the current passes through 
the primary of 12. If L3 is placed adjacent 
to L2 it will act like the primary of a 
transformer, with L2 acting asthesecondary. 

Now we have a situation where a signal 
on the input to Li sets up a voltage in Le. 
L2 then places the signal on the grid of the 
vacuum tube. The signal is amplified by 
the vacuum tube and causes a current to vary 
in the anode circuit of the tube. The 
varying anode current will flow through L2 
and set up moving lines of magnetic force 
in the space surrounding the coil. These 
moving lines of force are able to cut across 
the coils of L2, inducing more voltage in L2 
which in turn is placed on the grid of the 
tube, which again affects the anode current, 
etc., etc. 

Before going any further suppose we take 
a specific example of a voltage on the 
input. Let us say there is a change in the 
input signal which results in the grid 
becoming slightly more positive. A "(posi-
tive-going"( grid will cause an increase in 
the anode current. An increase in the anode 
current will create expanding lines of 
magnetic force around L3 and the primary 
of T2. For the moment we can ignore T2 but 
we are definitely interested in L3. The 
expanding lines of force from L2 cut across 
the coils of L2 inducing even more voltage 
in L2. This additional positive voltage in 
L2 is immediately applied to the grid of 
the tube. 

As the increased positive voltage is 
placed on the grid even more anode current 
flows through the anode circuit. This 

FtÊ.4. NetÉnettc Lines of Force Around 
the " Tickler Coil". 

in turn causes the grid to go even more 
positive, which causes more current to 
flow etc., etc. Now the question is: how 
long will this condition continue? 

The grid will continue to become more and 
more positive, and the anode current will 
continue to increase until the anode is 
receiving all the electrons it can receive 
from the cathode. In other words the anode 
current will increase until the "saturation" 
point is reached. 

When the tube reaches saturation it makes 
no difference how much additional positive 
voltage is placed on the grid there will 
be little or no additional increase in the 
anode current. When the anode current 
ceases to increase, the anode current will 
cease to change. When the anode current 
ceases to change, the magnetic lines of 
flux will cease expanding -- or moving out 
from -- L3. When these magnetic lines of 
force stop moving they will no longer be 
cutting across L2 , and will thus be no 
longer inducing a positive voltage in L2. 
The instant the positive voltage is removed 
from L2 the grid will become less posit tue, 
which is the same as saying the grid will 
become more negative. 

Now we have a situation which is exactly 
opposite to that we had a moment before. 
As the grid becomes more negative -- that 
is, less positive -- it will affect the 
anode current. The anode current will 
decrease. As the anode current decreases 
the current through L3 decreases, and as the 
current through L3 decreases the magnetic 
lines of force which have surrounded L3 will 
begin to contract. As these lines of force 
contract they will again cut across the 
coils of L2 . But this time they will cut 
across in the opposite direction. Their 
cutting will now cause the grid to go more 
negative. And, of course, as the grid 
becomes more negative less anode current 
will flow. 

Here, again, we can ask the question: 
how long will this condition continue? It 
will continue until the grid is driven so 
negative that all current is cut off the 
anode. When this happens the collapsing 
lines of force will no longer be driving 
the grid negative. When the negative 
voltige is removed from the grid the natural 
action is for the grid to become more 
positive. If something is less negative 
it is exactly the same as saying it is 
more positive. 
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Now we have the situation where the grid 
is becoming more positive again, and, of 
course, this will start the anode current 
flowing again. When this happens the 
entire cycle starts all over again. 

Let's go back and review the whole action 
very briefly and make certain we understand 
what is going on. When the first tiny 
positive voltage is placed on the grid of 
the tube the anode current will increase 
slightly. The slightest change in the anode 
current will set off a series of events 
which will drive the anode current to 
saturation before it can be stopped. When 
the anode current reaches saturation and is 
no longer increasing the high positive 
voltage will be removed from the grid. 
Removing the positive voltage from the grid 
causes the anode current to start decreasing. 
When this happens the current will keep 
right on decreasing until the tube reaches 
cut-off. 

Whenthetube reaches "cut-off", of course, 
no current will be flowing. When this 
happens the negative voltage will be removed 
from the grid. This, in turn, starts the 
grid in a positive direction again, and sets 
off the whole cycle of events again. 

This entire action will be repeated over 
and over indefinitely. We will alternately 
have a large current flowing in the anode 
circuit, then no current. The anode current 
is also flowing through the primary of 
transformer T2. A continuous alternating 
voltage can then be tapped off the secondary 
of that transformer. 

Sect ton 3. FEEDBACK 

It has probably already occurred to you 
that we could now remove the original input 
through LI and the circuit would continue to 
oscillate, operatedonlyby its own feedback. 
(See Fig. 5.) By feedback we mean the 
little bit of energy we have used from the 
output circuit and fed back into the grid 
circuit. Such a thing would be entirely 
feasible. Let us study this matter of 

feedback a little further for a moment. If 
the overall gain of the tube circuit was 10 
we could apply 1 volt to the grid and have 
it amplifiedto10 volts at the anode output. 

If we took one volt of the output and fed 
it back into the input we would still have 
9 volts left in the output circuit to 
accomplish some usefftl purpose. This sounds 
entirely reasonable; it does not conflict 

Fig.5. The Ortétnal SiÉnal Can be 
Eltintnated. 

with anything we have learned about vacuum 
tube amplifiers, and is exactly what happens 
in this type of oscillator. 

In any type of oscillator we will find 
a small amount of the output fed back, 
in some manner, to the grid of the vacuum 
tube. This small feedback signal is then 
amplified again, keeping the oscillations 
from dying out. 

Once we have an oscillator circuit func-
tioning properly it is not hard to under-
stand that it can be kept oscillating 
indefinitely. Now we come to the problem 
of starting the oscillations. They could, 
of course, be started each time the circuit 
was put into operation in the same manner 
we have previously described. That is by 
applying some kind of signal to the grid 
of the vacuum tube as has already been 

described. 

However, it should be remembered that 
frequently the devices which use oscillators 
are operated by persons without any techni-
cal training. A radio receiver, or a 
television receiver, furnishes the best 
example of this condition. It is a little 
too much to expect that every person who 
owns or operates one of these receivers must 
know how to start an oscillator oscillating. 

Fortunately, it is not necessary to apply 
any outside signal to an oscillator to start 
it oscillating. The mere presence of the 
tube itself is usually sufficient. It 
should be remembered that electrons are 
normally moving from the cathode to the 
anode in any vacuum tube which has its 
filaments heated and a positive voltage 
applied to the anode. With any given anode 
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Fig.6. The Essentials of a 
"Tuned Circutt°. 

voltage, a given grid voltage and a given 
temperature on the cathode there will be a 
given amount of anode current flowing 
through the anode circuit. This we have 
learned, and this is true -- within limits. 
Even a delicate milliammeter placed in the 
anode circuit would detect no variations in 
the value of the anode current. 

But the truth is that the anode current 
is varying -- very slightly -- at all times. 
The current itself is composed of a stream 
of electrons. There are untold thousands of 
electrons in the stream at all times. The 
total quantity will not vary noticeably 
under any given set of conditions -- but it 
will vary some. 

For example, there may. be 1,000,000,000 
electrons flowing from the cathode to the 
anode each second. If the actual number of 
electrons varied some three or four thousand 
either way from 1,000,000,000 few instruments 
are delicate enough to detect the variation. 
But the vacuum tube grid would detect the 
dtfference. Any current change in the anode 
circuit would be instantly reflected to the 
grid. And once the grid of an oscillator 

tube starts changing -- either positive or 
negative -- it keeps on changing until the 
tube reaches either cut-off or saturation, 
depending upon whether it starts changing in 
the positive direction or in the negative 
direction. 

From this it is evident the oscillator 
is self-starting. Any change in the value 
of the current in the anode circuit, or any 
change of voltage on the grid of the vacuum 

tube is enough to start the circuit oscil-
lating. A little reflection is enough to 
point out that even this peculiar action of 
a vacuum tube is not needed to start a 
circuit oscillating. Suppose the cathode 
is not heated, nor is there any voltage on 
the anode. If heating current is applied to 
the cathode, electrons will soon start 
leaving the cathode. As the cathode becomes 
increasingly hotter more and more electrons 
will be emitted. This very condition is 
enough to cause a change in the anode 
current once the voltage is applied to 
the anode. 

If the cathode is already heated before 
the anode voltage is applied, the mere 
application of the anode voltage is enough 
to start a change in the anode current. And 
remember, any change in the anode current is 
enough to start an oscillator circuit 
oscillating. 

As a matter of fact, if all the elements 
of an oscillator circuit are present we need 
never worry about the circuit starting to 
oscillate. In fact we usually have more 
trouble keeping other circuits from oscil-
lating than we have in getting an oscillator 
circuit to start oscillating. 

If, by any chance, an Armstrong oscil-
lator does not oscillate it would be well 
to check the " phasing" of the tickler coil 
and the main inductor coil of the tuned 
circuit. By " phasing" we refer to the 
windings with respect to each other. As 
an example of this we normally expect a 
current flowing in one direction in the 

Ft. 7. A Charge has been Built Up on One 
Plate of the Capacitor. 
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Fig.8. The Capacitor Discharges Throue 
the Coll. 

primary coil to induce an opposite voltage 
in the secondary. 

Now it is possible to connect one of the 
windings so it will be just the reverse of 
what it would normally be. When this 
happens the secondary voltages will be just 
opposite that expected. 

In the case of the Armstrong oscillator 
we expect the induced voltage in the tuned 
inductor coil to place a positive voltage on 
the grid of the tube as the anode current 
increases. Such a situation is necessary 

to maintain oscillation. 

Should the tickler coil be reversed, how-

ever, an increase in the anode current will 
cause the grid to become negative instead of 
more positive. Such action will prevent 
oscillation. This condition is readily 
corrected. All that is necessary is to 
reverse the connections to the tickler coil. 

Section 4. OSCILLATOR FREQUENCY 

We have already mentioned that the main 
purpose of an oscillator circuit is to 
produce alternating currents or voltages. 
We have also intimated that an oscillator 
circuit is capable of providing a very wide 

range of frequencies of alternating current 
or voltage. The point which now confronts 
us is how to control the frequency -- how to 
design an oscillator circuit which will 

deliver the frequency we need and not some 
other frequency differing greatly from our 
needs. The frequency of any oscillator 
circuit iç determined by its "tuned circuit". 

And since every oscillator must have a 
"tuned circuit" , it is necessary that we 
pause in our description of the oscillator 
and first explain the peculiarities of a 
tuned circuit. 

A tuned circuit is nothing more nor less 
than an inductor and a capacitor connected 
as in Fig. 6. The value of the inductance 
and the capacitance will determine the 
frequency of the oscillator. It is all as 
simple as that. 

Suppose that in some manner the capacitor 
of Fig. 6 becomes charged up as in Fig. 7. 
The upper side of the capacitor is highly 
negative while thebottom is highly positive. 
We need not worry for the moment as to how 
the capacitor has happened to obtain the 
charge, let's accept the fact it has. 
Obviously the capacitor is not going to 
remain charged as in Fig. 7 for very long. 
It is too easy for the electrons to leak 
off the negative plate of the capacitor, 
flow through the inductor and onto the other 
plate of the capacitor. 

In Fig. 8 we can seetheelectrons starting 
to flow from the capacitor toward the coil 
of the inductor. As the electrons flow 
through the inductor coil in the form of an 
electrical current they will cause magnetic 
lines of force to expand outward from the 
coil. This is the same thing that always 
happens when an electrical current flows 
through a coil. The first effect is for 
the expanding lines of magnetic flux to set 

up a counter voltage to oppose the flow of 
the current as shown by the dotted arrow. 

Fig.9. Kagnetic Lines of Force are Built 
up Around the Coil. 
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Fig.10. The Collapsing Lines of Force 
Induces a Voltage in the Coil. 

But once the lines of force have been fully 
expanded the current can flow quite freely. 

But the amount of current which can flow 
from the capacitor through the inductor is 
strictly limited. The capacitor can hold 
only a limited number of electrons. As the 
current begins to slacken, the lines of 
force begin contracting into the coil. 
These contracting lines of force induce a 
new voltage which tries to keep the current 
flowing. This new voltage is in such 
direction as to send a charge toward the 
other side of the capacitor. (See Fig. 10.) 
The current flowing under the pressure 
of the newly induced voltage flows toward 
the lower side of the capacitor, charging 

Pié.12. The Capacitor is Charged as 
Shown by the Polarity Signs. 

Pig.11. The Voltage Induced in the Coll 
Charges up the Capacitor. 

it up in a airection opposite to the charge 
it held only an instant before. 

By the time the voltage caused by the 

collapsing lines of force has died to zero 
the voltage on the capacitor will be built 
up to full value as shown in Fig. 12. At 
this instant the capacitor is flilly charged. 
But now it is charged oppositely to what 
it was in Fig. 7. 

It is entirely obvious again that the 
capacitor is not going to remain charged as 
in Fig. 12. It is going to start discharging 
again, and since the only way it can dis-
charge is back through the inductor it will 
do that. (See Fig. 13.) Again, as the 
current starts to flow through the inductor 

a magnetic field will be built up around 
the inductor coil. 

Then as the magnetic field collapses it 
will again induce a voltage which will send 
the current toward the upper plate of 
the capacitor, once again charging up the 
capacitor. (See Fig. 14.) This will be 
the same as in Fig. 7. 

Once the capacitor becomes charged up in 
that direction, and the magnetic field 
around the coil has completely collapsed, 
the discharging capacitor will send the 
current back through the inductor again. 
This action continues over and over. The 
capacitor discharging through the inductor 
builds up a magnetic field around the coil. 
When the current decreases the collapsing 
field induces a voltage in the coil which 
sends the current to the other side of 

• 
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Fig.13. The Capacitor Again Discharges 
Through the Coil Causing Magnetic Lines 
of Force to Build up Around the Coil. 

the capacitor, charging the capacitor up in 
the opposite direction. 

The rate at which the capacitor will 
charge up and discharge will depend upon 
its capacity. If the capacitor is quite 
Large it will take longer for it to build 
up a charge and for it to discharge. It 
is understandable that if the capacitor is 
large the frequency will be lower than 
if the capacity was small. 

Likewise, if the inductance of the coil 
is large it will slow down the building up 
of the magnetic field, and will take longer 
for it to collapse. Furthermore, if the 
inductance is high it will induce a higher 
voltage when the field collapses, and in 
doing so will charge up the capacitor to 
a higher voltage. It is reasonable that a 
large inductor will slow down the passage 
of current more than would a small inductor. 
For these reasons it is easy to see that 
if the inductance is large the frequency 

will be much lower than if the inductance 
was smaller. 

/ We have two things now which influence 

the frequency of the oscillations: the 
value of the capacitance and the value 
of the inductance. The larger either of 
them are, the lower will be the frequency 

of oscillation. 

If it is desirable to create an A-C voltage 
with a low frequency -- perhaps an audio 
frequency which can be heard in a pair of 

earphones or in a loudspeaker -- we would 

use an inductor which had a high inductance. 
It would probably be an iron- core inductor, 
which would have a much higher inductance 

than an air-core inductor. The capacitor 
would probably have a fairly high capaci-
tance also. 

However, if it was desirable to generate 
a frequency in the radio- frequency range, 
something over 500,000 cycles per second, 
we would use an air- core inductor and 
possibly a capacitor which used air as a 
dielectric. Such a capacitor might even 
be variable as in Fig. 15. If it were 

variable it would be possible to generate 
a wide range of frequencies with the one 
oscillator merely by moving the "¡rotor" 
of the capacitor, and thus changing the 
capacitance of the capacitor. Variable 
capacitors similar to those illustrated 
in Fig. 15 are used in all radio and tele-
vision receivers. 

Variable capacitors similar to those 
in Fig. 15 are used with oscillators which 
are designed to generate test signals. 
In all radio and television receivers 

are circuits which are designed to operate 
best on one certain frequency, or " band 
of frequencies". 

To test these circuits to determine 
f they are functioning properly it is 

necessary to apply an alternating current 
or voltage to them of the proper frequency. 
Specially designed oscillators, called 
signal generators" are used to apply 

the needed signal to the circuit under 
test. 

Fié.14. The Collapsing Ltnes of Force 
Charge 1lD the Capacitor Again. 
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Fté.15. Four Types of Variable Air- Tuned Capacitors. One has Three "Ganes". 

Section 5. OSCILLATOR GRID BIAS 

For reasons which it is not necessary for 
us to go into at this time oscillator 
circuits work best when the grid of the 

vacuum tube is biased so heavily that no 
anode current can flow when no signal is 
applied to the grid. This is a special 

class of operation called "Class C" opera-
tion, of which much more will be said later. 
With the tube so biased, current will flow 
heavily when the grid is receiving the 
positive portion of the signal, but no 
current will flow when there is no signal, 
or when the signal is in the negative 

direction. 

But what about the situation when there 
has been no signal, but it is desired to 

start a circuit oscillating? If the tube 
is biased at " cut-off", that is with so 
much negative bias that no anode current 
can flow, how are we going to obtain the 
change of anode current so necessary to 
start the circuit oscillating? 

TBS-10 

bias" 
types 

Obviously we could not start it. For this 
reason it is not possible to use " cathode 

or " fixed bias", as we did with other 
of vacuum tube amplifiers. 

But we do have to have some kind of grid 
bias. To obtain the needed bias we resort 
to what is called "eid-leak bias". Fig. 16 
shows a diagram of an oscillator circuit 
with a grid-leak bias resistor by-passed 
with a by-pass capacitor. It also has a 

ikregular tuned circuit. 

Now to see how this circuit operates. 
Suppose that at a given instant the upper 
part of the capacitor in the tuned circuit 
is positive as in Fig. 17. This will place 
a positive voltage on the grid of the tube. 
(This is acting on the supposition that the 
grid at that instant has no bias on it). 

Placing a positive voltage on the grid 

will cause a heavy anode current to flow. 
Furthermore, since the grid itself is 
somewhat positive it will also attract some 



TUNED CIRCUIT 

L 3 

L 2 

GRID- LEAK RESISTOR 

BY- PASS CAPACITOR 

Yié.16. Grid-Leak Bias Circuit. 

electrons. The instant the grid acquires 
some electrons it will become negative until 
the electrons can leak through the grid-
leak resistor. The upshot of it is that 
the original positive voltage on the grid 
will attract electrons to the grid, changing 
the grid from positive to negative. The 
grid becomes fully negative just about the 
time the anode current has reached its 

maximum value. 

When the anode current begins to decrease 
it would normally send the grid into the 
negative direction. The newly acquired 
electrons do the same thing. Thus the grid-
leak resistor aids in making the grid highly 
negative until the tube actually goes to 
cut-off. Then the voltage in the tuned 
circuit starts building up in the positive 
direction again. By this time some of the 

electrons have leaked through the grid-leak 
resistor, although not all of them. But the 
positive voltage impulse from the tuned 
circuit can pass through the by-pass capaci-
tor, making the grid momentarily positive 
again. This lasts just long enough for the 
grid to acquire a few more electrons from 

the space charge within the tube. 

The combination of the tuned circuit, the 
grid-leak resistor, and the feed-back volt-
age keeps the oscillator circuit delivering 

a stable alternating current and voltage for 
whatever purpose it might be needed. The 
addition of the grid-leak resistor and its 
by-pass capacitor aids materially in keeping 
the oscillator operating, and keeping it 
operating at the same frequency. The tuned 
circuit is mainly responsible for determining 
the frequency, but the grid-leak resistor 

and its by-pass capacitor aids in keeping 
the frequency stable. 

The resistor must not have such low 
resistance that the electrons can leak 
through it with little trouble. If they 
could do this there would be little point 
in having the resistor in the circuit at 

all. On the other hand the resistor cannot 
have too high resistance. If this should 
happen there would soon be so many electrons 
on the grid it would become "blocked". 
That is the grid would quickly become so 
negative it would prevent the passage of any 
electrons through the tube to the anode. 

The exact value of the grid- leak resistor 
will depend very largely upon the type of 
tube being used. If the tube is a triode 
similar to those commonly found in radio 
and television receivers it would probably 
be about 500,000 ohms. If the tube was a 
large one such as is used in transmitters 
the resistance would be much lower, possibly 
only 10,000 to 25,000 ohms. 

The value of the by-pass capacitor will 
depend largely upon the frequency the oscil-
lator is designed to generate. If the fre-
quency is high the capacitor would be quite 
small; if the frequency is low the value of 
the capacitor would be somewhat larger. 

Section 6. HARTLEY OSCILLATOR 

The Armstrong, or tickler- feedback, 
oscillator was probably the first in general 
use. At one time it was the only type used. 

But it has some definite drawbacks which 
makes it unsuitable for most commercial 
operations today. About the only place 
the Armstrong oscillator will now be found 
is in the home-made circuits of amateurs 

Ft. 17. 

TBS-11 



Fié.18. Hartley Shunt-Fed Oscillator. 

and in portable receivers. However, it is 
much easier to understand the operation of 
oscillators when the Armstrong is the one 
used as a demonstration. 

One of the most widely used oscillators 
today is the Hartley oscillator. Actually 
there are two types of the Hartley oscil-
lator, the series-fed oscillator and the 
shunt-fed oscillator. The series- fed is 
seldom used but the shunt- fed oscillator 
is universally used. Fig. 18 shows the 
diagram of the Hartley shunt-fed oscillator. 
Note the tuned circuit, which is also called 
"resonant circuit". It will be noted that 
this circuit is in no way different from 
that of the Armstrong oscillator in Fig. 16. 
We have the inductance "L", and the capaci-
tor " C". These two components of the tuned 
circuit operate exactly as the inductance 
and capacitance in the series of illustra-
tions from Fig. 6 to Fig. 14. 

The grid-leak resistor assists in furnish-
ing a grid bias in exactly the same way as 
that in the Armstrong oscillator, and the 
by-pass capacitor serves the same purpose 
as in the other. But notice the difference 
in the method of obtaining feedback. In the 
Armstrong oscillator the feedback was by 
means of a tickler coil. No tickler coil is 
used with the Hartley oscillator. The B.F. 
Choke prevents the alternating voltages from 
going through the battery. The by-pass 

capacitor on the right side of the diagram 
furnishes a path forthealternating currents 
and voltages from the anode of the tube to 

the bottom of the tuned circuit. 

Note that the alternating currents and 
voltages can pass through the capacitor on 
the right, go to the bottom of the tuned 
circuit, flow through the lower part of the 

inductance coil to, the midway tap, and from 
there to the cathode of the tube. This 
makes a complete circuit. 

The next thing to note is that the alter-
nating currents flowing through the lower 
part of the coil set up magnetic fields 

around the coil. Since the upper part of 
the coil is placed very closely to the lower 
part -- is, in fact, part of it -- any 
magnetic lines of force surrounding the 
lower part of the coil also cut across the 
turns of the upper part of the coil. This 
induces a voltage in the coil which acts to 
charge up the capacitor in the tuned circuit. 

From that point on, the tuned circuit acts 

the same as any other tuned circuit. A 
small part of the output signal fed into the 
lower part of the inductance coil is enough 
to start the oscillations and keep the 
circuit oscillating. 

Section 7. HARTLEY SERIES 
FED oscuuroR 

The Hartley series- fed oscillator is very 
similar to the shunt-fed type with one minor 
exception. In the shunt- fed oscillator it 
will be noted that the D-C portion of the 
anode and cathode current flows directly 
from the anode to the battery, and directly 
from the battery to the cathode. None of 
the D-C component flows in any part of the 
oscillatory circuit. The alternating 
current is by-passed from the anode circuit 
directly to the oscillatory circuit. 

In the series- fed oscillator, however, 
the anode-cathode D-C current flows through 

the lower part of the inductor which forms 
the oscillatory circuit. The A-C portion 
of the anode current is by-passed around 
the battery, but it does flow through a part 

Fté.19. Hartley Sertes-Fed Oscillator. 
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of the tined, or oscillatory, circuit. In 
some cases it makes little difference 
whether the D-C component is in the tuned 
circuit or not. But there are other appli-
cations where it is not desirable. Normally 
it is possible to obtain more stable opera-
tion if the D-C component is not allowed in 
the tuned circuit. Since it is just as easy 
to connect up the circuit for shunt feed as 
for series feed, and since the shunt feed 
usually gives better, more stable, operation 
the shunt- fed oscillator is by far the most 
widely used. The Hartley oscillator will 
be encountered in nearly every type radio 
or television receiver. 

Section 8. THE ELECTRON 
COUPLED OSCILLATOR 

A variation of the Hartley shunt-fed 
oscillator is the electron coupled oscil-
lator. The electron coupled oscillator, or 

E.C.O. as it is commonly called, retains all 
the good points of the Hartley oscillator 
and adds a few others peculiar to itself. 
It is unbelievably stable in its operation, 
and a variation of the load into which it 
feeds does not affect the frequency of 
its oscillations. 

It will be noted, by referring back to 
Fig. 18, that if a portion of the anode 
voltage is tapped off and fed into another 
vacuum tube there is a possibility of 
affecting the stability of the operation. 
Perhaps this is not readily apparent, but 
it is understandable that any change in the 
load can readily affect the voltage on 
the anode, and this in turn could affect 
the frequency of operation. 

In the E.C.O., however, the anode load 
circuit is completely isolated from the 
oscillatory circuit. (See Fig. 20.) The 
oscillatory circuit is composed of the 
screen grid, which acts as the anode for the 
oscillatory circuit, and a tuned circuit 
which is very similar to that of the shunt-
fed Hartley oscillator. 

The load is tapped off the anode circuit. 
The load can be varied in any of several 
ways without affecting the frequency in 
any way. 

It will be noted that the cathode, the 
control grid and the screen grid are the only 
tube elements which figure in the oscillator 
circuit. When the control grid cuts down the 
current to the screen grid it also cuts down 
the current to the anode. Likewise, when 
the grid increases the current to the screen 
rid it also increases the current to the 

anode. This means the current which flows 
in theanodecircuit is completely controlled 
by the oscillations in the oscillatory 
circuit. But changes in the anode circuit 
are in no way reflected back into the tuned 
circuit, the grid or any other part which 
forms the oscillatory circuit. 

For these reasons the E.C.O. is extremely 
stable. Where it is necessary to generate 
very high frequencies -- up to several 
million cycles per second -- the E.C.O. is 
nearly always used. 

Section 9. COMPARING FREQUENCIES 

If an oscillator is generating an alter-
nating current and voltage with a frequency 
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P.20. Electron Coupled Oscillator. 
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of 500,000 cycles per second it cannot be 
heard by the human ears. If another oscil-
lator is generating another signal with a 
frequency of 495,000 cycles per second the 
signal from this second oscillator cannot be 
heard either. 

If these two frequencies are mixed together 
in the proper vacuum tube circuit these 
same two frequencies will emerge at the 
anode of the tube. But in addition to them 
there will be a third signal which is equal 
to the difference between the two fre-
quencies, or 5000 cycles. This third 
frequency is audible to the human ears. 

This third frequency is called the " beat 
frequency". It is so-called because it is 
obtained by beating together the other two 
frequencies. It is this peculiarity of the 
various frequencies which makes it possible 
to measure the exact frequency which might 
be on the air. In measuring such frequen-
cies it is the common practice to generate 
a known frequency by means of a calibrated 
signal generator. Then this signal is mixed 
with the unknown signal. The frequency of 
the known signal is slowly varied until a 
beat frequency can be heard. 

After the beat frequency is heard the 
known frequency is slowly varied some more 
until the note of the beat frequency becomes 
lower and lower, thus signifying the known 
and unknown frequencies are coming closer 
and closer together. The beat frequency 
will become lower and lower in tone until 
it will completely disappear. When this 
happens we know that both the known and the 
unknown frequencies are at the same fre-
quency. Since we already know the one 
frequency it stands to reason that the 
formerly unknown frequency is the same as 
the known, so that now the frequency of the 
unknown signal has become known. 

This matter of measuring frequencies will 
be discussed at much greater length in 
future lessons. We merely wanted to show 
how we could always determine the exact 
frequency of any signal. All that is needed 
is some calibrated oscillator frequency. 
It is possible to purchase calibrated signal 
generators which are highly accurate. By 
using them any frequency can be measured. 
In this lesson we have barely scratched 
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the surface of the subject of oscillators. 
It is not our intention to plunge into the 
subject too deeply at this time. Many other 
types of oscillators will be taken up in 
good time. Many of them will be discussed 
at the time we discuss their actual appli-
cations. 

To mention a few other types of oscil-
lators not discussed in this lesson we can 
mention the Colpitts oscillator, the tuned,-
grid- tuned-plate oscillator, the multi-
vibrator oscillator, the Meissner oscillator, 
the crystal controlled oscillator, the 
blocking oscillator, the flip-flop oscil-
lator and many others. 

The multi-vibrator oscillator is used for 
many purposes in television and radar. It 
is used in many television receivers as the 
control medium in the sweep circuits which 
guide the electron beam in the picture tube 
as it paints the picture on the screen. 
Blocking oscillators are also widely used 
in television receivers. 

In another lesson we will go into detail 
concerningthecrystal controlled oscillator. 
This is the oscillator which is used to 
maintain the exact frequencies of radio and 
television broadcast stations. Under the 
Federal Communications Commission's regula-
tions radio broadcast stations must not 
deviate more than 20 cycles above or below 
their assigned frequency. For example, a 
broadcast station which is assigned a 
frequency of 1,000,000 cycles shall not 
permit its frequency to exceed 1,000,020 
cycles, nor drop below 999,980 cycles. You 
can readily understand that when the limits 
of frequency drift are as narrow as this 
the operator of the station must be able to 
check his frequency at all times, and know 
exactly what his frequency is. The FCC does 
not accept excuses. 

In superheterodyne receivers there is a 
local oscillator within the receiver which 
generates a frequency to " beat" with the 
incoming radio signal. This beating, or 
"heterodyning" is an interesting subject. 
But it cannot be touched upon until after 
you are familiar with oscillators. Nearly 
all radio receivers, and all television 
receivers use the superheterodyne principle 
of signal amplification. 

(Reference Notes on the Dcle followtn) 



NOTES FOR. REFERENCE 

An oscillator is an electronic device for generating alternating currents and voltages. 

An oscillator depends upon a vacuum tube's ability to amplify. 

• 

• 

In every oscillator a small part of the output of the circuit is fed back into the input 
of the circuit 

The Armstrong oscillator, also called the " tickler feed-back oscillator", is often used by 
amateurs and other experimenters, but is found in few commercial receivers. 

The Hartley oscillator is very widely used. 

The Electron Coupled Oscillator is widely used at higher frequencies or where a high order 
of stability is necessary. 
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Section 1. INTRODUCTION 

In a previous lesson we have discussed 
capacitors in general. There we learned 
the essential elements of any capacitor, or 
"Condenser" as they are alsocommonlycalled, 
are two electrical conductors separated by 
a non-conductor. 

We also learned that an electrostatic 
charge could be stored in a capacitor. The 
amount of such charge would depend upon 
the size of the electrical conducting 
"plates", the kind of insulator or "dielec-
tric", and the distance between the plates. 

It was explained how the capacitor, by its 
very nature would act to block the passage 
of direct current. However, it has the 
ability to apparently "pass" alternating 
current, and for all practical purposes does 
pass it. 

In this lesson we take up the study of a 
very special type of capacitor. It is one 
which has several important uses in Radio 
and Television work, and is widely used. 
When used properly it is highly useful 
but, like many other things, it has its 
limitations. This capacitor is called an 
electrolytic capacitor. 

Section 2. SPECIAL FEATURES OF 
THE ELECTROLYTIC CAPACITOR 

Electrolytic capacitors have two special 
qualities which make them indispensable to 

modern commercial 
circuits. 

00 They have a lot 

radio and television 

of capacity. 

(.2) They can be constructed to contain this 
high capacity in a comparatively small 
physical space. 

These two qualities are really inter-
locked. Before electrolytic capacitors were 
made, it was possible to make capacitors of 
high capacity, but they occupied a lot 
of valuable space. Likewise, physically 
small capacitors were made and used, but 
they had extremely low capacity and hence 
their usefulness was definitely limited. 

Electrolytic capacitors also have serious 
limitations. They must be polarized in most 

Fié.1. Electrolytic Capacitor. 
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TABLE I 

MATERIAL DIELECTRIC CONSTANT 

Air 

Ebonite 

Glass ( flint) 

Glass ( haro crown) 

Glass () eau) 

Gutta Percha 

Mica 

Paraffin ( waxed paper) 

Shellac 

Acetone 

Alcohol ( at 00 C) 

amyl 

ethyl 

methyl 

Ammonia 

Benzene 

Glycerine 

Petroleum 

Pure /ater 

I.0 

2.7 

9.9 

7.0 

6.6 

4.1 

5.8 

2.1 

3.1 

26.6 

17.4 

28.4 

35 

22 

2.3 

56.2 

2.1 

81 

applications, and the voltage they can 
4thstand without breakdown is limited, i/Mfearely exceeding 800 volts. Moreover, they 
ust be made by a special process; they de-
teriorate with the passage of time and they 
are affected by excessive temperature and 
humidity conditions. 

Yet in both radio and television receiver 
circuits, their limitations do not seriously 
hamper their effectiveness in performing 
certain specialized functions safely and 
economically over a period of years. 

Section 3. THE FACTORS OF CAPACITY 

In any capacitor, the capacity is de-
, termined by three factors: 

1. The total area of the plates. 
1.,,,i 
(,. 

2. The distance between the plates, or the 
A thickness of the dielectric. 
.1 
: 

The nature of the dielectric. This is 
//expressed as the dielectric constant, 

/./ which is the ratio of the capacitor using 
a given dielectric to the capacity of the 
same condenser using air as a dielectric. 

In most cases, of course, it would be 
extremely difficult to remove the dielectric 
from a capacitor and use air as the dielec-
tric instead. However, with the area of the 
plates and their distance apart known, it is 
a simple matter to compute the capacity 
using any dielectric whose constant is 
known. The constants of the more common 
dielectrics are compiled in tables. Compu-
tations may be made by the use of the 
following formula: 

8.84 KA 

= 77.7 7—cL 

here: C is the capacity in microfarads. 

K is the dielectric constant. 

A is the area, in square centi-
meters, of the plates actually 
facing each other. 

L is the thickness of the dielec-
tric in centimeters. 

Table I gives the dielectric constant of 
various materials, and comparison may be 

with the dielectric constant of air, 
which is unity. 

Section 4. CAPACITY FACTORS IN AN 
ELECTROLYTIC CAPACITOR 

Obtaining high capacity in an electro-
lytic capacitor is achieved by a process 
which miraculously reduces the inter-plate 
distance to a microscopic value. This dis-
tance is barely a molecule or two thick! 
So small is it, in fact, that the other 
capacity-determining factors, such as plate 
area, and dielectric constant, may be quite 
unimportant in comparison to the very small 
distance between the plates. In this manner 
manufacturers are able to produce midget-
sided electrolytic capacitors with capacities 
of 1000 microfarads or more. Such capacity 
values in small capacitors were unheard of 
before the development of the electrolytic. 
Today they are common values in -scores of 
radio and television circuits. 

In the electrolytic capacitor, the area 
of the plates is left much the same as in 
other types of capacitors; in fact, the 
plate area is often reduced considerably, 
but this reduction is quite permissible 
because of the closeness of the plates made 
possible in the electrolytic type. The 
closeness of the plates has increased 
the capacity so much that we can easily 
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afford to make the area of the plates con-
veniently small. 

In electrolytic capacitors, likewise, the 
dielectric constant is roughly the same as 
in other capacitors. Here, too, the close-
ness of the plates is so effective in in-
creasing capacity that we can easily afford 
to use a material whose dielectric constant 
is even lower than that of air. 

Section 5. VOLTAGE BREAKDOWN 

In the lesson on "Capacitors", emphasis 
was placed on still another characteristic 
of capacitors. This is the matter of 
voltage breakdown. 

The ability to withstand a certain amount 
of impressed voltagewithoutbecoming damaged 
by a spark Jumping through the dielectric is 
a measure of the voltage rating of a ca-
pacitor. This characteristic is also known 
as the dielectric strength of the material 
used in the capacitor, and is generally 
expressed in volts per unit of thickness. 

The following table will permit you to 
compare the dielectric strength of various 
common materials, most of them used in 
capacitor construction. 

TABLE II 

MATERIAL DIELECTRIC STRENGTH 
(in volts per centimeter) 

Air 30,000 

Bakelite 210,000 

Ebonite 700,000 

Glass 350,000 

Gutta Percha 140,000 

Mica 500,000 

Paraffin ( waxei paper) 290,000 

Transil Oil 100,000 

To compute the voltage rating of a given 
capacitor, it is only necessary to determine 
the material used, measure its thickness in 
centimeters, and divide this dimension into 
the dielectric strength of this material. 
(It may not be an easy matter to measure the 
thickness of a given dielectric without 
the use of micrometers. Fortunately the 
actual construction of a capacitor is a 

problem for the engineer.) 

CODE fr FD. V.D.C. 

REO 40 150 
BLUE 20 150 
ORANGE 20 150 
BLACK COM. NEG. 

Fié.2. Voltage and Capacity are Narked 
on Electrolytics. 

The voltage rating of capacitors, fortu-
nately, is supplied by the manufacturer, and 
is almost universally printed or represented 
in color code in legible form upon the body 
of the capacitor itself, along with the 
.microfarad capacity rating. Except where 
there may be some doubt as to whether the 
capacitor has changed value, we may take 
the manufacturer's voltage and capacity 
rating as correct. (See Fig. 2.) 

You will probably think of the following 
question at this time: " If an electrolytic 
capacitor reduces the distance between the 
plates to such a small quantity, won't a 
capacitor ofthistype necessarily be limited 
in its voltage rating?" 

In the case of non-electrolytic capacitors, 
the answer is of course, " yes", but in the 
electrolytic capacitor, this answer must 
be qualified in an important way. This 
is because the electrolytic capacitor uses 
a dielectric which has a peculiar uni-
directional character. 

Fig. 3 gives a much-enlarged view of the 
essential construction of an electrolytic 
capacitor. Let us first notice the polarity 
of the terminal leads, marked positive at 
the aluminum plate and negative at the 
metallic container. The electrolyte acts 
as one of the plates of this capacitor. The 
electrolyte, which is a good conductor of 
electricity, is in contact with the metallic 
container, which may also be made of alumi-
num, as well as with the thin film of oxide 
on the positive aluminum plate. Thus we 
have the basic requisites for a capacitor: 
Two conductors separated by a non-conductor, 
which in this case is the oxide film. 

Since the oxide film is very thin, on the 
order of millionths of an inch, the two con-
ductors are considered to be very close to 
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Fté.3. Construction of Electrolytic. 

each other, a fact which seems rather 
obvious. However, this oxide film is a 
non-conductor only in one direction. If we 
try to make current flow from the negative 
terminal of the capacitor through the elec-
trolyte and the oxide film to the positive 
terminal, the oxide, being a non-conductor 
in this direction, will prohibit such cur-
rent flow. If, on the other hand, we drive 
current from the positive plate through the 
oxide and the electrolyte to the negative 
terminal, the oxide will permit this current 
to flow, and the unit no longer acts like a 
capacitor. This is because we no longer 
have two conductors separated by a non-
conductor. 

What we do have, instead of a capacitor, 
with the wrong polarity of applied voltage, 
is a short-circuit, the total conducting 
path of current consisting of three good 
conductors: the aluminum plate, the oxide, 
and the electrolyte. When incorrectly 
polarized, therefore, an electrolytic ca-
pacitor will act like a short circuit; it 
will heat up considerably, it may even 
explode, and is likely to seriously damage 
other components in its circuit. It may 
even result in serious bodily harm to the 
technician, if placed in a circuit in the 
wrong polarity. 

Section 6. THE "FORMING" PROCESS 

In order to produce the thin oxide film 
in an electrolytic capacitor, a process 
known as " forming" must be applied. This 

process, done under very carefully con-
trolled conditions, is simple in principle. 

After the aluminum plate, the electrolyte 
(which may be either in liquid or in paste 
form), and the metallic container are as-
sembled, a voltage is applied to the unit. 

This voltage is D-C in nature, and is of a 
value corresponding to the desired break-

down voltage of the finished capacitor. If 
a 450-volt electrolytic capacitor is to be 
"formed", this value of D-C voltage is 
applied with the positive pole of the D-C 
source connected to the aluminum plate of 
the capacitor and the negative pole of the 
source connected to the negative terminal. 
The chemical action which then takes place 
is not fully understood, but it results in 
the oxidation (a chemical union) of the 
electrolyte in the form of a thin film 
deposited upon the aluminum plate. This 
film, as was mentioned earlier, is only a 
few molecules thick, its exact thickness 
depending upon the applied voltage and upon 
the length of time this voltage is applied. 
Experiment has shown that the breakdown 
voltage of the " formed" capacitor will be 
about equal to the voltage applied in 
"forming" it. Moreover, the polarization 
of the finished capacitor will be the same 
as the polarity of the applied voltage. 

By the proper selection of applied voltage 
values, and the time interval of the forming 
process, electrolytic capacitors can be made 
with any reasonable degree of capacity and 
voltage rating. For instance, by adjusting 
the voltage and time factors in the forming 
process, capacitors may be made with a ca-
pacity of 20 mfd and a voltage rating of 
150 volts. This would be referred to as a 
20-150 electrolytic. Or, by adjusting the 
voltage and time elements, a capacitor could 
be made with a capacity of 20 mfd and a 
voltage rating of 450 volts, which would be 
known as a 20-450 electrolytic. 

While there is no practical limit to the 
smallest voltage rating of an electrolytic 
capacitor, the upper limit seldom exceeds 
800 volts. 

While not a rigid rule, the general state-
ment can be made that the lower the voltage 
rating of an electrolytic capacitor, the 
higher its capacity. This general relation-
ship is evident when we consider that while 
the closeness of the plates adds capacity to 
the capacitor, it also reduces the voltage 
rating by virtue of the closeness of the 
plates. 
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Examples of this relationship can bei (2) 
seen when one thumbs through the pages of 
a radio and television parts catalogue, 
where capacity and voltage rating of the 
merchandise are specified. We find, for 
instance, that the 1000 mfd units are r ted 
at 6 volts, the 100 mfd units at 10 volts, 
the 50 mfd units at 50-150 volts, the 20 mfd ( 1) 
units at 150-450 volts, and the 8 and 10 
mfd units at 600-800 volts. This is not 
a complete list, and there are many values 
of intermediate voltages and capacities., 
Yet this abbreviated list will indicate' (4) 
the tendency for the higher capacity elec-
trolytic capacitors to conform to the low4!: 
voltage breakdown ratings, and for the' 
higher voltage ratings to correspond to 
lower capacities. 

Sect ton 7. THE ELECTROLYTIC 
CAPACITOR AT WORK 

Because of the character of an electro-
lytic capacitor, its usefulness within its 
limitations is very great. This usefulness 
rests upon the ability of the electrolytic 
capacitor to combine two important charac-
teristics in one unit; high capacity and 
small size. 

The applications of the electrolytic 
capacitor in electronic circuits may be 
considered under several different groups: 

It will effectively remove the 60- or 
120-cycle hum which is usually present 
in a rectified power supply. Rectified 
power supplies are used in radio re-
ceivers, amplifier systems, inter- corn 
systems, and in television. 

It will effectively stabilize the bias 
voltage in a cathode-biased audio ampli-
fier stage. Such stabilization is 
responsible for the amplification of 
the low audio frequencies, representing 
the bass tones in an audible signal. 

It will remove the chatter of a self-
rectifying D-C relay system, such as is 
employed in electronically- operated 
photo- electric equipment. 

It will enable a split-phase electric 
motor to start its rotation. Such motors 
are used in some radio circuits for 
automatic tuning, involving a set of 
push-buttons. 

These applications for the electrolytic 
capacitor are possible simply because elec-
trolytics -- like all capacitors -- have the 
fundamental property of opposing a change of 
voltage. Besides, the electrolytic can pack 
a lot of capacity in a small space. It 
is evident that not only must the job of 
opposing a change of voltage be done, but 
also that it must be done by an efficient, 
compact, and economical device. The elec-
trolytic fits all of these requirements to 
a remarkable degree. 

Section 8. THE ELECTROLYTIC 
CAPACITOR AS A FILTER 

Fig. 4 illustrates the fundamental circuit 
for a standard half-wave rectified power 
supply, and is representative of hundreds of 
thousands of such power supplies used in 
radio and television receivers today. Notice 
that this system contains no filtering 
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Fié.4. Half- Wave Rectifier. 
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circuit, but simply represents the recti-
fying components involved. 

In this illustration, when the plate of 
the rectifying diode is positive, as it must 
be on every other half-cycle, current starts 
flowing at the negative side of the power 
supply through the on-off switch, into the 
ground connection, through the receiver 
chassis to the lower end of the load, up 
through the load and to the diode cathode 
and anode, and finally to the positive side 
of the supply source. This path is indicated 
by the arrows. The current thus flowing 
causes a voltage-drop in the load, with the 
polarity shown. 

On the next half cycle, when the diode 
plate is negative, however, a different 
condition prevails. Since the diode does 
not conduct current from plate to cathode, 
it will block any current from taking this 
reverse path. The voltage drop across the 
load now becomes zero, and it will remain 
at zero so long as the plate is negative 
with respect to the cathode, which will be 
until the A-C power source again reverses 
its polarity. 

The results of this rectifying action are 
evident from the wave-patterns in Fig. 4. 
While the input voltage from thepower source 
is a smooth-changing alternattnê voltage, 
the voltage across the load is not only uni-
directional, but also is interrupted for the 
duration of one-half of a cycle during each 
cycle. We have come to know this type of 
voltage as pulsatiné D-C. Note the compara-
tively long interval (siownascross-hatched) 
of interrupted voltage across the load. 

Fie.5. Rectifier with Filter Circuit. 

As is discussed in a previous lesson (The 
Diode Rectifier), this interrupted, or 
pulsating form of D-C is seldom suitable 
for supplying a system of amplifying tubes 
with their D-C operating voltages, the 
B-supply. Such interruptions, occurring 
60 times each second, will impart to any 
signal being amplified a 60-cycle hum which 
may completely mutilate the signal. Looked 
at from a slightly different point of view, 
it would be the same as if the amplifying 
system operated half of the time, with 
interruptions each 60th of a second. 

If we want the amplifying system to operate 
without interruption all of the time, which 
is a reasonable requirement, it will be 
necessary to fill in the gaps between the 
conducting half-cycles of the rectified out-
put voltage from this rectifier system. 
This would provide amplifier tubes with a 
steady D-C potential equivalent in stability 
to that of a battery, and the signal would 
be amplified successfully with a negligible 
trace of hum. 

As previously indicated in the lesson on 
the Diode Rectifier, this stabilizating, or 
"smoothing" effect is accomplished by a 
filter system, whose components include the 
all-important electrolytic capacitor. 
Fig. 5 is a reproduction of the half-wave 
rectifier system of Fig. 4, with the ad-
dition of the filter circuit, the filtering 
elements being C-1, the filter choke and C-2. 

Here the rectifying action of the circuit 
is the same as in the previous diagram, with 
current flowing in the direction indicated 
by the arrows. The D-C polarity of the 
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voltage drop across the load is also the 
same, but, as will soon be evident, this 
D-C polarity will now be steady, instead 
of interrupted. Let us study the action 
of C-2 first. 

Section 9. ACTION OF C-2 

When current flows through the load, on 
those half cycles when the diode plate is 
positive, a voltage drop occurs in the load 
with the indicated polarity. Note that C-2 
is in parallel with the load. Since any two 
parallel components must always have the 
same voltage across them, the voltage drop 
across the load is applied to C-2 as well. 
If the top of the load is positive, then the 
top plate of C-2 must also be positive, 
since they are connected together. The 
bottom of the load being negative, there-
fore, makes the lower plate of C-2 negative 
also, since they are also connected together. 

What do "positive" and "negative" mean 
when applied to a capacitor? If one plate 
of a capacitor is positive itmustbe lacking 
in electrons. If the other plate of this 
capacitor is negative, it must have too many 
electrons. With these conditions in mind, 
let us now considar the action that must 
take place during the half- cycle of the 
power source when the diode plate is driven 
negative. At this time we know the uni-
directional diode will reject the supply 
voltage, and the current, as well as the 
voltage drop in the load will tend to drop 
toward zero. 

C-2, which has been charged up on the 
previous half-cycle, tends to prevent 
the reduction of load current and voltage 
during the non-conducting half cycle. If 
there are too many electrons on its lower 
plate and too few electrons on its upper 
plate, and if a discharge path is available, 
the electrons will move to cancel out this 
inequality or unbalance. Can C-2 find such 
a discharge path? You can readily see that 
such a discharge path is provided by the 
load. Electrons, in abundance on the lower 
plate of C-2, will flow upward through the 
load and settle upon the electron-hungry 
top plate of C-2. Note that they had to 
move upward through the load to get there. 
This upward motion through the load causes 
a voltage drop to occur in the load in the 
same polarity as was caused by diode current 
through the load on the previous half-cycle. 

It is noteworthy that while the supply 
source is causing the voltage-drop in the 

load, C-2 is in parallel with the load. 
However, on the next half-cycle, when the 
source is effectively inoperative, the charge 
on C-2 is permitted to act through the load, 
and on this half-cycle, C-2 is in series 
with the load. In other words, C-2 acts 
like a battery being charged on one half-
cycle, and like a battery being discharéed 
on the next half-cycle. 

The very desirable consequence of C-2 in 
this circuit, therefore, is to hold the 
voltage across the load constant, filling 
in the gaps between conducting half-cycles 
of the diode rectifier. 

In order to accomplish this purpose, C-2 
must be made with three requisites in mind. 
It must have enough capacity to enable it to 
accept the full voltage developed across the 
load. It must have the dielectric strength 
to withstand this voltage without puncturing. 
And, it must be small enough to conveniently 
fit into the radio or television receiver of 
which it becomes a part. The electrolytic 
capacitor meets these requirements. 

/For a half-wave rectifier system, C-2 
/should be at least 20 mfd and should be 
_.,rated at 150 D-C volts. Because of its 
location in the filtering circuit, and not 
due to any peculiarity of the capacitor it-

1 self, C-2 is referred to as the output 
filter capacitor. 

•-•"The input filter capacitor, C-1 of Fig. 5, 
may be an exact electrical and physical 
duplicate of C-2. Its action, though simi-
lar to that of C-2, has an additional 
feature, presently to be discussed. Let 
us now examine Fig. 6. As can be seen, this 
diagram is electrically the same as that of 
the previous illustration, but the com-
ponents are laid out in a somewhat different 
arrangement which makes it a little easier 
to understand. 

Section 10. ACTION OF C-1 

While C-2 is performing its job of op-
posing the chanée of voltage across the 
load, C-1 is busily at work on a similar 
task. We may see from the diagram of Fig. 6 
that C-1 parallels the remainder of the 
circuit that includes the filter choke in 
series with the load, which in turn, is 
paralleled by C-2. 

The cathode of the rectifier is the point 
of origin for the desired steady D-C po-
tential known as the B-supply. It feeds the 
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amplifier tubes with their D-C operating 
voltages. The cathode, as part of a uni-
directional diode tube, will tend to alter 
its voltage in accordance with the supply 
source. This places a 60-cycle component 
upon the cathode, and this hum-generating 
component, like that in the load itself, 
must be opposed for successful operation of 
the receiver in which the filter system 
is installed. 

C-1, like C-2, is an electrolytic capaci-
tor. As such it contains a high capacity 
within a small space. Being a capacitor 
gives it the ability to oppose this change 
of voltage upon the cathode, and being elec-
trolytic enables such opposition to be 
extremely effective. 

Insofar as C-1 is concerned, it will 
oppose any changes of voltage across any 
circuit with which it is in parallel. What 
circuit is in parallelwithC:1? As mentioned 
previously, C-1 is paralleled by the filter 
choke and the load, which are in series with 
each other. C-1 will therefore oppose any 
voltage changes (which tend to occur 60 
times per second in accordance with the 
power source) across the series combination 
of both the filter choke and the load. The 
load, being a part of this series circuit, 
enjoys the additional stabilizing effect of 
C-1, together with that provided by C-2. 
Thus the load voltage is further smoothed 
out, or filtered, by C-1. 

Charging the input filter capacitor, C-1, 
on the conducting half-cycle of the diode 
is brought about when current from the nega-
tive side of the supply line flows through 

the switch to chassis, up through the load 
and the filter choke .in series, across the 
diode, and finally to the positive side of 
the line. Since the input filter capacitor 
bridges both the load and the choke, any 
voltage drop across these series components 
will be applied to the input filter, and the 
charge is placed upon its plates in the 
polarity illustrated. The discharge path 
of this capacitor, on the non-conducting 
half-cycle of the diode, is from the nega-
tively charged lower plate down to the 
chassis, through the chassis to the load, 
up through the load and the filter choke, 
and finally to the electron-hungry positive 
top plate of C-1. Note that here, as in the 
case of the output capacitor, in order to 
make the trip, electrons must move upward 
through the load. This is the same direction 
which diode current takes on the conducting 
half-cycle. The voltage drop across the 
load, instead of being pulsating, will now 
have the voltage gaps between the pulses 
filled in. 

Section 11. CURRENT THROUGH THE LOAD 

To increase your understanding of the 
fundamental principle involved in attaining 
a smooth D-C rectified output by the use 
of electrolytic capacitors, let us repeat 
with emphasis a very apt phrase from an 
earlier lesson on "The Diode Rectifier". 

"The load doesn't know nor care whether 
the electrons which are flowing through it 
at any particular instant are directly from 
the power line or are from the discharging 
capacitor, just so they are all flowing in 
the same direction." This statement, if the 

O 
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charging and discharging paths of a capaci-
tor are clearly traced, tells the story in 
a nut-shell. 

The input filter capacitor has still 
another function, in addition to smoothing 
out the 60- cycle hum component. This 
function is to build up the D-C -roltage 
to a high value and to keep it high. If 
the input filter, C-1, is omitted in Fig. 6, 
the value of the rectified pulsating D-C 
voltage will be half of the average A-C 
line voltage. This reduced value of voltage 
will be measurable at the cathode of the 
diode, with respect to ground. The presence 
of a high-capacity electrolytic capacitor 
between the cathode and ground, however, 
will maintain a voltage across these points 
at about the peak A-C line voltage. Since 
half of the average A-C line voltage (nomi-
nally at 115 volts) is only a value of about 
50 11-C volts, it is evident that this voltage 
would not be suitable for a set of amplifier 
tubes built to operate at 100 volts. Peak 
A-C line voltage, on the other hand, will 
provide a D-C rectified and well- filtered 
output of well over 135 volts at the recti-
fier cathode, more than sufficient to be 
suitable for the amplifier plates and 
screens. (Remember that the peak voltage 

is 1.414 times the effective voltage.) 

Just how this peak value is obtained may 
be seen by consideringthecircuit of Fig. 7. 

This is an equivalent circuit to that of 
Fig. 6 with this exception (for the sake of 
simplicity): We have substituted a single 
resistor to represent the sum of all com-
ponents in the load. 

On the conducting half-cycle of the diode 
in the figure, current passes through the 
load and causes a voltage drop across it 

which, except for the negligible drop in the 
diode, is equal atanyinstant to the applied 
line voltage. What values does the line 
voltage assume? We may go back to our A-C 
fundamentals and recall that the peak 
voltage of A-C is the effective value multi-
plied by 1.41 or 162.15 volts. At the 
instant this peak, or maximum is reached, 
a drop across the load takes place at very 
nearly this value. Since the load drop is 
immediately applied across the capacitor, 
the capacitor must also assume this peak 
voltage. Once obtained, this voltage will 
remain on the capacitor until it is leaked 
off either through imperfections in its own 
construction or through the load. The former 
possibility is so small as to be of no im-
portance in this connection. 

The load, however, is an intentional 
leakage path for the electrons from the 
lower plate of this capacitor. If we can 
make either the load resistance high or the 
capacitor capacity high, the leakage will be 
slow. We cannot readily make the load re-
sistance too high since that would alter 
the load's operating character. Besides the 
"load" may consist of the tube system, whose 
internal resistances are unchangeable by 
ordinary means. The only alternative left 
is to select a capacitor of a very high 
capacity. Thanks to electrolytic capacitors, 
this is possible. These capacitors can pack 
a lot of capacity into a small space. 

It is evident that if the leakage of 
capacitor electrons is very slow, the ca-
pacitor will maintain much of its peak 
charge until the next charging cycle, 1/60 
of a second later. We see that in order to 
attain, and hold, a high D-C charge, the 
capacitor must be made with the necessary 
capacity to keep from discharéiné between 
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conducting cycles of the rectifier. Normally 
the input filter capacity is rated at around 
40 to 50 mfds. 

ectton 12. THE FLECTROLYTIC 
AS A CATHODE BY-PASS 

High-capacity, and low voltage, electro-
lytic capacitors are employed to excellent 
advantage in the cathode circuits of audio 
amplifiers, a diagram of which is shown in 
Fig. 8. This is a simplified diagram to 
illustrate the usefulness of electrolytic 
capacitors in stabilizing the bias (where 
cathode bias is used) in an audio amplifier. 
The diagram represents the two final stages 
in a radio receiver, which handles audio 
frequencies only. 

Previous lessons on amplifier tubes have 
explained the meaning of tube bias, and 

Fig.8. Electrolytic in a Cathode Circutt. 

indicated that biasing a stage of an ampli-
fier or a radio receiver is of the utmost 
importance. 

Among the means of obtaining bias in a 
tube, the cathode resistor and condenser 
is very common. According to the tube-
manufacturer's data, there should be a 
specific D-C difference of potential be-
tween the control grid and the cathode. 
Now it makes no difference what these two 
potentials are, so long as the proper 
difference between them is maintained. I 
the tube manufacturer specifies a bias o 
negative 8 volts on the grid of the tube 
with respect to the cathode, we may either 
make the grid negative 8 volts, or make 
the cathode positive 8 volts with respect 
to the grid. This latter method is the 
simplest and the most economical. It is 
done in the following manner: 

TIE-10 

Since tube current must flow from ground 
to the cathode on its way to the plate of 
the tube, it is led through a resistor of the 
proper value to create a voltage drop equal 
to the specified bias of the grid. Reference 
to Fig. 8 indicates that since this tube 
current must take an upward path across the 
cathode resistor, the resulting voltage drop 
will be as indicated; that is, positive at 
the cathode with respect to ground. The 
grid, however, is tied to ground through 
its grid resistor. Since this grid resis-
tor passes only a minute amount of current, 
the voltage drop across it is negligible in 
most cases. This keeps the grid practi-
cally at ground potential. 

But the cathode is more positive than 
ground, and therefore more positive also 
than the grid. This is exactly what the 
tube manufacturer specified. The actual 

number of volts by which the cathode is more 
positive than the grid is easily determined: 
Choose the ohmic value of the cathode resis-
tor to provide the specified drop when the 
known tube current is flowing. This is in 
accordance with Ohm's Law. 

The action of the electrolytic by-pass 
apacitor which parallels the cathode resis-
tor is of great consequence when we are 
considering the low, or bass, audio notes 
in a signal. We recall that bias must be a 
D-C potential difference between control 
grid and cathode. If the by-pass capacitor 
were absent, the bias would pulsate in 
unison with tube current, which in turn 
corresponds to the signal changes. This is 
not the bias we need. We must do something 
to keep the bias from pulsating, otherwise 
the signal strength will be weakened by a 
process known as degeneration. 
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Fig.9. 2-Section Electrolytic. 

We know that a rising grid signal voltage 
causes more tube current to flow. This 
causes a greater drop in the cathode resis-
tor, and raises the cathode voltage. Like-
wise, a decreasing grid signal voltage 
causes less tube current to flow; this 
causes a decreased drop in the cathode 
resistor, and lowers the cathode voltage. 
The result is that the signal voltage on 
the grid is being cancelled out to a great 

extent, because every time it changes, the 
cathode voltage tends to change with it. 
But the amplification of the stage depends 
upon a distinct difference of potential (at 
signal frequency) between the grid and the 
cathode. If these differences fail to 
occur to the desired extent, the signal 

itself is made ineffective. 

This is where the electrolytic by-pass 
capacitor steps into the picture. We see 
that to avoid the process of degeneration 
we must do something to oppose the voltage 
changes at the cathode of the stage. The 
electrolytic capacitor is made to order for 
the job. If we place it across the resistor, 
in the correct polarity of course, it will 
oppose any change of voltage between the 
cathode and ground provided it contains 
enough capacity to hold the cathode voltage 

at a high value between audio pulses. 

Audio frequencies may be very low, often 
below 25 cycles per second. It will ob-
viously take a high capacity capacitor to 
hold the cathode voltage high between these 
comparatively slow-changing pulses. If the 
electrolytic can hold the cathode voltage 
during 25 cycle audio pulses successfully, 
it will do so withevengreater effectiveness 
for the entire range of audio frequencies 
above 25 cycles per second. Generally, in 
the higher quality receivers, these electro-
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Ftg.10. 3-Sectten Electrolytic. 

lytic by-passes are of 8 or 10 mfd. In the 

II(. smaller models, however, much greater depth, of tone is achieved by values above 25 mfd. 
The breakdown voltage of these capacitors 
need not exceed the tube bias by over ten 
per cent. Tube bias seldom exceeds 10 or 12 
volts, thus the cathode capacitors usually 
are rated at 25 volts  approximately. 

---- ------- ' 
Section 13. MULTIPLE SELTION ELECTROLYTICS 

Since in most of the applications of elec-
trolytic capacitors more than one such unit 
is employed, manufacturers have provided 
multiple-section electrolytics. A dual 
section electrolytic is illustrated in 
Fig. 9. This would be suitable for use 
in a radio receiver, each of the two sections 
being used in the filter system. 

Fig. 10 illustrates a triple- section 
electrolytic unit. Here we have the in-
put and output capacitors, as well as the 
cathode by-pass capacitor for the output 
stage -- all in the same package. 

Ft..11. Common Positive Electrolytic. 
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Fié.12. Various Types of Electrolytic. 

Fig. 11 illustrates the so-called "common 
positive" electrolytic capacitor unit. It 
consists of two separate capacitors with 
their positive sides tied together. This type 
is unconventional in most circuits, but it 
will nevertheless, be found from time to time. 

Electrolytics are made in various models 
and sizes. They may be " wet" or " dry", 
large or small, single or multiple. They 
may be square or cylindrical, or they may 
be metal - or paper - enclosed. Fig. 12 
pictures some of the most popular types. 

Eté.13. 

Section /4. POWER FACTOR 
IN WeCTROLYTICS 

The action of a capacitor in accepting a 
charge is attributed to the distortion in 
the molecules of the dielectric. In a 
dielectric where the electrostatic field 
is continuously changing, such repeated 
distortion must result in molecular friction 
and becomes evident as heat. Thus some 
power is lost in the capacitor due to 
dielectric hysteresis. 

Since the dielectric in a capacitor can 
never be a perfect non-conductor, it will 
pass a minute amount of D-C current when a 
Voltage is applied. This leakage current, 
too, represents a loss of power from the 
system. 

7-Both the dielectric loss and the leakage 
oss account for a small, but noticeable, 
ifference between the power applied to an 
lectrolytic capacitor and that delivered 
y it; that is, it accounts for a decrease 
n efficiency of the capacitor. The ef-

/ficiency ofanycapacitor may be conveniently 
\expressed as its PowerFactae. It means 
that if a capacitor has a power factor of 
3%, there is a loss within the capacitor 
of 3% of the applied power. 

• 

• 
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We must conclude, then, that the lower the 

power factor, the more efficient the capaci-
tor. If the power factor rises too high, 
the efficiency becomes low and the capacitor 
heats up. 

(It should be pointed out here that the 
power factor of the ordinary electrical A-C 
circuit is mathematical relationship between 
current and voltage such that the opposite 
condition is true -- that is , if the power 
factor is low , the efficiency in the line 
is also low.) 

Power factor of an electrolytic capacitor 
can be readily measured by the use of an 
instrument called the Cappcit.y. Analyzer, 
which will also measure its capacity. The 
power factor of an electrolytic capacitor 
can also be computed from known voltage and 

1 current readings throughout the circuit 

L/involved. 

Section 15. DEFECTIVE FLFCTROLYTICS 

After Electrolytic Capacitors have been ini 
use for some time, usually several years, 
they have a tendency to dry out. Sometimes 
this results in the filk on the aluminum 
becoming even thinner than normal. Some-
times the film disappears. 

When the film deteriorates there will 
frequently be a breakdown under the pressure 
of the voltage. Instead of the film holding 
back the electrons they are able to break 
through. When this happens, the electro-
lytic will no longer act as a capacitor; : 
instead it will act as a short circuit. 
(See Fig. 13.) 

Usually when this happens the rectifier 
tube will be affected. A short-circuited 

OVERHEATED TUBE 

WILL QUICKLY BURN 
UP. 

HEAVY ELECTRON 
FLOW 

SHORT 
CIRCUIT 

Fig. 14. 

Fié.15. Using Ohmmeter to Check an 
Electrolytic. 

/electrolytic capacitor will effectively \ 
/ short circuit the load. Instead of the high 
f resistance of a load there will be only the 
' very low resistance of the short-circuited 

electrolytic. This will allow a large elec-/ 
tron current to flow through the diode/ 
rectifier tube. 

An unusually heavy current through the 
tube will overload the anode. The large 
numbers of electrons will bombard the anode 
so heavily it will probably become red-hot. 
A very few minutes of overload will probably 
overload the tube and burn it out. (See 
Fig. 14.) 

Section 16. TESTING FOR 
DEFECTIVE FIFCTROLYTIC 

Whenever an electronic device becomes 
inoperative and tests show the rectifier 
tube to be burned out it is always wise to 
check the electrolytic capacitor before 
replacing the tube. Should the electro-
lytic be short circuited, and another tube 
be inserted, the chances are very good the 
new tube will also burn out quite quickly 
-- probably within a few minutes. 

(, The electrolytic can be readily checked 
using an ohmmeter. The test prods of 

the ohmmeter are connected as shown in 
/ • !_Fig. 15, with the power turned off. If 
the ohmmeter shows a high resistance, the 
capacitor is probably in good condition. 
But if the resistance is low, that is, only 
a few ohms, the electrolytic is no good and 
should be replaced. 
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In servicing any radio, television or 
other electronic device the usual pro-
cedure is to first check the condition of 
the vacuum tubes. The second thing is to 

check the condition of the electrolytic 
capacitor. These two things account for 
more trouble than all the other components 
put together, 

NOTES FOR REFERENCE 

Electrolytic capacitors pack a lot of capacity within a small space. 

They must be polarized properly, and voltage ratings observed. 

Their chief use is in rectifier power supplies, where they smooth out the unwanted hum of 
rectified power. 

They are also used extensively in the cathode circuits of audio amplifiers, for the purpose 
of improving the tone response of a signal. 

Capacitance is the ability to oppose a change of voltage. 

Capacity is the measure of how many coulombs of electrons a certain capacitor can hold on 
its plates. 

Dielectric strength determines the voltage breakdown point of a capacitor. Its voltage 
rating should be precisely observed. 

D-C working voltage (abbreviated "DCW" on some electrolytic capacitors) is the steady D-C 
potential which it will withstand for prolonged periods of time. 

Peak working voltage (abbreviated "PWV" on some electrolytic capacitors) is the maximum 
voltage the capacitor will withstand, even for an instant. An electrolytic capacitor 
should be installed only after careful consideration and computation of the peak voltages 
possible in the circuit involved. 

IMPORTANT WARNING: Serious damage to equipment and harm to personnel can be the result of 
incorrect installation of an electrolytic capacitor. Be carefUl! 

DO NOT USE ON PURE A-C.  

• 
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Section I. INTRODUCTION 

In our studies of electron tubes and their 
various applications in radio and television 
work, we have learned of many unusual things 
these tubes are capable of doing. We have 
learned that in one application they can 
take an almost unbelievably small voltage 
which has been created by a passing electro-
magnetic wave and build it up to much greater 
values. We have learned how another type 
of electron tube can drive a loudspeaker or 
operate a relay. Even more astonishing, in 

a way, is the cathode ray tube which is 
capable of converting a stream of electrical 
impulses into a visual picture. 

In our study of the cathode ray tube 
we need knowledge of sawtooth wave forms, 

and sawtooth oscillators. It is our purpose 
now to explain to you some of the uses of a 
sawtooth wave form and, equally important, 
how such a peculiar wave form is generated. 

In most of our previous studies our dis-

cussions have revolved around sine waves. 

Fié.1. Sawtooth Oscillators are Used in Television and in Oscilloscopes. 
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SAWTOOTH 

SINE - WAVE 

SQUARE WAVE 

PEAKED WAVE 

Fig.2. Various Types of Voltage 
Wave Forms. 

The reason for this is that alternating 
currents and voltages in their normal state 
assume a wave form which closely follows 
the curve which is drawn in graphing a 
trigonometric sine. But there are a number 
of applications where the natural sine wave 
is not adequate for our purposes. In those 
cases it becomes necessary for us to create 
a special wave form which will meet our 

needs. (See Fig. 2.) 

One or more of these special wave forms is 
needed in most of the applications of a 
cathode ray tube where it is used for some 
specific purpose. Most frequently the 
special wave form needed in cathode ray tube 
work is the sawtooth wave form. 

The generation of a sawtooth wave form can 
be brought about in several ways. All of 
these ways involve the use of some kind 
of electronic oscillator. In general, the 
type of oscillator used to generate sawtooth 

/Wave forms iscalleda relaxation oscillator. 

L /// 

The reason it is so-called is because the 
act of generating the special wave form 
involves the charging of a capacitor at a 
elatively slow rate, then causing the 

¡voltage to suddenly collapse -- or "relax". 

There are several types of relaxation 
oscillators. One is called the multivibra, 
tor. The multivibrator is very widely 
used in television and radar receivers to 

control the sweep circuits. Another type 
of relaxation involves the use of some kind 

of gaseous electron tube. Usually these 
oscillatorsaresimply called sawtooth oscil-
lators. Since the multivibrator can also 
generate sawtooth wave forms it is hardly 
accurate to reserve the name "sawtooth 
oscillator" for those types which employ the 
gaseous tubes; yet it has become customary 
to so designate them. It is hardly fitting 

that we try to change this situation. 

The generation of a sawtooth wave form 
involves the peculiar abilities of several 
pieces of electrical and electronic equip-

ment. One of the most important items is a 
capacitor. The exact shape, and frequency, 
of the generated wave depends very largely 
upon the capacitor. Yet another important 
component of a sawtooth oscillator is the 
resistor which is used in the timing portion 
of the circuit. By no means the least 
important is the tube itself. Each of these 
things will be dealt with in our studies. 

Section 2. VOLTAGE IN A CAPACITOR 

Before going any further it might be well 
for us to pause and consider the way voltage 
builds up in a capacitor. (See Fig. 3.) In 
a previous lesson we have mentioned the fact 
that when there is no charge on a capacitor 
a small voltage will cause a rush of elec-
trons into the capacitor. The rush of 
electrons tends to charge up the capacitor 
with an opposing voltage which then has a 
tendency to retard the electrons flow into 
the capacitor. All this can be said in 
another way. The inrush of electrons into 
the capacitor sets up a voltage between the 

ZERO 

VOLTS 

100 VOLTS 

--lb- TIME 

100 VOLTS 

Fig.3. When a Voltage is Applied to a 
Capacitor it Does Yot Charge up to the 

Peak Value Instantly. 
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Fig.4. Curve Showing How Voltage 
Increases in a Capacitor. 

plates of the capacitor. As the first rush 
of electrons enter the capacitor the voltage 
within the capacitor will rise quite sharply. 
This rise will at first be in almost a 
straight line, as from A to B in Fig. 4, 
then gradually curve until it reaches the 
maximum value. When the maximum voltage 
across the capacitor has been reached the 
voltage curve will be horizontal; that is, 
in parallel with the base line -- the "zero 

volts" line of Fig. 3. 

In working with saw tooth oscillators we 
are not particularly concerned with the 
curved portion of the capacitor voltage 
graph. But we are very much interested in 
the linear portion, that portion of the 
curve between A and B in Fig. 4. 

If we had some method of discharging the 
capacitor at the instant the voltage reached 
point B of the curve in fig. 4 we would have 
a voltage graph very much like that of 
Fig. 5. It will be noted that the capacitor 
has discharged much more rapidly than it 
charged up. This is all to the good. 

If, after the capacitor has been dis-
charged, it.is then allowed to immediately 

charge up again we will have a graph like 
that in Fig. 6. The dotted lines show how 
the voltage would have risen had the capaci-
tor not been discharged. After the capacitor 
has started to charge up a second time it is 
again discharged at the instant it reaches 
point C. 

Section 3. A GASEOUS DISCHARGE TUBE 

There are several types of tubes which will 
permit a capacitor to discharge instantly. 
For the moment we will confine our studies 
to a neon discharge tube such as the one 
shown in the diagram of Fig. 7. The little 
dot shown inside the tube is placed there 

Fié.5. How a Capacitor Can be Discharged 
Before Becoming Fully Charged. 

for the purpose of showing that it is a 
gaseous tube. All electron tubes which 
contain gas use that dot in their symbols 
to distinguish them from those tubes which 
contain a complete vacuum. 

/. It will be noted that the tube in Fig. 7 
/does not have any filaments. Thus there is 
o heated cathode in this type tube. For 

/this reason a «babe ofthiskind is frequently 
(,referred to as a cold cathode tube. 
\_ 

It is not our purpose to go into a lengthy 
discussion of' gaseous tubes at this time. 
A complete coverage of gaseous electron 
tubes could fill a big book. A complete 
knowledge of the operation of gaseous tubes 
is not necessary to understand tic« they can 
be used to generate sawtooth wave forms. 

Among other things, a gaseous tube has the 
ability to withstand a voltage between 
the two elements within the tube of a con-
siderable number of volts without bringing 
about a voltage "breakdown"'. The exact 

number of volts which can be withstood 
without a "breakdown" depends upon several 
things. Among them is the amount of gas 
within the babe; the kind of gas (whether 

neon, argon, helium, or some other kind), 

••• 

B 

A////////// 

Fié.6. 
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Fié.7. Neon Tube. 

and the distance between the elements. These 
tubes are so constructed that they will 
"(break down" under the strain of a certain 
number of' volts. Some will break down under 
a strain of 75 volts; some will break down 
at 90 volts, some at 105 volts and some at 
other voltages up to about 150 volts. The 
tubes can be purchased with these specific 

voltage breakdown values. 

Now these tubes have another very peculiar 
property. When the voltage between the 
elements within the tube becomes so high 
that it breaks down the resistance between 
them, and arcs across the space between 
them, it causes the gas within the tube to 
"(ionize"(. Here again it will serve no good 
purpose to go into a lengthy explanation of 
ionization. Suffice it to say that when a 
gas (any gas) within a tube ionizes it 
rea tes a good conduc ting pa th for electrons, 

ptg.s. Sawtooth Oscillator Using a 
Neon Tube. 

and the resistance falls instantly to a 
negligible value. 

Now let's see what we have. We have a 
device which will withstand a voltage as 
the voltage increases from zero up to some 

predetermined value. Below this voltage 
limit there is a very high resistance across 

the tube. But once the voltage across the 
tube exceeds a certain critical value the 
resistance of the tube breaks down and 
instantly drops to a very small value. 

Here we have a very interesting combi-
nation. A capacitor which will charge up at 

an even rate to a certain value. A tube 
which is an open circuit at those voltages. 
Finally, when the capacitor reaches a volt-
age value where its graph is about to start 
curving the tube breaks down, or " fires", 
and the capacitor is instantly dis charged. 

Now our task is to place one of these 
tubes and a capacitor in a circuit and see 

Fte.9. 

what takes place. In Fig. 8 we have in-
cluded the essential elements of such a 
circuit. We have a battery for a power 
supply, a resistor, a capacitor, a neon 
tube and a switch for opening and closing 
the circuit. 

Suppose we now close the switch and see 
what happens. The battery will cause elec-
trons to flow in the direction of the arrows 

in Fig. 9. The resistor will retard the 
flow of' electrons which will slow down 
the job of charging up the capacitor. When 
the switch is first closed most of the 
voltage drop will be across the resistor. 
But as more and more of the electrons, 
forced from the upper plate of the capacitor, 
are able to leak across the resistor the 
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Fig.io. Capacitor Dt8charging Through 
Neon Tube. 

voltage drop across the resistor will become 
less. Moreover, as more electrons are able 
to get away from the upper plate of the 
capacitor the voltage across the capacitor 
will increase. 

Trie main point is that as time passes 
there will be less voltage drop across the 
resistor and more voltage drop across 
the capacitor. 

Now let's note another thing. The neon 
tube is connected in parallel with the 
capacitor. As the voltage across the ca-
pacitor increases the voltage across the 
neon tube will also increase. 

When the voltage across the neon tube 
reaches its critical breakdown value the 
tube will "fire". When that occurs trie tube 
will act like a short circuit across the 
capacitor; the capacitor will discharge 

through the tube as indicated by the dotted 
arrows of' Fig. 10. The voltage across the 
capacitor will drop to zero -- or almost to 
zero. Actually the action of the neon tubes 
is such that when the voltage across them 
drops to a value of about 12 to 15 volts 
they will cease conducting. When this occurs 
they again act like a high resistance. 

Since the capacitor has now discharged it 
means the voltage across the capacitor has 
dropped to zero, or nearly zero. At this 
instant the entire voltage of' the battery 
will again be across the resistor. The next 
action is for the electrons which have now 
reached the upper plate of the capacitor to 
start leaking off across the resistor. This 
they begin doing. Once again the entire 
action is a repetition of that shown in 
Fig. 9. The electrons leak off the capacitor 

across the resistor; the capacitor charges 
up again. Finally the tube fires and the 
capacitor discharges again. 

Section 4. TIME CONSTANT 

The length of time it takes the capacitor 
to charge up is governed by two things: The 
value of the resistance and the capacity of 
the capacitor. If the capacitor is large it 
will take more electrons to charge it up. 
This means it will take longer for it to 
charge up. Likewise, the larger the value 
of the resistor the slower the electrons can 
leak across it, which also means the longer 
it will take the capacitor to charge up. 
This means that the larger we make either 
the capacitor or the resistor the longer it 
will take the capacitor to charge up. There 
is a rule which is quite handy in figuring 
the time constant of such a resistor-capaci-
tor combination. Since it is seldom necess-
ary, or even desirable to know how long it 
takes to completely charge a capacitor, the 
rule is used to determine how long it will 
take to charge a capacitor to 63/0 of its 
peak voltage. This is shown in Fig. 11. 
The rule says that it will take one second 
to charge a capacitor having 1 MFD of ca-
pacity through a resistor of 1 megohm of 
resistance. Thus, if you have a 1 MFD ca-
pacitor and 1 megohm resistor you can charge 

the capacitor to 63% of its peak value in 
exactly one second. 

With these values to go on you can figure 
out for yourself any time constant you might 
want or need. If you wanted to charge the 
capacitor in 1/2 second you could use a 0.5 

megohm resistor with 1 MFD capacitor. Or 
you could use 0.5 MFD capacity with 1 megohm 
resistance. 

If you wanted a time constant of 1/10th 
second you could use 100,000 ohns with 1 MED. 

100 °/. 

PEAK VOLTAGE 

63 % OF 
PEAK VOLTAGE 

Fig. 11. Comparison o Peak Capaci tor 
Voltage ti)ith 6.3% of Peak. 
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Or you could use 0.1 MFD with 1 megohm. If 
you need a time constant of 1/1000th of a 
second you could use 1000 ohms with 1 MFD. 
Or you could use . 001 MFD with 1 megohm. 
Or you could use some other combination such 
as 10,900 ohms with . 1 MFD. 

Section 5. TAPPING OFF THE 
GENERATED VOLTAGE 

The presence of a constantly changing 
voltage across the capacitor of the sawtooth 
oscillator circuit is not going to do us 
much good so long as the voltage is confined 
to that one locality. To be of any value we 
must tap it off and feed it into another 
circuit. The voltage can be tapped off as 
shown in the diagram of Fig. 12. 

More frequently, however, the sawtooth 
voltage is tapped off and fed to the grid of 
a vacuum amplifier tube. Such a circuit is 
shown in Fig. 13. By handling the sawtooth 
voltage in this manner it can be built up by 
the amplifier circuit and then run through 

Pié.18. How a Sawtooth Wave Form can be Amplified. 

a potentiometer so that any amount of the 
voltage can be applied wherever it might be 
needed. In this way the magnitude of the 
sawtooth voltage can be kept under constant 
control. 

Section 6. THYRATRON offluitroR 

The neon tube we have just been discussing 
is valuable for many purposes. Nevertheless 
It has certain limitations. If the only 
purpose in generating the sawtooth form is 
to create one particular frequency it is 
entirely satisfactory. But it is often 
desirable to control the sawtooth generator 
from an external source. Other times it is 
desirable to synchronize the sawtooth 
voltage with some external signal. The 
neon tube is not adaptable for such uses. 

Fig. 14 shows the symbol for a gas- filled 
triode electron tube. In some ways it is 
similar to a common vacuum triode. In other 
ways it is considerably different. It is 
used for entirely different purposes than 
those for which we use the vacuum tube. The 
gas filled triode is called a thyratron. 

In earlier sections of this lesson we have 
described how the voltage would break down 

between the elements of a neon tube. We 
mentioned that each of these tubes had one 
particular voltage at which they would 
break down. 

The thyratron tube does very much the same 
thing -- with one exception. The presence 
of the grid makes it possible to control the 
value of the voltage at which the tube will 
break down and fire. Without any voltage 
at all on the grid the tube might break down 
and fire at about 50 or 50 volts. With one 
or two negative volts on the grid it might 

TLS-6 



• 

• 

Fié.14. Thyratron. 

take 100 volts to make the tube break down. 
Putting a little more negative voltage on 
the grid will make it necessary to increase 
the voltage still further before the tube 
will break down. 

There is another difference between the 
neon tube and the thyratron. The neon tube 
is a cold cathode tube. As such it is 
extremely limited in the amount of current 
it can pass -- seldom more than about 30 
milliamperes. The thyratron, on the other 
hand, has a heated cathode. It can pass a 
large amount of current. It can pass even 
more airrent than a large vaaium triode tube. 

In this respect it has an advantage over 
the vacuum tube. But the thyratron has the 
disadvantage that the grid does not have 
complete control over the current as is the 
case with a vacuum tube. In fact the degree 
of control which the grid in a thyratron is 
able to exert is very limited. It can keep 
the current from starting to flow by keeping 

Pié.15. Charéinê the Capacitor in a 
Thyratron Oscillator. 

the grid negative. But once the grid allows 
any current to start flowing the grid loses 
all control -- and cannot regain control. 
It cannot regain control until the anode 
voltage drops to zero, or nearly to zero. 

When the anode voltage on a thyratron 
drops to about 15 volts tne tube will cease 
conducting. This feature is taken advantage 
of in many circuits. The grid prevents 

conduction until a certain anode voltage is 
reached. Then the tube begins conducting. 
The tube will continue to conduct until the 
anode voltage drops to about 15 volts. 

In Fig. 15 we have drawn a diagram showing 
a thyratron connected into a circuit. When 
the switch is first closed the electrons 
will move in the direction indicated by the 
arrows. The capacitor will charge up as 
the polarity marks show. The rate the 
voltage will build up across the capacitor 
will depend upon the value of the resistor 
and that of the capacitor. 

As soon as the voltage across the capaci-
tor reaches some predetermined value ( the 
exact value need not concern us at the 
moment) the tube will break down and fire. 
The firing of the tube will cause the ca-
pacitor to discharge as indicated by the 
dotted arrows of Fig. 16. 

The capacitor will charge up at a rela-
tively slow rate, the exact time be governed 

by the capacity and the resistance in ex-
actly the same way we explained a little 
earlier in our lesson. The sawtooth voltage 
can be tapped off as shown in Fig. 17. 

Fig. 19 shows how the output sawtooth wave 
voltage from a thyratron generator can be 

4  1-
Thyratron Tube Discharéiné 

Capacitor. 
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pig. 17. 

locked in with an input voltage and locked 
into step with some external circuit. The 
input voltage can be any kind: sine wave, 
a pulse, or another sawtooth wave voltage. 
The point is that the presence of the grid 
in the thyratron makes it possible to 
synchronize the sawtooth voltage with any 
other voltage. 

This feature is particularly useful in an 
oscilloscope. The sawtooth voltage might be 

used to control the sweep of the electron 
beam in the cathode ray tube. It might be 
desirable to study some particular alter-
nating voltage or current. 

The capacitor and the resistor of the 
sawtooth oscillator could be adjusted so the 
oscillator was generating a sawtooth voltage 
at nearly the same frequency as the one to 
be studied. Then by locking the voltage 
to be studied with the grid of the sawtooth 

oscillator the two voltages would be locked 
into exact synchronism. 

Section THE MULTIVIBRA.TOR 
_ __,----

The multivibrator is often considered to 
be a relaxation oscillator. Whether or not 
it is a true relaxation oscillator the fact 
remains that it is capable of generating 
sawtooth wave forms. Because this is so it 
is immensely valuable in television work. 

tThe sweep circuits in many television re ceivers are driven and controlled by multi-
vibrator oscillators. 

The thyratron sawtooth generator we have 

just been discussing is a highly useful 

oscillator for many purposes. The fact that 
t employs a gaseous type tube makes it 

unsuitable for higher frequency operation. 
It takes an appreciable amount of time for 
the gas within the tube to ionize. airther-
more it takes time for it to de- ionize. 

The time it takes the gas to ionize and 
de- ionize is measured in fractions of a 
thousandth of a second. Nevertheless that 
is too long a time for many applications. 
The sweep generator of a television receiver 
oscillates at the rate of 15,750 cycles per 
second. This is a higher frequency than 
can be attained by many gaseous tubes. 

The multivibrator uses vacuum triodes or 
vacuum tetrodes. It consists of two tubes. 
Reduced to its simplest form the multivibra-
tor is nothing more than two amplifier 
tubes, each of which feeds a signal into 
the grid of the other tube. 

Section 8. ACTION OF THE. IfULTIVIBRATOR 

Fig. 19 shows the basic essentials of a 
multivibrator circuit. For the purpose of 
explaining how this circuit operates let us 
suppose that something happens to cause the 

• 
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grid of tube No. 1 to become slightly more 
positive. It makes no difference what causes 

this. As we have mentioned before there are 
several things which will cause the voltage 
on a grid to change slightly. 

At the present instant we are going to 
have the grid of tube No. 1 going slightly 
positive. This change in the grid voltage 
will allow a little more current to flow 
in the anode circuit of tube No. 1. The 
additional current through the anode circuit 
of tube No. 1 will flow through resistor R1, 
creating a voltage drop across that resistor. 

The voltage drop across 81 will be such as 
to make the left end of the resistor slightly 
less positive. This is the same as saying 
the left end of the resistor R1 will be 
slightly more negative. This change in 
voltage will be reflected through capacitor 
C-1 to the grid of tube No. 2. When the 
grid of tube No. 2 is made more negative it 
reduces the current through tube No. 2. 

Reducing the current through tube No. 2 
will also reduce the current through R2. 
That means the right end of resistor R2 will 
be slightly more positive. This positive 
voltage will be reflected through capacitor 
C2 to the grid of tube No. 1. 

"ow go back and review this wnole 
action briefly. A slight change in the 
voltage on the grid of tube No. 1 made it go 
a little more positive. This slight voltage 
change was amplified by tube No. 1, and 
sent to tube No. 2. It was amplified again 
and instantly brouet back to the grid where 
the action started -- boosting the origi-
nal action. 

The grid of tube No. 1 will really go 
positive now -- so positive that the grid 
of tube No. 1 will attract electrons. During 
this instant a very heavy anode current will 
flow from tube No. 1. This action drives 

the grid of tube No. 2 very negative -- far 
beyond cut-off. 

For an instant now a heavy current will 
flow through the anode of tube No. 1, but 
no current from tube No. 2. iiut this situ-

ation is not permanent. As soon as the 
electrons can leak off the grid of tube No. 2 
through grid leak resistor R,1, tube No. 2 
will start conducting again. When tube 
No. 2 starts conducting it will drive the 

grid of tube No. 1 negative, thus cutting 
off the current flow through that tube. 

This action is repeated over and over. 

The frequency is determined by the values 
of R3 and C-2 for tube No. 1, and of R4 and 
C-1 for tube No. 2. By carefully selecting 
the values of these resistors and capacitors 
it is possible to generate any frequency 

which might be desired. One tube can be 
caused to drop to zero quite rapidly while 
the other does so quite slowly. This makes 
it possible for the nultivibra tor to generate 
a sawtooth wave form. 

The multivibrator is also used to generate 
square waves, and other wave forms. All 
these wave forms are controlled by the 
proper selection of the circuit components. 

Fig. 20 shows how the sawtooth output 

voltage is tapped off the multivibrator 
circuit. This voltage can then be fed into 
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a vacuum amplifier tube and amplified to 
whatever value is needed. The nultivibra,tor 
can be readily synchronized with another 
circuit by feeding the input signal into 
the grid of the first tube as indicated at 
the left of Fig. 20. 

The circuits of Figs. 19 and 23 indicate 
that two tubes are used for this circuit. 
The tube manufacturers have designed several 
tubes which are actually two triode tubes 
within one glass envelope. Such a duo- triode 
tube is easily able to perform the same 
functions as two ordinary triodes. Fig. 21 
shows the schematic arrangement of such a 
duo- triode tube. Some of those tubes have 
two separate cathodes as indicated in Fig. 
21. Other tubes use only one cathode for 
both sections. The 6SC7, the 6S1,7 and the 
OSN7 are typical twin- triode tubes. The BSC7 
has a single cathode. The other tubes have 

two cathodes. 

Yig.21. Duo-Triode. 

Section 9. TUBE AND 
SOCKET IDENTIFICATION 

We have gone into considerable detail 
about many of our electronic tubes. It is 
just as well that we take a little time 
riet here and discuss a few of the physical 
aspects of tubes. This will include the 
size and shape of the glass or metal envel-
ope, the method of' making connections to the 
tube, and the kinds of tube sockets used. 

The development of the vacuum tube from 
its earliest days down to the present time 
provides some very interesting details. It 
is not within the scope of this lesson to go 
into all of them. 

The earliest tubes were relatively large. 
The glass envelope was formed in very much 
the same shape as that of' the incandescent 
lamps of those days. As better manufacturing 
facilities have come into existence it has 
been possible to reduce the size of the 
tubes, and improve their operating character-
istics. Further than this, as new needs 
have arisen the manufacturers have designed 
new tubes to fill those needs. 

The earliest vacuum tubes had only four 
pins at the base. These pins were inserted 
into tube sockets. By means of the tube 
socket it was possible to anchor the tube to 
the chassis where it was used, and to make 
connections to the elements within the tube. 
Several types of tube sockets are shown in 
Fig. 22. The largest socket shown is a 
4 pin socket. 

Four pins were entirely adequate to make 
connections to all the elements within the 

• 
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Fté.22. Various Types of Tube Sockets. 

early tubes. Two pins were needed for the 
heater- filament -- one for each end of 
the filament. A third connection pin was 
needed for the grid and the fourth one for 
the anode, or plate. 

The use of the tube socket made it un-
necessary to make any connections directly 
to the pins of the tube itself. All the 
connections were soldered to solder lugs on 
the bottom of the sockets. Some of the 
solder lugs can be seen under the sockets in 
Fig. 22. (See also Fig. 24.) Thus the 
permanent connections were made to the 
socket, which was also permanently fastened 
to the body of the chassis by means of rivets 
or screws. The top of the socket was de-
signed so the pins of the tube could be 
inserted into specially located and prepared 
holes. Inserting the pins of the tube into 
these holes in the top of the socket made a 
tight friction fit which held the tube 

physically in place. More than this, the 
pins themselves made electrical contact with 
a metallic part of the solder lug under the 
socket. Thus any connection to the solder 
lug under the socket made a perfect electri-
cal connection to the various elements 
within the tube. 

When the manufacturers began adding ad-
ditional elements to their tubes -- began 
making tetrodes, pentodes, etc., — it became 
necessary for them to add more pins to the 
bottom of the tube bases. When the 4- pin 
tube became inadequate the manufacturers 
came up with the 5-pin base. This base was 
adequate for the tetrodes. In those tubes 
in which the filament acted as the cathode 
it was never necessary to provide a special 
connection for the cathode. But all the 
indirectly heated cathode tubes required an 
extra connection. In many cases this problem 

was solved by bringing out the grid con-
nection to a cap on the top of' the glass 
envelope. 

Along about 1930 most radio receiving 
tubes were built with the glass envelope in 
the general shape shown in Fig. 23. This 
method of building the glass envelope pre-
vailed for a number of years. 

Near the end of the 1930's a trend de-
veloped toward making the physical size of 

the tube smaller. nie bulges in the glass 
walls of the tube were largely eliminated. 

The tubes were then shaped very much like a 
cylinder. Reducing the physical size of the 
tube made it possible to place the tubes 
closer together, thus reducing the overall 
dimensions of the chassis and the finished 
receiver. 

The tube usingan envelope shown in Fig. 23 
eventually came to include the letter G 
after the tube number. A glass tube of type 
1N5 would be designated 1N5G. If the tube 
used one ofthesmaller cylindrical envelopes 
it would be designated 1N5GT. (The GT stood 
for Glass Mibular.) 

Many tubes had identical characteristics 
regardless of which type envelope was used. 
When this was true the manufacturers began 
discontinuing the G types of envelopes. 
Since the smaller tube could be used every-
where the larger one could be used the manu-
facturers began numbering those particular 
tubes G/GT. For example a 1N5 tube which 
could replace either a 1N5G or a 1N5GT would 
be labeled 1N5G/GT. It was not possible to 
renumber all G type tubes G/GT. Sometimes 

Fig.23. Outline of Glass Tube. 
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friÉ.24. Underside of Octal Socket 
Showing the Solder Lugs. 

the inside physical dimensions of the 
electrical elements could not be made to 
fit in the smaller GT envelopes. For this 
reason there are still some tubes designated 
as a G tube, others designated as a GT tube; 
and still others which can replace either of' 
the first two. These last are the ones 
labeled G GT. 

It will be found that metal tubes do not 
have a suffix letter. This is because no 
such designation is needed. 

As still more elements were added to 
vacuum tubes, and it became the vogue to 
include the functions of two or more tubes 
within one envelope it became evident that 
additional pins were needed on the tubes. 
Additional pins called for additional pin 
holes in the sockets and more solder lugs 
on the bottom. 

For several years there was a temporary 
standardization on the 6-pin socket. The 
six pins plus the grid connection on the top 
made possible seven connections to the 
inside of the tube. 

But even six pins were not enough. For a 
short time some tubes were built with seven 
pins. But, the 7-pin sockets were not very 
popular. There were relatively few tubes 
built which could use the 7-pin socket. 

Eventually the entire radio business 

seemed to settle cbvsn and standardize on the 
8-pin socket, called the " octal" socket. 
This was the situation during most of the 
recent war years, Probably the army and 
navy requirements had a lot to do with the 
stabilization and standardization during 
those years. There are now probably more 
vacuum tubes in existence which can use 
the octal socket than can use any other 

type socket. 
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But with the growth of television another 
trend was brought about. A special 9- pin 
tube came into existence. Television also 
hastened the development of miniature tubes 
such as the " acorn" and " peanut" types. 
These are very small tubes. Being small 
they can fit into more compact areas. More 
important -- the smaller size gave them 
better operational characteristics on the 
extremely high frequencies encountered in 
television work. 

During and after the war a special type 
of very small tube was developed which did 
not use any socket at all. The leads to the 
tube were brought out through the glass 
envelope of the tube and soldered directly 
into the circuit. These tubes were origi-
nally designed for use in the proximity 
fuses. In those applications they were used 
only one time -- to detonate the shell or 
bomb -- and thus had no problem of re-

placement. Some of these tubes have been 
refined for peacetime use and are now being 
used in special applications. 

Another wartime vacuum tube which was 

designed for high frequency operation was 
the " lighthouse" tube. The name came about 
due to the peculiar shape of the tube. This 
tube was designed to operate in radar work; 
there is not much point in going into de-
tailed description of its operation. 

Some years ago with the advent of the 
newer metal tubes the Radio Manufacturer's 
Association studied this matter of tubes, 
tube sizes, tube shapes, and above all the 
system of numbering tubes. Previous to that 

time there was no systematic arrangement nor 
agreement among the various manufacturers 

as to how to number their tubes. Whenever 
a tube manufacturer brought out a new tube 
in response to the demand of the radio 

manufacturers he would place any number on 
it which might suit his mood at the moment. 

As the result of the efforts of the Radio 
Manufacturer's Association a new method 
of numbering tubes was brought into ex-
istence. The octal socket was adopted as 
the standard. They decided upon a uniform 
method of attaching the elements of the tube 

to the base pins. 

It was decided to attach the metal shell 
of the tube to pin No. 1. In the case of 
a glass tube the shield within the tube — 
if any -- would be attached to the No. 1 

pin instead. 



Pins No. 2 and 7 were to be used for the 
filaments. Pin No. 3 was to be used for 
the anode. The various grids, except the 

control grid, were connected to pins No. 1, 
5 and 6. The contra] grid was attached to 

the cap on the top of the tube. 

This system worked out very well for quite 

a while. But eventually there arose a 
demand for tubes in which the control grid 
was brought out through the base rather than 
through the cap on the top. /his necessi-

tated the re-arrangement of the connections 

to the base pins. It was necessary to keep 
the control grid as far from the filament 
connections as possible. In the newer tubes 

one heater connection was moved from pin 
No. 2 to pin No. 8. This made the filament 

connections come to two adjacent pins. The 

control grid connection was made to pin 

No. 3, and the anode connection moved from 
pin No. 3 to some other pin. 

It is not expected that you will be able 
to remember all these things. Fortunately 
there is no reason why you should try to 
remember them all -- few experienced men try 
that. Nevertheless, an understanding of the 
reason behind the many arrangements of 

the pin connections will remove some of the 
confusion you might feel when first be-

ginning to work with these tubes. Due to 

the enormous number of kinds and types of 
tubes, and the many differing applications 
to which they are put, it is most difficult 
to establish any set pattern for all tubes 

to follow. The result has been that no two 
tubes are alike. Your best source of infor-

mation will always be the tube manuals the 

manufacturers prepare for your guidance. 
These manuals give you almost every particle 

of information about every tube you are ever 
likely to need. This information includes 

the arrangement of the pin connections; 
the filament rating in volts and amperes; the 

grid working yoltages; the anode current and 
voltage limitations, and nearly everything 
else you might need to know. They even tell 

you how to use each particular tube, for 
what purpose each is best suited, and the 

kind of circuits to arrange for the best 
operation. 

It is not pretended that the tube infor-
mation contained in this section of this 

lesson covers all types of tubes. It does 

not. There is no point in trying to cover 
every individual characteristic of every 
tube at this time. Such an attempt would be 

pointless; furthermore, it would probably 

be more boring to you than interesting. 
Especially just at this time. 

NOTES FOR REFERENCE 

Sawtooth oscillators are used to create the special wave forms needed for the sweep circuits 
of' oscilloscopes and television receivers. 

Capacitors are charged by adding electrons to one plate or removing them from the other. 

The neon tube 

The thyratron 

The thyratron 

is a cold cathode tube. 

is a grid- controlled gaseous triode. 

is used to generate sawtooth wave form voltages. 

The multivibrator can generate higher frequencies than gaseous tubes. 

Tube sockets are used to fasten the tubes to the chassis, and to make the electrical con-

nections to the elements inside the tubes. 

All the electrical connections are soldered directly to the lugs of the tube socket rather 
than to the tube itself. 

The holes on the octal socket are numbered on the bottom side of the socket. The No. 1 hole 

is directly to the left of the positioning spline. They then number around the socket 
in a clockwise direction. 

The 6SC7 is a twin- triode. It is most often used in phase inverter circuits. It can also 
be used as a multivibrator. 

The 6SL7 and the 6SN7 are also twin- triode tubes. They are especially adaptable to multi-
vibrator circuits because each section of the tube has its own cathode. 
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Section 1. INTRODUCTION 

Learning the principles of television 
sometimes seems a 1 ong and somewhat tiresome 
series of studies of many apparently unre-
lated subjects. It is unfortunate that this 
must be true when one first enters upon the 
study of this most intensely interesting 
subject. However, before one can hope to 
understand just how a television receiver 
operates there are many things about the 
innumerable circuits within the receiver 
which must first be thoroughly understood 
and mastered. 

Most persons who have seen a television 
receiver, and many others who have not, 
understand the picture which they see is 
actually a lighted screen composed of 
fluorescent materials on the inside of a 
huge evacuated tube. Many are even aware 

that the picture is actually a series of 
still pictures which are being changed many 
times each second. 

But few persons, other than trained 
technical men, realize the picture is being 
painted on the fluorescent screen inside the 
tube by a tiny beam of electrons. Nor do 
they know that the beam of electrons is 
being moved back and forth across the screen 
many thousands of times each second, nor 
that it is also being moved up and down 
across the screen many times each second. 
And if they learned about this unbelievable 
behavior of a tiny dot at the end of a beam 
of electrons they are completely at a loss 
to know how the beam could be moved around 
so fast, so surely and with such precision. 

It is to prepare you to understand these 
things that we must first teach you many 

other things which may at times seem utterly 
irrelevant. How, for example, could you 
understand the action of a stream of electrons 

Fié.1. The Picture Tube in a Television 
Receiver isOne Type of Cathode Ray Tube. 
(Courtesy Emerson Radio and Television.) 
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Sectton 2. THE CATHODE RAY TUBE 

The television picture tube is merely one 

adaptation of a general type of electronic 
  vacutnn tube which goes by the name cathode 

ray tube. There are several general types 
of cathode ray tubes, and each is used for a 
different purpose. Other than its use in 
television receivers the place the cathode 
ray tube is used most widely is in the 
cilloscope. The oscilloscope was designed 

for the purpose of studying voltage and 
current wave forms under actual operating 
conditions. By its use an engineer or 
technician can watch the pattern of a voltage 
wave in any circuit, or any electrical 
machine, or in any kind of electrical or 
electronic device. The voltage wave can be 
studied as the conditions which affect it 
are changed in any way which might suit the 
observer's wishes. 

Pté.2. Oscilloscones also Use Cathode 
Ray Tubes. 

within a vacuum tube unless we had already 
taught you the functioning of a vacuum tube 
cathode, an anode and a control grid? how 
could you visualize the electrostatic or 
electromagnetic fields which act upon the 
stream of electrons within a television 
picture tube unless we had prepared you by 
already explaining the peculiar actions of 
such fields? Most important of all, how 
could you accept the fact that it is possible 
to move such a stream of electrons back and 

( forth across the face of the fluorescent 
.)screen some ,15 r times each second unless 4 we had a.lre1ilitiffted at the possibilities 
inherent in vacuum tube oscillators? 

Even the things we have already covered 
are by no means sufficient to enable you to 
completely understand the Pinctioning of a 
television picture tube. However, you have 
progressed far enough that we can explain 
in a general way some of the actions which 
take place inside the tubee These actions 
will be dealt with individually in much more 
detail as you progress with your studies. 
It is our purpose now to show you just how 
some of the many things you have been 
learning are so important to the proper 
functioning of the most important part of a 
television receiver -- the picture tube. 
But always remember there are many more 
things yet ta learn before you can properly 
call yourself a television technician. 

.4t• 

As an example of this a television tech-
nician might have reason to believe the 
voltage output of a vacuum tube amplifier 
did not have exactly the same shape as the 
signal at the input. By use of the oscillo-
scope the technician could study the input 
signal and study its characteristics; then 
he could study the output from the amplifier 
and compare it with the input. By means of 
the visual picture on the screen of the 
cathode ray tube in the oscilloscope he 
would be able to see the two wave forms. 
He would know if there was any distortion 
present or not. There would be no guesswork. 

The oscilloscope is a very important 
instrument to the radioman and television 

Fig.3. Principal Elements in a Cathode 
Ray Tube. 
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Pté.4. If the Electron Beam is Motion-
less all the Electrons Wt(? Strike the 

Screen at the Same Snot. 

technician. It is so important we will 
devote more than one whole lesson to its 

// operation and use. The point is that the 
principal element within the oscilloscope 
is the cathode ray tube. This cathode ray 
tube belongs ta the same general family of 
tubes which includes the picture tube of the 
television receiver. 

In its essentials the cathode ray tube 
consists of a cathode which emits electrons 
just as does any other type of vacuum tube, 
a control grid which controls the passage of 
electrons from the cathode in much the same 
manner as other vacuum tubes, and an anode 
or two. The anode, or anodes, in a cathode 
ray tubeperfonnsomewhat different functions 
than do the anodes in other tubes we have 
already studied. 

Yet it is not particularly difficult to 
understand what they do. Actually they 
serve much the same function in a cathode 
ray tube as does the screen grid in all the 
many amplifier tubes we have studied to date. 

They set up an electrostatic field between 
the grid and the anode, or the cathode 
and anode, which has the effect of imparting 
a high velocity to the electrons after 
they emerge through the passageway in the 
control grid. 

The electrons attain such high velocity 
they go right on past the anodes. In fact 
they keep right on going until they strike 
the fluorescent screen on the front of the 
tube. When they strike the screen they 
cause it to " fluoresce", or light up. 

Section 3. DEFLECTION 

Of course there is somewhat more to the 
,cathode ray tube than that. Special electro-
static or electromagnetic fields must be 
provided which will cause the electrons to 

\._bunch together into a stream instead of 
following their natural inclination to 
scatter. Other electrostatic or electro-
magnetic fields must also be provided which 
will cause the stream of electrons to move 
back and forth across the screen. After 
all, we do not want the stream of electrons 
to continue striking the screen in the same 
spot all the time. If they did we would 
see nothing but a single dot in the center 
of the fluorescent screen. (See Fig. 4.) 

By applying the proper electrostatic or 
electromagnetic fields to the stream of 
electrons we can cause them to move from 
side to side across the face of the fluor-
escent screen. (See Fig. 5.) The purpose 
of applying these fields to the stream of 

electrons is to deflect the stream from 
their destination straight ahead and deflect 
them to one side or the other. 

Sometimes the deflection is caused by 
placing a pair of metal plates inside the 
neck of the tube, one on each side of the 
stream of electrons. If a positive voltage 
is placed upon one of the plates and a 
negative voltage on the other the stream of 
electrons will be deflected somewhat from 
their original direction straight ahead and 
turned slightly in the direction of the 
positive plate. They will not be deflected 

Fig.5. Horizontal Deflection Creates a 
Straight Line Across the Pace of the 

Screen. 
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MAGNETIC FIELD 

EXISTING BETWEEN 

THE DEFLECTION COILS 

TOP MAGNETIC 

DEFLECTION COIL 

BOTTOM DEFLECTION 

COIL 

Fig.G. The Coil Above the Necl? of the 
Tube and the One Below Create an Flectro-

Menetic Pield Between Them. 

enough for the stream to actually reach the 
positive deflection plate, but the stream 

Z;7'_ 

will be bent. When the deflection is accom-
plished by means of a pair of plates inside 
the tube we say the tube employs electro-
static deflection. In other cases there 
will be a pair of coils placed above and 
-below the neck of the tube. When a current 

j,„ is allowed to flow through these coils an 
:electromagnetic field will be set up between 

the two coils. We already know that when an 
electron, or a stream of electrons, tries to 
pass through a magnetic field there is a 
tendency for them to be deflected in a 
direction at right angles to the lines of 

the magnetic flux. In the case of the coils 
above and below the neck of the cathode ray 
tube we will have an electromagnetic field 
between the coils with the lines of magnetic 
flux being straight up and down. Fig. 6 is 
a view looking right through the screen of 
the tube so we can see the placement of the 
magnetic coils and the lines of force 
between them. When the stream of electrons 
tries to pass through the lines of force on 
their way to the screen they will be de-
flected either to the right or to the left, 
depending upon whether the north pole is at 
the top or the bottom. If the current 

through the coils is alternating the stream 
of electrons will be moved back and forth 
across the face of the screen in the same 
manner as is shown in Fig. 5. 

The action of the stream of electrons on 
the face of the fluorescent screen can be 
compared somewhat roughly with a stream of 
water from a garden hose. In Fig. 7 we see 
a man holding the nozzle of a garden hose. 
He is directing the stream against the end 
of a barn, moving it back and forth hori-
zontally. The water leaves a mark across 
the end of the barn in the same manner the 

Ftg.7. Moving the Hoze Nozzle Creates a "Trace" of Water Yorizontally Across the 
End of the Barn. 
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stream of electrons leaves a mark across the 
front of the fluorescent screen in the 
cathode ray tube. After passage of enough 
time the water mark will evaporate from the 
barn. Likewise, time will erase the fluor-

escent trace from the screen. The water may 
take many minutes to evaporate. Tue fluor-
escent trace will disappear in a fraction of 

a second -- unless renewed. 

See lon 4. FREQUENCY OF DEFLECTION 
, 

The stream of electrons, or " beam" as 
it is more commonly called, can move back 
and forth across the face of the screen 
as frequently as is desired. When the 
cathode ray tube is used in an oscilloscope 
it is a common practice to place a 60-cycle 
voltage on the horizontal " sweep" so as to 
move the beam back and forth 60 times each 
second. However, most oscilloscopes are so 
constructed that voltages having other 

frequencies can also be applied to the 
horizontal "sweeps". 

In the case of the television picture tube, 
however, the beam moves across the face of 
the picture tube from the left to the right 
15,750 times each second. The beam does not 

follow the same path back and forth as in 
Fig. 5, however. Instead it starts in the 
upper left hand corner of the face of the 
picture tube as in Fig. 8 at point A. From 
there it sweeps across the screen to point B. 
The beam must move across the screen at a 
definite rate of speed. To be exact, it 
must move across tne screen from the left 
side to trie other in 53.0 microseconds. (A 
microsecond is one- millionth of a second.) 

But the beam goes across the screen in the 
opposite direction, that is from the rf_ght 

to the left, much faster. In order to ,ceep 
in perfect step with the signal from the 
television broadcast station it must retrace 
its path from the right to the left in not 
less than 10.16 microseconds, and must not 
take longer than 11.4 microseconds. 

If these values of time seem somewhat 
fantastic to you at this time Just forget 
them. Before you go much further in your 
studies you will learn how you can split 
time up into unbelievably small fractions, 
and then work with it with perfect confi-
dence. It is not our purpose to baffle you 
with figures at this time, but merely make 
you acquainted with them. We will explain 
all these actions in much greater detail 

after you have progressed a little more. 
But since we are describing the action 

FiÉ.8. The Electron Beam Traces One Line 
After Another Across the Face of the 
Screen, Each Line Just Below the Pre-

ceding One. 

In the operation of a picture tube we 
might just as well work in a few of the 
technical details. 

When the beam gets back to the left side 
of the screen at point C it starts back 
again toward the right side at D. The beam 
continues moving back and forth across the 
front of the screen until it works itself 
clear down to the bottom of the screen. 

, In Fig. 8 we have shown only a few lines 
( across the face of the screen. Actually 

/ there are 525 lines. This is the standard 
Ç set up for television broadcasting by the 2Federal Communications Commission. It is 
adhered to by all television broadcast 
-stations and by all television receivers. 

It should not be thought, however, that 
the beam crosses the screen 525 actual times 
during its one trip down from the top to the 
bottom. As a matter of fact it crosses the 
screen only half that many times. Instead 
of crossing the screen first at line 1, 
second at line 2, and third at line 3, it 
only crosses at every other line. 

The beam makes its first trip across the 
screen from A to B as in Figs. 8 and 9. 
This would be the same as line 1. Its next 
trip across the screen would be from C to D 

as in Figs. 8 and 9. This would be line 3. 
Then from E to which is the same as line 5. 
After going all the way to the bottom of the 
screen in this manner, crossing at every 
other line, the beam will return to the top 
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Fig.9. After Making a Complete Trip From 
the Top of Tube to Bottom the Beam 
Returns and Begins Filling in the Spaces 

Between the Original Lines. 

of the screen. Now it will start across the 
screen again. But instead of starting at 
point A again it will start halfWay between 
A and C, at what is designated as point if in 
Fig. 9. This is equivalent to line 2 on the 
face of the screen. The next time it goes 
across it will start at point 0 and go 
across to P, making line 4. 

In other words the first time the beam 
goes from the top of the screen to the 
bottom it will "scan" every other line, 
scanning all the odd numbered lines until 
it reaches the bottom of the screen. Then 

, the beam will return to the top and start 
' scanning all the even numbered lines. This 

is called " interlaced" scanning. Interlaced 
scanning-re-the standard procedure at this 
time. All television transmitters use 
interlaced scanning, thus it is necessary 
for all television receivers ta also use the 
same type of scanning in order for the 
picture to be intelligible. 

You may ask just how it is possible to 
cause the beam of electrons to sweep back 
ana forth across the face of the screen at 
the speeds we have just described. As a 
matter of fact the sweeping beam is moved 
under the influence of an alternating cur-
rent or alternating voltage. If electro-
static deflection is used an alternating 
voltage will be applied to the deflection 
plates, a voltage which has a frequency of 
15,750 cycles per second. If electromagnetic 
deflection is used an alternating current 
will be applied to the deflecting coils. 
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These frequencies will be generated by an 
oscillator similar to those we have already 
studied -- but not quite the same. 

Those oscillators we have previously 
studied all generate a sine wave voltage. 

A sine wave voltage is traced in Fig. 10.. 
But a little reflection is enough to tell us 
that we do not want an alternating current 
or alternating voltage which is a perfect 
sine wave. A sine wave would move the beam 
from the right side of the screen to the 
left side at the same rate it moves from the 
left to the right. This we do not want. We 
want the beam to move from the left to the 
right at a relatively slow rate, but to move 
from the right to the left at a much higher 
speed. Rather obviously this calls for some 
other type voltage wave than a sine wave. 

As a matter of fact we use a special type 
oscillator which generates a voltage wave 
having a very special form. (See Fig. 11.) 
The voltage builds up from zero to peak in 
53Á) microseconds, then returns from peak to 
zero in approximately 10.5 microseconds. 
This kind of voltage wave is called a 
"sawtooth" wave form. It is created by what 
is called a "sawtooth" oscillator. There 
are several types of sawtooth oscillators. 
They are dealt with in detail in another 
lesson before going into all the intimate 
technicalities of the picture tube. 

Section 5. VERTICAL SWEEP 

In Fig. 5 we showed the kind of trace 
electron beam would make on the face of 

the screen when horizontal deflection was 
placed on the beam. There we saw that the 

beam merely made a straight line across 
the middle of the screen. Then we went on 
to Fig. 8 and started making a group of 
lines across the face of the screen. Perhaps 
you wondered: How come? What caused the 
beam to move up and down at the proper times? 

Fi.e.10. A Sine Wave. 



When we were describing the scanning we 
thought it wiser to postpone a description 
of the vertical sweep until now. It is, of 
course, reasonably obvious that if the beam 
is to move from the top of the screen to the 
bottom, then back to the top again at the 
proper times this action must be brought 
about by some predetermined influence. 

Just as the beam is moved from side to 
side by the action of electrostatic or 

electromagnetic deflection so can it also be 
moved from top to bottom, or from the bottom 
to the top of the screen. But what about 
the frequency of deflection? Will the 
oscillator which supplies the voltage or 
current necessary for vertical deflection 
have the same frequency as that used for 
horizontal deflection? 

A moment's reflection will tell us it will 
not have. As the beam moves from the top 

of the screen to the bottom it will move 
from the left side to the right side one-
half of 525 times, or 262.5 times. Or to 
put it another way, the beam will scan half 
the lines while it moves from the top of the 
screen to the bottom, then go back and scan 
the other half on the second trip down. 

This means that during two trips from the 
top of the screen to the bottom it will scan 

525 horizontal lines. 

What actually happens is that the beam 
will move from the top of the screen to the 
bottom 60 times each second. It will move 
from the left side to the right 15,750 times 
each second. Thus the horizontal oscillator 

must have a frequency of 15,750 cycles while 
the vertical oscillator need have a frequency 
of only 6C, cycles. 

But the wave form of the vertical oscil-
lator must also have a sawtooth wave form 
just as does that of the horizontal oscil-
lator. The beam is moved slowly from the 

top to the bottom as it moves rapidly from 
left to right and back. But once it reaches 
the bottom there must be no delay in getting 
back to the top to start all over again. 

Section 6. FIELD AND MAKE 

/ One trip of the beam from trie top to the 
bottom is called a field. During this time 
the beam has scanned 262.5 horizontal lines. 

ÍAfter the beam has completed two complete 
trips from the top of the screen to the 
bottom it has scanned 525 lines. A complete 

\ scanning of all the lines on a television 
,, 

Pié.11. The Sawtooth Wave Form of a 
Horizontal Sweep Oscillator. 

IMICRO-
ISECONDS 

'pic tiare tube screen is called a frame. This 
/ name probably comes from the moving pictures 
! where each still picture on a reel of film 

is called a frame. 

/ Since the vertical oscillator sweep moves 
from the top to the bottom of the screen 

.,60 times each second it will have completed 
60 fields each second. Since there are two 
fields to each frame the beam will scan 

'.30 frames each second. 

30 frames on the television tube each 
second compares with that of moving pictures 
where it is the customary practice to show 
from 20 to 30 frames each second. Some 
kinds of moving picture films have standard-
ized on 24 frames each second. Others have 
standardized on a speed slightly slower 
while others are slightly higher. The point 
is that the 30 frames each second of the 
television picture tube compares very favor-
ably with the best in moving pictures. 

/ The more frames are shown each second 
/ the less chance there is for undesirable 
flicker. Due to the action of interlaced 
scanning virtually all trace of flicker 
/ is removed from the screen of the tube. 
Half a frame is thrown on the screen each 
,60th of a second. Due to the persistence 
'of the fluorescence on the screen a good 
part of that picture will remain while the 
other part of the picture is being traced. 

By the combined action of the persistence of 
the screen and the persistence of vision 
of the human eye there is virtually no 
possibility of the average eye detecting 
any flicker. 
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Section 7. BLANKING AND 
SYNCHRONIZING CIRCUITS 

While it is highly desirable for the 
electron beam, which is constantly varying 
in strength due to the action of the control 
grid, to create a picture on the face of the 
tube while the beam is moving from the left 
to the right it is not desirable for the 
beam to create a trace as it moves from 
the right to the left. For this reason the 
television transmitter sends out what is 
called a " blanking" pulse as the beam 
reaches the end of each line it scans. 

This blanking pulse places a highly nega-
tive voltage on the grid of the picture 
tube, momentarily shutting off the passage 
of all electrons into the electron beam. 
This blanking pulse lasts the duration of 
the beam's movement from the right to the 
left, or about 10.5 to 11.4 microseconds. 
Shortly after the blanking pulse shuts off 

the electron beam an even stronger pulse 
is sent out by the transmitter. This last 
pulse is called the "synchronizing" pulse, 
or more commonly the "sync" pulse. Its 
purpose is to trip the sawtooth oscillator 
at exactly the proper instant to cause the 
beam to move back to the left side of 
the screen. The sync pulse has a very short 
duration, being not less than 5.08 micro-
seconds nor more than 5.68 microseconds. 

There is a sync pulse at the end of each 
horizontal movement of the beam. This 
keeps the beam in the picture tube of the 
television receiver in exact step with 
the scanning beam in the camera tube at the 
transmitter. And, of course, there is the 

Fié.12. Raster. 

slightly longer blanking pulse which keeps 
the beam shut off during the time it is 
retracing back across the screen. 

Section 8. VERTICAL "SYNC" 

The vertical oscillator is also synchro-
nized with that of the vertical oscillator 
at the transmitter. But instead of one 
single pulse to trigger the vertical sweep 
when it reaches the bottom of the screen, 
there are a series of pulses. Actually 
there are six very short " equalizing" pulses 
transmitted very close together, much closer 

than the sync pulses for the horizontal 
oscillator. These six "Equalizing"' pulses 
are followed by six "Vertical sync" pulses 
each 27.3 microseconds apart. These " verti-
cal sync" pulses trigger the vertical 
oscillator causing the beam to retrace from 

the bottom of the screen to the top. 

The vertical oscillator is much slower 
acting than the horizontal oscillator. It 
takes the beam much longer to move from the 
bottom of the screen to the top than it does 
to move from the right to the left on that 
retrace. The beam is also blanked out 

during the time it takes to retrace from 
the bottom of the screen to the top. The 
vertical blanking will last from about 833 
to 1330 microseconds for each field, and 
from about 1666 to 2640 microseconds for 
the retrace after each frame. While this 
time seems longwhenmeasured in microseconds 
it should be remembered that 1000 micro-
seconds are only one- thousandth of a second. 
The human eye cannot detect one- thousandth 
of a second. 

We are not yet prepared to go into the 
technical details of the sawtooth oscillators 
which control the deflecting fields. But we 
soon will be. Neither are we prepared to go 
into the intricate details of the synchron-
izing circuits. The method by which the 
synchronizing circuits are able to lock 
the picture on the face of the television 
receiver picture tube into perfect step with 
that of the camera at the transmitter is 
something truly fascinating to study. 

Sect ton 9. RASTER AND "ASPECT RATIO" 

Fig. 12 shows the face of a round tele-
vision picture tube. Across the face of 
the tube are a number of horizontal lines. 
These represent the horizontal lines which 
are traced by the electron beam on the 
screen of the tube. Usually the portion of 
the tube which is filled by the tracings 
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of the beam will be somewhat wider than it 
is high. The ratio is about 4 to 3. That 
is, if the traced portion is about 4 inches 
wide across the face of the tube it should 
be about 3 inches high from the bottom to 
the top. Likewise if the traced portion on 
which the picture appears is 8 inches across 
it should be 6 inches high. 

This ratio of the width of the traced 
portion of the screen to the heighth is 
called the "aspect nItie. In order to keep 
the pictures on the screen proportional to 
the transmitted picture this aspect ratio 
should be maintained. 

Should the traced portion on the tube be 

as high as it is wide all the objects in the 
pictures would seem to be higher, and more 
slender, than they actually are. Thus their 
appearance would be distorted. On the other 
hand should the width of the traced portion 
become considerably larger than the vertical 
portion all the objects in the picture would 
appear to be wide and squatty. This again 
would present a distorted picture. For 
these reasons the "aspect rationt should be 
maintained exactly right -- 4 to 3. 

A study of Fig. 12 will reveal that by no 
means all the screen is used to present the 
picture. There are spaces at the tap, the 
bottom and both sides which are not used to 
show the picture. Only the portion on which 
the traces of the electron beam appear will 
have anything to do with the picture. 

That portion of the tube on which the 
traces of the electron beam appear is called 

the raster of the picture. For many purposes 
the raster is much more important than the 

total area of the screen. In a rectangular 
tube the raster conforms very closely to the 
shape of the screen on the tube. 

Section 10. FTRETROMAGNETIC AND 
ELECTROSTATIC/DEFLECTION 

Electrostatic deflection of the electron 
beam within a cathode ray tube is used 

almos t exclusively in oscil loscopes. El ec tro-
s tatic deflection has several advantages 
for this use. In oscilloscope work the grid 
is not usually modulated. For this reason 
the strength of the electron beam is virtu-
ally stable for any setting of the various 

controls. There is little tendency for the 
plates to distort the beam or to spread 
it out. More than this, electrostatic 

deflection makes it unnecessary to have 
cumbersome coils on the outside of the tubes. 

The cathode ray tubes themselves have rela-
tively small screen diameters, 3- inch, 
5- inch and 7- Inch screens being the most 
popular and the most widely used. Electro-
static deflection requires that the tubes 
be somewhat longer than when electromagnetic 
deflection is used, but when the screen of 
the tube does not exceed 7 inches, -- and 
it is often smaller, -- the length does not 
become troublesome. 

But in television the trend seems to be 
toward ever larger tubes. At one time the 
7- inch tube seemed to predominate the market. 
But except for portable receivers the 7- inch 
tube seems to have fallen into disfavor. 

Most 7- inch television receiver tubes use 
electrostatic deflection. Some 10- inch 
tubes also use electrostatic deflection. 
But most 10- inch tubes, and all of the 
larger sizes, use electromagnetic deflection. 
The use of electromagnetic deflection makes 
it possible to use much shorter tubes. And 
since the tube is by far the most bulky 
thing about a television receiver, anything 
that will keep it shorter is to be welcomed. 
Furthermore it is possible to operate a 
picture tube with much lower voltage on the 
anodes when electromagnetic deflection is 
used than when electrostatic deflection is 
used. Electrostatic deflection has some 
tendency to spread out the electrons in the 
beam, and make the picture slightly fuzzy 
unless the anode voltage is quite high. 
Where the tube is small this is not a 

Fié.13. Television Chassis Showiné the 
Electromaénettc Deflection Coils. 

(Courtesy General Electric) 
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serious matter, but it would be quite a 
problem if such deflection were used on 
12 1/2-inch, 16-inch, 19-inch or larger tubes. 

The voltage which is required on the anode 
of' a television picture tube runs up into 
the thousands of volts. If a definite 
saving can be made by using magnetic de-
flection it is to the advantage of the 
designer to do so. 

The coils which form the magnetic de-
flection yoke are sometimes rather bulky. 
But they are usually combined with the 
support for the neck of the tube as in 
Fig. 13. When they are made in this form 
the charge of " bulkiness" is of little 

importance. 

Sectton 11. RETRWMX AND FLYBACK 

There are two names in common use to 
describe the return movement of the beam 
from the right side of the screen to the 
left side. Sometimes the movement is called 
the re trace. This is the name applied to 
the return movement in a television picture 
tube. This comes from the fact that the 
beam traces a pattern from the left to rit; 
it is only natural the return movement 

, should be called the retrace. 
\.../ 

When the cathode ray tube is used in an 
oscilloscope, however, it is the practice to 

refer to the return movement of the beam 
as the " flyback". The term " flyback" has 
been in existence longer, and is quite an 
appropriate description of the action. But 
with the increase in importance and preva-

lence of television there is some indication 
that in time the term " retrace" may be used 
in both oscilloscope and television work. 

We have already described how the beam is 
blanked out during the retrace on a tele-
vision tube. It is only reasonable to 
assume a similar action takes place in a 
cathode ray tube used in oscilloscope work. 

However, such is not generally the ease. 

The strength of the beam is not usually so 
great in an oscilloscope tube as in a 
television picture tube. Neither is the 
velocity of the beam so great. In fact 
the beam is usually so adjusted that it 

Rté.14. Checking Television Circuits 
with an Oscilloscope. 

(Courtesy Emerson Radio and Television.) 

just makes a good readable fluorescent 
line during the trace period. Since the 
flyback period is only about one-sixth as 
long as the trace period the effect of the 
beam on the screen is greatly diminished 
during flyback. The result is there is a 
negligible effect on the screen during 
flyback; normally not enough to register. 
For this reason it is not generally con-
sidered necessary to blank out the beam in 
an oscilloscope tube during flyback. 

An oscilloscope is an almost indispensable 
instrument when servicing and repairing 
television equipment. It is not hard to 
learn how to use the instrument, and when 
its use has once been mastered the tech-
nician no longer needs to guess what is 
happening in the television circuits under 
investigation. Fig. 14 shows a young lady 
technician in a television factory using an 
oscilloscope to check the circuits on the 
underside of a television chassis. 

• 

• 



NOTES FOR REFERENCE 

• 

• 

Sawtooth oscillators provide the alternating frequency for the sweep circuits of television 
receivers. 

The cathode ray tube is used in oscilloscopes and television receivers. 

The horizontal sweep frequency of a television receiver is 15,750 cycles per second. 

The vertical sweep frequency of a television receiver is 60 cycles. 

Electrostatic deflection is generally used in oscilloscopes. 

Electromagnetic deflection is used in all the larger television receivers, although some 
of the smaller tubes use electrostatic deflection. 

Tue aspect ratio refers to the size of the picture on the screen of a tube. The aspect 
ratio is always 4 to 3, being wider than high. 

Raster refers to the portion of the face of a tube actually used for the picture. 

NOTES 
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Section 1. INTRODUCTION 

Way back at the beginning of our studies 
we mentioned the matter of " resonance" in 
connection with radio and television trans-
mission and reception. The matter came up 
again in our studies of oscillators. In 
this lesson we will delve a little deeper 
into this subject and learn just how im-
portant it is in making possible the wonders 
of television. 

• 

By way of introduction it should be 
stressed that there are many types of reso-
nance. The laws of Physics presents us 
with many examples. There is hydraulic 
resonance, of which the waves and the tides 
on the oceans are the best examples. Then 
there is mechanical resonance. Mechanical 
resonance is used in many ways, probably the 
most important being its use in keeping 
watches, clocks and other time pieces oper-
ating with high degrees of accuracy. And 

Fié.1. dithout "Electrical Resonance" neither Radio nor Television would be Possible. 



Fig. 2. 

of course, there is electrical resonance. 
It is with this last that we are most con-
cerned at this time. 

Section 2. MECHANICAL RESONANCE 

Probably the example of mechanical reso-
nance with which we are most familiar is 
that of a child's swing. We have all swung 
on such swings when we were children. We 
have all been aware of the fact that we 
would swing back and forth much faster on 
some swings than we did on others. In the 
public parks and other places where the 
swing ropes were quite long, the frequency 
of the swing movement was much slower than 
on the smaller backyard swings where the 
swing ropes were much shorter. 

It is probable that in our childhood most 
of us gave little thought to the reason 

behind these facts. But as we grew older 
we became more and more aware of the fact 
that the longer the ropes on the swing, the 
slower would be the frequency of the swing. 

It makes little difference how far back 
and forth the child moves along the arc 
of the swing. That is, how high it goes, 
the frequency will always remain the same 
for any given swing. If the swing ropes 
are rather short, the child can swing back 
and forth at a fairly rapid frequency. If 
the child swings back and forth so the swing 
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does not go very high in either direction, 
the frequency of each swing will be just 
the same as though the child was going high 
and fast. 

To be a little more exact, if it takes 
2 seconds for the swing to move from the 
peak of one swing to the peak of the next 
when the swing is moving slowly -- and not 
going very high -- it will take the same 
period of 2 seconds for the child to move 
from the peak of one swing to the peak of 
the next when it is moving fast and high. 
Thus, it makes no difference how high the 
child is swinging, the frequency of its 
swing is the same at all times, provided 
the lengths of the swing ropes are not 
changed. 

The truth of this is emphasized by ob-
serving the movement of a swing which is 
started by sending it swinging as high as 
possible, then allowing it to "die down". 
When it is swinging high the swing will be 
moving quite fast at most times, but it 
will pass any given point only at certain 
times each minute. As the swing "dies down" 
it will move much slower, but it will con-
tinue to pass any given point at the same 
rate -- the same number of times per minute 
-- as when it was swinging high. Even when 
the distance through which it moves back 
and forth has been reduced to only a matter 
of inches, it will still continue to swing 

• 
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at the same rate, or frequency, as when 
it was swinging high. 

As a matter of fact, the rate, or fre-
quency at which a swing moves back and forth 
is determined by the length of the ropes. 
If the ropes are short, the rate, or fre-
quency will be high. If the ropes are long, 
the frequency will be much slower. 

An important fact about resonance can be 
explained by means of the child's swing. 
The swing can be started by giving a slight 
push. If additional pushes are given at 
exactly the right instants, the swing will 
attain considerable sweep with little effort 
on the pusher's part. 

The important thing is that the pushes 
must have exactly the same frequency as 
the back-and- forth movement of the swing. 
If an attempt is made to give the pushes a 
little more rapidly than the movement of 
the swing, the result will be a diminishing 
sweep of the swing. It will not move so 
far back and forth. It may even stop --

or virtually stop. 

In other words, if the pushes are given 
in exact step with the resonant frequency 
of the swing, they will keep it swinging 
high with little effort. But if the pushes 
are out of step with the resonant frequency 
of the swing, they will hinder its movement 
rather than aid it, regardless of how strong 
the pushes are. 

Section L. RESONANT FREQUENCY OF PENDULUMS 

The pendulums on the old fashioned grand-
father clocks and the more modern cuckoo 
clocks provide us with another example of 
mechanical resonance. On the tall grand-
father clocks the pendulums are quite long 
and swing back and forth quite slowly. On 
the cuckoo clocks the pendulums are quite 
short and move back .and forth quite rapidly. 
But in each case the rate of movement, the 
frequency, remains constant. By using 
the movement of the pendulum to control the 
escapement wheel inside the clock it is 
possible to keep the hands moving around the 
face of the dial ata steady, constant speed. 

The frequency of the pendulum movement is 
not affected by the tension on the main 
spring of the clock. When the tension is 
great, such as it would be just after the 
main spring had been wound up, the pendulum 
will move a little farther each way -- it 
will swing a little higher. When the tension 
on the main spring becomes somewhat less, 
the pendulum will not move quite so far in 
either direction. But regardless of whether 
the spring is tightly wound pr almost run 
down, or whether the pendulum makes long 
swings in either direction or merely enough 
to trip the escapement wheel, its frequency 
of swing continues at exactly the same rate 
at all times. 

It is this constant frequency which makes 
the pendulum so useful in the control of 

.00) 
e-4,0 

Fig.3. The "Frequency" of the Swing Novement is the Same Regardless of Whether 
the Swing is 'loving Fast or Slow. 
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Fié.4. The Frequency of the Pendulum's 
Swiné Depends Upon Its Length. 

clocks. The weight on the end of the pendu-
lum is usually adjustable so it can be moved 
up or down slightly. Should the clock have 

Fié.5. Only a Resonant Circuit can Distinéuish Between the Frequencies of the 
Siénals Broadcast by the Many Transmitters. 

a tendency to run a little slow, the pendu-
lum can be moved upwards so that its "swing" 
will be slightly less. This will increase 
its frequency, and cause the clock to speed 
up to its proper rate. On the other hand, 
should the clock have a tendency to run a 
little fast, it can be slowed down by 
lengthening the pendulum. 

The rate at which the pendulum swings 
back and forth is called its " resonant fre-
quency". Each pendulum has one resonant 
frequency -- and only one. There is a 
different resonant frequency for each dif-
ferent set of conditions. But under any 
one set of conditions there will be only one 
resonant frequency. 

Section 4. ELECTRICAL RESONANT CIRCUITS 

The movement of children's swings and the 
pendulums on clocks are things which can be 
seen. For that reason they are reasonably 
easy to understand. In radio and television 
circuits we also have resonant conditions. 
But it is not easy to see what goes on in-
side such circuits. Sometimes they are not 
easy to understand. Very often we have to 
take the word of someone as to exactly what 
is happening, and thus not be able to see 
for ourselves the action which is taking 
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Fig. 6. 

place. But sooner or later, all men who 
work with radio or television circuits will 
deliberately set up resonant circuits for 
himself, and thus prove the truth of the 
actual existence of such circuits. 

/
// In our study of oscillators we received a.'. 

brief introduction to the use of resonant 
7 circuits in electrical work. But the im-

portance of resonant circuits goes far 
beyond their use with oscillators. Probably/ 
their most important use in radio and tele-' 
vision work is in trapping the almost' 
imperceptible signals which have been spread 
out through space from the transmitters, and 
bringing them into the receiver. Resonant 
circuits are used many other places in radio 
and television work, but in most of the 
other places they are not the only circuits 
which could be used. But when it comes to 
trapping the faint signal which exists in 
space, and distinguishing between the one 
particular signal which is wanted and all 
the others which are also out there, we have 
nothing which can compare to the resonant 
circuit, nor which we could substitute for i 
it. (See Fig. 5.) 

\- In picking some one particular signal from 
the air we create a resonant circuit which 
is resonant to the frequency of that one 
signal, but will not respond to any other 
frequency. In creating a resonant circuit 
we must choose a capacitor and an inductance 

which will resonate at the proper signal and 
thus form the resonant circuit. The problem 
now is to learn how to determine the proper 
values of inductance and capacitance. 

section 5. EFFECT OF 
FREQUENCY ON INDUCTANCE 

In our previous studies of inductance we 
learned that as the frequency of the alter-
nating current or voltage increased, there 
would be more opposition created within the 
inductance to the flow of the current through 
it. This matter of increasing opposition as 
frequency increases is readily demonstrated 
by the formula for inductive reactance: 

XL = 2nfL. 

According to the formula we find that the 
reactance of an inductance will increase 
when either the inductance is increased or 
the frequency is increased. For any given 
inductance, that is, a coil which has some 
known amount of inductance, the opposition 
-- or reactance -- will progressively become 
greater as the frequency of the current 
applied to it becomes greater. 

Fig. 6 is a graph showing howthereactance 
of an inductance of 0.5 henry changes as the 
frequency increases from zero cycles per 
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second to 960 cycles per second. The hori-
zontal movement of the graph represents the 
change in the frequency. The vertical rise 
of the chart shows the increasing amount of 
reactance in ohms. By extending the graph 
we can show the reactance for any possible 
frequency. 

It will be noted that as the frequency 
increases from zero cycles per second -- at 
which time there is zero reactance -- to 
60 cycles per second, the reactance will 
increase from zero ohms to approximately 
188 ohms. Increasing the frequency to 120 
cycles per second increases the reactance 
some more. From the graph we find the 
reactance has increased to approximately 
377 ohms. 

Each of these values of reactance can be 
calculated by using the formula for induc-
tive reactance. The reactance in ohms will 
be equal to 6.28 x f x 0.5. At 60 cycles we 
merely substituted 60 for f. At 120 cycles 
we substituted that number -- 120 -- for f. 
The reactance in ohms is the same as the 
values shown on the graph. 

The reactance in ohms was calculated for 
each of the frequencies: 60, 120, 240, 480 
and 960 cycles. • The reactance could have 
been calculated for any of the intervening 
frequencies. But by drawing a curve between 
each of the values we calculated we were 

able to set up a graph which showed us with-
in very close limits what the reactance 
would be for any particular frequency. 

The reactance at 240 cycles was found to 
be approximately 754 ohms, at 480 cycles 
it was approximately 1510 ohms and at 960 
cycles it was approximately 3020 ohms. Note 
that in the case of the inductance the curve 
of the graph will rise as the frequency 
is increased. 

Section 6. EFFECT OF 
FREQUENCY ON CAPACITANCE 

In the case of capacitance we have another 
situation. You will recall from your study 
of capacitors and capacitance that the 
opposition, or reactance, of a•capacitor to 
the passage of alternating current decreased 
as the frequency of the alternations in-
creased. Such a situation is exactly 
opposite to that caused by inductance. 

In Fig. 7 we have set up a graph which 
shows the changing reactance of a 2 mfd 
capacitor as the frequency is changed from 
a little more than 20 to 960 cycles. Of 
necessity, we must begin our calculation 
with a frequency somewhat greater than zero. 
The reactance at zero would be Infinite; 
that is, it would be incalculably great. 
Even a frequency as low as 15 cycles per 
second causes a reactance so great as to run 
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off the top of the graph. As a result we 
begin the graph at the top of the paper, and 
make our first calculations with 30 cycles 
per second. 

You will recall from your study of capaci-
tors that the reactance presented by any 
capacitor can be calculated by using the 
formula: 

xc 1 
2TifC 

The formula tells us that the smaller the 
capacitance, or the lower the frequency, 
the greater will be the reactance. If we 
have a given value of capacitance, say 2 
mfds., we will obtain a variety of reactance 
by merely changing the frequency. 

Fig. 7 is the graph of the reactance of 
such a capacitor. There we have a capaci-
tance of 2 mfds. Since the formula is 
designed for use with farads, and our 
capacitor is rated in micro farads, we can 
set up the formula in this manner: 

IC 
1 

6.28 x f x . 000002 

Our elementary arithmetic and algebra 
books tell us we can multiply the top and 
the bottom of a fraction by the same number 
and will not change its value. In order to 
get rid of some of the decimal fractions 
in the equation suppose we multiply both 
the top and the bottom by 1,000,000. We 
will then be working with whole numbers 
instead of decimals. In multiplying through 
by 1,000,000 we will change the appearance 
to look like this: 

xc = 1,000,000  
6.28 x f x 2 

And although we have changed the appearance, 
we have in no way changed the overall value 
of the fraction any more than we would have 
changed it by multiplying by 2 or by 4 or 
by 10, or any other number. You will recall 

that it is a common practice to simplify 
fractions by multiplying both the numerator 
and the denominator by some number. This is 
frequently the practice when it is necessary 
to add fractions or to subtract them. 

Now to get back to our figuring. By 
substituting the figure 15 in the formula 
for the frequency we change the formula 
to this: 

xc 1,000,000 
6.28 x 15 x 2 

If you work out the formula to find the 
reactance you will find it comes to approxi-

mately 5307 ohms. This amount of reactance 
is greater than can be shown on our graph. 

But suppose we try finding the reactance 
the capacitor will present to alternating 
current when the frequency is raised to 
30 cycles per second. By working it out in 
the same manner as we did for 15 cycles we 
will find the reactance amounts to approxi-
mately 2653 ohms. We have marked 2653 ohms 
on the graph with a dot directly above the 
30 cycle location, and to the right of 
the point which would represent 2653 ohms 
on the vertical side of the graph. 

When we apply the formula to 60 cycles we 
find the reactance will amount to 1326 ohms. 
Again we have marked this location on the 
graph by means of a dot. Then we find, in 
succession, that 120 cycles results in ap-
proximately 663 ohms, 240 cycles results 
in approximately 332 ohms, 480 cycles 
results in approximately 166 ohms, and 
finally, 960 cycles results in approximately 
83 ohms of reactance. (Slide rule values) 

After all these points have been located 
on the graph we have drawn a smooth curve 
which connects all the dots together. By 

means of the curve it is then possible to 
determine the amount of reactance which 
would result from any frequency. 

The main point to remember, however, is 
that increasing the frequency causes the 
reactance of a capacitor to decrease. 

Section 7. MORE ABOUT CAPACITIVE 
AND INDUCTIVE REACTANCE 

We learned in a previous lesson that when 
current starts to flow through a coil it 
causes magnetic waves to spread out into 
space surrounding the coil. And in spreading 
out the magnetic lines of force cut the 
turns of wire inthecoil, inducing a voltage 
in the coil. This induced voltage tries to 
hold back the inflowing current. 
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Fig.8. A Sine Wave of Voltage. 

The net result is that for a moment after 
the voltage is applied to a coil the induced 
voltage tends to oppose the applied voltage 
and hold back the current. For these reasons 
the current through a coil always tends to 
laé somewhat behind the applied voltage. If 
the current is regularly alternating, the 
peaks of the current will always be just a 
little behind the peaks of the voltage. In 
Fig. 8 we have shown the sine wave of an 
alternating voltage as it might be applied 
to a coil. 

Now study Fig. 9 for a few moments. Note 
how the curve representing voltage rises 
from the zero line to maximum, then back 
through zero to maximum in the other di-
rection. This is the same as happened in 
Fig. 8. But note also, the current wave 

is not in step with the voltage. It does 
not reach its maximum value in the positive 
direction until after thevoltage has reached 
its maximum value and declined again. 

The situation shown by the graph of Fig. 9 
is typical of voltage and current relation-
ships when alternating current flows through 
a coil. The effect of the coil is first to 
hold back the flow of the current while the 
magnetic lines of force build up. Then 
after the applied voltage passes its peak 
and starts to decline, the magnetic lines 
of force collapse into the coil inducing a 
new voltage which forces the current along. 
But this always occurs after the voltage has 
passed its peak and starts declining. The 
main point to remember is this: Alternating 
current through a coil always lags behind 
the applied voltage which causes it to flow. 

Now let's see what the situation is in the 
case of a capacitor. We learnedinan earlier 
lesson that even a very small voltage was 
enough to start current flowing into a 
capacitor. We learned further that as soon 
as the current started flowing into the 
capacitor it would build up an opposing 
voltage in the dielectric of the capacitor. 
For this reason a tiny voltage could cause 
a very large current to flow during the 
fractionally small instant in which the flow 
started. But to keep a current flowing into 
the capacitor required an increasingly 
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greater voltage. For these reasons the flow 
of current into a capacitor is greatest just 
at the instant the voltage starts pushing 
it in. The current becomes progressively 
smaller as the voltage builds up until at 
the instant the applied voltage reaches its 
maximum value we find the reactive voltage 
just as great as the applied voltage --
which means that at that instant no more 
current can flow into the capacitor. 

From a practical standpoint we find we 
have a situation where the current flow 
into the capacitor is maximum at the instant 
when the voltage is actually the smallest, 
while the current flow is the smallest when 
the voltage reaches the maximum. But note 
particularly: The maximum current flow 
precedes the maximum applied voltage. 

Now we have a situation where the cur-
rent, for all practical purposes, leads 
the voltage. 

Fig. 10 is a graph showing how the current 
always precedes the voltage in a circuit 
which contains capacitance. If the circuit 
is wholly capacitive -- that is, no resis-
tance nor inductance— the current will lead 
the voltage by a full 90°. We often say the 
current leads by 90 electrical degrees. 

When the circuit contains only inductance, 
-- that is, no resistance nor capacitance --

the current will lag a full 90 electrical 
degrees behind the voltage. 

Now it is virtually impossible to create 
an inductance which does not contain at 
least a small amount of resistance, and 
usually a small amount of capacitance. For 
this reason it is seldom we can create a 
circuit where the current will lag the 
voltage by exactly 90°. But by using 
the highest grade of wire, and carefully 
designing the coil so as to eliminate as 
much inter-winding distributed capacity 
as possible, we can approach 90° very close-
ly, and can in many cases exceed 89 degrees. 

The inter-windtné distributed capacity 
comes about by reason of the very nature 
of the materials from which we build the 
coil. Remember, a capacitor is any two 
electrical conductors separated by a di-
electric. Note that in Fig. 11 the adjacent 
turns of the coil are composed of metal wire 
insulated from each other by means of some 
type of dielectric. The capacity which 
exists between adjacent turns of the coil 
is quite small but is nevertheless a genuine 
reality. At low frequencies the distributed 
capacity is usually so small it can be com-
pletely neglected. But at the higher 
frequencies it becomes important and must 
be taken into consideration. This is some-
what similar to the situatioruwefound inside 
triode vacuum tubes. There we found the 



Fig.11. There Exists a Small Amount of 
Electrical Capacity Between the Turns 

of Wire on a Coil. 

very small interelectrode capacitance which 
existed between the grid and the other 
elements was of little importance at low 
frequencies but became important at high 
frequencies. 

For somewhat similar reasons it is al-
most impossible to create a capacitor so 
perfect that the current will lead by a 
full 90°. The leads to the capacitor con-
sists of some type of metal, and all metals 
have some amount of resistance even though 
it may be quite small. Further than this, 
no dielectric is absolutely perfect. Even 
the best will have a small amount of loss. 
Any loss in a capacitor tends to prevent 
the current from leading by the full theo-
retical 90°. But, as in the case of the 
inductance, we can come very close. Many 
capacitors are so nearly perfect they will 
cause the current to lead by as much as 
89°. For most practical purposes, this 
is more than sufficient. 
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Section 8. EFFECT OF CAPACITANCE AND 
INDUCTANCE IN THE SAME CIRCUIT 

In Fig. 12 we have a coil in a circuit. 
From the graph at the bottom of the illus-
tration we find the current lagging behind 
the voltage. We do not know how much cur-
rent is flowing in the circuit. The exact 
amount will depend upon several things: 
The voltage, the resistance, and the re-
actance of the coil. To avoid complicating 
our calculations we will just assume for the 
moment there is no resistance in the cir-
cuit; the entire opposition to the flow of 
current will then come from the reactance 
of the coil. 

Suppose, for the sake of convenience, we 
apply 100 volts of 1000-cycle alternating 
current to the circuit. Suppose further, 
that the inductance is such that the coil 
presents exactly 50 ohms of reactance to 

Ft. 13. 

the flow of current. In this case there 
will be 2 amperes of current flowing in 
the circuit. All this is simple enough, 
and is nothing we do not know already. 
(See Fig. 13.) 

But suppose we now place a capacitor in 
the circuit as in Fig. 14. What is going 
to be the effect of the capacitor? How is 
it going to affect the flow of current? 

We already have 50 ohms of reactance due 
to the action of the inductance. Suppose 
that at the frequency of 1000 cycles which 
is being applied to the circuit the capaci-
tor has a reactance of 10 ohms. Now how do 
we determine the total opposition to the 
current? How can we learn how much current 
will flow with both the inductance and the 
capacitance in the circuit? 

The natural assumption is that we would 
Fig.12. merely add the reactance of the capacitor 
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to the reactance of the inductance and thus 
obtain the total reactance. This is what 
we do in the case of two resistors in series. 

But strangely enough, such would be com-
pletely wrong. Remember that the current 
through an inductance lags behind the 
voltage, and the current through a capaci-
tor actually leads the voltage. By placing 
a capacitor in series with the inductance 
we actually reduce the opposition rather 
than increase it. To illustrate this, 
suppose we have a beginning pulse of alter-
nating voltage as in Fig. 16. The voltage 
starts to charge up the capacitor. At this 
instant a very large current will flow into 
the capacitor on one side and, of course, 
out the other side. The maximiwn amount of 
this current is going to precede the maximum 
pressure of the voltage. 

Now what happens on the other side of the 
capacitor? Why the current which flows out 
the other side of the capacitor is going to 
start flowing into the coil, and thus start 
building up a magnetic field around the 
coil. By the time the maximum voltage 
pressure comes along, the magnetic field 

/ around the coil is going to be partially 
built up. Instead of an entire voltage 
\having to be used to get the current going 
\through the coil, the action of the capaci-
tor has actually gotten the current started 
through the coil before the voltage comes 
along, thus relieving the voltage of part 
of its work. 

If all this seems just a bit confusing, 
do not feel discouraged. No student ever 
faced the problem of learning this peculiar 
action of electrical circuits without at 
first suffering anacuteattack of confusion. 
But the feeling soon passes and a feeling of 
elation at learning about such an apparently 
incomprehensible action soon displaces the 
feeling of confusion. 

Fit. 15. 

But let us get back to the thing we were 
studying. The ultimate result of the action 
of the capacitor when placed in series with 
the inductance is to reduce the total re-
actance of the circuit. With the capacitor 
in series with the inductance, more current 
can flow than when the inductance is in the 
circuit by itself. 

Whenever a capacitor is placed in series 
with an inductor, the total reactance is 
obtained by subtracting the reactance of 
the lesser amount from the reactance of the 

/ greater one. In this case the reactance 
of the capacitor is smaller than the re-
ctance of the inductor. We subtract the 
0 ohms of capacitive reactance from the 50 
ohms of inductive reactance and come up 

\ 

with a total opposition of 40 ohms. (See 
Fig. 17.) Since there are now only 40 ohms 
G f opposition to the flow of current, there 
will be 2-1/2 amperes of current through the 
circuit instead of only 2 amperes when 
the inductor was in the circuit by itself. 

We have carried our reasoning another step 
further in Fig. 18. There we find a capaci-
tor which has a reactance of 25 ohms in 
series with an inductor of 50 ohms. What is 
our total reactance goingtobe in that case, 
and how much current will flow? 

Fig. 16. 

TLL-11 



10 OHMS 50 OHMS 

100 VOLTS 
A- C 

CURRENT = 21/2  AMPERES 

TOTAL REACTANCE 
= 50 - 10 40 OHMS 

Ft. 17. 

The same reasoning which we applied before 
will apply in this case. We subtract the 
reactance of the capacitmrfromthe reactance 
of the inductor, and that will give us the 
total reactance. Subtracting 25 ohms from 
50 ohms leaves us 25 ohms of reactance. And 
100 volts will force 4 amperes of current 
through 25 ohms of reactance. 

This all sounds very good. But, you might 
ask, suppose the capacitive reactance was 
raised to 45 ohms, or even 49 ohms. What 
would happen then? 

The same reasoning still holds true. If 
the capacitor had 45 ohms of reactance we 
would subtract that from the 50 ohms of 
inductive reactance and find we had a total 
reactance of only 5 ohms. With only 5 ohms 
of reactance in the circuit the voltage 
would force 20 amperes of current through 
the circuit -- provided there was no resis-
tance. (Actually, of course, there is 
always some resistance present.) . 

In the case of the capacitor which had a 
reactance of 49 ohms, we would subtract the 
49 ohms from the 50 ohms and find that we 
had only 1 ohm of reactance in the circuit. 
If the 1 ohm of reactance was the only oppo-
sition in the circuit, the voltage would 
force 100 amperes of current through the 
circuit. 

If the resistance is kept quite low, a 
very large current could flow through the 
circuit. But when the current reaches 
values of this magnitude even a very small 
resistance becomes important. If there is 
only 0.5 ampere flowing in a circuit, a 

TLL-12 

resistance of 0.5 ohms will cause a voltage 
drop of only 0.25 volts. But when the cur-
rent increases to 100 amperes that same 0.5 
ohm will cause a voltage drop of 50 volts. 

You might reasonably point out somewhat 
triumphantly that we have done all right so 
far, but what of the situation where the 
capacitive reactance exactly balances the 
inductive reactance? What happens there? 

(;
[/ Now we are coming to the most important point of all. It is that very situa tion 
where the inductive reactance and the 
capacitive reactance do balance each other 
out which we have been leading up to. It is 
the whole point of this lesson. It is, in 
fact, probably the most important secret 
of radio and television. 

'ection 9..2frie22. 

When the inductive reactance and the 
capacitive reactance are exactly balanced 
e have the condition known as resonance. 

Tremendous amounts of current can flow 
-through the circuit, provided the resistance 
is kept low. Further than this a very tiny 
voltage, of the proper frequency, when ap-
plied to the circuit can cause unbelievably 
large currents to flow, provided the resis-
tance is kept low. 

' Note we mentioned "p_roper frequency7. 
Proper frequency is vitally-neóé—siary. 
This is because for a given capacitor of a 
certain value and for an inductor of some 
certain value, there is only one frequency 
at which the reactance of both will be 
equal. At any frequency below the resonant 
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frequency the reactance of the capacitor 
will be greater than it is at resonance. 
Likewise, the reactance of the inductor will 
be lower. For this reason, ai any frequency 
below the resonant frequency, the reactances 
of the two principle components will be un-
equal. On the other hand, if the frequency 
is higher than the resonant frequency, the 
inductive reactance will become greater, 
while the capacitive reactance will become 
less. They will no longer be equal. The 
circuit will no longer be resonant. 

In Fig. /9 we have redrawn the graphs from 
Fig. 6 and Fig. 7. We have drawn the upward 
curving graph of the inductive reactance 
just as it was drawn in Fig. 6. Then we 
drew the downward curving graph of the ca-
pacitive reactance just as it was drawn in 
Fig. 7. You will note that the two curves 
crosseachother at approximately 160 cycles. 
Actually it is just under 160 cycles, be-
tween 159 cycles and 160 cycles, but closer 
to 160 cycles. When we have an inductance 
of 0.5 henry as in Fig. 6, and a capacitance 
of 2 microfarads, as in Fig. 7, and they are 
both in the same circuit, that circuit will 
resonate at approximately 160 cycles. 

Had the CAPACITANCE of the capacitor been 
somewhat less, the capacitive reactance curve 
in _Fig. 19 would have been located above the 
one we drew. In this case the resonant fre-

quency would have been somewhat nigher. Had 
the INDUCTIVE REACTANCE been slightly less, 
that curve would then have been a little 
lower on the graph. There again, the cir-
cuit would have resonated at a higher fre-
quency. In one case the capacitance is less; 
the other, the inductive reactance is less. 

From this it follows that the smaller the 
inductive reactance, or the smaller the 
capacitance, the higher will be the resonant 
frequency. By reducing the values of both 
the capacitance and the inductive reactance, 
it is possible to raise the resonant fre-
quency to whatever suits our fancy. Note 
very carefully that it is the capacitance 
we reduce in order to increase the frequency 
-- not the capacitive reactance. 

We also can reduce the resonant frequency 
/by increasing the capacitance, or increasing 
I the inductive reactance, or by increasing 
both. For any combination of values of 
inductance and capacitance there is one and 
only one, resonant frequency. 

Section 10. HOW TO FIND THE RESONANT 
FREQUENCY BY CALCULATION 

It is frequently necessary, or convenient 
to determine the resonant frequency of a 
given coil and capacitor without going to 
the trouble of constructing a graph. It is 
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very easy to calculate the resonant fre-
quency when the inductance of the coil and, 
the capacity of the capacitor are known. 

From our discussions so far it is easy toi 
remember that a resonant condition exists ¡ 
whenever the capacitive reactance equals 
the inductive reactance. From this we can 
set up an equation: 

XL = XC 

We already know that inductive reactance 
OW is equal to 2nfL. We also know that 
capacitive reactance (Xe) is equal to 
1  

2nfC • 

So we can go a step further and say that: 

2nfL = 1 
2nfC 

If you are familiar with the rules of 
algebra you can probably take it on from 
this point without any trouble and quickly 
determine the value of f. But in case you 
are a little rustyonalgebraic manipulations 
we will work out the equation for you. By 
going through it step by step this way you 
will be able to understand it a little 
better than if we gave it to you without 
an explanation. 

Our first step is to get all the f's on 
the same side of the equals sign. To do 
this we will take the f from the right side 
of the equals mark and move it to the left 
side. Under the rules of algebra we can do 
it like this: 

2nfLf = 1 
2nC 

Now the next step is to get the 2nL from 
the left side of the equals sign to the 
right side. By the rules of algebra we can 
do it like this: 

f x f, =  1 
2nL x 2nC 

We can combine the terms on each side of 
the equals sign so that the equation now 

looks like this: 

f2 _ 1 

4712LC 

We will take one more step and we will be 
through. All we do this time is extract 
the square root of each side of the equation: 

1 

«"Fr«. ..0 

This formula for finding f is considered 
a basic formula in radio and television 
work. There will be many times when you 
will find it invaluable. When you know the 
value of the inductance, merely insert that 
in the formula in place of the L. Then when 
you know the value of the capacity you in-
sert that in the formula in place of the C. 
From there on out it is merely simple 
arithmetic. 

To see exactly how the formula works, 
suppose we calculate the resonant frequency 
of the capacitor and inductor whose reac-
tances have been graphed in Fig. 19. There 
we had an inductor which had 0.5 henry 
inductance. The capacitor had 2 micro-
farads of capacitance. We take our funda-
mental formula: 

f 
1 

6.28 LC 

and insert the values of L and C. The 
formula will then look like this: 

f = 
1 

6.28 xli.5 x . 000002 

It should be remembered the formula deals 
with farads and henries, not with fractions 
of those units. Since our capacitor is rated 
in micro farads, we must change the micro-
farads into farads. 2 microfarads is the 
equivalent of . 000002 farads. 

The next best step is to multiply the 
values under the radical sign, that is, 
multiply . 5 by . 000002. This will give us 
.000001. So we will insert this in the 
formula and itwdll change to look like this: 

f 
1 

6.28 x 

The best step to take next is to find the 
square root of . 000001 and thus get rid of 
the radical entirely. Wecanfind the square 
root by theuse of tables, by using the slide 
rule, or by calculation. Actually, in this 
case, the value is such we can probably work 
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it out in our heads. The square root of 
.000001 is . 001. Now we can insert that in 
our formula and change it to look like this: 

1 
6.28 x . 001 

The most logical step now is to multiply 
6.28 by . 001. This will give us . 00628. By 
inserting this into our formula we find it 
looks like this: 

.00628 

All that remains is to divide . 00628 into 
1. By doing so we come up with the answer. 
By actually dividing it out we find the 
answer is slightly over 159, but for round 
numbers, 160 is close enough. In other 
words, we find that: 

f = 160 

The same procedure can be followed for any 
combination of inductance or capacities you 
will ever encounter. You will find that 
with a little practice you will not have to 
take all the steps we took in explaining the 
problem. If you know algebra, or know how 
to operate a slide rule, you will find the 
solution falling into your hands with almost 
no trouble whatsoever. But even if you do 
not know algebra or have a slide rule, the 
solution is simple. 

Section 11. THE RESONANCE CURVE 

Suppose we take the circuit in Fig. 20, 

which is similar to that of Fig. 14, except 
that we are using the values in the graph of 
Fig. 19. We have placed 100 volts across 
the circuit and then seen just how much 
current flows at various frequencies. We 
will lump all the resistance of the circuit 
at 1 ohm. We will take the first current 
reading at 30 cycles. 

We know from our previous studies that at 
30 cycles the capacitor will have so much 
reactance that virtually no current will 
flow. The capacitor will have 2653 ohms 
reactance at 30 cycles. The inductor will 
have a small amount of reactance to subtract 
from the capacitive reactance, but not much 
by comparison. There will be a total re-
actance of a little more than 2500 ohms, 
plus the 1 ohm of resistance. Thus the 
current which will flow at 30 cycles is only 

Ft. 20. 

a very small part of an ampere. If we place 
a dot on the graph to represent the current, 
it will have to be practically on the zero 
current line. 

At 60 cycles the reactance of the capaci-
tor is still high, 1326 ohms. The inductive 
reactance will bring that down to about 
1138 ohms, but that is still so high, very 
little current will be able to flow. But we 
will place another dot on our graph to 
represent the current at 60 cycles. Here 
again the dot must be virtually on the zero 
current line since there will be less than 
1/10 of an ampere flowing in the circuit. 

At 120 cycles the capacitive reactance has 
dropped to 663 ohms while the inductive re-
actance has increased to 377 ohms. The 
difference here is 286 ohms, still enough 
to keep the current below 1 ampere. So we 
will place a dot on the graph to represent 
the current at 120 cycles. 

Let us next measure the current at 145 
cycles. Here we find the inductive reactance 
is approximately 455 ohms and the capacitive 
reactance is approximately 560 ohms. This 
is a difference of only 105 ohms. With 105 
ohms of reactance in the circuit, the cur-
rent can rise to about 1 ampere. We will 
place a dot on the graph to show the value 
of the current. 

Next let us measure the current at 155 
cycles. We find the inductive reactance has 
increased to 486 ohms, and the capacitive 
reactance has reduced to approximately 514 
ohms, a difference of approximately 28 ohms. 
With only 28 ohms of reactance in the cir-
cuit we find the current will rise to 
approximately 4 amperes. We have marked 
the graph to indicate the 4 amperes of 
current at 155 cycles. 

Now let's look at 158 cycles. We will find 
the inductive reactance up to approximately 
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Fié.21. Curve Showiné the Current in a Tuned Circuit at the Resonant Frequency. 

497 ohms and the capacitive reactance down 
to approximately 505 ohms. This is a 
difference of 8 ohms. With only 8 ohms 
of reactance in the circuit and 1 ohm of 
resistance we find the current has increased 
to over 10 amperes. A dot has been placed 
on the graph to represent the 10 amperes 
of current. 

At 159 cycles the inductive reactance has 
increased to 499 ohms and the capacitive 
reactance is down to approximately 501 ohms. 
This allows approximately 50 amperes of cur-
rent to flow as indicated by the dot on 
the graph. 

At 160 cycles the circuit will be resonant. 
There will be no opposition to the flow of 
current except the one ohm of resistance. 
Thus there will be 100 amperes of current 
flowing at 160 cycles. 

If the frequency is increased further, the 
current will immediately start dropping off. 
The inductive reactance and the capacitive 
reactance will no longer be the same. Theft 
current will drop off as indicated by ther,, 
curving line on the graph. 

The graph shows very clearly the effect on 
the current in a resonant circuit as the 
frequency is varied from below the resonant 
frequency, through the resonant frequency, 
and on above the resonant frequency. - The 
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current remains quite small until the reso-
nant frequency approaches. Then the current 
gradually increases. As the frequency 
closely approaches resonance, the current 
rises quite sharply until right on the 
resonant frequency it is very high. At that 
one frequency the flow of current is limited 
only by theactual resistance of the circuit. 

The lower the resistance in the circuit 
the sharper will be the rise of the current. 
When the resistance is as low as we have 
indicated in the foregoing example, the rise 
of the current is exceedingly sharp. Under 
actual operating conditions it frequently is 
not possible to obtain a resistance as low 
as 1 ohm when the inductance and capacitance 
are as high as the figures used in the 
problem. The effect of higher resistance 
in a resonant circuit is to lower the peak 
of the curve and widen out the base some-
what. The curve shown in Fig. 22 is a 
little closer to the curve of an actual 
circuit than is the one in Fig. 21. 

( Occasionally it is desirable to deliberate-
Ily broaden the base of the curve, or to 
\reduce the height. That can be done by 
'increasing the resistance. Actually, a 
esistance is not always inserted in the 
rcuit. What is done is to use smaller 

wire in the inductance. This has the effect 
of reducing the height of the current curve. 
It should be mentioned that in some tele-

• 
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,)Î-F circuits, the tuned circuit is de-' 
ision circuits, particularly in the video 

/ liberately loaded with resistance in order 

-) 3J 

to make the circuit respond to a wider band 
of frequencies. Much more will be said' 
about video I-F circuits when we reach 
that subject. /) 

ectton 12. THE CIRCUIT " Q" 

f
t The higher the peak of the curve the higher 
will be the "Q" of the circuit. The ne of 
a circuit is a figure of merit. It defines 
he ratio of the reactance of the circuit to 

f,./ 

resistance. If the reactance is quite 
high with respect to the resistance, it is 
understandable thatthecurve will go higher, 
just as we have explained. And as it goes 

Fté.22. The Broader Curve at Resonance 
When there ts a Larger Proportion of 
Resistance. This is the Curve of a 
Circuit with a Lower "Q" than Fié. 21. 

Lan 

higher the "Q" goes up. Normally the "Q" of 
a circuit should be as high as is practical, 
d is expressed by means of an equation: 

X 

Much more will be said of the " Q" of a 
tuned resonant circuit after we have ad-
vanced considerably further in our studies. 

The resonant circuit we have been dis+ 
cussing is called a sertes resonant circuit. 
This is because the capacitor and the in+ 
ductor are in series with each other and 
with the source. It should be remembered 
that the prime characteristic of a series 
resonant circuit is that the opposition, 

Fié.23. Parallel Resonant Circuit. 

or impedance becomes very small at the 
resonant frequency. The impedance is mini-
mum at resonance, the current is at maximum. 

Section 13. THE PARALLEL RESONANT CIRCUIT 

A resonant circuit can be either series 
or parallel. Both are widely used in radio 
and television work. But in some ways the 
parallel resonant circuit is even more use-
ful and important than the series resonant 
circuit. Fig. 23 illustrates the essentials 
of a parallel resonant circuit. You will 
recall we encountered this circuit in our 
studies of the oscillator. We will discuss 
it slightly further at this point, and con-
tinue our study of it in subsequent lessons. 

Suppose a small electrical voltage was 
placed on the circuit as shown in Fig. 24. 
When the voltage reached the junction at 
point A it would tend to send part of the 
current toward the inductor and part of it 
toward the capacitor. If the alternating 
voltage was at any frequency except the 

Fig. 24. 
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FLÉ.25. 

resonant frequency, part of the current would 
pass through the inductor and part would pass 
through the capacitor. There would merely 
be two paths for the current to follow, and 
neither would seriously interfere with 
the other. 

But suppose the frequency was such that 
it would cause the circuit to 'resonate". 
That is, suppose it was of such a frequency 
that the reactances of the inductor and the I/ 
capacitor were equal. 

If an alternating current at the resonant 
frequency of the circuit tries to get through 
the circuit, it will encounter an entirely 
different situation from that which meets 
a non-resonant frequency. The current will 
divide just as before. The part trying to 
go through the coil will set up magnetic 
lines of force around the coil, and will 
meet momentary opposition. That pulse of 
current will be delayed. 

But the portion of the current which moved 
into the capacitor meets little opposition 

Fig. 26. 

at first, and the current flows in quite 
freely. But opposition to the influx of 
current into the capacitor builds up quite 
rapidly. At the same instant the current 
through the coil side overcomes its oppo-
sition and starts getting through; the 
voltage built up on the capacitor will cause 
it to discharge. The current from the ca-
pacitor will also flow through the coil at 
the same time the original pulse from the 
outside succeeds in getting through. (See 
Fig. 25.) 

But as soon as the current begins to 
decrease in the coil, the magnetic lines 
of force begin collapsing and these induce 
a voltage in the coil which sends the cur-
rent into the other side of the capacitor. 
The capacitor is thus charged up from the 
other side. 

If the frequency which is being applied 
from the outside is exactly the same as the 
resonant frequency of the circuit, the out-
side current will have been reversed just 
as the coil in the resonant circuit is 
collapsing. The outside voltage and the 
induced voltage from the collapsing mag-
netic field will combine to charge up the 
capacitor as in Fig. 27. Then at the instant 
the capacitor discharges and builds up 
another field around the coil, the external 
voltage will have reversed again, thus 
tending to charge up the other side of 
the capacitor. 

This condition continues indefinitely. 
Each time the external current and voltage 
reverses, it finds the voltage and current 
inside the resonant circuit just right to 
oppose its passage. For this reason a cur-
rent and voltage at the resonant frequency 
of the circuit finds great difficulty in 

Pt. 27. 
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Fte.28. Impedance Curve for Parallel 
Resonant Clrcutt, 

passing through a parallel resonant circuit. 
And, for this reason, a parallel resonant 
circuit offers maximum opposition (impedance) 
t the resonant frequency. 

( e A curve can be drawn to show the impedance 
of a parallel resonant circuit. The is-

/piedance curve for a parallel resonantcircuit 
s almost identical to the current curve for 
a series resonant circuit. (See Fig. 28.) 

At all frequencies removed from that of 
resonance, the parallel circuit will offer 
very little opposition to the passage of 
alternating current. But at the point 
of resonance, virtually no current can pass 
through the circuit. 

It is not hard to figure ogt uses for cir-
cuits such as those of parallel and series 
resonance. If we have a flock of existing 
frequencies in a circuit and want to pass 
only one of them, we can accomplish that 
result by using the series resonant circuit. 
On the other hand, if we want to pass all of 
them but one, we can accomplish that by a 
parallel resonant circuit. An example of 
the latter use is the resonant circuit used 
to pass all the frequencies in the antenna 
circuit of a radio or television receiver 
except the one it is desired to receive. 

An alternating current or voltage need 
not be applied at the side of a parallel 
resonant circuit. Suppose such an alter-
nating current were to be applied by means 
of another coil as in Fig. 29. A very small 
impulse, provided the frequency was exactly 
right, could set up quite large currents 

and voltages within the resonant circuit 
itself. The " tickling" signal could be 
very small, but if its frequency was exactly 
right, the currents and voltages within the 
tuned resonant circuit itself could reach 
considerable magnitudes. 

Now we will see just how this is useful 
to us ip radio and television work. Wê 
already know the air is constantly filled 
with a large number of radio and television 
signals. Each of these signals is operating 
on a different frequency. These frequencies 
in the air are in the form of electro-
magnetic waves which are spreading out in 
space in all directions from the trans-
mitter. As these electromagnetic waves 
cut across any conductor they will induce 
voltages within the conductor in the same 
manner any other magnetic wave will induce 
a voltage in any other conductor. 

If a conductor in the form of an antenna 
is raised into space, the electromagnetic 
waves will cut across the conducting ma-
terial of the antenna and induce a voltage 
in it. If a connection is made to such an 
antenna as in Fig. 30, the voltage can be 
led into a radio or television receiver and 
used to set up voltage impulses in the tuned 
resonant circuit of the receiver. 

When a signal consisting of electro-
magnetic waves strikes the antenna at a 
frequency which is exactly the same as the 
resonant frequency of the tuned resonant 
circuit in the receiver, there will be 
strong alternating currents and voltages 
caused to circulate within the tuned cir-
cuit. If one end of the tuned circuit is 
then connected to the grid of a vacuum tube, 
the voltages can be amplified and passed 
along to another circuit. 

Fig. 29. 
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Fié.30. A Parallel Resonant Circuit in 
a Radio or Television Receiver. 

Right there is the whole secret of how 
radio and television signals are picked up 
out of the air. The electromagnetic waves 
passing through space induce tiny voltages 
in an antenna. These tiny alternating 
voltages, possibly only a few hundred micro-
volts in strength, or even less, are used 
to excite a tuned resonant circuit. The 
voltage inside the tuned resonant circuit is 
then amplified by means of vacuum tubes. 

Section 14. VARIABLE TUNED CIRCUIT 

In all our discussions we have intimated 
that the inductor was of some one fixed 
value of inductance, and the capacitor was 
of some one fixed value of capacitance. And 
indeed, such is often the case. 

But there is no reason why either the 
capacitor or the inductor needs to be one 
fixed value. Either, or both, can be varia-
ble. If either the capacitor or the inductor 
is variable it will then be possible to 
change the resonant frequency of the tuned 
resonant circuit at will. 

In most radio receivers it is a standard 
practice to use a variable capacitor in the 
first stage of the receiver. The tuned 
resonant circuit can then be changed so as 
to resonate with whatever signal frequency 
it is desired to pick up out of the air. 

As an example of this, it is a common 
practice to use a coil which will resonate 
with the smallest amount of capacity the 
capacitor can be changed to. In most cases 
this is about 1600 kilocycles, the top of 
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the broadcast. band. Then the capacity of 
the capacitor can be increased. As the 
capacity is increased, the resonant fre-
quency of the circuit is lowered. As more 
and more capacity is added to the capacitor, 
the resonant frequency becomes lower and 
lower until it reaches the bottom of the 
broadcast band at 550 kilocycles. Thus by 
varying the capacity of the variable capaci-
tor it is possible to tune the resonant 
circuit to the frequency of any broadcast 
station between 550 kilocycles and 1600 
kilocycles which might be on the air. 

If it is desired to pick up stations 
operating at a higher frequency than those 
in the broadcast band, such as police calls, 
aircraft, ships, automobiles, and so forth, 
the original inductor coil is switched out 
by means of a "band switch" and another coil 
which has less inductance is switched into 
the resonant circuit. When the capacitor 
is at minimum value, the resonant frequency 
will be much higher with the second inductor 
coil than with the first. Many radios have 

two or three different bands, each of which 
can be switched in or out at the will of 
the operator. Communications receivers, 
such as those used by amateurs and com-
mercial radio operators, frequently have 
as many as six different bands. 

Much the same procedure is followed in 
switching a television receiver from one 
channel to another. The receiver is switched 
from one channel to another by means of a 
band switch which changes the inductance 
in the resonant circuit of the first stage 
of the receiver. Then the tuning of the 
receiver is sharpened by adjusting the "fine 
tuning" which is simply an adjustable 
capacitor. 

Fié.31. Chanétné the Resonant Frequency 
by leans of a Variable Capacitor. 



You may find trouble in understanding 
and remembering everything which has been 
mentioned in this lesson. We cannot stress 
too strongly the importance of learning and 
remembering everything contained here. How-
ever, we recognize the difficulty of fully 
understanding such technical information as 
is set forth here. For that reason we will 
again discuss from several angles most of 

----. 
,' he information we have given you in this 
/ esson. We would like to repeat again, even 
at the risk of becoming monotonous, that 
the material contained in this lesson is 
iterally the key to all radio and television 

work. The things we have mentioned here are ' 
/the very things which make radio and tele-

- 

vision possible. Without them there would 
be no such things as radio and television. 

NOTES FOR REFERENCE 

Electrical resonance is a condition where the reactances of the capacitor and the inductor 
are exactly equal for some particular frequency. 

For every value of capacity and inductance there is one resonant frequency. 

The formula for finding the resonant frequency is: 

1  
f - 

2nIfiF 

The "Q" of a circuit is a figure of merit. The higher the "Q" the better the circuit. 
formula for "Q" is: 

Q 

The " Q" of a circuit is the ratio of the reactance to the resistance. 

A series resonant circuit has a minimum of impedance at the resonant frequency. 

A parallel resonant circuit has a maximum of impedance at the resonant frequency. 

e 
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Section 1. INTRODUCTION 

In the course of our studies we have 
mentioned the word impedance quite a few 
times. Each time we did so we said we would 
discuss t'le nature of impedance in con-
siderably greater detail in a later lesson. 
It is not desirable that we postpone the 
study of impedance any longer. 

The way some writers and teachers present 
impedance, it is a most intricate and diffi-
cult subject to understand. Such a thing 
need not be. By getting down to earth in 
the explanation of impedance, it can be made 
a most interesting subject. It is well that 
it can be made interesting since you will 
be working with impedance during every one 
of your working days so long as you make 
television your business. 

We have previously mentioned that the 
impedance of a vacuum tube anode circuit 
must be matched in some way with the im-
pedance of the voice coil circuit in a 
loudspeaker. The anode circuit of the 
vacuum tube has a hiêh-impedance while 
the voice coil circuit is a low- impedance 
one. We did say at that time that it was 
the conventional practice to use a trans-
former in order to effect the match, but did 
not go into any detail to explain why such 
a match was deemed essential. 

The television technician runs into another 
important instance of impedance matching 
when installing a television receiver. One 

of the most important items in correct 
installation is matching the impedance of 
the roof- top antenna to the input impedance 
of the receiver. This is extremely im-
portant in the so-called " fringe" areas 
where the transmitted signal is somewhat 
weaker than it is nearer the television 
transmitter. 

Fié.1. The Impedance of the Antenna lust 
be latched to the Input of the Receiver 

for Good Reception. 
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Section 2. NATURE OF IMPEDANCE 

\ 
In this respect it would be possible to say 

/ that impedance is to be found in both direct 
/ current circuits and in alternating current 
' circuits, even though resistance is the only 

\\., opposition in the case of direct current. 

However, since resistance ts the only 
opposition to the flow of direct current, 

Before we can begin working with impedance 
in an intelligent manner, it is necessary 
that we first understand the basic nature of 
it. In this respect impedance is defined as 
being the total opposition offered to the 
flow of current in an electrical circuit. 
Since reactance -- either inductive or 
capacitive -- is not generally considered to 
be an obstruction to the flow of direct cur-
rent, it follows that we encounter reactance 
only when working with alternating current. 
This means that resistance is the only factor 
which limits the flow of direct current: 
Since this is true, the total opposition to 
the flow of direct current is resistance.I 

Fié.3. 

TWO TURNS OF WIRE HAS FOUR TIMES THE 

INDUCTANCE OF ONE TURN 
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the term is seldom used in connection with 
it. Technically, the term impedance can 
be applied to direct current; in practice 
however, we rarely use the term in direct 
current work. 

/ In the case of alternating currents, 
however, we find an entirely different 
situation. We find the current opposed 
by the ohmic resistance of the conductor, 
just as in the case of direct current, plus 

-1.-she reactance of coils and capacitor. 

\In the case of a coil we will have a form 
wound with a considerable amount of wire. 
The fact that the form is wound with many 
turns of the wire causes the lines of mag-
netic force from each turn to cut across 
all the other turns, thus causing any given 
length of wire to have much more inductance 
when wound in the form of a coil than when 
stretched out straight. 

It is somewhat surprising at first to 
realize just how rapidly the inductance in-
creases when wire is wound in the form of a 
coil. Roughly speaking, it increases as the 
square of the number of turns. By this we 
mean that if one turn of wire has a certain 
amount of inductance, two turns will have 
four times as much inductance, three turns 
will have nine times as much inductance, and 
ten turns will have 100 times as much induc-
tance as one turn. There are some practical 
limits to this rule, since some of the lines 
of force from one turn may not cut all the 
other turns when the coil becomes too large. 
But within limits this rule is reasonably 
accurate. It should be noted that the rule 
mentioned is not as accurate as an engineer 
would need, but since you are not likely to 
be designing inductance coils for a long 
time, the general rule is accurate enough 
for the time being. 



10 TURNS HAS 
100 TIMES THE 
INDUCTANCE OF 
ONE TURN 
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Flg.5. Fté.6. A Right Angle Triangle. 

All the inductive reactance in the coil 
will have the effect of restraining or op-
posing, the flow of alternating current. 
But note also that the coil is composed of 
wire, and that all wire has resistance. The 
resistance of the wire will also tend to 
oppose the flow of alternating current. 

Now for the sake of convenience, let us 
assume that a certain coil will present 
5 ohms of resistance and 12ohmsof reactance 
to the flow of alternating current. The 
total opposition of both the resistance and 
reactance is called the impedance. One of 
our first problems is to determine just how 
many ohms of impedance will oppose the flow 
of alternating current when the resistance 
amounts to 5 ohms and the reactance amounts 
to 12 ohms. 

The first impulse is to say that since 
both represents opposition to the flow of 
current, the best thing would be to merely 
add them together and that should give us 
the total impedance. Unfortunately, the 
solution is not quite so easy -- though it 
can be easily learned. 

Section 3. PYTHAGOREAN THEOREM 

It so happens that reactance and resis-
tance in an electrical circuit can be 
combined by following an old mathematical 
formula first provenby a Greek mathematician 
named Pythagoras about five hundred years 
before the birth of Christ. The mathe-
matical formula has come to be known as the 
Pythagorean Proposition, or, more commonly, 
as the Pythagorean Theorem. 

Even so, the theorem was not original with 
Pythagoras. He merely proved what had been 
generally accepted for many years before his 

time. In fact, there is evidence that the 
Ancient Egyptians and the Chinese had made 
use of the formula as much as 1500 years 
before Pythagoras was able to prove that it 
actually was a basic mathematical rule. The 
Egyptians used it for many centuries in 
laying out their land, but they were unable 
to work out the mathematical proposition 
to an exact degree where it would fit every 
existing situation. 

Essentially what Pythagoras did was to 
prove the unchangeable relationship of the 
three sides of a right triangle, such as 
shown in Fig. 6. He proved that when the 
length of any two of the sides was known it 
was always possible to determine the length 
of the third. 

Pythagoras proved that if you added the 
square of the base of the triangle to 
the square of the altitude, as in Fig. 7, 
it would give you the square of the hypote-

Fié.7. The Square of the Hypotenuse is 
Equal to the Sum of the Squares of the 

Other Two Sides. 

TLA-3 



HYPOTENUSE 

BASE = 3 
32- 9 

ALTITUDE • 4 

42= 16 

16+9= 
(HYPOTENUSE) 2 

Fig.8. 

nuse, as in Fig. 8. The square of the 
hypotenuse is found to be 25, as in Fig. 9. 

Since we are wanting to find the hypotenuse 
itself rather than the square of the hypote-
nuse, the next step is to find the square 
root of 25 as in Fig. 10. Here we take the 
square root of 25 and find that it is 5, and 
this 5 is the hypotenuse of a triangle where 
the base is 3 and the altitude is 4. 

The mathematical rule, as laid down by 
Pythagoras says: The square of the hypote-
nuse is equal to the sum of the squares of 
the other two sides. It should be noted in 
passing that this rule applies only to a 
right angle triangle. A right angle triangle 
is one which has one angle of 90 degrees. 

The main point we are trying to make is 
that this ancient mathematical rule makes 
it possible for us to combine the resistance 
and the reactance in an alternating current 

circuit into the total impedance such a cir-
cuit would offer to the flow of current. It 
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is fortunate that we can find such a rule 
all ready for our use. Otherwise it would 
have been necessary to have worked out a 
rule to fit our needs. It is probable that 
you are already familiar with Pythagoras' 
Theorem from your regular school work. If 
so, all this will be nothing new to you; ycu 
can consider it in the nature of a review. 
You will be findingmanyuses for Pythagoras' 
Theorem in your work with Television. 

Section 4. COMBINING RESISTANCE AND 
REACTANCE INTO IMPEDANCE 

In solving impedance problems it is custo-
mary to substitute the amount of resistance 
for the base of the triangle, as in Fig. 11, 
and the reactance for the altitude. Then 
the impedance is the same as the hypotenuse. 
When the resistance is known and the reac-
tance is known, all that is necessary is 
to square each of those values and add 
them together. When the square root is 
taken of that sum we will have found the 
total impedance. 

Fté.11. The Impedance Triangle. 

• 
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Now to get back to our original problem. 
We had 5 ohms of resistance and 12 ohms of 
reactance. We wanted to find the total 
impedance such a circuit would offer to the 
flow of alternating current. 

Our first step should be to set up the 
impedance triangle as in Fig. 12. We place 
the 5 ohms of resistance along the base of 
the triangle. Next we put the 12 ohms 
of reactance in the place of the altitude of 
the triangle. Then we proceed to work 
out the problem. 

We find that the square of 5 is equal to 
25. Then we find that the square of 12 
is equal to 144. Adding 25 to 144, as in 
Fig. 13, gives us 169. Now the figure 169 
is the square of the impedance. Actually 
the thing we want to find is the impedance 
itself, not the square of it. But once 

Ft. 12. 

we have the square of the impedance it is 
a simple matter to find the impedance; all 
we have to do is take the square root of 
169, as in Fig. 14, which we find is 13. 

Thus, when there are 5 ohms of resistance 
and 12 ohms of reactance in a circuit there 
will be a total opposition, or impedance, 
of 13 ohms to the flow of the current. 

From our studies it is easy to see that 
every coil of wire contains both resistance 
and reactance. For all practical purposes 

the resistance and the reactance of the coil 
are in series with each other, and each 
contributes to the opposition presented to 
the flow of current. When this is true, 
the resistance and the reactance can be 
combined into one unit -- impedance -- the 
value of which can be obtained by using 
Pythagoras' Theorem. Fig. 15 shows how the 

Fig. 1. 

resistance and reactance of a coil are 
often shown as two separate oppositions 
when diagramming a circuit. 

Since other electrical units have some 
letter, or symbol, assigned to represent 
them, it should not be surprising to learn 
that a letter has been assigned to represent 
impedance. Electrical men agreed among 
themselves long ago that the letter Z would 
be used to represent impedance. It is so 
used by radio and television men. In fact, 
it is probable that radio and television 
men now have need to work with impedance 
far more than most electrical men. 

It is also reasonable to expect that a 
formula for finding impedance had been 
worked out for us. Such, indeed, is the 
case. It is quite simple, and merely puts 
into a handy form the things we have been 
explaining. The basic formula for impedance 
where the reactance and the resistance are 
in series is: 

z2 R2 + X2 
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A COIL HAS BOTH RESISTANCE AND REACTANCE 

Fig.15. 

But since we usually want to find the 
impedance rather than the square of the im-
pedance, the formula will be found written 
in this manner most frequently: 

All this does is put into the form of a 
formula what we have already learned about 
impedance; that is, that impedance is equal 
to the square root of the sum of the squares 
of reactance and resistance. This formula 
should be jotted down in your little note-
book where you can find it whenever you need 
it. You will soon be using it so frequently, 
however, that you probably will not have to 
refer to your notebook for long. 

Section 5. WHY WE CAN USE PYTHAGORAS' 
THEOREM TO FIND IMPEDANCE 

It is only natural that you should be 
curious as to why we are able to apply a 
mathematical formula as old as the Pytha-
gorean Theorem to something as new as elec-
tricity, radio and television. The answer 
is found in the fact that when alternating 
current is applied to a resistance, the cur-
rent through the resistance will always be 
exactly proportional at all times to the 
voltage across it, while the action of in-
ductive reactance is to cause the current to 
lag somewhat behind the voltage. 

In Fig. 16 we find the current through 
the resistance rises at the same time the 
voltage rises across it. The current through 
the resistance is exactly proportional to 
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the value of the voltage, and can be de-
termined by use of simple Ohm's Law. For 
example, when the voltage rises to 20 volts 
we find that the 20 volts will cause a cur-
rent of 2 amperes to flow through the 
resistance. Then as the voltage rises to 
40 volts, 60 volts, and so forth, we find 
the current rising to 4 amperes, 6 amperes 
and so forth -- exactly in step. 

But the situation is different in the case 
of the current through an inductance. The 
current does not rise to its maximum value 
until after the maximum voltage peak has 
passed. There is a time displacement in-
volved. The maximum opposition of the 
resistance occurs at the time the voltage 
is maximum. the maximum opposition of the 
inductance comes later. 

From a strictly technical standpoint there 
is another way to look at the matter, but 
it involves considerable mathematics for 
full understanding. It is not necessary 
that we go into it in that way just as this 
time. Essentially, it is this: The action 
of the inductance is to hold the current 
behind the voltage; the peak of the cur-
rent coming after the peak of the voltage. 
The.impelling voltage of the collapsing 
magnetic field around the coil is somewhat 
less than the applied voltage, but is strong 
enough to force some of the current through 

Fié.16. The Current Rises in Step with 
the Voltage in Accordance withOhm's Law. 



A-C VOLTS 

VOLTS 

IN AN INDUCTANCE THE CURRENT RISES 

TO MAXIMUM AFTER ThE VOLTAGE 

MAXIMUM HAS PASSED 

Fiê.17. 

the resistance. The combined action of 
the inductive reactance and the resis-
tance is to restrict the current. Both 
oppositions together are stronger than 
either separately, but is not so strong as 
the sum of the two. 

It can be said from long practical ex-
perience it has been proven that the two 
oppositions act at right angles to each 
other. One way of showing this is to locate 
the resistance on the horizontal plane of a 
graph, as in Fig. 18, and the reactance on 
a vertical plane. By using ordinary graph 
paper the impedance problem can be worked 
out without using much arithmetic. 

RESISTANCE RESISTANCE 

An example of how this can be done is 
shown in Fig. 19. Here we have an X-X' and 
a Y-Y' axes drawn on the graph paper. Now 
suppose we want to find the total impedance 
of 6 ohms of resistance and 8 ohms of re-
actance. We can draw a line to the right 
from the zero- zero point of the graph for 
a distance of 6 lines, then vertically for a 
distance of 8 lines. The next step is to 
draw a line from the upper point of the 
vertical line back to the starting point, 
such as the dashed line in Fig. 20. If the 
dashed line is measured it will be found 
to be exactly as long as the distance be-
tween 10 of the lines. Notice tne similarity 
of the action here to that in Figs. 13 
and 14. For your own satisfaction it will 
be to your advantage to solve the problem 
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of 6 ohms resistance and 8 ohms reactance by 
using the Pythagorean Theorem. See if you 

do not arrive at the same answer of l»  ohms 
of impedance. 

Sect ton 6. COMBINATION OF RESISTANCE 
AND CAPACITIVE REACTANCE 

There are many instances where a capacitor 
will be in series with a resistance in the 
problems you will face in your everyday 
television work. When you find such a 
situation you will be able to find the 
solution very much the same as in combining 
inductive reactance and resistance. The 
total impedance can be found by taking the 
square root of the sum of the squares of 
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the capacitive reactance and the resis-
tance. Thus it can be seen that it makes 
no difference whether the reactance is 
inductive or capacitive, it combines with 
the resistance in the same manner. (See 
Fig. 21.) 

In graphing the capacitive reactance, 
there will be a slight difference. Instead 
of the reactance going upward in a vertical 
direction, it will go down. As an example 
of this, suppose we have a capacitor which 
has a reactance of 12 ohms and it has a 
resistance of 9 ohms in series with it. 

We will graph the 9 ohms of resistance by 
running a line beginning at the zero-zero 
point of the graph, and going to a point 
9 lines to the right, as in Fig. 22. From 
there we go downward 12 lines to represent 

 x ci  V\AAAC  

Z • V X2c+ R2 

21. 
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the capacitive reactance. By then drawing 
a third line, as shown by the dashed line 
in Fig. 22, we have the hypotenuse of a 
right angle triangle, or in this case, the 
impedance of the circuit. If the dashed 
line is measured out it will be found to 
be exactly 15 units long, meaning the cir-
cuit would have 15 ohms of impedance. 

Here again, it will be to your advantage 
to work out this problem by the use of 
Pythagoras' Theorem. See if you do not 
come out with an answer of 15 ohms. 
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Section 7. COMBINING CAPACITIVE REACTANCE, 
AND INDUCTIVE REACTANCEANDRESISTANCE 

In radio and television circuits we are 
continually confronted with circuits which 
contaba all three kinds of opposition to the 
flow of alternating current. This is par-
ticularly true as the frequency increases. 
At the higher frequencies even a very small 
amount of inductance can give the circuit 
considerable reactance. By the same token, 
capacities which can be completely ignored 
at the lower frequencies must be taken into 
consideration at the higher frequencies. At 
the frequencies which are encountered in 
television work, we frequently find that two 
ordinary pieces of wire, even though sepa-
rated from each other, will have enough 
inductance and capacitance to seriously 
interfere with the proper operation of the 
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receiver. This same situation is also found 
in the " transmission lines" which bring the 
signal from the outdoor antenna to the 
receiver inside the house. 

In tackling the problem of capacitive 
reactance in series with resistance and 
inductive reactance we have a situation 
somewhat like that shown in the diagram of 

Fig. 23. At first glance this appears spine-
what complicated. But a little thought and 
study tells us the problem is by no means 
as awkward and complicated as it appears 

at first glance. 

Impedance indicates a combination of 
reactance and resistance. The kind of re-
actance is immaterial. Either may be negli-

'-.\ ble, but a combination is applied. 

Remember also, that the total reactance 
in any series circuit is equal to the 
difference between the inductive reactance 
and the capacitive reactance. Suppose the 
reactances are as shown in Fig. 21: 14 ohms 
capacitive and 8 ohms inductive. Our first 
move is to combine them to find the total 
reactance. In this case the total reactance 
would be the difference between 14 ohms and 
8 ohms, or a total reactance of 6 ohms. 

Xe XL 

14 OHMS 8 OHMS 8 OHMS 

X z XG - XL 

X • 14 - 8 X. 6 OHMS 

Fié.24. 
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Now we can go right ahead with the solution 
of our problem. The reactance is 6 ohms, 
the resistance is 8 ohms. The problem is 
solved as in Fig. 25, and we come up with 
the answer of 10 ohms of impedance. 

Fn. 26. 

Graphing such a problem shows even more 
clearly what happens. In Fig. 26 we start 
at the zero- zero point marked 0 and move to 

the right 8 spaces to represent the resis-
tance. Then we move upward 8 spaces to 
represent the inductive reactance. This 
puts us at point B. Then we move downward 
14 spaces to represent the action of the 
capacitive reactance. This takes us to 
point C. Now all that remains to do is draw 
the dashed line between point C and the 
starting point. If this line is measured 
it will be found to equal exactly 10 spaces, 
thus showing that the total impedance amounts 
to 10 ohms. Note that in this case the 
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CURRENT 

CURRENT. 

SOURCE 
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LOAD 

100 
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VOLTAGE  
IMPEDANCE 

i00  
100 + 100 

100  - . 5 AMP 
200 

Fié.27. A Transmission Line in which the 
Impedances are Matched. 

total impedance of the two reactances and 
the resistance is somewhat less than that 
of the capacitive reactance alone. Had we 
not already explained this peculiarity to 
you in a previous lesson you might find it 
hard to understand. But, as you already 
know, this is the condition which leads to 
resonance when the two reactances are 
exactly equal. 

Section 8. IMPEDANCE MATCHING 

In all your work you will be faced with 
the problem of matching the impedance of one 
circuit with the impedance of anothier. 
There are so many places where you will 
encounter this problem it is difficult to 
point out any one and say that it is more 
prominent than any other. But we have 
mentioned the one of matching the output 
of a vacuum tube to the voice coil of a 
loudspeaker several times, so will proceed 
now to use it as an example. 

/// Actually the problemofmatching impedanceà\ 
can be boiled down to that of transferring ' 

power from one point to another. It has 
been found that the maximum amount of power L._ can be transferred from one point to another 
when the impedance of the load equals the 
impedance of the source. To understand this 
we will work out some practical problems, 
using the things you already know, and thus 
show why the impedance must be matched if we 
expect to transfer the maximum amount of 
power from one point to another. 

Section 9. OHM'S LAW FOR A-C 

Before going any further it might be well 
to mention that Ohm's Law for alternating 
current is slightly different from that for 
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direct current. The Ohm's Law for D-C, you 
will recall, says the current is equal to 
the voltage divided by the resistance: 

E 

In using Ohm's Law for A-C, the value of 
the impedance in the circuit is used instead 
of the resistance. The law then says the 
current is equal to the voltage divided by 
the impedance: 

E 

Impedance is substituted for the resis-
tance in the other forms of the Ohm's Law 
when it is used with alternating current. 
Thus, E = IR becomes E = IZ, and the third 
form, 

R = E __ becomes Z = E 

Section 10. POWER TRANSFER 

THROUGH IMPEDANCE MATCH 

There are many places where we want to 
transfer power from one place to another in 
a radio or television receiver. The antenna 
picks up the extremely small signals from 
the air. These signals must be transferred 
from the antenna to the input to the re-
ceiver. If the signal is to have any effect 
on the receiver it is imperative that as 
much as possible of the original must be 
transferred to the receiver. This calls 
for proper impedance matching. 

100 VOLTS TRANSMISSION LINE 

f 

(D. 

0C) 

100 - OHMS 100 

LOAD 

OH MS 

SOuRCE 

CURRENT .5 AMP 

POWER AT LOAD. I2 R 

.. 52X100 

• .25X 100 

• 25 WATTS 
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..332x2 00 
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F. 29. 

The circuit shown in Fig. 27 is not one 
such as that found in antenna circuits. 
Possibly it does not actually exist any-
where, but it has values which are readily 
understandable, and will serve as a good 
example to explain the problem of impedance 
matching. 

Here we have the secondary of a trans-
former, which represents the source of the 
transmission line. There are 100 ohms of 
impedance in the secondary of the trans-
former. The secondary feeds power into a 
transmission line which terminates in 'a load 
of 100 ohms resistance. In this particular 
case the impedance of the load matches the 
impedance of the source. 

Before we can determine how much power is 
transferred from the source to the load by 
means of this circuit we must first find 
how much current is flowing in the circuit. 
To find the amount of current we must find 
the total impedance in the circuit and then 
divide that into the voltage of the source. 
Since there are 100 ohms in the source and 
100 ohms in the load, we have a total im-
pedance of 200 ohms. (For the purpose of 
demonstration we will disregard the resis-
tance of the line.) 

By dividing this 200 ohms of impedance 
into the 100 volts of the source we find we 
have 0.5 amperes of current flowing in the 
circuit. All this is shown by Fig. 27. 

The next step is to find the amount of 
power which is transferred to the load by 
means of the circuit. We already know the 
current amounts to 0.5 amperes. The load 
resistance is 100 ohms. We can alwayg find 
the power by squaring the current (I-) and 
mu:tiplying by the resistance (R). P = I2R. 

100 VOLTS 

SOURCE 

100 -OHM5 

LOAD 

500 

OHMS 

CURRENT* 100  POWER AT LOAD=Ii R 
100+500 

.100 
600 

.J6 AMP 

..162X 500 

.12.8 WATTS 

Flé.30. 

We do that in Fig. 28 and find we have 
transferred 25 watts of power to the load. 

Now let's see what we can do by ihcreasing 
the resistance of the load. In Fig. 29 we 
have increased the resistance of the load 
from 100 ohms to 200 ohms. But instead of 
increasing the amount of power delivered to 
the load, we find it has actually decreased 
from the 25 watts in Fig. 28 to 21.8 watts 
in Fig. 29. 

Just to show that this is not a freak of 
fieuring, we will increase the load resis-

tance to 500 ohms as in Fig. 30. But here 
we find that the power transferred to the 
load has decreased some more. It has 
actually dropped to about half the power 
we had in Fig. 28. With 500 ohms resistance 
in the load we are able to transfer only 
12.8 watts to the load. 

It might be thought -- and very naturally 
so -- that more power could be transferred 
by reducing the resistance of the load 

P. 31. 

CURRENT.  100  POWER AT LON:lei& R 
100+50 

=100 ..662X50 
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instead 'of raising it. In Fig. 31 we have 
reduced the load resistance from 100 ohms 
to 50 ohms. This makes a total impedance 
in the circuit of 150 ohms and allows . 66 
amperes of current to flow. 0.66 amperes 
of current flowing through a resistance of 
50 ohms in the load results in the transfer 
of 21.8 watts. This is less power than was 
transferred when the load resistance was 
100 ohms. 

To carry out experimenting just another 
step further we will reduce the load resis-
tance just a little more, making it 25 ohms 
instead of 100 ohms or 50 ohms. When we 
do this we increase the current to 0.8 
amperes. But we find that 0.8 amperes of 
current through the 25 ohms of resistance 
gives only 16 watts of power. 

You can carry this series of experiments 
to any length you care to, but you will find 
that the maximum amount of power which can 
be transferred from the source of any cir-
cuit to any load will be attained only when 
the impedance of the source exactly equals 
that of the load. By increasing the load 
impedance above that of the source, or re-
ducing it below that of the source, always 
results in a transfer of less power than 
when the impedances are exactly balanced 

There is another angle to this matter of 
impedance matching which we have not touched 
upon yet, and which we will not go into in 
detail at this time. That is the matter of 

distortion. Not only will less power be 
transferred when the impedances do not 
match, but distortion will be introduced 
into the signal. 
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It is hoped that you are beginning to 
obtain some understanding of the importance 
of impedance matching. Even though you feel 
you do not thoroughly understand it at this 
point, do not become discouraged. Impedance 
matching is an important thing in radio and 
television work and we do not propose to 
give it all to you at one time; to do so, 
might possibly confuse you. The most im-
portant point to understand right now is 
that the impedances of a source and a load 
should match; at this time, the reasons why 
they should match are less important. 

Section 11. IMPEDANCE MATCHING 
BY TRANSFORMER ACTION 

A. transformer is an ideal device by which 
the impedance of one circuit can be matched 
to the impedance of another. As mentioned 
before, aperfect example of a high-impedance 
circuit which must be coupled to a low-
impedance one is that of coupling a vacuum 
power tube to the voice coil of a loud-
speaker. (See Fig. 33.) The plate resis-
tance of the tube is quite high as compared 
with that of the voice coil. In the case of 
the 7A5 tube, a beam power tube, the plate 
resistance is given as 2500 ohms. Most 
voice coils have an impedance which does 
not exceed about 10 ohms. An ideal problem, 
and a common one, would be to determine the 
kind of transformer which would be needed 
to couple the plate of a 7A5 tube to the 
voice coil of a loudspeaker. 

Before we can solve such a problem we must 
first learn a little more about transformers 
and especially about something wé call 
coupled impedance. You will recall that 
the primary and the secondary circuits of 
a transformer are separate circuits which 

Fie.33. Notching the Impedance of a 
Vacuum Tube to a Loudspeaker. 



are magnetically coupled together. The 
primary has a certain impedance of its own, 
and the secondary has its own impedance. 
The impedance of the primary is usually 
designated as Zp and that of the secondary 

as Z. The impedance of the primary, when 
there is no load applied to the secondary, 
consists of the resistance and the induc-
tance of the primary winding. (See Fig. 34.) 

When there is no load on the secondary, 
the effect is as though the secondary did 
not exist. At that time the impedance of 
the primary is like an inductance and a 
resistance in series. (See the insert in 
Fig. 34.) 

But when there is a load on the secondary 
we have a somewhat different situation. The 
impedance of the secondary winding consists 
of the resistance and inductance of the 
secondary winding itself plus the impedance 
of any load which might be connected to 
the circuit. 

When a load is connected to the secondary 
circuit, current will begin to flow in the 
entire circuit. The exact amount of cur-
rent will depend upon the voltage and the 
impedance of the circuit; it can be dis-
regarded for the moment. Nevertheless, the 
secondary voltage is dependent upon the mag-
netic linkage between the primary and the 
secondary, the degree of coupling between 
the two windings, and several other factors. 
The important thing, however, is that placing 
a load on the secondary acts very much like 
adding an impedance in series with the 
primary. This added impedance is generally 
\referred to as coupled impedance. 

It is not necessary to go into all the 
ramifications of what happens in a trans-
former when a high impedance circuit is 
coupled to a low impedance one. The whole 
action can be explained clearly enough by 

the formula for the coupling: 

Fié.34. With No Load•on the Secondary the 
Impedance of the Primary Will Act Like a 
Resistance in Series with an Inductance. 

Instead, the impedance goes up as the square 
of the turns ratio. 

As an example of this, suppose the primary 
has 100 turns and the secondary has 1000 
turns. In the formula this would look 
like this: 

(100) 2 = Impedance of Primary  

(1000) 2 Impedance of Secondary 

If we happen to know the impedance of the 
primary is, say, 500 ohms, we can change 
the problem to look like this: 

(100) 2 = 
(1000) 2 

500 

Impedance of Secondary 

Since we are actually more interested in 
the ratio of the number of turns than we are 

(Turns of Primary )2 = Impedance of Primary  

(Turns of Secondary) Impedance of Secondary 

What this means is that the ratio of the 
turns on the primary and the secondary 
windings are directly responsible for the 
coupled impedances. This is nothing unusual, 
and is probably exactly what you expected. 
The thing that probably is new is that the 

impedances do not change in direct pro-
portion to the changes in the turns ratio. 

in the number of turns themselves, it is 
easier to simplify the problem like this: 

(1)2 

(10) 2 

500 
Impedance of Secondary 

This is equal to: 
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Fié.35. A Transformer with 2500 Ohms 
Impedance in the Primary will Hatch a 
Secondary Impedance of 9.76 Ohwn when 

the Turns Ratio are 16:1. 

1 500 
100 Impedance of Secondary 

What this now tells us is that the im-
pedance of the secondary is to 500 as 100 is 
to 1. In other words, the impedance of the 
secondary is 100 times as great as 500, or 
is 50,000 ohms. Thus if there are 10 times 
as many turns on the secondary as there are 
on the primary, there will be 100 times as 
much impedance in the secondary as there 
is in the primary. 

Of course the situation could be just 
reversed. If the primary had more turns 
than the secondary, the impedance situation 
would be just reversed. The main point to 
remember, however, is that the ratio of the 
impedance of the primary and the secondary 
is as the square of the ratio of the turns 
of the two windings. 

Now to get back to our problem of match-
ing the plate resistance of the 7A5 tube, 
amounting to 2500 ohms, to the voice coil 
of a loudspeaker which has an impedance of 
a little less than 10 ohms, say 9.76 ohms. 
Our problem is to find the turns ratio 
necessary for the transformer to match 
the high impedance circuit to the low im-
pedance one. 

The impedance of the primary circuit is 
2500 ohms. The impedance of the secondary 
circuit is 3.76 ohms. 

(N )2 = 2500 
-IL-  
(xs)2 

'FLA.-14 

9.76 

This is the same as saying: 

N, 
e =,10/ 2500 . vriZ . 16 
Ns 9.76 

The circuit of Fig. 33 now is changed so 
the values of Fig. 35 will fit that particu-
lar situation. This means that any trans-
former which has a 16:1 turns ratio and has 

2500 ohms impedance in the primary will 
serve to match the impedance of the output 
of the tube to the input of the loudspeaker. 

This is an ever- recurring problem. It 
is constantly being encountered by the 
radio man and the television man. It must 
never be forgotten that every television 
receiver has a lot of radio in it. It has 
a sound section very similar to that. of 
any ordinary radio receiver. In addition 
to the sound channel there is the video 
channel to consider. Both are important, 
and necessary to the proper operation of 
the television receiver. 

Section 12. LOW PASS FILTERS 

There are a number of circumstances where 
it is desirable to pass some of the lower 
frequencies past a certain point in a cir-
cuit but hold down the passage of higher 
frequencies. This can be accomplished in 
either of two ways. An inductance can be 
placed in series with one side of the line 
as in Fig. 35, or a capacitor can be placed 
between the lines as in Fig. 37. The 
inductor will not present much opposition 
to the passage of the low frequencies, but 
will present increasing opposition to the 
passage of the hiêher frequencies. On 
the other hand, the capacitor will not 
allow the lower frequencies to pass from 
one side of the line to the other, but will 
pass the higher ones. 
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Both of these methods are useful, but 
both have one fault. They do not produce 
any sharp point of difference between the 
frequencies they will pass and those they 
will not pass. 

If they are used together as in Fig. 38, 
they will have a much sharper line of de-
marcation between the frequencies which 
are passed and the ones which are rejected. 
Fig. 39 shows several circuits which allow 
the passage of low frequencies but rejects 
the passage of the higher frequencies. 

Section 13. HIGH PASS FILTERS 

There are other occasions when it is 
desirable to pass the higher frequencies 
but reject the lower ones. When this is 
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the situation, it is better to use a simple 
capacitor in series with one side of the 
line, as in Fig. 40, or an inductor between 
the lines as in Fig. 41. 

Other combinations which allow the passage 
of the higher frequencies but reject the 
lower ones are shown in Fig. 42. 

ection 14. BAND PASS FILTERS 

Probably the type of circuits used as 
much as any other in radio and television 
work are those which pass only one band of 
frequencies, but reject all others. These 
circuits are especially useful where it 
is desired to separate one band of fre-
quencies from another band, and send each 
group into different channels. 
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Fié.39. Several Low Pass Filters in Common Use. 
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A good example of the need for such cir-
cuits is where the video frequencies are 
separated from the sound frequencies in a 
television receiver. The sound and the 
video are brought into the receiver on 
frequencies only a little different from 
each other. All of them are amplified in 
the first few stages of the receiver. Then 
they are separated, the sound going one 
direction and the video going the other. 
It is necessary to use circuits which will 
pass only the particular band which is 
desired. 

Fig. 43 shows one of the simplest types 
of band pass circuits. It is merely a 
resonant circuit in series with the line. 
Such a series resonant circuit will present 
a low impedance to the passage of the 

42. 
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resonant frequency but a high impedance 
all other frequencies. 

to 

Fig. 44 shows how a parallel resonant 
circuit can be used as a band pass. All 
frequencies above the band will readily 
pass through the capacitor in the resonant 
circuit. All those below the resonant 
frequency will readily pass through the 
inductor. But those right at the resonant 
frequency of the circuit cannot pass from 
one side of the line to the other, and must 
of necessity, pass on into the output to 
wherever it is desired that they go. 

Very frequently the two types of resonant 
circuits are combined as in Fig. 45. Here 
the band of frequencies which will be passed 
can be made quite sharp. Those right at 
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Fig.43. A Series Band-Pass Filter. 

the resonant frequency will pass very readily 
through the series resonant circuit to the 
output of the band pass circuit. But all 
others will be rejected by the series reso-
nant circuit. The parallel resonant circuit 
is tuned to the same frequency. It will 
pass all frequencies except the ones at the 
band which it is desired to pass. At that 
frequency the impedance of the parallel 
resonant circuit will be quite high and will 
reject that band of frequencies. 

This lesson on impedance will introduce 
you to that most important subject. It is 
not pretended that this is a complete 
coverage of the subject. Much more about 
it will be discussed from time to time. 
But what you have learned from this lesson 
should carry you along during the next few 
lessons very nicely. Sometime later we will 
take up the subject of impedance in parallel 

Fig.44. A Parallel Band-Pass Ftlter. 

circuits. But it is not thought necessary 
to burden you with that right at this time. 

Fig.45. A Band-Pass Filter Using Both 
Sertes and Parallel Resonant Circuits. 

NOTES FOR REFERENCE 

Impedance is a combination of reactance and resistance. 

Pythagoras' Theorem is highly usefUl in solving impedance problems. 

Pythagoras' proved that the square of the hypotenuse of a right triangle was always equal to 
the sum of the squares of the other two sides.' 

The basic formula for impedance is Z = \fe x2 

Maximum power is transferred from the source to the load when the impedance of the source 

matches that of the load. 

It is always important thattheimpedance of the load shall match the impedance of the source. 

The formula for the coupled impedance in a transformer is: 

N 2 

Z Ns s 

(over) TLA-17 



Ohm's Law for A -C is E = IZ. 

Relatively speaking, a high impedance circuit will have a high ratio of voltage to the 
current. 

In a low impedance circuit the ratio of the voltage will be rather low with respect to 
the current. 

A transformer is an ideal method by which a high impedance circuit can be coupled to a low 
impedance circuit. 

NOTES 
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Section 1. INTRODUCTION 

As you progress with your studies, many 
new and wonderful things are unfolded to you 
and explained. By the very nature of radio 
and television work it is first necessary to 
study individual parts which go to make up a 
radio or television receiver, and to study 
many peculiar electrical phenomena, before 
we can hope to understand how all these 
things are put together and made to work in 
harmony. We have covered enough of these 
things by this time so that we are almost 
ready to start the study of a functioning 
receiver. 

The main purpose of a receiver, whether 
radio or television, is to pick up the 
many electromagnetic signals which exist 
in space, select one particular frequency 
from all the others, amplify the chosen one 
and reject all others, and finally change 
it into a form which is perceptible to 
the human senses. To do all these things 
requires the proper functioning of many 
parts, each doing some job which it is best 
qualified to do. 

In the case of a radio, the chosen signal 
which is radiating out through space is 
changed into electrical impulses which 
operate a loudspeaker, and in so doing 
reproduces a sound which was first pro-
duced in the transmitter studio. It changes 
the radiated signal into sound which is 
audible to the human ears. 

The television receiver has a dual func-
tion. It changes the radiated signal into 
sound which is audible to the human ears in 

very much the same manner the ordinary radio 
does it. In addition, it also changes 
another part of the radiated signal into 
electrical impulses which act upon a special 
vacuum tube which we usually refer to as the 
"picture tube" in such a manner that a scene 
in the studio is reproduced at the receiver 
in a form visible to the human eyes. Thus 
it can be seen that a television receiver 
incorporates all the elements of an ordinary 
radio receiver, plus some specialized cir-
cuits of its own. It would seem fit and 
proper that a study of television would 

1mA. A Combination Radio-Phonoéraph-
Television Receiver Uses One or gore 
Pentaérid Converter Tubes. ( Courtesy 

of Emerson Radio Corporation.) 
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C 4 LOAD COUPLING CAPACITOR 
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R 1 GRID LEAK RESISTOR 

R 2 SCREEN DROPPING RESISTOR 
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HIGH FREQUENCY FROM POWER 

SUPPLY. 

Fig.2. An Oscillator for Generating and Radiating a Continuous Wave. 

first include thorough instructions con-
cerning the functioning and operation of a 
radio receiver. 

Section 2. RADIATING OSCILLATOR 

Modulation is a term you are going to 

meet very frequently in your studies from 
this point onward. It refers to the action 
of impressing audible or visual frequencies 
upon the " carrier frequency" of a trans-
mitter and, in our case, their separation 
within the receiver. 

Very early in our studies we mentioned 
that the ordinary frequencies which were 
perceptible to the human senses could not 
be radiated. We also said that in order 
to radiate any signal it was necessary to 
create alternating currents and voltages 
which are quite high. To produce these 
frequencies we use an ordinary oscillator. 
(See Fig.2.) Such an oscillator will create 
alternating voltages and currents and, if 
properly designed, will generate such 

voltages and currents at high frequency. 
You will note from a careful study of the 
diagram that the oscillator is an E.C.O., 
that is, an electron coupled oscillator. 
It could, of course, have been almost any 
type oscillator, just so the tuning circuit 
caused the output frequencies to be high 
enough for radiation. 

The cathode, the control grid and the 
screen grid act as the active tube elements 
in the oscillatory circuit. But the high 
frequency alternating voltages and currents 
also appear in the anode circuit of the 
tube. The radio frequency choke connects 
the anode of the tube with the battery power 
supply. The inductance of the choke is such 
as to prevent the passage of any radio fre-
quencies through it, thus keeping such 
frequencies out of the power supply. Direct 
current, however, will readily pass through 
the choke. 

Note coupling capacitor C4. It will allow 
the passage of alternating voltages and 
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currents, thus permitting the high fre-
quencies to reach the primary of the antenna 
couplingtransformer12. Through transformer 
action, a high frequency voltage is induced 
in the secondary of the transformer. The 
secondary feeds the voltages and currents 
to the antenna. 

Section 3. GROUNDING 

It would be well to note the symbol for 
"ground". (Figs. 2 and 3.) This symbol was 
originally used to denote any connection 
which was actually made to the earth. Most 
modern electrical power systems have at 
least one connection which is physically 
made to the earth, either by driving a metal 
pipe into the ground or by connecting to a 
water pipe. Radio transmitters usually have 
an elaborate underground system consisting 
of underground wires fanning out in all 
directions from the antenna itself. Such 
connections are all noted on schematic 
diagrams by use of the symbol in Fig. 3. 

But the symbol also has another use. In 
radio and television work it is the general 
practice to mount all the component parts 
on a metal " chassis". Since the chassis is 
of metal it is also a conductor of elec-
tricity. Being such, it is possible to use 
the metal of the chassis as a return path 
for many of the circuits in the radio or 
television receiver. Wherever a connection 
is made to the metal of the chassis it is 
the customary practice to use the "ground" 
symbol to denote such action. Actually, the 
symbol, through usage, has come to mean a 
"common connection" rather than a "ground 
connection". Almost every diagram you will 
encounter from this time on in your studies, 
and afterward in your everyday work, will 
make use of this "ground" symbol. 

Section 4. CARRIER WAVE 

The oscillator in Fig. 2 would produce' 
what is called a continuous wave. That is, 
it will produce an alternating current and 
voltage which has one definite fixed fre-
quency. This frequency will not change 
unless the value of either the tuning ca-
pacitor or the tuning inductance is changed.' 
This frequency will be quite high, probably 
not less than 50,000 cycles per second; in 
factitwill probably be in excess of 500,000 
cycles per second. 

The main point is that it will be a con-
tinuous succession of high frequency sine 
waves, each having the same amplitude, and 

Fié.3. Groundiné Symbol. 

each following the one ahead at the same 
speed. For example, if the oscillator is 
operating at 500,000 cycles per second a 
new cycle will start each 1/500,000th of 
a second. It will have the same maximum 
voltage as each of the cycles which precede 
it, and each of those which follow will also 
have the same maximum voltage. In other 
words, each cycle is like all the others. 

Such a succession of sine waves could be 
diagrammed as in Fig. 4. Of course, it is 
difficult to diagram a succession of such 
cycles, especially when there are so many 
of them each second. Even a period of time 
as short as 1/100th of a second would have 
5,000 complete cycles. But the succession 
of sine waves in Fig. 4 will serve our 
purpose to show something of their nature. 

So long as the power for the oscillator is 
stable, such as that of a battery, the maxi-
mum size, or height, of the sine waves will 
not change. If one cycle has a certain 
maximum voltage swing from the positive peak 
to the negative peak, all the other cycles 
will have the same voltage swing. Then in 
graphing such a continuous succession of 
waves as we have in Fig. 4, we would draw 
each cycle as all of the others. 

... J 

• 

J 

Fié.4. A Series of Continuous Sine Waves. 
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Fig.5. Row Energy is Radiated Out 

Such an alternating current as is repre-
sented by Fig. 4 will have alternating 
magnetic fields building up and collapsing 
around it just as is the case of alternating 
currents at lower frequencies. You will 
recall that when dealing with the lower 
frequencies we learned that when current 
flowed into a circuit a magnetic field would 
build up around the circuit. Then when the 
current ceased to flow the field would 
collapse into the circuit. 

The same thing is true -- within limi-
tations -- at the higher frequencies. You 
will recall that it takes a definite period 
of time for the magnetic field to build up. 
Further than this, it also takes a definite 
period of time for the field to collapse. 
This action is so fast at low frequencies 
that the building up and collapsing can take 
place in step with the changing currents. 

But as the frequencies increase, a point 
is reached where the field builds up in one 

direction, changes and starts to build up 
in the other direction before the first 
field can completely collapse. As the fre-
quency is raised still higher we find a 
field built up in one direction, then before 
that field can reverse and collapse a second 
field is built up, pushing the first a 
little further out into space. Then before 
either of these can collapse, a third field 
starts building up, pushing the first two 
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into Space at High Frequencies. 

still further out into space. This con-

tinues indefinitely. The high frequency 
currents keep building up a succession of 
magnetic fields, each of which begins to 
build up before the preceding one can com-
pletely collapse. The result is that the 
first magnetic field is shoved further and 
further away from the circuit, the first is 
followed by the second, the second by the 
third, and so forth indefinitely. When this 
happens we say the circuit is " radiating" 
into space. The magnetic fields which are 
"radiated" are a form of energy. And when 
these magnetic fields cut across any metal 
conductor they set up induced voltages 
within those conductors. 

An idea of how successive impulses of 
extremely high frequency electrical current 
through a conductor causes a succession of 
magnetic impulses to radiate out through 
space is indicated by Fig. 5. The first 
pulse creates a magnetic wave as at A. 
Before that field can collapse a second is 
built up as at B, pushing the first farther 
away. Others follow as at C, D and E. 

It should be noted that only high fre-
quency alternating currents will " radiate" 
any appreciable amount of magnetic energy 
into space. Such a succession of electro-
magnetic waves are commonly called a "carrier 
wave". Since the frequencies which can be 
radiated into space are much higher than 

• 

• 



those which are perceptible to the human 
senses, it becomes evident that ordinary 
sound frequencies cannot be radiated by 
themselves. But it is possible to super-
impose ordinary sound frequencies upon a 
much higher frequency and use the higher 
frequency to " carry" the lower audible fre-
quencies. This is where the name " carrier 
frequency", or " carrier wave", comes from. 

Section 5. MODULATION 

There are several ways by which the carrier 
wave can be used to carry the much lower 
frequency from the transmitter to the re-
ceiver. The oldest method is to change the 
amplitude, or strength, of the carrier wave 

to correspond with the changing voltage of 
a " modulating" audible alternating current 
or voltage. 

In Fig. 6 we have redrawn Fig. 2. Es-
sentially it is the same circuit, but in 
Fig. 6 we have made wider use of the " ground" 
symbol, thus simplifying the circuit some-
what. It also permits rearranging the 
circuit on the paper in such a manner that 
we can add other elements in later diagrams. 
Note also that we have designated the fre-
quency at the antenna transformer as being 
500,000 cycles. We have chosen this fre-
quency arbitrarily because it is easy to work 
with and is one which will radiate easily. 

It might be well worth mentioning at this 
time that the word " radio" is intimately 
connected with Radiation". The early term 
for what we now call " radio" was "wireless", 
and it is still so called in England and some 
other countries even unto this time. But 

Fié.6. 

Fié.7. How a Nodulatiné Transformer is 
Connected to the Anode Power Supply 

of an Oscillator. 

because the engineers were primarily con-
cerned with ways of radiating more and more 
energy out into space, the term " radio" 
gradually crept into use in this country so 
that now it is used to refer to any type 
of such radiated energy whether it is used 
to transmit voice, pictures, facsimile, or 
some of the other things. 

In Fig. 6 we continue to have a steady 
source of power for the anode of the oscil-

lator. Thus this oscillator will feed a 
continuous wave of energy cycles to the 
antenna at the rate of 500,000 cycles each 
second. Each cycle will have the same shape 
and size as those before and behind, just as 
in Fig. 4. 

But suppose we arrange to periodically 
change the voltage on the anode of the 
oscillator tube. This could be done in 
several ways but probably the easiest and 
most common is to place the secondary of 
a transformer in series with the battery 
power supply, as in Fig. 7. Note that 
transformer T2 has an iron core. An iron 
core transformer will easily pass audio 

frequencies but will not pass radio fre-
quencies. If an audible frequency of, say 

1000 cycles, is applied to the primary of 
the transformer, a 1000- cycle frequency 
voltage will be applied in series with the 
battery power supply. Now we have a varying 
power supply voltage so far as the anode of 
the oscillator tube is concerned. 
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fFig.8. Row the Modulating Voltage Adds 
: to the Power Supply Voltage on the 

Positive Cycles. 

To understand exactly how the superimposed 
1000-cycle frequency from the transformer 
affects the supply voltage to the oscil-
lator tube you should study Fig. 8 for a 
few moments. For the sake of convenience, 
we will assume the battery is supplying 
250 volts. The voltage from the battery 
will be constant, steady. The voltage from 
the secondary of the transformer, which is 
in series with the battery, will be alter-
nately positive and then negative. 

If the current in the primary is such as 
to induce 200 volts across the secondary of 
the transformer, we will have the situation 
as shown in Fig. 8 during those instants 
when the upper end of the transformer 
secondary is positive with reference to the 
lower end. At that instant the voltage of 

the transformer will add to the voltage 
of the battery, resulting in a voltage of 
450 volts on the anode of the tube. 

1000 CYCLES 
200 
VOLTS 

* 

t. 
250 VOLTS 

11111. 
•MO. 

SO 
VOLTS 

Fig.9. How the Modulating Voltage Reduces 

the supply Voltage on the Negative Cycles. 
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At the next instant, however, when the 
voltage reverses across the secondary of 
the transformer we will have the situation 
shown in Fig. 9. At this instant the voltage 
of the transformer will oppose the voltage of 
the battery. Now there will be only 50 
volts applied to the anode of the tube 
instead of the 250 volts normally applied, 
and the 450 volts applied when the trans-
former voltage aids the battery supply 
voltage. 

These changing voltages on the anode of 
the tube are not going to affect the fre-
quency of oscillation. The frequency is 
controlled by the tuned circuit in the grid 
circuit of the tube. But the varying anode 
voltages are going to have some affect on 
the strength of the signal which is fed into 
the antenna transformer Ti of Fig. 7. 

NO 

MODULATING 

VOLTAGE 

INCREASING 
-4- MODULATING 

VOLTAGE 

Fig.10. Row the Amplitude of the Waves In-
crease whentheAnode voltage is Increased. 

There is no Change in the Frequency. 

When there is no voltage on the modulating 
transformer T2 of Fig. 7, there will be a 
continuous wave of radiated energy as indi-
cated by Fig. 4. But when the anode voltage 
is increased by the action of the trans-
former as in Fig. 8, the magnitude of the 
waves will increase in response to the 
increased anode voltage as in Fig. 10. 
The voltage from the transformer will not 
rise instantaneously. For this reason the 
magnitude of the radiated waves will not 
risesharply. Rather timrwillrise gradually 
in response to the increased voltage as in 
Fig. 10. It should be remembered that the 
radio frequencies are going through their 
cycles once each 1/500,000th of a second. 
But the voltage in the modulating trans-
former is going through a cycle only once 
each 1/1000th of a second, or just 1/500th 
as fast. 



MODULATING 
VOLTAGE OPPOSES 

SUPPLY 
VOLTAGE 

1P, 

Fig.il. The Modulating Voltage can Reduce the Amplitude as Well as Increase it. 

Further than this, as soon as the trans-
former secondary voltage reaches a peak it 
will turn around and start in the other 
direction until its voltage is completely 
reversed. At this latter instant there 
will be only 50 volts on the anode of the 
tube and the magnitude of the radiated 
waves will have been reduced almost to 
nothing. In fact, for an instant there 
will be virtually no power being radiated. 
(See Fig. 11.) The action of superimposing 
the negative voltage from the modulating 
transformer on the anode of the oscillator 
tube is to reduce the power output of the 
tube almost to the vanishing point, and 
reducing the radiated power from the antenna 
almost to zero. 

Then as the modulating transformer starts 
through another cycle it will gradually 
reduce its negative voltage and eventually 
increase the positive voltage on the anode 
of the tube to 450 volts again. When this 
occurs, the magnitude of the radiating 

waves will again increase until full power 
is being again radiated as indicated by 
7g. 12. 

Note very carefully that we now have two 
pes of frequencies being radiated out 
rough space. The main carrier frequency 

is being radiated at a frequency of 500,000 
cycles per second. The carrier waves them-
selves are being modulated at the rate of 
1000 cycles per second. The carrier wave 
is the medimoftransmitting signals through 
space. The intelligence is being carried 
as a superimposed modulation of the carrier 
wave through the medium of varying the 
strength, or amplitude, of the carrier wave. 

To put this in other words, the carrier 
wave's magnitude of strength is being 
changed in accordance with the frequency 
of the words or music it is desired to 
broadcast through space. In order to pick 
up such a signal and decipher it we must 
have a receiver to select the desired 

Fig.12. Note how the Amplitude of the Carrier Changes through the Action of a Sine 
Wave of Much Lower Frequency than that of the Carrier. 
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Fig.13. Biasing for Class "A" Operation. 

frequency from all the others on the air, 
change the varying strength of the carrier 
into intelligible electrical impulses, 
and discard the no longer needed carrier 
frequency. Modern radio and television 
receivers do all these things. 

Section 6. BIASING POINTS 

/ The method of superimposing a modulating 
/voltage on a carrier wave which has just 
/ been described is called plate modulation. LIt is widely used in transmitter work, 
probably the most widely used method of all. 

in the plate circuit of the tube -- those 
which were impressed on the two grids of 
he tube. 

Should the tube be so biased that it will 
operate along the non-linear portion of the 
, characteristic curve, an entirely different 
/ situation will be brought about. Fig. 14 
/ shows the operating point for a tube biased 

with a little more than fé negative volts. 
When a tube is so biased that it operates 
at, or near cut-off, it is said to be biased 
for class " B" operation. This contrasts 
with. the operation of a tube biased mid-
way along its characteristic curve as in 
Fig. 13. The tube in Fig. 13 is biased 
for class "A" operation. 

The signal can also be modulated by 1m- I' 
pressing the modulating voltage on one of 
the grids inside the tube. When this is 
done, the tube should be biased to operate 
on the linear portion of the characteristic 
curve as shown in Fig. 13. When the tube 
is so biased, the lower frequency will 
appear in the plate circuit superimposed 
upon the higher frequency. In other words, 
there will be only two frequencies appear 

Fié.14. Biasing for Class "B" Operation. 
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When two different frequencies are imposed 
on two different control grids of a vacuum 
tube, as in Fig. 15, and the tube is biased 

Fig. 15. 

near cut-off or in the non-linear portion of 
the characteristic curve, there will be four 
different frequencies appear in the anode 
circuit of the tube. There will be the 
frequency impressed on grid No. 1. There 
will be the frequency impressed on grid 
No. 2. There will be a third frequency 
which will be equal to the sum of the first 
two frequencies. And there will be a fourth 
frequency which is equal to the difference 
between the first two frequencies. 

This can be understood a little better 
by referring to Fig. 16. There we find a 
frequency of 1,000,000 cycles impressed on 
one control grid of the tube. We also find 
another frequency of 460,000 cycles im-
pressed on the other grid of the tube. In 
the anode circuit we find four frequencies. 
As would be expected, we have the original 
1,000,000 cycle frequency and the 460,000 



1,000,C00 
CYCLES 

460,000 
CYCLES 

Fié.16. 

1,000,000 CYCLES 

460,000 CYCLES 

1,460,000 CYCLES 

540,000 CYCLES 

cycle frequency. In addition to these two 
we have two others. The first is the sum of 
the first two frequencies, 1,460,000 cycles; 
the second is the difference between the 
first two, 540,000 cycles. 

A special tube has been designed to take 
advantage of this peculiar performance, and 
to put the phenomenon to work for us. It is 
called the pentaérid converter. 

Section 7. SYSTEMS FOR 
AMPLIFYING RADIO SIGNALS 

We have already mentioned that two dif-
ferent systems are used to amplify the radio 

frequency signals which are picked up from 
7 us space until they are strong enough for to 
separate the audio portions from the carrier 
wave portions. (See Fig. 17.) One is 

//  called the TRF, of which more will be said 
( later. In eiéceiver usingtheTRF principle 
\ the original radio frequency is amplified 

over and over until it is quite strong. 
Then the two main components of the signal 
are separated from each other. 

The TRF system has several drawbacks. It 
takes more stagesofamplification to amplify 
a high-frequency radio signal than it does 
to amplify a lower frequency. Further than 
this, it means that a large size ganged 
variable capacitor having many section must 
be used so that all the stages of ampli-
fication can be tuned to the same radio 
frequency. The result is that TRF receivers 
are usually bulky, expensive, and none 
too selective. 

The other system, called the superhetero-
dyne system, changes the original radio 
frequency to some lower frequency by mixing 
it in a converter or mixer tube with a third 
frequency. The superheterodyne is so ar-
ranged that the lower frequency to which the 
incoming signal is changed is always some 
fixed frequency. For example, many receivers 
are so designed that all incoming radio 
signals are changed in the converter, or 
mixer, tube to 465,000 cycles. It makes no 
difference what frequency the incoming signal 
might be, the receiver changes the signal to 
465,000 cycles for amplification purposes. 
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Another receiver might change all the 
incoming signals to 455,000 cycles. In this 
case every frequency which is received is 
changed to 455,000 cycles for amplification. 

Some of the older radio receivers changed 
all the incoming signals to 175,000 cycles 
for amplification. A frequency of 175,000 
cycles has certain definite advantages, but 
also some disadvantages. Few, if any, 
modern receivers use 175,000 cycles as a 
fixed frequency. 

Many television receivers change the in-
coming signals to 21,250,000 cycles for 
amplifications. Others to 25,750,000 cycles. 
Still others to some other similar fre-
quency. It might be argued that this is a 
very high frequency to be used as a fixed 
frequency, especially when the purpose of 
the fixed frequency is to obtain a lower 
frequency than the one picked up from the 
air. But remember that the carrier fre-
quencies of television signals are quite 
high. Some range up into the hundreds of 
millions of cycles per second. When this is 
considered, it can be seen that 21,750,000 
cycles is much lower than the carrier fre-
quency. Furthermore, it is a fixed frequency 
and being such, it is possible to build 
special high-gain transformers to connect 
the various states of amplification. 

Section 8. MIXER CIRCUITS 

Some mixer tubes require a separate tube 
for use as an oscillator. Typical of this 
type is the 6L7. The 6L7 tube is widely 
used as a mixer tube in communication 
receivers, and in other receivers where 
excellent performance is more important 
than the additional expense of the extra 
tube. Many receivers which operate in the 

Fié.18. Tube Elements in a 6L7 fixer Tube. 
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higher frequencies also use the 6L7 since 
it operates very well at frequencies much 
higher than those of the broadcast band. 

The arrangement of the elements within 
the 6L7 are diagrammed in Fig. 18. Note 
that there are five grids. It is from this 
act that the pentagrid converter obtains 

its name. Pentaérid means five grids. 

The suppressor grid is connected inside 
the tube to the cathode. Control grid No. 1 
is connected to a metal cap on the top of 
the tube. The two parts of the screen grid 
are connected together inside the tube. All 
connections to the internal elements except 
the first control grid and the suppressor 
grid are brought out to terminal prongs on 
the bottom of the tube. 

Fig. 19 shows the type of circuit which) 
would be used with a type 6L7 mixer tube? 
The oscillator tube is entirely separate/. 
A type 6C5 triode tube is very frequently 
used as an oscillator tube with the 6L7. 

The incoming radio frequency signal is 
fed into the 6L7 on control grid No. 1. 
This is the grid which is brought out to 
the cap on the top. The input to this grid 
is a tuned circuit, the variable capacitor 
of which is mechanically coupled with the 
variable capacitor for the oscillator cir-
cuit. This means the capacitance of both 
capacitors are changed together -- at the 
same time. 

The oscillator frequency from the local 
oscillator is fed into the 6L7 on control 
grid No. 2. By studying Fig. 19 very care-
fully it can be seen that the stream of 
electrons from the cathode of the 6L7 tube 
to the anode will be controlled by the 
action of both grids. 

It is extremely difficult, without going 
deeply into mathematics, to explain exactly 
the action which takes place within the 
tube. The important thing is that as a 
result of the two grids, and due to the fact 
the 6L7 is biased near cut-off and thus 
operating on the non-linear portion of the 
characteristic curve, the anode circuit of 
the tube will contain four frequencies. 

Fig. 19 does not show any particular fre-
quencies on any of the grids, nor in the 
anode circuit. But Fig. 20 shows the 
essential parts of Fig. 19, with the various 
frequencies shown at the more important 
locations. 



• 
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Fié.19. Mixer Circuit Usiné a 6L7 Tube. 

The oscillator circuit of Fig. 19 has not 
been shown in Fig. 20. But the lead from 
the oscillator is shown leading to control 
grid No. 2. The incoming radio signal is 
1160 kilocycles, which is equivalent to 
1,160,000 cycles. These two frequencies 
mix together in the 6L7 tube with the result 
that four different frequencies appear in 
the anode circuit of the 6L7. 

These frequencies are the 1160 k.c. fre-
quency which was picked up by the antenna, 
the 1625 k.c. frequency generated by :he 
local oscillator circuit, and two others. 
The other two frequencies are the sum fre-
quency, 2786 kilocycles, and the difference 
frequency, 465 k.c. All these frequencies 
are fed into the double tuned transformer 
which is indicated by the dotted square. 

The double tuned transformer is an inter-
mediate frequency transformer which is 

permanently tuned to one fixed frequency. 
In this case it is tuned to 465 k.c. When 
the 465 k.c. frequency is fed into the 
transformer, the primary circuit of the 
transformer will resonate and the 465 signal 
will be passed on into the secondary cir-
cuit. The secondary circuit is also tuned 
and it, too, will resonate. The result is 
that the 465 k.c. signal will pass to the 
grid of the next tube greatly amplified. 

The 1160 k.c. frequencywill have virtually 
no effect on the primary of the transformer. 
Neither will the 1625 k.c. frequency nor the 
2785 k.c. frequency. 

It might be said that so far all is well 
and good. It is understandable that a 1160 
k.c. signal can be changed into 465 k.c. and 
thus amplified, but suppose the incoming 
signal had been 1240 k.c., or 720 k.c. or 
some other frequency. What then? 

TLC-11 



OSCILLATOR 
FREQUENCY 

1625 KC 

Fig.20. Frequencies at Various Points in a 6L7 !fixer Circuit. 

ANODE FREQUENCIES 

1160 KC 
1625 KC 
465 KC 
2785 KC 

SCREEN 

Le_MECHANICALLY CONNECTED 
TO OSCILLATOR CAPACITOR 

Such a question would be very sensible. 
Let us take the example of the 1240 k.c. 
frequency first. In order to tune the 
tuned circuit in the No. 1 control grid 
circuit to 1240 k.c. we must change the 
capacitance of the capacitor in that tuned 
circuit. To tune to the higher frequency 
it means we must reduce the capacitance of 
the capacitor. This is done by varying the 
capacity just enough for the circuit to 
resonate at 1240 k.c. 

But in changing the capacity of the ca-
pacitor in the tuned circuit of control grid 
No. 1 we have also changed the capacity of 
the capacitor in the tuned circuit of the 
oscillator. Figs. 19 and 20 show how these 
two variable capacitors are mechanically 
coupled together. When the capacity of one 
is changed, the capacity of the other is 
also changed. 

Since we reduced the capacity of the 
tuning capacitor in the tuned circuit of 
grid No. 1, it is reasonable that we also 
reduced the capacity of the capacitor in the 
tuned circuit of the oscillator. If we do 
this we are going to increase the frequency 
of the oscillator at the same time we in-
crease the frequency of the main tuned 
circuit. 

If we raise the frequency of the main 
tuned circuit from 1160tk.c. to 1240 k.c. we 
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DOUBLE TUNED 

BAND PASS TRANSFORMER 

465 KC 

465 KC 

will increase the frequency of the oscil-
lator circuit from 1625 k.c. to 1705 k.c. 
This being the case, let's see just what 
effect it will have on our mixer circuit. 

Our incoming radio frequency is now 1240 
k.c. Our main tuned circuit is tuned to 
this frequency. Our oscillator frequency 
will be 1705 k.c. Both these frequencies 
will appear in the anode circuit of the 
tube. The sum frequency will also appear 
in the anode circuit. The sum frequency 
is 2945 k.c. Most important of all, the 
difference frequency will also appear. 
While all the other frequencies in the 
anode circuit in Fig. 21 are different from 
the corresponding frequencies in Fig. 20, 
the difference frequency is the same --
465 k.c. And this 465 k.c. will resonate 
in the double tuned transformer just as 
In Fig. 20. 

We have seen now how an incoming fre-
quency of 1160 k.c. can be changed into 
465 k.c. in Fig. 20, and how this 465 k.c. 
will resonate in a special transformer 
designed to amplify that one particular 
frequency. We have also seen how an in-
coming frequency of 1240 k.c. will also be 
changed into 465 k.c. to resonate in the 
special transformer. These two incoming 
frequencies are fairly close together. 
Let's see what will happen at the much lower 
frequency of 720 k.c. 



In order to tune the main circuit of the 
mixer tube to 720 k.c. we must add con-
siderable capacity to the circuit. This 
is done by turning the variable capacitor 
until the circuit resonates at 720 k.c. 
And in turning the variable capacitor we 
also added capacity to the oscillator 
circuit, thus reducing the frequency of 
that circuit. 

When the main circuit resonates at 720 
cycles the oscillator circuit will resonate 
at 1185 k.c. Again we will have four fre-
quencies in the anode circuit of the 6L7 
tube. We will have the 720 k.c. incoming 
frequency, the 1185 oscillator frequency, 
the sum of these two, 1905 k.c., and the 
difference frequency. And again we find 
the difference between 1185 k.c. and 720 
k.c. will be 465 k.c. And, just as before, 
this 465 k.c. is just right foramplification 
in the tuned circuits of the intermediate 
frequency transformer. 

As a matter of fact, it makes no dif-
ference what the incoming signal might be. 
When the main tuned circuit is adjusted to 
resonate at that frequency the oscillator 
frequency will be changed so that it is 
always exactly 465 k.c.'s higher than the 
incoming frequency. This means that the 
difference between the incoming signal and 
the oscillator frequency is always 465 k.c., 
which further means that whatever the 

• 

incoming signal might be, after it passes 
through the mixer tube it will be 465 k.c. 

As was mentioned before, all intermediate 
frequencies are not 465 k.c. Some are 455 
k.c., some are 175 k.c., and in the tele-
vision circuits some are 21.25 megacycles. 
But they are all so designed that the 
incoming signal will be changed to the 
frequency of the intermediate frequency 
transformer by the action of the mixer tube. 

Section 9. THE 6A8 TUBE 

While the 6L7 tube is an important, and 
highly useful one, it is by no means the 
only mixer tube. Although the 6L7 is fre-
quently chosen for use in receivers which 
must operate at the higher frequencies, it 
has the drawback of needing an extra tube 
to act as an oscillator. This means extra 
cost. 

Other pentagrid converter tubes have been 
designed to perform the dual function of 
mixing signals and providing their own 

oscillator frequency. Such a tube is 
the 6A8. 

Fig. 22 shows the essential elements of 
the 6A8 type tube. At first glance it 
does not appear greatly different from the 
6L7. However there are several differences. 
It will be noted that the grid nearest the 

Fié.21. 
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Fié.22. Tube Elements in a 6A8 
Converter Tube. 

cathode in the 6A8 is the oscillator grid, 
whereas in the 6L7 that was the main control 
grid. The second grid in the 6A8 serves as 
the anode for the oscillator circuit. Note 
that these three elements, the cathode, the 
first grid and the second grid act as the 
elements for the oscillatory circuit. Note 
also, that anything these elements do to the 
electron stream will also affect the action 
of the other tube elements, and affect the 
current in the anode circuit. 

The next element after the oscillator 
anode is part of the screen grid. You will 
note by examining Fig. 22 quite carefully 

Fié.23. Mixer Circuit Usiné a 6A8 Tube. 
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that the screen grid is divided into two 
parts, one on each side of the control grid. 
The control grid is the fourth grid in the 
electron stream instead of the first as in 
the 6L7. Then comes the other half of the 
screen grid, and finally the main anode. 

Since the 6A8 contains its own oscillator 
elements it does not need a separate tube to , 
act as an oscillator. The operation of the 
oscillator circuit elements modulates the 
electron stream just as effectively as would 
a separate outside tube and tube circuit. 

A common method of coupling a type 6A8 
tube into a mixer circuit is shown in 
Fig. 23. The variable capacitor in the 
oscillator circuit is coupled mechanically 
to the main tuning capacitor in the same 
manner as in the circuit which used the 6L7. 

The 6A8, and its variations, will be found 
in more types of radio receivers than proba-
bly any other tube. At ordinary broadcast 
frequencies it has good properties, and is 
reasonably stable in operation. It is not 
a good tubetouse at the higher frequencies. 
This is largely because of its relatively 
low transconductance. At the higher fre-
quencies it will sometimes stop oscillating, 
or will have a tendency to drift. But for 
frequencies up to 6 or 8 megacycles it is 
satisfactory. At frequencies higher than 



CONVERTER 
ANODE 

SCREEN GRID 

CONTROL. GRID 

6J8 

OSCILLATOR 
GRID 

Fié.24. Tube Elements in a Triode-lleptode 
Nixer Tube. 

those, it is usually better practice to 
use a tube like the 6L7. 

Other tubes of the 6A8 type include the 
1A6, 1A7, 106, 1C7, 1D7, 2A7, 6A7, 6D8, 
7B8 and 12A8. A modified tube which has 
shown excellent operating characteristics 
at higher frequencies is the 6AC7. Some 
radio men claim the 6AC7 is one of the 
finest mixer tubes ever designed. All agree 
it has very fine properties. 

Section 10. TRIODE HEPTODE CONVERTER 

A special type of converter tube which has 
a separate oscillator within the glass 
envelope of the tube, but largely separated 
from the main converter elements is known 
as a triode-heptode converter. The es-
sentials of such a tube, the type 6J8, is 
shown in Fig. 24. 

In the triode-heptode tube the oscillator 
anode is entirely separate from the other 
elements of the tube. It is not placed in 
the main electron stream at all. The oscil-
lator grid, however, is common to both the 
oscillator electron stream circuit and the 
main converter electron stream within the 
tube. This arrangement avoids the necessity 
of providing an additional connection in 
order to inject the oscillator frequency 
into the mixing section of the tube. 

Fig. 25 gives a little better idea of the 
physical arrangement of the various elements 
within the triode-heptode tube. It will be 
noted that the oscillator anode surrounds 
the cathode in much the same way as the main 
anode, but each is separate. The oscil-
lator grid extends the full length of the 
cathode, thus acting to control the stream 

of electrons between the cathode and the 
main anode as well as the stream between 
the cathode and the oscillator anode. The 
main control grid, however, is placed only 
between the cathode and the main anode. To 
avoid confusion, the other elements of the 
tube are not included in the illustration 
in Fig. 25. 

A typical circuit using a 6J8 pentagrid 
converter is shown in Fig. 26. Note there 
is no need for a special external connection 
between the oscillator circuit and the main 
electron stream inside the tube. This is 
accomplished inside the tube by the extended 
oscillator grid. 

The triode-heptode converter tube combines 
the better features of the 6A8 and the 6L7. 
It does not need an extra oscillator tube as 
does the 6L7. It is much more stable at the 
higher frequencies than is the 6A8. It does 
have the disadvantage that it has so many 
elements inside the tube that the tube is 
not quite so dependable as the other types. 

In fact, the one great drawback to all 
pentagrid converter tubes is that so many 
elements are crowded together into such a 
small space that any movement on the part 
of any of the elements is most likely to 
short out one of the other elements. Whén 

trouble develops in a receiver, the best 

Fig.25. Physical Arrangement of Some 
Elements in a Triode-Heptode. 
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Fié.26. Mixer Circuit Usiné a Triode-Heptode. 

place to look first is the converter tube. 
The wise service man will test the converter 
tube the first thing. In more than half the 
cases the trouble will be found in that tube. 

Any kind of tube which combines two sig-
nals and then brings four out at the anode 
is called a mixer tube. When the tube com-
bines the oscillator inside its own glass 
envelope it is called a converter tube. 
Most converter tubes require five grids. 
For this reason they are called pentaértd 

converters. 

Much more will be mentioned in later 
lessons concerning the methods for shooting 

trouble in the converter stage of a re-
ceiver. The converter stage of television 
receivers is quite similar to that of a 
radio receiver. One difference is that the 
television receiver operates at a higher 
frequency, and in most cases uses a separate 
tube as an oscillator. Nearly all the tubes 
used in the converter stage of television 
receivers are miniature type tubes. 

Another difference frequently found in 
television converter stages is that the 
anode will often feed two I-F channels 
rather than one as in a radio receiver. The 
reason for this is that the video frequencies 
are usually separated from the sound channel 

R. F 

AMPL FIER 
CONVERTER 

OSCILLATOR 

SOUND 

I- F 

VIDEO 

I - F 

DETECTOR 

DETECTOR 

AUDIO 

AMPLIFIER 

PICTURE 

TUBE 

FL. 27. 

e 

• 

TLC - 1 6 



• 

• 

at the converter stage. (See Fig. 27.) 
After leaving the converter stage, the 
audio-modulated portion of the I-F signal 
goes through one channel of I-F trans-
formers, and finally through the detector 

and on to the loudspeaker. On the other 
hand the video-modulated portion of the 
I-F signal goes into another channel of I-F 
transformers, then is later detected and 
finally fed to the grid of the picture tube. 

NOTES FOR REFERENCE 

Modulation is a system of superimposing one frequency upon another so that one is carried 
by the other. 

Mixing is a system of combining two frequencies in such a manner that four frequencies will 
be present in the output of the tube. 

Mixing is always done by operating a tube near cut-off, on the non-linear portion of its 
characteristic curve. 

A carrier wave is a high frequency signal which is capable of being radiated out into space. 

A pentagrid converter is a special tube designed for mixing two frequencies so a third can 
be obtained at the output of the tube. 

NOTES 
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Section 1. INTRODUCTION 

Since, in radio and television, we are 
dealing constantly with frequencies we have 
a situation very similar to one we find in 
music. In music we have aotes, harmonics of 
the notes, overtones and other similar 
things. These are all directly related to 
vibrating frequencies. In the case of music 
the frequencies deal with disturbances of 
the àir set up by vibrations from the 
musical instrument. 

In the case of a piano we have an arrange-
ment of tightened strings of various lengths, 
and varying degrees of tautness. When 
properly tuned the piano can create a note 
with a frequency so low the string will 
vibrate at a rate slightly over 26 times 
each second. At the other end of the scale 
the piano can produce another note with a 
frequency so high the string will vibrate at 
a rate of 4096 times each second. In be-
tween these two extremes are a large number 
of other notes,eachvibrating at a frequency 
different from each of the other notes. 

Everyone who has ever tried to play the 
piano, or who has listened to someone else 
try to play, knows that it is possible to 
hit two keys on the piano and produce a 
"discord". A discord is a sound which tends 
to jangle the nerves; they do not seem to 
"fit" together - they are not in harmony. 

Yet everyone also knows that two or more 
other notes can be struck at the same time 
amitheresulting sound will be very pleasant 
to the ear. To sound right the notes which 
are played together must " harmonize" with 
each other. 

sect ion 2 HARMONICS OF SOUND 

To understand a little better why some 
notes harmonize and others do not, let us 
study one situation as it actually exists. 
Every part of the piano keyboard revolves 
around its relationship to the key called 
"middle C". Middle C is the note C which 
is located nearest the center of the piano 
keyboard. On the written scale it is the 
most centrally located note of all. 

When the key for note middle C is struck 
on the piano a little hammer will strike a 
taut string deep within the piano. The 
striking of the string will cause the string 
to vibrate. The vibrating string will set 
up vibrations in the air. 

FiÉ.1. Each Key on a Piano Keyboard Causes 
a Vibration at a Different Frequency. 
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Fié.2. Frequency of Riddle C. 

In the case of middle C the string will 
vibrate 256 times a second. This means that 
the note middle C has a frequency of 256 
cycles per second. 

All the notes to the left of middle C on 
the piano will vibrate at lower frequencies 
than 256 cycles; all the notes to the right 
will vibrate at higher frequencies. 

By moving eight keys to the right of 
middle C we come to another note which is 
also called C. Sometimes this is called the 
C above middle C. Sometimes it is called 
other names. The most important thing to 

remember, however, is that this is another 
C note. (See Fig. 2.) 

Since we have said that all keys, ornotes, 
to the right of middle C vibrate at a higher 
frequency it might seem at first thought 
that we are inconsistent in our statements 
that C has a frequency of 256 cycles per 
second, yet another note of a higher fre-
quency also is called C. Yet such a thing 
is actually true. The second C note has a 
frequency exactly twice that of middle C. 
The secondnotehas a frequency of 512 cycles 
per second. As we will see a little later 
these two notes will harmonize together. 

We might go another step further. We 
could call 256 cycles the fundamental fre-
quency of middle C. It is called the 
fundamental frequency because it is the main 
or principle frequency of middle C. In the 

same manner we could call the frequency of 
the C above middle C -- 512 cycles -- the 
second harmonic of middle C. 

TLR-2 

You will recall from our lesson on penta-
grid converters that we could mix two radio 
frequencies together in a converter tube and 
come out with the two original frequencies 
plus two additional frequencies. The addi-
tional frequencies amounted to the sum of 
the original frequencies and the difference 
between them. Much the same thing is true 
in music. 

We have already mentioned that the fre-
quency of middle C is 256 cycles per second. 
We can now say that the second note above 
middle C is the note E. It has a frequency 
of 320 cycles per second. Now Let's see what 
happens when these two notes are struck 
together. 

First we have the two fundamental fre-
quencies, 256 cycles and 320 cycles. More 
than this we have the addition frequency 

(256 plus 320) which is 576 cycles. Now it 
so happens that 576 cycles is the exact 
frequency of the note D above the C above 
middle C. Further than this, the frequency 
of E -- 320 cycles -- is the tenth harmonic 
of low C which has a frequency of 32 cycles. 

Also we have the difference frequency 
(320 minus 256). This is 64 cycles. And it 
so happens that 54 cycles is the frequency 
of the C above low C. As a matter of fact 
this could be carried on to even greater 
extent. It merely goes to show that when 
two notes having a related frequency is 
struck it sets up in the air a vast number 
of frequencies all of which are harmonically 
related to each other. 

On the other hand when two notes are 
struck which are not harmonically related 

Fté.3. Row Overtones are Created. 



we set up in the afr a discordant jangle 
of frequencies which do nothing but grate on 
our sensory nerves of sound. 

This explanation can be carried another 
step further. If a string is stretched be-
tween two posts as in A of Fig. 3 so that it 
will vibrate at 256 cycles per second it 
will give off the sound which is charac-
teristic of note middle C. If the string is 
then plucked at the center, as at B of 
Fig. 3, the string will vibrate properly 

and will create the sound of middle C. This 
will be a pure note. 

But if the string is plucked at a point 
between the center and one end as at C of 
Fig. 3 it will have a double vibration as 
shown in that illustration. It will continue 
to have its fundamental vibration fre-
quency, but in addition will vibrate in two 

parts and thus set up a harmonic frequency 
as well as the fundamental frequency. In 
music these harmonic frequencies are usually 
called overtones. Some musical instruments 
are given characteristic tones by accentu-
ating the overtones. This accentuation, or 
strengthening, is brought about by building 
hollow cavities in the instrument which will 
resonate with those overtones which it is 
desired to build up, or accentuate. 

In other instruments we find their charac-
teristic tones created by reducing or sup-
pressing certain of the overtones. It 
should be noted in particular: The frequency 
of an overtone is always some multiple of 
the fundamental pitch frequency. This is a 
particularly important point to remember 
when thinking about harmonic relationships 
in the electrical circuits we will soon be 
studying. A harmonic ts always some multi-
ple of the fundamental. 

As an example of this, 14 and 21 would be 
harmonics of 7, but neither 13 nor 15 nor 20 
nor 22 would be. Likewise, 9 and 15 and 21 
are multiples, or harmonics, of 3, but 10 
and 14 and 17 are not. 

Section 3. HARMONICS IN ELFCTRICAL WORK 

In radio and television work a good under-
standing of harmonics is vitally necessary. 
On one hand we put harmonics to work for us 
and find them extremely useful. On the 
other hand they can cause us much trouble if 

not properly controlled. 

One of the most useful services harmonics 

perform for us is to produce frequencies 

higher than can be easily generated by many 
oscillators. We have casually mentioned 
"crystal controlled oscillators". We have 
not yet gone into the details of their 
operation. Such crystal oscillators are in-
dispensable for keeping frequencies exactly 
stable. 

As an example of this the Federal Com-
munications Commission assigns definite fre-
quencies on which certain services can 
operate. In many cases they assign one 
specific frequency for the operation of one 
specific transmitter. Under their regula-
tions that transmitter must remain exactly 
on that frequency -- it must not be per-
mitted to " drift" onto some other nearby 
frequency. 

To maintain rigid control over such fre-
quency engineers install a small piece of 
crystal which has certain peculiar proper-
ties which, in turn, enable it to control 
the frequency of operation. Such crystals 
are highly reliable, and very stable. How-
ever, they cannot operate at frequencies 
which exceed a few megacycles. When it is 
necessary to control frequencies above 5 to 
7 megacycles it is necessary to use what are 
called " frequency doublers". It is here 
that we put our knowledge of harmonics to 
work. 

Suppose we are assigned a frequency of 31 
megacycles by the FCC. We will be required 
to keep our transmitter operating exactly on 
that frequency. To obtain a high degree of 
stability in our oscillator it will probably 
be desirable that the oscillator be con-
trolled by a quartz crystal. But a quartz 

Ftg.4. Crystal Controlled Oscillator. 
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Fie.5. Frequency Doubler, 

crystal cannot operate at a frequency as 
high as 31 megacycles. So we build what is 
called a frequency doubler. 

Since a crystal cannot operate at 31 mega-
cycles we will choose a lower frequency, 
then double the output of the oscillator. 
One-half of 31 megacycles is 15.5 megacycles. 
Even this frequency is too high. So we will 
choose a crystal which has been designed to 
operate at some frequency still lower. 

Suppose we select a crystal which has 
been so prepared that it will resonate at 
3,875,000 cycles per second. This is equiva-
lent to 3875 kilocycles or 3.875megacycles. 
We will install it in an oscillator circuit 
as in Fig. 4. 

The oscillator circuit is then coupled 
into another amplifier circuit which has a 
resonant circuit as a load for the anode. 
The resonant circuit of this second ampli-
fier is tuned to a frequency just twice as 
high as that of the oscillator. In this 

Fié,6. Symbol for Variable Capacitor. 

TLR-4 

case the resonant circuit of the amplifier 
would be tuned to 7,750,000 cycles, which 
is equivalent to 7.75 megacycles, this being 
double the frequency of the oscillator. The 
arrangement is shown in Fig. 5. 

You have probably noticed the symbol we 
use for the capacitor in the tuned circuits 
of Figs. 4 and 5. You may have noticed 
them before in some of the other schematics 
in some of the previous lessons. A symbol 
drawn in this manner means that the capaci-
tor is variable. An air- tuned variable gang 
capacitor would be a good example. The 
regular symbol for such a capacitor is shown 
in Fig. G. 

There is another type of capacitor which 
is moderately variable. It is called a 
trimmer capacitor. Normally it has very 
little capacity, possible only 5 to20 mmfds. 
Notice that this value is given in micro-
micro farads, The purpose of a trimmer 
capacitor is to adjust, or trim, the lumped 
capacities in a circuit, and bring the cir-

T 
Fié.7. Symbol for Trimmer Capacitor. 
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Fig.8. How Trimmers FU In a Circuit. 

cuit into proper electrical balance. Some-
times the trimmer capacitor is shown by a 
symbol exactly like that in Fig. 6. More 
often, however, it is designated by a symbol 
like that in Fig. 7. The reason it is 
shown in this manner is to distinguish be-
tween it and the regular variable capacitor 
in a circuit. 

The schematic diagram of Fig. 8 shows 
how the trimmer capacitor is used to balance 
out a circuit. The main variable capacitor 
of the input circuit leading to the grid of 
the tube in Fig. 8 is mechanically coupled 
to the variable capacitor in the oscillator 
circuit. These variable gang capacitors are 
carefully built under rigid inspection. 
Their capacity is carefully controlled and 
will always be found to be very close to the 
value given by the manufacturer. Neverthe-
less, by their very nature, sometimes the 
'value is off by a few micromicrofarads. 
Further than this, there is a small amount 
of distributed capacity in the circuits 
which must be balanced. 

Now suppose the main variable capacitor in 
the input circuit has 4 or 5 mmfds too much 
capacity. The first thought is that the ca-
pacity could be reduced by adjusting the 
capacitor itself by turning the rotor. But 
a moment's reflection will bring out the 
thought that such action will also change 
the amount of capacity in the main variable 
capacitor in the oscillator circuit. This 
is not desirable. 

The customary practice, therefore, is to 
parallel each section of the variable gang 

by a small variable " trimmer" capacitor as 
shown in Fig. 8. Then if the capacity in 
the input is too great the trimmer is ad-
justed slightly to reduce the capacity. 
This can be done without affecting the 
oscillator circuit since the trimmer capaci-
tor in the main input circuit is in no way 
connected to the trimmer in the oscillator 
circuit. 

On the other hand if there is too little 
capacity in the main input circuit the 
trimmer can be adjusted to add a little 
capacity. Normally it is necessary to add 
or remove only a verysmallemnunt of capaci-
ty, seldom more than 4 or 5 mmfds. 

The same thing applies to the capacitor in 
the oscillator circuit of Fig. 8. In fact, 
it often applies even more strongly to the 
oscillator circuit thantotàe input circuit. 
If the capacity in the oscillator circuit is 
too great for some particular setting of the 
main variable gang capacitor the capacity 
can be reduced by adjusting the trimmer 
capacitor, And if there is not enough 
capacity a small amount can be added by 
means of the trimmer. 

' Very often there is still another capaci-
tor added to the oscillator circuit of a 
superheterodyne mixer as shown in Fig. 9. 
This is usually a variable capacitor, but 
sometimes is fixed. It is called the padder 
capacitor. It is not our purpose to go into 
discussion of the padder capacitor at this 
time. That will be taken up when we are 
studying the design and troubles of mixer 
and converter stages of superheterodyne re-
ceivers. Nevertheless, it is just as well 
to get acquainted with the term. 

Fié9. How a Padder Capacitor 
Fits in a Circuit. 
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Fi25.10. Several Frequency Doublers in 
Cascade. 

Sectton 4. MORE ABOUT 
THE FREQUENCY DOUBLER 

We have digressed from our discussion 
of the frequency doubler of Fig. 5. In 
Fig. 5 we had increased the frequency of 
the crystal from 3.875 MC to 7.75 MC. This 
is double the frequency of the crystal, but 
still is not high enough for the transmitter 
we want to control. 

So we will add another doubler stage. 
This will be as in Fig. 10. Here we find 
the frequency increased to 15.5 MC. 

Since 15.5 MC is still not enough to con-
trol the transmitter we will add another 
doubler stage. This will be as in Fig. 11. 
The output of the final amplifier stage 
could be fed directly to the antenna if it 
were so desired. 

Section 5. CLASS "C" BIASING 

The thought will probably have occurred 
to you to wonder just what there is so spec-
ial in the circuit diagrams of Figs. 5, 10 
and 11 that they are capable of doubling the 
input frequency in each stage of amplifica-
tion. The circuit diagrams, unfortunately, 
do not tell the entire story. The frequency 
doubling is brought about by the method of 
biasing the grids and the tuning of the out-
put circuits. 

Note the biasing battery in the grid cir-
cuit of each of the amplifier stages. This 
bias voltage is high enough to bias the grid 
.far beyond "cut-off". At this time it might 
be worth mentioning something which has been 
discussed before; that is, there are three 

i general classes of biasing when using a tube 
as an amplifier. Class "A" bias calls for 
a negative voltage on the grid of such value 

i that the tube will operate near the middle 
; of the linear portion of its characteristic 

curve. We have gone into this class of 
operation in considerable detail in a pre-
vious lesson. 

----.. 
The second type of biasing is\' called Class i 

"B". We have mentioned it b iefly, but 
have not gone into it in detail. We will ¡ . 

\ 

have occasion to study Class "B" in con- U. 
siderable detail later. Class "B" is some- k) 

1 times sub-divided into Class AB1 and AB2. 
L-- / 

Class " C" is the third main class of .\, 
operation. This is the type of biasing used 
at the output of many transmitters, on the ' 
grid of my oscillators, and on the grid of 
/ an frequency doublers. When operating Class "C" 
r 

Fig. ii. 
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Fié 12 Biasing Points for Several 
Classes of Operation 

the grid if the tube is biased sa heavily 
negative that the tube cannot conduct unless 
a very strong signal is applied to the grid, 
and will then conduct only on the peaks of, 
the positive cycles of the grid signal' 
voltage. 

Fig. 12 shows rather clearly the relative 
amounts of negative voltage required for 
various classes of biasing on a typical 
vacuum tube. The tube would be biased with 
about 4 negative volts for operation as a 

Class A amplifier. It would be biased with 
about 14 negative volts for Class R opera-
tion. For Class C operation it would be 
biased with from 18 to 30 negative volts, 
with 24 negative volts being a reasonable 
value for most operations. 

Fig. 13 shows how an alternating voltage 
applied to the grid of a tube biased Class C 
will cause a series of current pulses to 
flow in the anode circuit of the tube. If 
the tube is biased so there are normally 21 
negative volts on the grid, an alternating 
signal voltage of 12 volts will have no more 
effect on the tube than if it were not 
applied. The alternating voltage of a value 
that low will not overcome the effect of the 
bias voltage, with the result that no current 
can flow at any time. This is shown in 

' Fig. 13. There we see the 12 volts applied 
to the grid (6 volts each side of the bias). 
The positive peaks of the alternating signal 
voltage are only able to reduce the negative 

SIGNAL VOLTAGE APPLIED 
TO GRID. 

CURRENT PULSES RESULTING FROM 

A GRID VOLTAGE SWING OF 44 VOLTS 

(22 VOLTS- EACH SIDE OF THE BIAS 

VOLTAGE). 

CURRENT PULSES RESULTING 
FROM A GRID VOLTAGE SWING 

OF 36 VOLTS ( 18 VOLTS EACH 
SIDE OF THE BIAS). 

-48 -42 -36 -30 -2 4 -18 - 12 

I8V.  

- 6 

   22 V.  

Fié.13. Effect of a Signal Voltage on a Class "C" Amplifier. 
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voltage on the grid to -18 volts. 18 nega-
tive volts is still too much to allow any 
current to flow in the anode circuit. 

If the alternating signal voltage is in-
creased to 36 volts (18 volts each side of 
the bias) the positive peaks of the signal 
voltage will reducethenegative grid voltage 
to -6 volts. 6 negative volts on the grid 
will allow a pulse of current to flow in the 
anode circuit during the short interval when 
the signal voltage is near itspositive peak. 
As soon as the signal voltage drops to a 
value where the bias voltage cuts off the 
tube the anode current will cease to flow. 
No anode current will flow until the next 
positive peak of the signal voltage comes 
along. When that happens there will be 
another pulse of anode current. 

If the signal voltage is increased some 
more so it has a swing of 44 volts (22 volts 
each side of the bias voltage) the current 
pulses in the anode circuit will become 
larger. This situation is also shown by 
the graph of Fig. 13. The grid voltage 
does not have to become very much greater 
in order to increase the value of the anode 
current pulses considerably. You are 
probably wondering just what this has to do 
with your doubler circuit. It is a goodly 
portion of the secret. But first let's see 
just how this works in an ordinary tuned 
circuit. 

Fi 14 
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In Fig. 14 we show the current pulses as 
they would be in the anode circuit of a 
Class C amplifier. These pulses follow each 
other at a certain frequency, the exact fre-
quency being dependent upon the frequency of 
the original signal voltage. Suppose for 
the sake of our explanation there are 
1,000,000 pulses of anode current each 
second. This would correspond to a fre-
quency of 1,000,000 cycles per second. 

Now suppose we feed these pulses of cur-

rent into a parallel resonant circuit as 
shown in Fig. 14, and the circuit is tuned 
to a frequency of 1,000,000 cycles per 
second. When the first pulse comes down the 
wire the current will tend to divide at the 
top of the tuned circuit; a little of it 
will go toward the inductance but the most 
of it will go toward the capacitor as shown 
at A in Fig. 14. A fraction ofa microsecond 
later the capacitor will discharge through 

the inductance as shown at . B in Fig. 14. 
Then the inductance will charge up the 
capacitor in the opposite direction. A 
fraction of a microsecond later the capaci-
tor will again discharge in the other 
direction as shown at C of Fig. 14, and 
again it will discharge through the induc-
tance. The capacitor will again charge up 
as it was originally, and this will be at 
the exact fraction of a microsecond that 
another pulse of anode current is coming 
from the tube. 



• 
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RESONANiT FREQUENCY 

OF 2,000.000 CYCLES 

FÎ. 15. 

ANODE CURRENT PULSES 

The action is then repeated as is indi-
cated by D of Fig. 14. This continues over 
and over each one-millionth of a second. 
Each time a pulse of current comes down the 
wire it aids in keeping the oscillating cir-
cuit operating. 

Now, suppose that we substitute a tuned 
circuit which has a frequency of-2,000,000 
cycles per second for the one which has a 
frequency of only 1,000,000 cycles. This is 
the situation in Fig. 15. 

In this case the current pulses will again 
be coming down the wire at the rate of one 
each microsecond. The first one will strike 
the tuned circuit as at A of Fig. 15. This 
action will be little or no different from 
that of A in Fig. 14. The next action at B 
and C and D will be no different from what 
we have previously learned. 

But now note what happens. At EofFig. 15 
the current and voltage inside the circuit 
will again charge up the capacitor very much 
as it was at A of the same illustration. At 
this instant, however, it receives no assist-
ance from the external circuit from the tube. 

Nevertheless, the capacitor is charged up, 
then discharges again as at F. It might be 
mentioned that from A of Fig. 15 to E a time 
interval of only 1/2 microsecond has elapsed 
instead of 1 microsecond as in Fig. 14. 

Now the circuit goes through the same 
action at P and G and E as it did in B and 
C and D. Probably the current is not quite 
so strong at this instant as it was 1/2 
microsecond earlier, because there is a 
certain amount of resistance loss inside the 
circuit which would tend to reduce the value 
of the current. Nevertheless it is almost 
as large as it was before. 

Now we come to I of Fig. 15. This is 
similar to A and E. Here again the circuit 
gets a boost from the tube through the 
medium of another current pulse. This aids 
in charging up the capacitor to its full 
value again. Next the action is as shown at 
J. This again, is the same as that at B and 
P. The entire action will be repeated over 
and over. 

But note that the current and voltage in-
side the tuned circuit is going through two 
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GRID BIAS 

FiÉ.16. One Method of Biasing a 
Class "C" Amplifier. 

complete cycles for each pulse of current 
from the tube. This means that a frequency 
double that from the tube can be tapped off 
the resonant circuit. 

The pulse of current from the tube acts 
to charge up the capacitor of the resonant 
circuit for an instant. That starts the 
circuit oscillating. Then on every second 
oscillation of the resonant circuit it 
will receive another boost from the tube. 
This is very much like a person pushing a 
child on a swing. If the child is given 
a push every other time the swing comes back 
it is easily possible to keep the child 
swinging. In fact it is possible to keep 
the child swinging almost as hign by a 
little push every other time as it is to 
give a push each time the swing comes back. 
This is almost exactly the same thing 
that takes place in a frequency doubler 
circui t. 

In Figs. 10 and 11 we have shown bias 
batteries in the circuit for the purpose of 
providing bias voltage for the tubes. The 
use of batteries is one way to provide bias. 
But it is not tue best way. 

It is rather obvious that this is one 
place where we cannot use cathode bias. 
The reason is that cathode bias depends upon 
a flow of' current through the cathode cir-
cuit to provide the voltage drop across a 
resistor which can be tapped off and fed to 
the grid. In Class " C" operation we bias 
the tube so negative that NO current can 
flow. If no current flows in the cathode 
circuit under normal conditions it follows 
as a natural result, there would be no 
voltage drop across any resistor we might 
place in the cathode circuit. 
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In Class "C" operation we must provide 
what is called " fixed" bias. A fixed bias 
is some kind which is not dependent upon 
cathode or anode current. There are a 
number of ways in %I-Lich this can be (bne bit 
that shown in Fig. 16 is as good as any. In 
that illustration the B- plus voltage is 
tapped so that the cathodes of the tubes are 
not at the most negative point of' the power 
supply. In a regulated power supply usine 
rectifier tubes much the same thing can be 
accomplished by using a voltage divider 
network. 

Section 6. THE TRI-TET OSCILLATOR 

Another common use of harmonics in radio 
and television work is in the tri-tet 
oscillator. In many ways the tri-tet is 
little different from the circuits we have 
Just described, yet in other ways it is 
dissimilar. The tri-tet oscillator uses a 
tetrode or pentode tube. The crystal is 
connected into the oscillatory circuit which 
is very much like the electron- coupled 
oscillator. 

The circuit is very much like that shown 
in Fig. 17. In this case the crystal itself 
is resonant to 1 megacycle. The tuned cir-
cuit in the grid cirmit is also resonant to 
1 megacycle. The tube is biased nearer 
Class " B" than Class "C"; and when oscillat-
ing the resistor-capacitor combination in 
the cathode circuit tends to keep the grid 
voltage at or near cut-off. This results in 
the anode current moving in pulses in much 
the same manner previously described. 

The resonant circuit in the anode circuit 
can be tuned to 2,000,000 cycles resulting 
in a doubling of the frequency at the output 
of the same tube into which the crystal 

1,000,000 CYCLES 

T-1- C=1 

) 

RFC 

2,000,000 OR 
3,000,000 CYCLES 
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1,000,000 CYCLES 

Tri-Tet Oscillator. 
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operates. As a matter of fact it is usually 
possible to tune the output circuit to a 
frequency three times as high as the crystal 
frequency -- in this case 3,000,000 cycles 
-- and obtain very stable and efficient 
operation. The tri-tet oscillator is very 
widely used. 

Section 7. IMAGE FREQUENCY 

You should not confuse frequency doublers 
and tripiers with what is called " image" 
frequencies, although some novice radiomen 
have a tendency to do that. Actually there 
is no similarity between frequency multiplier 
circuits and image frequencies. 

Image frequencies are found in super-
heterodyne receivers. They result, occasion-
ally, from the peculiar action which takes 
place in the mixer stage of' a superhet. 

In a superheterodyne receiver the oscilla-
tor frequency is at all times operating at a 
higher frequency than the incoming radio 
frequency. For example, if the radio fre-
quency is 1000 kilocycles and the inter-
mediate frequency is 465 kilocycles, then 
the oscillator frequency will be 1465 kilo-
cycles. 

In many superheterodyne receivers the 
signal from the antenna is fed directly to 
the control grid of the pentagrid converter. 
The single tuned circuit at the grid of the 
converter will tend to favor one signal over 

all the others. This will be the desired 
signal. Further than this it will tend to 
discriminate against all other signals. All 
this is what it is intended to do. And in 

most cases everything is fine. 

But suppose you have a radio receiver 
which has its I-F tuned to 465 kilocycles. 
You want to tune in a station which is 
operating on 663 kilocycles. When you tune 
your input circuit to 660 kilocycles you 
will also be tuning your oscillator in the 
receiver to 1125 kilocycles. Thus the 
difference between the oscillator frequency 
of 1125 kilocycles and the carrier frequency 

of (360 kilocycles will provide the necessary 
469 kilocycles for the I-F stages. 

Titis part is all well and good. But 
suppose there is a powerful station in the 
vicinity operating on 1590 kilocycles. What 
do we have in this situation? We nave a 
radio carrier frequency of 1590 kilocycles; 
we have a local oscillator frequency of 112.9 
kilocycles; and we find the difference 

frequency between these two is 465 kilo-
cycles, which is Just right for amplifica-
tion of' the I-F stages. 

This 1590 k.c. frequency would be the 
"image frequency" which could be obtained 
when you tune to 660 k.c. In the Chicago 
area we have exactly this situation. A 
similar one prevails in many other locali-
ties. Chicago station WMAQ, the NBC outlet, 
operates on 670 k.c. Evanston station WNMP, 
a short distance away, operates on 1590 k.c. 
Very frequently a person trying to tune in 
WMAQ at 670 k.c. will find they are tuning 
in WNMP at 660, and wonder why they are 
getting that station at that location on 
their dial. 

Th the image frequency is always twice the 
value of e I-F frequency above the fre-
quency you are tuning. In the case of " 
station WNMP, if you tune that station in 
when the dial of the radio reads 660 k.c. it 
is because your radio has an I-F frequency : 
f 465 k.c.; and 1590 k.c. is two times 

463 k.c. above 660 k.c. 

Twice 465 is 930. 930 added to 660 is 
1590. 

Should a listener in the Chicago area tune 
in WNMP at 680 k.c. itwould be good evidence 
that the I-F of the receiver was tuned to 
455 k.c. instead of 465 k.c. Both 455 and 
4E5 are commonly used frequencies in the I-F 
stages of modern superheterodyne receivers. 

In the earlier days of radio receivers it 
was a very common practice to use an I-F 
frequency of 175 k.c. That frequency was 
eventually abandoned because of' the many 
points where images would interfere. The 
I-F frequency was raised to 455 or 465 in 
most receivers. Since for many years the 
lowest spot on the broadcast band was 550 
k.c. and the highest was 1500 k.c., these 
I-F frequencies practically overcame the 
trouble from image frequencies. As an 
example, when tuning in 550 k.c. on a re-
ceiver with an I-F frequency of 465 k.c. the 
image frequency was 1480 k.c. It was ex-
tremely rare that these two frequencies 
would be found in the same locality. Thus 
there would be no interference. The image 
frequency of any station above 570 would be 
entirely outside the broadcast band. 

Thus it can be seen that using the higher 
I-F frequencies practically overcame the 
trouble from image frequencies. But since 
the recent war the FCC raised the top of the 
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stand that his transmitter would be playing 
havoc with a regular television broadcast. 

Or suppose it is an FM transmitter operat-
ing 95 megacycles. The second harmonic of 
that frequency would fall within another 
television band operatingjustabove 188 m.c. 
Interference between such services cannot be 
tolerated. If such interference is not 
eliminated the many signals on the air would 

jam things up so badly nobody would be able 
to get any benefit from radio and television. 

Fig. 18 . Section 9. OTHER TROUBLES FROM HARMONICS 

broadcast band from 1509 k.c. to 1600 k. c. 
In some localities there will be found some 
trouble withimagesbetween certain stations. 
Trouble from images often develops on the 
higher communications frequencies which lie 
above the broadcast band. 

Section 8. TROUBLE FROM HARMONICS 

We have seen how a knowledge of harmonics 
can be useful to us. Now we will see how 
harmonics can be a real problem. Although 
we will not go into it at this time we can 
say that in some cases the problems intro-
duced by harmonics being where they are not 
wanted can place gray hairs on the head of 
the radioman who must eliminate them. 

One example of this is the operator of a 
transmitter. The FCC notifies the engineer 
that his transmitter is putting out a strong 
signal on a harmonic of his assigned fre-
quency. Suppose it is an amateur operating 
on 28 megacycles. If his transmitter is 
putting out a strong signal on his second 
harmonic it would mean his transmitter was 
putting out a strong signal at 56 megacycles. 
Since one of the television bands operates 
around 56 megacycles it is easy to under-

PiÉ.19. Second Harmonic Superimposed 
on the Fundamental. 
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Another trouble the radio and television man 
will meet even more frequently in everyday 
work is distortion introduced by a defective 
amplifier stage. When a stage of amplifica-
tion is not functioning properly, and the 

Fié.20. Resultant Wave Form When Second 
Harmonic is Combined with the Fundamental. 

signal comes out of the stage with a dif-
ferent wave form from that in which it 
entered the stage the most likely trouble 
is that unwanted harmonics have been intro-
duced into the signal by the vacuum tube. 
It is not our problem at the moment to figure 
out justhowan amplifier stage can introduce 
harmonics into a signal; suffice it to say 
that such things happen. 

In Fig. 18 we have drawn an ordinary sine 
wave. This is exactly like the many other 

sine waves wehavestudied from time to time. 

Now suppose that an improperly functioning 
amplifier stage introduces another signal 
each is the second harmonic of the original 
signal we have placed on the grid of the 



tube. If the two signals are graphed to-
gether they will appear as in Fig. 19. Note 
that the second harmonic goes through a com-
plete cycle while the fundamental is going 
through the first half of its cycle. 

In Fig. 20 we can see exactly what happens 
to the output wave form as a result of the 
action of combining the fundamental and 
second harmonic frequencies. Note that be-
tween points A and B in Fig. 20 the fündamen-
tal and the harmonic tend to add together. 
That makes the resultant much higher, or 
greater, than either the fundamental or the 
harmonic by itself. Then between points B 
and C the second harmonic tends to subtract 
from the fundamental. This results in the 
output being somewhat less than it would 
have been had not the harmonic been present. 
In the next half cycle mucdi the same thing 
again occurs. Isetween e and D the harmonic 
subtracts from the fundamental, and between 
points D and F they add together again. 

Note the difference in the shape of the 
resultant graph and that of the original 
fundamental sine wave. In audio circuits 
the second harmonic does not distort the 
output enough to make it disagreeable to the 
ear under normal circumstances. Uut in 
video circuits we must always be on the 
watch to guard against the introduction of 
second narmonics into our wave forms. 

The introduction of third harmonics a/iine 
causes troubles, whether the circuit is 
audio or video. Fig. 21 shows what happens 
when a third harmonic is introduced into the 

circuit. 

One of the principle effects of the third 
harmonic is to oppose the fundamental right 
at the time the fundamental is approaching 

Fie.2.z. Effect of the Third flarmonic. 

its peak. This causes a deep dip in the re-
sultant curve right at the point where it 
should be a maximum. Adding the third har-
monic to any frequency, whether electrical 
or musical, tends to cause serious discord. 
It grates on the ear, and produces a very 
unpleasant sensation. 

We could go on and show the effects of the 
fourth, the fifth and higher harmonics. 
Normally, the third harmonic is the one 
which causes us the most trouble in ampli-
fiers. As the harmonics go higher and higher 
their strength, or amplitude, becomes less 
and less. Above the third harmonic the 
strength of the odd harmonics has been re-
duced to a value where they are not general-
ly troublesome. In video circuits, however 
some of these higher harmonics must be 
guarded against to avoid introducing un-
wanted wave shapes, and giving us results 
we do not want. 

NOTES FOR REFERENCE 

Harmonics in electrical wave forms are very similar to harmonics in music. 

Harmonics can be very useful to radiomen in some applications, and can be very annoying if 
they creep in where they are not wanted. 

In sound work the third harmonic is the most annoying of all. It is the one to watch for 

when using an oscilloscope to study signal wave forms. 

Frequency doublers and triplers are used to build up the frequency from a low frequency to 
a high one. 

The tri-tet frequency multiplier is widely used in radio and television work. 

(over) 
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The frequency multiplier makes use of a Class " C" amplifier and an output resonant circuit 
tuned to a harmonic of the randamental frequency. 

Class "C" amplifiers are biased at some point beyond cut-off. The FCC rates an amplifier 
as being Class "C" when the tube is biased with a voltage with two to four times the nega-
tive voltage needed to keep the tube at out-off. 

Class " C" amplifiers require some type of fixed bias. 

Cathode bias cannot be used on Class " C" amplifiers. However, many Class "C" amplifiers 
make use of a certain amount of cathode bias to guard against complete loss of bias if the 
bias voltage fails for some reason. 
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Section 1. INTRODUCTION 

The nhenomenal advance in the science of 
radio and television during the past few 
years has brought with it scores of improve-
ments. New methods have been devised to 
achieve better transmission and reception. 
In some cases, new equipment was designed 
and built to more efficiently overcome the 
limitations which existed in the older types 
-- limitations which were threatening even 
some of the more modern devices with obso-
lescence. As a result the radio and tele-
vision repairman has been faced with a 

continually increasing complexity in the 
equipment it is his job to repair. 

During our previous studies we have 
investigated the construction and operation 
of many of the individual parts which go to 
make up a radio or television receiver. It 
is now time we see how these various parts 
can be put together to actually make an 
operating receiver. 

In its broadest sense a " radio receiver" 
is any type of electronic device which will 
pick up an electromagnetic signal from space 
and convert it to some form which is sensible 
to one of the human senses. Included in 
this broad coverage are such things as 
Sonar, Loran, Radar, and Television as well 
as the thing we most commonly refer to 
as "Radio". 

In a narrower sense the term " Radio 
Receiver" is by common usage reserved for 
those devices which deal exclusively with 
audible, or sound, signals. The term 

"Television Receiver", on the other hand, 
is used to describe those devices which 
bring to us a visual picture, with its 
accompanying sound effects, of some event 
which is taking place at some distant place. \ 
To a technical man television is little 
more than another phase of radio -- but a 
considerably more complicated phase. Many 
of the circuits, and much of the action, in 
a television receiver has its counterpart 
in an ordinary radio receiver designed to 
receive only voice. Other circuits, and 
other actions, are exclusive with the tele-

Fié.1. Radio-Phonograph Television 

Console Combination. 
(Courtesy Admiral Radio Corp.) 
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vision receiver. It is a good practice to 
first learn those circuits which are to be 
found in both types of receivers. When 
these circuits are thoroughly mastered we 
will take up the circuits found only in the 
television receiver. 

Let it be perfectly understood -- a sound 
and fundamental knowledge of radio receivers 
is essential to understand even the most 
elementary principles and equipment employed 
in television. 

Section 2. BASIC REQUIREMENTS 

In order to accomplish their purpose all 
receivers, whether radio or television, must 
perform three specific tasks: 

1. Select one desired signal. 

2. Extract the audio or visual component of 
the signal. 

3. Supply sufficient 
signal to make it 
to watch or listen 

strengthening of the 
clear and comfortable 
to. 

Other requirements of receivers which must 
be considered are: convenience of size and 
weight, power consumption within reasonable 
limits, cost and maintenance within reason-
able limits, and in many cases their ability 
to fit into the design and beauty of a 
modern home. 

These requirements, and many other inci-
dental ones, have resulted in a truly wide 
variety of receivers, each different from 
the others in many ways. Their use in home 

or car, for instance, has demanded that each 
type be especially designed for its own 
special application. The portable receiver 
that we take to the park on picnics must 
differ radically from the console-combination 
which graces our living room at home. 
(See Fig. 1.) 

It is not only in their exterior ap-
pearance, shape, size, and weight that these 
receivers differ from each other. Because 
of their divergent applications, receivers 
differ in their signal and power supply 
circuits. They may differ in the size, 
type, and number of loudspeakers which they 
drive. They may differ in the type of 
signal they receive, whether that signal is 
voice, music, or Morse code. Communications 
receivers, for instance, will look different 
and operate in a slightly different manner 
from an ordinary broadcast home receiver. 

Television receivers, in addition, use 
picture tubes in a variety of sizes, and 
some have a wider range of controls than 
others. 

However, despite their many differences in 
circuit design and external appearance, each 
receiver must accomplish the tasks for which 
it is selected: namely the selection of the 
desired signal from all other signals, the 
extraction of the audio and visual component 
from the desired signal, and the necessary 
amplification which will make the signal 
clear enough to understand. 

Radio receivers may be divided into two 
general groups: 

4 The Tuned Radio Frequency Receiver, nick-
named the "TRF", in which all tuned cir-
cuits are resonant to the same frequency, 
that to which the receiver is tuned. 

The Superheterodyne Receiver, con-
veniently condensed to " superhet," in 
which the various tuned circuits are not 
all resonant to the same frequency, but 
which introduces a new principle of high-
gain amplification based upon the beat-
frequency principle. All television 
receivers operate on the Superheterodyne 
principle. 

Sec ion 3. THE TUNED RADIO 
FREQUENCY RECEIVER 

As the name implies, the "TRF" receiver is 
made to receive the station signal through a 
series of tuned circuits, each of which 
resonatestothe signal frequency. Note that 
in Fig. 2 all the resonant circuits have 
their variable tuning capacitors mechanically 
coupled together. This is indicated by the 
dashed lines connecting the variable capaci-
tors. As we change one of them, we change 
the others by a like amount. In selecting 
the desired station we turn the tuning knob, 
which rotates the variable capacitors to the 
proper dial setting. All tuned circuits in 
the receiver therefore respond by resonating 
at the same frequency. 

Using Fig. 2 as a guide, we can understand 
the TRF receiver operation in the following 
manner: Signals are introduced at the 
antenna without any distinction between 
their frequencies, since the primary of the 
antenna transformer is not tuned. The 
secondary of the antenna transformer is 
paralleled by one section of the variable 
ganged tuning condenser assembly, and is 
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therefore a resonant circuit. This permits 
the selectionofthe desired signal, favoring 
it and discriminating against all other 
signals passing through the antenna trans-
former primary. Selection in the first 
tuned circuit, however, is not always perfect 
due to the unavoidable amount of resistance 
in the coil winding which results in the low 
selectivity inherent in low-Q coils. Never-
theless, the first step in the selection 
process is accomplished in the first tuned 
circuit, and the desired signal, in radio 
frequency form, is then applied to the grid 
of the first RF amplifier tube, the 6SK7 
tube in the upper left of Fig. 2. 

The bias employed in the first RF amplifier 
stage is normally Class B, meaning a high 
negative bias, permitting a high efficiency 
in operation. This results in high gain of 
the signal. The gain is from an extremely 
weak input value to an output amplitude at 
least fifty times as high. Note that the 
volume control is electrically located in 
both the cathode and antenna circuits. 

This manner of connection is bi-lateral, 
and serves to vary the volume of the signal 
while altering the gain of the stage at the 

same time. We will have more to say about 

the TRF volume control later. 

The output of the first RF amplifier now 
takes the form of a pulsating D-C current, 
at radio frequency, flowing in the plate 
load of the first RF amplifier. As can be 
seen by referring to the diagram in Fig. 2, 
the plate load of the first RF amplifier is 
the primary of the transformer which couples 
the first RF amplifier to the second RF 
amplifier, another 6SK7 tube. This pulsating 
D-C current in the primary, which of course 
bears the modulation of the impressed audio 
signal, induces a voltage at the same 
frequency and amplitude in the secondary of 
the first RF transformer. The secondary 
of this transformer is similar to the 
antenna transformer secondary. 

The signal, strengthened in amplitude by 
the first RF amplifier tube, is again 
selected from all the undesired frequencies 
which managed to break through the first 
tuned stage. Again discrimination takes 
place in favor of the desired signal. The 
signal is next applied to the second RF 
amplifier tube grid. The input to this 
stage is far stronger than that to the first 

" NOTE UNUSUAL. vere or DETECTOR Gummy-. 
TN'S IS CALLED AM INFINITE IMPEDANCE DETECTOR' enewnmwelamp".woonfurillumeeeAretwe 

FiÉ.2. Seven Tube Tuned Radio Frequency Receiver. 
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RF amplifier, but the audio modulation is 
carried through faithfully in its original 
form. 

Thus far we have seen our radio signal 
go through: 

Selection   in the first tuned 
circuit. 

Gain   in the first RF amplifier 
stage. 

Selection Again- in the second tuned 
circuit. 

More Gain   in the second RF ampli-
fier stage. 

The output of the second RF amplifier is, 
as in the case of the first RF amplifier, a 
current which pulsates at radio frequency 
and carries the original audio modulation 
in the form of amplitude changes. Since 
this pulsating current traverses the primary 
of the second transformer primary, its 
secondary will have induced in it a voltage 
correspondin7 to the primary current changes. 

Here again, the secondary feeds the grid of 
the third stage, a GC5 tube, with a signal 
further augmented in amplitude by a factor 
of at least fifty times. The variable 
condenser paralleling this winding causes the 
circuit to resonate at the same frequency as 
the previous tuned circuits. A further 
selection of the desired signal, and discri-
mination against all undesired signals, is 
thus accomplished. But the job of the third 
tube is not yet done. 

Notice, in Fig. 2, the resistance used as 
the plate load in this stage for the 6C5 
tube. The cathode resistor, also, is unique 
in its high resistance. The cathode bias 
developed across this resistance permits 
this stage, called the detector amplifier, 
to operate as Class B, which means the tube 
operates near its cut-off point. The use of 
a plate load resistor, also, gives this 
stage a special function -- that of perform-
ing as an infinite impedance detector, or a 
plate detector. 

A plate detector, as will be further 
explained in the lesson on Detectors, has 
the property of providing gain to a radio 
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Fig.3. Block Diagram of TRF Receiver. 
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frequency signal in addition to extracting 
its impressed audio frequency component. It 
might be well to mention, however, that the 
principle purpose of the detector is to 
separate the audio signal from its high 
frequency carrier. The small RF by-pass 
condenser located in the cathode circuit of 
this stage serves to by-pass the now unneeded 
radio frequency component to ground, leaving 
the audio component practically untouched 
for delivery through the coupling condenser 
to the 6L5 tube grid. 

The output stages constitute a push-pull 
power amplifier designed to produce heavy 
current changes during moderate voltage 
changes on the grids. Since the driving 
voltages on the grids are at audio frequency, 
the speaker matching transformer is fed with 
current at audio frequency. The speaker 
voice coil, properly matched to the plate 
circuits of the output tubes, will conduct 
very heavy current at signal frequency and 
the speaker cone will respond by reproducing 
the signal as created in the microphone at 
the transmitter. 

Fig. 3 illustrates, in block diagram form, 
the functions of the stages of a TRF receiver 
and indicates the wave shapes at the input 
and output of each stage. 

The above discussion describing the action 
and characteristics of a TRF receiver has 
reference to the type of signal circuit only. 
At one time, all radio receivers in use 
operated on the Tuned Radio Frequency 
principle. While the discussion of power 
supplies for radio receivers will be given 
in detail in later lessons, note this 
important fact: A TRF receiver may have one 
of several different power supplies. The 
TRF receiver, like the superheterodyne 
receiver, may be powered by a full wave 
rectifier, by a half-wave rectifier, or by a 
battery. Most TRF receivers, are powered 
by either afüll wave or half wave rectifier, 
making them either pure A-C, or AC - DC 
power supplies. A scattered few are powered 
by voltage doublers. The various kinds 
of rectifiers have been discussed in a 
previous lesson. They will be taken up 
again in a later lesson when their troubles 
will be studied in detail. 

Section 4. VOLUME CONTROL 

Previous mention was made of the bi-
lateral (2-way) action of the volume control 
in a TRF receiver. Notice that in Fig. 2 if 
we move the sliding tap of the manual volume 

Fié.4. Table Model TRF Radio. 
(Courtesy Admiral Radio Corp.) 

control over to the right, the cathode of 
the first RF stage is brought closer to 
around potential. This decreases the 
negative bias on that stage, increasing its 
gain. At the same time, this position 
serves to place more resistance between the 
antenna and ground, resulting in a stronger 
signal applied to the windings of the 
antenna transformer primary and hence 
through the whole receiver. 

If we move the volume control sliding tap 
toward the left, the opposite action takes 
place: More resistance is placed in the 
cathodeof the first RF amplifier, increasing 
its bias and reduciné its gain, while less 
resistance between ground and the antenna 
serves to progressively shunt more and more 
of the antenna signal to ground. This, in 
TRF receivers, is an almost universal 
practice, and provides proper range for the 

:manual volume control. 

/ The fact that the TRF volume control is 
/electrically different from that of the 
superhet receiver suggests very strongly 
that any trouble-shooting in a radio receiver 
volume control should be guided by the typy 
of receiver to which it belongs. 

\Section 5. THE SUPERHETERODYNE 
RADIO RECEIVER 

As will be explained later in this lesson, 
the superheterodyne receiver embodies 
important improvements over the TRF receiver. 
Let us first, before making systematic 
comparisons between the two types of re-
ceivers, examine the details of superhet-
erodyne operating principles. 
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Fig.5. Block Diagram of Superheterodyne Receiver. 

Fig. 5 presents a block diagram of a typi-
cal superheterodyne receiver, and indicates 
the frequency relationships between the 
component circuits. Fig. 6 shows the 
,schematic diagram for a superhet receiver. 

()a The superhet receiver contains four sig-nificant frequencies: 

. The incoming signal, to which the 
ceiver is tuned. 

b. The oscillator frequency. 

c. The intermediate frequency, which is 
usually shortened to I-F-. 

re-

d. The audio frequency, or video frequency, 
the faithful reproduction of which is the 
main purpose of the receiver. 

Keeping these four significant frequencies 
in mind, we may now trace a signal from 
antenna to the loudspeaker, showing the 
frequency changes that occur in the course 
of its journey through the receiver. 

As in the case of the TRF, the signal is 
introduced at the antenna, from where it is 

fed as primary currenttothe RF transformer. 
The secondary of this transformer picks the 
signal up as voltage changes and applies 
the selected signal (selected by the tuned 
circuit of which the transformer secondary 
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is the inductance) to the mixer tube control 
grid. 

At the same time, the oscillator frequency 
is being fed to another grid of the mixer 
tube. Because these two frequenCies are 
being mixed in the mixer stage, a non-linear 
amplifier, the output of this stage will 
contain not only these two frequencies, but 
their Sumanddifference frequencies as well. 

/ Without a selective (tuned) plate load for 
this stage, all the frequencies produced in 

/-  

the mixer would flow into the remainder of 
the receiver. However, since we are inter-

( ested only in the difference between the 
frequency of the radio signal and that of 
the oscillator, the plate load impedance of 

J// 
the mixer stage is tuned to that frequency 
which we call the intermediate frequency. 

Note that the original modulation signal 
borne through space by the station carrier 
frequency was mixedwith a constant-amplitude 
frequency from the oscillator. Their result 
is the I-F frequency difference, which also 
bears the modulation of the radio carrier; 
that is, the audio component itself. 

The reason for this apparently elaborate 
method of operation can now be disclosed: 
If the difference between the radio station 
signal and the oscillator can be kept a 
constant frequency, and it can be kept 

• 

• 



R-F AMPLIFIER TYPE 6SK7 PENTAGRID MIXER TYPE 6L7 

C1 = 50 to 200 µµf 

C2 C6 C12 Ganged tuning 
condensers, 365 if 

C3 C7 C16 C23 C24 C25 = 0.05 µf 
paper 

C4 C9 C19 = 0.25 tif paper 
C5 C8 C10 C17 C20 . 0. - 4, paper 

C11 C22 = 100 µµf 
C13 = Oscillator padding con-

denser . 

C14 C24 = 0.01 Ile 
C15 C21 = 50 µµf 
C19 C31 C32 C33 = 
lytic, 500 v. 

C27 = µf electrolytic, 25 

C28 = 1 µf paper, 400 V. 
C29 = 0.5 µf paper, 490 v. 

C 30 = 25 µ electrolytic, 25 v. 

elec tro-

v. 

I-F AMPLIFIER TYPE 6 SK 7 — 11  cfîi  

C11  
OSCILLATOR - -TYPE6JS 1- 

T5 

+340V. 264 V 

CI7 
R9 TUNING INDICATOR TYPE 6U5-6G5 

RECTIFIER TYPE 5Z4 
COI R26 

C-+ 32 + 33 L 1 L2 
 4111IA11)*- 

R25 .100 V  153 V  250V 

DIODE DETECTOR,AVC A-F AMPLIFIER TYPE 6 H6 TYPE 6J5 

R1 113 1110 = 100000 ohms, 0.5 
watt 

R2 Rll = 2000 ohms, 0.5 watt 
R4 = 260 ohms, 0.5 watt 
R5 = 3300 ohms, 0.5 watt 
R6 R7 R14 = 50000 Ohms, 9.5 

watt 
R8 R9 = 20000 ohms, 0.5 watt 
R12 = 2 megems, 0.5 watt 
R13 R16 R17 = 1. megohm, 0.6 
watt 

R15 = 200000 ohms, 0.5 watt 

R18 - 27000 ohms, 0.5 watt 
R19 = 1 megohm volume con-

trol with tap at 250000 ohms 
for tone compensation 

H20 = 900 ohms, 0.5 watt 

BEAM POWER •  AMPLIFIER, TYPE 6L62 

1121 = 2000 ohms, 9.5 watt 

R22 = 90000 ohms, 0.1 watt 

B23 = 10009 ohms, 0.5 watt 

824 = 179 ohms, 2 watts 

R25 - 20000 ohms, 5 watts 
R26 = 25 ohms, 9.5 watt 
L1 = 20 henries, 100 ohms 

120 ma. 
L2 = 500 ohm speaker field, 

8 watts. 

T1 T2 = I-F transformer 

T3 = Input transformer 
T4 = Output transformer; pri-

mary impedance, 2500 ohms 
T5 = Power transformer, 

300-0-300 volts R4S, 
129 ma d. c. 

Fig.6. Schematic Diagram of Superheterodyne Receiver. 
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FiL6.7. I Transformers. The Screw Slots 
on Top are for the Trimmer Adjustments. 

constant, and if the audio component is 
retained, we can build an amplifier system 
which will amplify with extremely high 
efficiency. This is because the amplifier 
system can be designed to amplify at one 
frequency only. Such an amplifier system is 
the I-F section of a superhet receiver. 

One or more high-gain stages, coupled 
by circuits tuned in both primary and 
secondary windings, achieves the double 
objective of precise selectivity and ex-
ceedingly high gain. Since the tuned 
circuits in this section are fixed at the 

FREQUENCY 

Station signal 

Oscillator 

I -F 

fiers and fed into the second detector stage 
for extraction of the audio component. 

This second detector is generally a diode 
stage whose current is drawn up from ground 
through the cathode circuit, through the 
last I-F secondary and delivered groundward 
again through the manual and automatic 
volume control circuits. See Fig. 6 for 
the circuit diagram of a superheterodyne 
receiver. An RF by-pass capacitor, usually 
of . 00025 mfd value removes the radio 
frequency component at this point and 
permits the audio to be coupled across the 
volume control capacitor to the first audio 
amplifier, called the driver stage. 

The driver stage is a triode voltage 
amplifier whose gain is about fifteen or 
twenty, and builds up what is now the audio 
signal to an amplitude suitable for delivery 
across the final coupling condenser to the 
grid of the output stage. The output stage, 
of course, feeds the primary winding of the 
matching transformer with its plate current 
at audio frequencies, enabling the speaker 
voice-coil to convert its electrical energy 
into sound energy. 

The following table is presented for 
convenient reference: 

WHERE PRESENT 

From antenna to mixer grid 

Oscillator to mixer grid 

From mixer output to 2nd 
detector 

Audio From 2nd detector to 
loudspeaker 

RF-oscillator difference frequency, and 
since this frequency always remains constant 
no matter what station we tune on the dial, 
the I-F stages need no variable capacitors 
of the ordinary type. (Small trimmer 
capacitors, which are used for alignment 
purposes, are supplied within the same 
housing with the transformers, but these 
trimmers are fixed during the alignment 
operation.) (See Fig. 7.) The signal, now 
at the I-F frequency, is built up to com-
paratively high amplitude in the I-F axon-

TLK-8 

PURPOSE 

Carrier Wave. 

To beat with the station carrier 
signal to produce the I-F. 

To have a constant frequency, 
regardless of which station is 
selected, for high gain and 
selectivity. 

To listen to. 

Without discussing in great detail at this 
time the relative merits of the two different 
types of volume controls in the TRF and 
superheterodyne receivers, please note that 
there is a distinct difference in their 
electrical action. This difference will be 
thoroughly analyzed later when studying 
volume control repairs. 

It may be to our advantage at this time, 
however, to make a comparison between TRF and 
superhet circuits as shown on following page. 



TRF 

Excellent tone response 

No " image" frequencies" 

Not selective enough 

Not sensitive enough 

Inconveniently large 

Heavy and bulky 

Contains only two significant 
frequencies 

No oscillator, no mixer, 
no I-F 

Simpler circuits 

Poorer overall performance 

SUPERHETERODYNE 

Poorer tone response, but compensated 
by other advantages 

Subject to " image" interference 

Extremely selective 

Extremely sensitive 

Conveniently small, where necessary 

Light and compact, where necessary 

Contains four significant frequencies 

Oscillator, mixer, I-F 

Let us re-emphasize the fact that the dis-
tinction between TRF receivers and superhet 
receivers is a distinctionofsignal circuits 
only. It is therefore obvious that any 
trouble-shooting procedure which employs 
signal tracing through a radio receiver must 
be applied with rigid respect for the type 
of signal circuit a receiver uses. 

More complex circuits 

Superior overall performance 

In actual practice, the radio and tele-
vision repairman will find that most re-
ceivers are of the superheterodyne type, and 
that the number of TRF receivers is rapidly 
growing smaller. Nevertheless, the tech-
nician should know the TRF receiver as well 
as he knows the superhet, because it em-
bodies principles of radio technique of 
which the superheterodyne receiver is 
but a refinement. 

for 

as for performance. It is a " living room 
piece," which "belongs" in the most used 
room of the home. It is usually the center 
of attraction in the living room and as 
such must fit into the general design and 
beauty of the home. 

A later lesson is especially designed to 
show the techniques of TRF trouble-shooting, 
and includes the necessary information to 
positively identify a TRF type of radio 
receiver. (See Fig. 8.) 

L// 
Section 6. CONSOLE MODEL RADIO RECEIVERS iL7 

Fig. 1 shows a modern console type combi-
nation radio and television receiver. It is 
not hard to understand that in addition to 
being a source of entertainment for the 
entire family, it is also a piece of furni-
ture that people select for beauty as well 

The console combination pictured in Fig. 1 
is truly a versatile instrument. It contains 
three separate radio channels and an auto-
matic record changer suitable for three 
record speeds. The three radio channels 
include the regular broadcast band, short-
wave, and frequency modulation. 

The record changer can be used for record-
ings of 78, 33-1/3, and 45 revolutions per 

Fié.8. Chassis of TRF Receiver. 
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SPEAKER 
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Fié.9. Block Diaéram of the Audio Channels. 

minute. It can provide a variety of enter-
tainment almost incredible in one compact 
unit. 

A console combination of this type is 
ingeniously designed for greatest efficiency, 
convenience, beauty, and economy. Fig. 9 
shows a block diagram of the functional 
components of this type of receiver. As you 
can see, conservation of parts and space 
make it advisable to utilize every part in 
every possible way. 

The audio section, for instance, is common 
to all of the functions of the combination. 
The power supply, too, is designed to provide 
powerinproper form for any of the component 
circuits. That radio engineers and tech-
nicians can devise such wide variety of 
performance in so small a space is a tribute 
to modern skill and ingenuity. 

At this point one may wonder how it is 
possible for a radio and television repair-
man to quickly and accurately analyze 
trouble occurring in such an elaborate 
arrangement of components, each of which is 
elaborate in itself. The answer to this can 
be summed up in the following statement: 

The more elaborate the equipment the 

easier it is to localize, and eventually 
find, the trouble. 
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This may be hard to believe at this time 

-- certainly it is hard to explain -- but 
you will learn the truth of it as you 
progress with your studies. 

Console model radio receivers, with their 
attendant accessories, are generally powered 
by full-wave rectifier systems; that is, 
they are designed to operate on A-C only. 
However, this rule is not iron-clad. Some 
models which appear the same as the one 
illustrated are designed for AC - DC opera-
tion. Nevertheless, these are the exception 
rather than the rule. 

Some of the models of console receiver 
with associated phonograph equipment, a 
operated as AC - DC radio receivers, but 
their phonograph driving motors are designed 
for A-C only. This feature limits their use 
to A-C areas only, for grave damage would 
occur to the phonograph motor were D-C 
applied to it. For this reason, their 
nameplates always warn the user against use 
on any other power except 60-cycle A-C. 

Section 7. TABLE MODEL RADIO RECEIVERS 

By far the most popular receiver in use 
today is the table model. They probably 
outnumber all other receiver types combined 
by a ratio of 2:1. Because theyare so popu-
lar, they deserve considerable attention. 

e 
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Fié.10. Table Model Radio-Phonograph 
Combination. 

(Courtesy Admiral Radio Corp.) 

These sets come in a wide variety of 
shapes and external appearance. The average 
radio dealer's display window will often 

include a dozen or more table model re-
ceivers, each suited to its own location in 

the home, and each appearing different from 
the others. Yet their signal circuits, 

power supplies, and general features will be 
as alike as peas in a pod. Moreover, the 
large majority of troubles in this type of 
receiveraresurprisingly similar, regardless 
of the make or model of the receiver. 

The bulk of these table model radio re-
ceivers are limited to the single function 
of broadcast reception within the range of 

550-1600 kilocycle frequencies. They are 
purposely made so, in order to keep their 
size, weight, and cost down to levels which 
justify their tremendous popularity. 

A fair number of table model receivers 
also have the additional feature of a record 
player built into the same cabinet, as 
illustrated in Fig. 10. These record player 
combinations are not so elaborate as the 
console combinations, but with the growing 
popularity of record changers with different 
speeds, they often include a changer that is 
adaptable to at least two speeds. Many of 
these table model radio-phonographs in the 
lower price bracket are not equipped with 
record changers, but simply with ordinary 

non-changing record-players. 

The power supplies of this group of radio 
receivers, the table model, are almost 
always of the AC - DC type. But here 
again an associated record player, designed 
for A-C only, will limit the use of the 
phonograph to A-C areas only. The radio, if 
it occurs without the phonograph, can be 
used equally well on A-C or D-C and is 
therefore suitable to use in almost any area 
where commercial power is available. Hence 
its great popularity. 

While table model receivers are almost 
universally AC - DC sets, there still 
remain in use a scattered few table models 
which are powered by A-C only. We will 
reserve a later section of this lesson for a 
discussion of power supplies. 

Section 8. PORTABLE RADIO RECEIVERS 

Fig. 11 shows a picture of a modern porta-
ble receiver. Portable receivers are 
becoming more and more popular, and, due to 
circuit and production refinements, are 
becoming smaller and smaller. The well-
designed small portable receiver today will, 
in its own way, match the performance of a 
receiver three times its size built only 
a few years ago. The main feature of porta-
ble receivers, is, of course, their portabi-
lity. They can be used almost anywhere. 
The many uses of the portable receiver are 
both too obvious and too numerous to list. 

Fié.11. Portable Radio Receiver. 

(Courtesy Stewart-Warner) 
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Fq.12. Picture of Back of Portab7e 
Receiver. 

Certain characteristics of the portable 
receiver are important enough to consider. 
Because of the portability feature of this 
type of receiver, it must necessarily 
contain its own power supply as well as its 
own antenna. The loop antenna, to be 
explained in detail in later lessons, is 
ideally adapted to portable receivers. 
While the great majority of portable re-
ceivers are designed for ordinary broadcast 
reception, some manufacturers, such as 
Zenith and Hallicrafters, produce a portable 
that includes short-wave reception as well. 
In these receivers, manufacturers build a 
whip antenna, which can be telescoped down 
when not in use, for better short-wave 
reception. These sets also include the loop 
antenna for ordinary reception; the loop is 
standard antenna equipment in practically 
all portables. 

The ideal application of a self-contained 
power supply for portable receivers necessi-
tates the use of batteries. Fig. 12 shows 
the rear view of a portable receiver with 
its batteries installed in special spaces 
provided. The batteries are usually an A 
battery, to deliver current for heating tube 
heaters, and a set of B batteries to supply 
the plate power for the set. Sometimes a 
battery "pack" is used, which contains both 
the A and B battery in the same package. 
(See Fig. 13.) 

The three-way portable is another variety 
of this type of receiver. As the name 
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indicates, this set will operate on its own 
battery system when commercial power is not 
available, or on either A-C or DI-C commercial 
power. To conserve the life of the batter-
ies, and to widen the use of a single 
receiver for both indoor and outdoor use, 
the users of 3-way portables are urged to 
use the batteries when using the portable 
outside the house, but to plug into the 
power lineoftleir homes when indoors. This 
arrangement, of course, needs a power recti-
fier and filter system built into the 
chassis, and a method of switching from 
batteries to house-power when the occasion 
demands. Fig. 14 shows a typical switching 
system to accomplish this plan. 

A further refinement of the 3-way portable 
is the self-charging portable battery 
receiver. In this type, the power supply 
is a 2.2 volt lead-acid cell which drives a 
vibrator-rectifier system to provide high 
voltage plate power. Heaters are heated 
directly from the low-voltage battery, which 
is periodically charged by a step-down-
transformer-rectifier system which is plugged 
into the 117-volt A-C power line. While a 
little complicated, this method of operating 
a portable receiver eliminates the need for 
frequent battery replacement and thus is 
economical. This type of power supply is 
identical in principle to that used for 
automobile receivers. 

Section 9. AUTOMOBILE RADIO RECEIVERS 

The automobile radio receiver, installed 
as it is in a mobile vehicle, presents 
special problemsofits own for the designer, 
installer, and serviceman. The automobile 
in which it is installed must provide its 
own power supply and, of course, must carry 
its antenna along wherever it goes. The 
limited size of a necessarily short antenna 
calls for exceptional high gain in the 

Fié.13. Picture of Battery Pack. 
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amplifying circuits of the receiver, and 
auto radio receivers are designed with this 
consideration in mind. 

Likewise, the power supply, originating in 
the 6-volt battery, must provide plate 
supply power on the order of over two 
hundred D-C volts. This is easily ac-
complished in the automobile receiver by use 
of either a vibrator- transformer system, or 
by a dynamotor, with the ability to convert 
6 volts D-C to well-filtered 200 volts D-C. 

As mentioned under rechargeable portable 
batteries, the vibrator-transformer system 
is almost universal in ordinary auto re-
ceivers. The synchronous type vibrator is 
primarily designed to eliminate the use of 
the rectifier tube, thus drawing less power 
from the battery. Synchronous vibrators 
have been gradually becoming less popular, 
primarily through the application of the 
cold-cathode auto receiver rectifier tube, 
the 074, which has no filament and therefore 
is economical with battery power. 

In addition to power supply and antenna 
requirements that are special in auto re-
ceivers, these receivers must cope with the 
threat of various types of static inter-
ference which is seldom found elsewhere. 
Ignition sparking, generator interference, 
and wheel and tire static are the chief 
offenders. The radio repairman will often 
have car static to remove. This task is 
met in several ways, depending upon the 
exact nature of car static interference. 

Ignition noise can be minimized generally 
by the use of shielding on RF leads and 

ignition suppressors. Suppressors can be 
installed easily either at the center wire 
of the distributor, or on each spark plug 
individually. Shielding is of the utmost 
importance. Generator noises are lessened 
usually by the instellation of a by-pass 
capacitor at the high side of the generator 
output. Wheel static can be minimized by 
the proper device installed in the hub-cap, 
or by special techniques in the tire instal-
lation. All of these methods, and a com-
plete discussion of auto receiver trouble-
shooting, are included in a special lesson 
later. 

Because of the characteristic type of 
power circuit and antenna arrangement in an 
automobile receiver, certain troubles arise 
which cannot occur in other receivers. In 
other words, an automobile receiver, in 
addition to having all the troubles that are 
inherentinany other type of radio receiver, 
has an entire family of troubles peculiar 
to itself. The radio and television repair-
man will be indeed wise to take all factors 
into consideration when shooting trouble in 
such receivers. The car radio receiver's 
possible troubles can often be narrowed 
down to a few probable faults by a super-
ficial, but intelligent, observation of 
trouble symptoms. 

Section 10. COMMUNICATIONS RECEIVERS 

Communication radio receivers are a family 
of their own, differing from consoles, 
table-models, portables, and mobile re-
ceivers. Communications receivers are so 
named because they are primarily designed 
for the reception of speech signals, or codc 
signals, which take the place of speecà. 
They are widely used by airlines, police 
radio systems, radio press organizatims, 
and by radio amateurs. Theirchiefadvantage 
is that they are adapted especially to 
signal or code reception, and are extremely 
sensitive. They are also designed so they 
are highly selective, being able to choose 
between two frequencies which are very 
close together. 

One cannot mention communications re-
ceivers without calling attention to the 
essential part that these receivers played 
in winning the late war. For military 
purposes alone, large manufacturers of 
communication receivers allotted their 
entire production to the armed services. 
For war work, as well as in peacetime, 
these receivers have to be of the highest 
possible quality. 
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Communications receivers may have a 
variety of power supplies, determined by the 
exact application to which this equipment 
is put. In an airplane, communications 
receivers are either made to operate from 
the D-C battery supply, usually 24 or 28 
volts, or from an A-C converter operating 
to produce 400 cycle, 120 volts for use 
throughout the plane. 

In mobile communications receivers, the 
power supply may be of the vibrator-trans-
former type, or may be a dynamotor with a 
high-voltage D-C output. 

In the armed services, combination power 
supplies were developed for wider versa-
tility. This entailed the presence of a 
6-volt D-C power supply, a 117-volt A-C 

power supply, and a system for plugging 
into a 220-volt supply, A-C or D-C -- all 
of these power supplies being located, with 
the proper switching provisions, in the 
same receiver. This made it possible to 
use such a receiver in a car, in a district 
where domestic voltages are of the 117-volt 
value, or in a foreign land, where, perhaps 
the local power available is 220-volts. 

The use of communications receivers has 
been augmented by the army of ever-increasing 
radio amateurs. These hobbyists of the 
science of radio and television are licensed 
by the Federal Government for experimental 
operation of transmitters and receivers on 
certain frequencies. Many amateurs build 
their own transmitters; however, most 
amateurs avail themselves of the very 
excellent, standard communications receivers 
now on the market. Communications receivers 
differ from most other types in their 
ability to receive signals at almost any 
frequency which is broadcast. They are 

Fié.15. Quartz Crystal Filter. 
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fitted with a provision enabling the oper-
ator to switch from one band to another very 
readily. Their calibration is such that the 
accurate reading of the frequency of an 
unknown signalcante immediately determined. 
This is done by a " coarse" reading of the 
signal frequency on the regular dial. In 
addition a vernier, or "band spread" dial is 
also provided for hairline tuning. 

Because a communications receiver must be 
able to receive code signals as well as 
speech, a special circuit is included in 
these receivers that enable the set to 
receive the so-called "CW" (continuous wave) 
signals. These are usually sent by other 
amateurs, or press services, in the form of 
interruptedunmodulateddot-and-dash signals. 
The circuit in a communications receiver 
designed to pick up these continuous wave 
code signals does so by a simple principle 
of heterodyning two inaudible frequencies 
to produce their difference as an audible 
signal. The circuit involved is called the 
BFO (beat-frequency-oscillator), and the 
operator has the privilege of switching this 
feature on or off, as the occasion demands, 
during a period of listening. For easy 
access, this switch is located on the front 
panel of the communications receiver. 

Crystal phasiné is another feature of 
communications receivers peculiar to its own 
family. To accomplish extremely high gain 
in the I-F stages of these receivers, 
especially when the incoming signal is very 
weak, the operator flips a switch that 
inserts an oscillatory crystal, usually made 
of quartz, into the I-F system. Since the 
desired signal is in code (continuous wave), 
we need not fear cutting out the side bands 
that normally contain audio speech. The 
result is super-gain at the desired frequency. 
When the message has been received, and the 
operator wantstotnne in a speech broadcast, 
the crystal phasing switch is closed again 
and the I-F tuned circuits again possess 
enough band-width to bring in the speech 
with sufficient clarity. (See Fig. 15.) 

Modern communication receivers, like most 
other types of modern receivers, employ the 
superheterodyne signal circuits. 

Trouble-shooting the communications 
receiver is similar, of course, to trouble-
shooting receivers in general. However, 
like other types, the communications receiver 
may develop troubles in circuits which are 
peculiar to itself, and therefore may have 
no analogy in other types of receivers. 



NOTES FOR REFERENCES 

CLASSIFICATION OF RADIO RECEIVERS 

Classification Types 

Signal Circuits TRF and Superheterodyne 

Power Supply A-C, AC - DC, battery portable, 3-way 
portable, rechargeable battery portable, 
auto radio receiver with vibrator or 
dynamotor 

Application Console, including phono-combinations; 
table-model, auto receiver, portable, 
communications receiver 

Identification of both the signal circuit and the power supply is the logical starting 
point in trouble-shooting a radio receiver. 

Don't look for troubles in a receiver which cannot possibly have those troubles. 

To eliminate the possibility of a certain trouble in a certain type of receiver is the first 
step in the right direction. 

Radio and television troubles are located quickly and accurately in most cases by a keen 
sense of observation anda thorough understanding of the functions of the parts. 

Locating the trouble is the biggest part of receiver trouble-shooting. The actual repair 
is generally a simple mechanical operation, such as replacing the defective part, or 
making necessary adjustments. It is finding the trouble that presents the challenge to 
the radio and television repairman. 

Every effort in the learning process involved in radio and television trouble-shooting 
should be bent in the direction of quickly and accurately locating the trouble in the 
shortest possible time and with the least chance for error. 

The four important steps in radio and television trouble-shooting are: 

1. Identification of the receiver and recognition of the symptoms. 

2. Testing and analysis of the results of testing. 

3. Verification by correction, which may include the replacement of the 
suspected component, or the necessary adjustment. 

4. Testing the repair job. This should last as long as time permits, or 
at least long enough to prove beyond a reasonable doubt that the defective 
part has been replaced or repaired. 
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Section 1. INTRODUCTION 

The radio and television repairman has 
available to him a group of instruments and 
test equipment which greatly extends his 
ability to investigate the troubles which 

are so often found in radio and television 
receivers. The human senses are inadequate 
to give us accurately measured values of 
voltages, currents, and resistances. In 
servicing radio and television receivers 
the need for accuracy has required the 

development of precise testing instruments 
and equipment. 

We are not content merely to know the 
presence or absence of voltages; we must 

know, within a reasonable tolerance, the 
actual number of volts present. Likewise, 
the difference between any number of ohms 
resistance between two points in our circuit 
and the exact number of ohms may be the 
difference between locating the trouble 
quickly and accurately or searching in vain 

for a trouble that we have completely 
missed through inaccurate readings. 

Section 2. THE VOLT-OHM-MIIIIAMKETER 

Fig. 1 shows a model of a typical modern 

volt-ohm-milliammeter. In reality, it is 
three test instruments in one. Since the 
voltmeter, the ohmmeter, and the milli-
ammeter all use a basic meter unit, the 
three functions can be combined in one 

compact unit with switching arrangements 
providing for the selection of the function 
desired. This makes for economy in cost, 
space,mitime. This volt-ohm-milliammeter, 
whose name is shortened to " V-O-M," or 

Fié.1. Volt-Ohm-Milliammeter. 

(Courtesy Simpson Electric Co.) 
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Multi-meter, will read A-C and D-C voltages 
on several scales of convenient values, 
measure currents of commonly needed values, 
and show the number of ohms of resistance 
between two test points. The resistance 
scale consists of a " high-ohms" and " low-
ohms" calibration which widens the accuracy 
range of the ohmmeter. See Fig. 29. 

Section 3. VACUUM-TUBE-VOLTMETER 

Illustrated in Fig. 2 is a modern elec-
tronic voltmeter. This instrument is also 
called the vacuum tube voltmeter. The short 
name adopted by electronic men is "V.T.V.M." 
Notice that the VTVM, like the VOM, has 
many different scalesandselecting switches. 
In fact, the VTVM, because of the nature of 
its electrical construction, does what the 
VOM does, does it better, and does it 
more accurately. 

The basic characteristic of the VTVM is 
its ability to read voltages without " load-
ing" (and therefore without altering) thql 
circuit which is being measured. For muc 
radio and television work such a high degr e 
of accuracy is not essential, the tolerance 
,of the VOM being ordinarily sufficient. rHowever, both radio and television receivers 
contain some special high impedance circuits 1 

! where the use of a VOM will substantially/ 
alter the reading and reduce accuracy. fly 

1 such cases the VTVM is indispensable. 

--Section 4. THE SIGNAL TRACER 

The signal tracer is a helpful and practi-
cal device in radio and television trouble-
shooting. An illustration of a signal 
tracer is shown in Fig. 3. Complete in-
structions for building such a unit for 
yourself are contained in a later lesson. 

The main characteristic of the signal 
tracer is its ability to locate radio or 
television trouble by determining just where 
in the circuit the signal drops out. This 
is accomplished by the signal tracer's 
ability to convert a radio frequency signal 
in any stage in the receiver to an identi-
fiable audible signal. Starting at the 
antenna, the signal tracer, which is basic-
ally an amplifying demodulator, is applied 
to each stage in succession until the signal 
is lost. The stage in which the signal is 
lost is obviously the defective stage. A 
detailed analysis of this stage with the 
use of other test equipment will quickly 

reveal the guilty component. 

Fié.3. Sinai Tracer 

Section 5. SIGNAL GENERATOR 

The signal generator, illustrated in 
Fig. 4 is another ingenious testing device 
especially adapted for radio and television. 
The model shown is a Radio Frequency signal 
generator. Fig. 5 shows an audio frequency 
signal generator. In many cases, the two 
signal generators are installed in one 
unit, which thus becomes a versatile test 
instrument for almost any conceivable type 
of signal circuit. 

The purpose of the signal generator in 
radio and television trouble-shooting is to 
feed a known, and controllable, signal into 
any given circuit and to enable the tech-
nician to monitor the output of this circuit 
to determine the quality of its operation. 
Any circuit which passes this known signal 
with proper gain and fidelity can be said 
to be in good order. Any circuit which 
fails to do this is at once suspected of 
faults. Here, too, the detailed analysis 
of the suspected circuit will soon disclose 
the exact guilty component. 

One of the chief differences between 
applying a signal generator and a signal 
tracer to a defectiver receiver is this: 
The signal tracer starts analysis at the 
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antenna and works toward the loudspeaker - 
while the signal generator starts at the 
loudspeaker and works backwards toward 
the antenna. The reasons for this reversal 
of method will be better understood when we 
take up the use of test equipment in spe-
cific instances. 

In addition to its function as a helpful 
ally in locating troubles in radio and 
television equipment, the signal generator 
serves another important purpose. It is 
ideal for aligning (adjusting) the many 
critically sensitive RF circuits in a re-
ceiver. While radio receivers seldom need 
a complete alignment procedure, there are 
times when a signal generator, and nothing 
but a signal generator, will accomplish the 
desired correction. Slight trimming ad-
justments can often be done on a radio 
receiver by ear, but for the alignment 
procedure the signal generator is made to 
order. A signal generator is indispensable 
in aligning the I-F transformers in a 
television receiver. 

In conjunction with the oscilloscope ( to 
be treated in detail in later lessons) the 
signal generator can be used to set the 
proper band width of intermediate frequency 
amplifiers, assuring the passage of all 
desirable components of the signal and thus 
bringing in the full tone carried by the 
broadcast signal. A special circuit of the 
signal generator is employed for this 
application. This circuit is called a 
"wobbulator" and in essence comprises an I-F 
signal output modulated at a comparatively 
slow rate by frequency deviations. This 
procedure will be more fully explained in 
the lessons on Oscilloscopes. 

Section 6. THE TUBE-CHECKER 

Probably the most widely used radio and 
television test instrument is the tube-
checker. Fig. 6 shows a typical modern 

tube-checker designed for use at the test-
bench. A somewhat similar model has been 
designed for portability so it can be 
carried to the customer's home. Both units 
are identical in their operation and the 
information they give about a tube. 

The tube-checker's great utility is based 
upon the fact that most troubles in radio 
and television receivers originate in the 
tubes. While the radio and television 
repairman must be well prepared to find 

troubles that do not originate in the tubes, 
the routine check of all the tubes in a 

Fié.5. Audio Signal Generator. 

receiver, or at least those which are 
suspected of faults, is the first procedure. 
Once we are convinced that the tubes are in 
good order, a scientific procedure for find-
ing an unknown trouble can then be set up. 

Eliminating possible tube troubles, or 
correcting them, is a major step in solving 
any radio or television trouble. 

The tube-checker can supply a wealth of 
information regarding the state of the 
tubes in a receiver. 

The tube-checker will give the following 
information about the tubes: 

It will tell if there are any internal 
short-circuits in the tubes. 

It will tell if there are any open cir-
cuits in the tubes, including the heaters 
or filaments themselves. 

It will tell whether the emission from 
the cathode emitting surface is good or 
bad, and it will indicate the degree of 
emission. 

It will reveal "gassiness" in a vacuum 
tube. 

It can reveal high resistance leakage 
between the elements in a tube. 
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Fié.7. Capacity Analyzers. 

It can, in some models, indicate whether 
or not a tube is noisy. 

It can also, in many models, actually give 
us a direct reading of the transconductance 
of an amplifier tube. Transconductance, or 
mutual conductance, is a property of an 
amplifier tube which indicates the degree 
of amplification possible in that tube. 

The tube-checker caribe ordinarily employed 
to show intermittent, or temporary, faulty 

conditions in a tube. 

While the tube-checker is in itself a 
miracle of performance it, nevertheless, has 
some important limitations. These limi-
tations are not inherent in tube-checkers, 

/ nor are they due to the failure of the 
manufacturer to include a more elaborate 

/ circuitintle tube-checker. The limitations 
we speak of are, rather, inherent in the 
nature of the tubes themselves. Among them 
are the pilot-tapped AC-DC heater tubes, 
and the pentagrid converter tubes. Both 
of these classes of tubes may contain serious 
deficiencies, but through no fault of its 
own, the tube-checker will still indicate 
they are good tubes. 

Section 7. CAPACITY ANALYZERS 

The capacity analyzer, illustrated in 
Fig. 7, is designed to meet the radio and 

television repairman's need for determining 
the quality or value, of the capacitors 
employed in the equipment on which he works. 
The capacity analyzer is a relatively 
simple instrument to use. Many different 
models of this device are available. Some-
times a capacity analyzer is made a part of 
a more elaborate multimeter which thus is 
given extremely wide versatility. 

Basically the capacitor analyzer applies 
an alternating voltage to a circuit contain-
ing the unknown capacitor, and the analysis 
of the value and electrical quality of the 
capacitor are indicated on a meter which 
measuresthecurrent, but which is calibrated 
in capacitance. Since the capacitance of 
a capacitor, together with the voltage 
and frequency, determine the current through 

\ the capacitor, we can work backwards with 
this information and can determine the 

\value of the capacitance to be measured. 
All this the capacity analyzer does auto-
matically and indicates the result on the 
calibrated scale. 

Often it is possible to determine the 
quality and value of a capacitor without 
removing it from the circuit, and without 
applying the capacity analyzer. However, 
the capacity analyzer has the peculiar 
abilitytoaccurate/y measure the capacitance 
in question where other methods are only 
approximations, or fail altogether. 
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In addition, the capacity analyzer will 
indicate a short-circuited condenser, an 
open condenser, and -- for the electrolytic 
type condenser -- the power factor of a 
condenser. Leaky condensers can also be 
determined with this device. A leaky 
condenser is one which, while not directly 
short-circuited, nevertheless has an un-
desirably reduced resistance between its 
plates. While dielectric insulation between 
capacitor plates will never be absolutely 
perfect, nevertheless there is a minimum 
amount of permissible conduction between 
them. The capacity analyzer will indicate 
when this safe minimum has been overstepped 
by defects in dielectric insulation, or by 
any other cause. 

Section 8. USING RADIO AND 
TELEVISION TEST EQUIPMENT 

With the wealth of the various types of 
test equipment available to him the radio 
and television repairman will often wonder 
which test unit to use on the radio receiver 
he is analyzing. 

Should he measure critical voltages first? 

Should he check the tubes? 

Should he make ohmmeter checks before 
doing anything else? 

Should he measure the current through a 
suspected circuit? 

Or should he remove the capacitors one by 
one and check them on the capacity analyzer? 

These questions will have different answers 
in different cases. Each depends upon the 
nature of the trouble, its symptoms, and on 

the technician's own initiative and in-
genuity. Some troubles will demand the 
application of the signal generator before 
anything specific can be determined. The 
signal generator will indicate the stage in 
which the trouble occurred, and the logical 
procedure in this case would be to examine 

that stage in detail with a voltmeter or 
ohmmeter. Another case will require that 
tubes be checked first, and, if they are 
found to be in good order, the next step 
would be to make a detailed check of the 

power supply with a voltmeter. A third case 
may suggest to the repairman that he use the 
capacity analyzer first, to verify the 

suspicion of -- let us say -- a deteriorated 
filter condenser. 
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What then, will determine the order in 
which the radio and television repairman 
will apply his test equipment to a receiver 
under analysis? How can he put his test 
equipment to maximum use to determine first, 
the stage in which the trouble lies; and 
second, the exact component at fault? And, 
moreover, how can he do this in the shortest 
possible time and in the most accurate way? 

Quick and accurate radio and television 
trouble-shooting rests upon several con-
ditions: 

1. The recognition and identification of the 
, symptoms presented by a defective re-

ceiver -- the result of keen observation. 

2. A functional knowledge of the purposes 
of the components in a receiver -- the 
result of experience and training. 

3. A sound knowledge of the capabilities and 
limitations of the test equipment used. 

4. A clear and concise appraisal of all the 
known facts, including observed symptoms, 
voltage and resistance readings, and the 
findings of other test equipment used. 

In these four conditions lie the answer 
to our previous question: What test unit 
shall the radio and television repairman 
use first? 

It is easy to say that the order in which 
test equipment is applied to a defective 
receiver depends upon the nature of the 
trouble. 

But we do not as yet know the trouble! 

All we know are the visual, audible, and 
electrical deficiencies the trouble (as yet 
unknown) has caused. 

Let us distinguish clearly between a 
trouble and its symptom. They are separate 
and distinct, even though the trouble has 
caused the symptom. The trouble is a defect 
in a component; the syeptom of this troub1e 
'is the audible, visual, or electrical result 
of the trouble. 

As an example, the trouble in a radio 
receiver could be a short-circuited filter 
condenser. We cannot look inside this 
condenser and see the short-circuit. Yet 
the results of this trouble can be easily 
recognized. We notice that the signal 
and the normal hum are absent from the 



receiver's loudspeaker; we also note that 
the rectifier tube plates are red hot. We 
may also note, if we are alert, that the 
power transformer is becoming overly warm. 
These are the symptoms, the obvious conse-
quences of a short-circuited filter con-
denser. These are obvious to anyone, even 
to the untrained observer. But the repair-
man goes one step further in his obser-
vations. He measures the value of B-plus 
in the receiver and finds it absent; he 
also measures the resistance across the 
filter condenser, and finds it zero (a 
short circuit). 

Test instruments have given the technician 
more information than the untrained observer 
possesses. He used a voltmeter to measure 

voltage and an ohmmeter to measure resis-
tance. Both of these readings are of the 
utmost importance, for they permit him to 
appraise all the results of the trouble, 
and thus indicate which one trouble will 
result in all of the observed facts. 

We may logically conclude, therefore, that 
the order in which test equipment is applied 
to a defective receiver is determined by the 
nature of the symptoms. Do not under-
emphasize the extreme importance of identi-
fying and recognizing every noticeable 
symptom in a defective receiver, for they 
are the starting point of your complete 
analysis of the receiver. The symptoms 
point the way toward quick and accurate 
analysis, and eventual correction of a 

trouble. 

In the following discussion on the use 
and application of each individual type 
of test equipment, keep in mind that the 
best, most elaborate and most expensive 

test equipment available is limited in 
usefulness by the knowledge and ingenuity 

of the man who uses it. 

Section 9. HOW TO USE THE TUBE-CHECKER 

The tube-checker is immediately put to 
use as soon as there is even the slightest 
suspicion that the trouble in a receiver 
can be caused by bad tubes. Since a large 
majority of radio and television troubles 
are due to tube faults, and since bad tubes 
may cause an almost endless variety of 

different audible symptoms, checking the 
tubes of a receiver is a routine matter. 

There are many excellent models of tube-
checkers available. Fig. 6 shows a model 
manufactured by Simpson. Fig. 8 is a 

section of a tube chart for use with a 
Triplett Tube Checker, Model 3212. 

While different tube-checker manufacturers 
make their products in different ways, and 
while the operating instructions for each 
model of each manufacturer may differ, we 
shall for the moment use the Model 3212 as 
an example for purposes of explanation. 

Suppose a defective receiver displays 
symptoms that suggest the possibility of 
a defective tube. Under this supposition, 
the following facts can be easily ascertained 
by visual and audible means: 

1. The receiver has a normal hum level, but 
no signal of any kind. 

2. All the tubes light up in the receiver. 

Since both of these conditions may be 
present when one of its tubes is defective, 
let us say the 12SK7, we will find it 
advisable at this time to put all tubes 
through a detailed check. In Fig. 8 the 
12SK7 is listed numerically and alphabeti-
cally, and to the right of its listing we 
find the tube-checker settings which are 
used to check this tube. 

Following the instructions on the tube-
chart, we set the " A" knob on the tube-
checker to 3, the "B" knob to 12.6, and the 
"C" knob to 28. We next insert the tube in 
its proper socket, and throw the " Up" and 
"Down" levers as indicated in Fig. 8. Lever 
2 is pressed up and lever 7 is pressed to 
the downward position. (These settings are 
indicated by the lever numbers printed in 
bold face type). 

This pair of settings, simply applies the 
proper heater voltage to the 12SK7 and makes 
it ready for the "short test". 

In this model tube-checker, according to 
the manufacturer's instructions, the " short-
test" consists of raising all as yet unmoved 
levers to the "Up" position one at a time, 
and observing the neon lamp short-circuit 
indicator. If the neon indicator lights up 
during any one of these settings, unless 
otherwise indicated in the instructions 
below each tube listing, then that element 
is short-circuited within the tube. For 
instance, if when lever 6 is moved upward 
the neon indicator glows, we would know 
that the control grid of the tube is short-
circuited to some other element inside the 
tube. (This, of course, would condemn 
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I2S17 
12SK7 
12SL7 
12SL7 Test 2 . 
I2SN7 
12SN7 Test 2  
12SQ7 
12S07 Test 2  
I2SQ7 Teat 3  
12SR7 
12SR7 Test 2 
12SR7 Test 3 
1223 
1225 
1225 Test 2   
1225/625   
12Z5/6Z5Test 2  
14   
14A4 
14A5 
1486 
14B6 Test 
I4B6 Test 

TUBE CHART 

TUBE 
TYPE 

KNOBS LEVER 
I POSITION 

IA111ICIIII D 
Cà I Fd ! LoadlUp. Down 

TUBE 
TYPE 

KNOBS LEVER 
POSITION 

IAIB,C Ul D 
Cà Fil Load:UPI Down 

12SF7 Test 2 .., 1 12.6 40 8 23467 
12SG7 3 12.6 19 2 357 

(Shows Short on 3 and 5) 
12SHr7 ... 3 12.6 19 2 357 

(Shows Short on 3 and 5) 
3 12.6 28 2 57 
3 12.6 28 2 57 
3 12.6 28 7 12368 
3 12.6 28 7 34566 
3 
3 
3 
1 
1 
3 
1 
1 
3 
3 
3 
3 
3 
3 
3 12.6 27 1 78 
3 12.6 33 I 78 
3 12.6 31 1 45678 

2 I 12.6 58 1 234578 
3 ... I 12.6 58 1 234678 

(Shows Short on 4 and 7) 
I4A7 ...... 3 12.6 28 I 
I4B8 ...... 3 12.6 30 I 
I4C5 
14C7 
14E6 ... 3 12.6 31 1 
14E6 Test 2 .... 1 12.6 65 1 
14E6 Test 3 .... 1 12.6 65 1 

(Shows Short on 4 and 7) 
I4F7   3 12.6 29 1 
I4F7 Test 2  3 12.6 29 
I 4F8   3 12.6 22 
14F8 Test 2   3 12.6 22 
14117   3 12.6 24 
1417   3 12.6 33 
1417 Test 2 3 12.6 33 
I4N7   3 12.6 28 
14N7 Test 2  3 12.6 28 
14Q7 . 3 12.6 24 
14R7   3 12.6 20 

1 12.6 50 
3   1 12.6 50 

12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
6.3 
6.3 
6.3 
6.3 
12.6 

29 
29 
28 
40 
40 
37 
33 
33 
25 
25 
25 
25 
25 
36 

7 34568 
1 12368 

3457 
23467 
23567 
3457 
23467 
23567 

I 34 
4 12357 
4 13567 
1 2346 
I 2456 
1 45 

3 12.6 25 I 
3 12.6 26 I 

I4R7 Test 
1417 Test 

1 
2 
2 
1 
1 
1 

78 
78 
78 
78 
45676 
234578 
234678 

23478 
25678 
45678 
13457 
78 
3478 
25678 
378 
678 
78 
3478 
235678 
245678 

14Y4 
14Y4 Test 2 
I4Z3 
15 
17 
18 
19 
19 Test 2 
20 
2018 
22 .. 
24A . 
25A6   
25A7   
25A7 Test 2... 
25AC5 . 
25B5 
25115 Test 2. ... 3 25 37 

(Shows Short on 2) 
25B6   3 25 23 
25B8 ..... 3 25 25 
25B8 Test 2  3 25 25 
25106 ..... 3 25 25 
25D8 .   3 25 30 
25D0 Test 2  3 25 26 
25D8 Test 3  1 25 40 
25L8   3 25 22 
25INS   3 25 55 
25NS Test 2  3 25 35 
25XS ..... «  3 25 27 
2sxe Test 2..   3 25 27 
25Y4 ..... 3 25 25 
25Y5 3 25 30 
25Y5 Tes!   3 25 30 
25Z5   3 25 25 
2525 Test 2. 3 25 25 
2526 ...   3 25 24 
2526 Test 3 25 24 
26 .. ... 3 1.5 46 
27   3 2.5 44 
28E/   3 25 21 
28D7 Test 2.   3 25 21 
2825 ... . 3 12.6 38 
2825 Test 2. 3 12.6 38 
29 . 2.5 26 
30 .. 2 2 

14S7 3 12.6 19. 1 
I4S7 Test 2 3 12.6 30 1 
14VV7 3 12.6 19 1 

(Shows Short on 4 and 7) 
3 12.6 28 1 
3 12.6 28 1 
3 12.6 25 1 
3 2 55 1 
3 12.6 40 1 
3 12.6 31 1 
3 2 37 1 
3 2 39 1 
2 6.3 48 I 
3 12.6 28 2 
2 3.3 56 I 
3 2.5 35 I 
3 25 27 2 
3 25 27 2 
3 25 23 2 
3 25 31 2 
3 25 46 I 

1 

378 
25678 
478 

678 
376 
34 
45 
45 
56 
236 
456 
4 
78 
4 
45 
78 
1678 
134578 
78 
256 
356 

2 78 
2 13467 10 
2 15678 
2 78 
2 13478 10 
2 15678 
2 134567 10 
2 78 
2 378 
2 478 
2 3478 
2 4578 
2 78 
1 2346 
1 3456 
1 2346 
1 3456 
2 3478 
2 4578 
1 4 
1 45 
1 5678 
1 2468 

18 467 
18 347 
1 4 

35 1 4 

Fig.8. Typical Tube Chart 

the tube and further tests of the tube would 

be unnecessary). However, let us assume 

that no short-circuits are indicated by the 

tube checker in this example. 

We are now ready for the "value" test of 

the tube. This test will tell us if the 

tube cathode will emit its rated current 

when proper voltages are applied to its 

various components. The data in Fig. 8 

for Use with Tube-Checker. 

tells us that the value test is made by 

setting lever 5 down and turning the "value" 

knob to the right. Accordingly, when this 

is done and if the tube is good, the meter 

pointer should swing to the right of the 

indicating scale into the " good" area. If 

this happens, the tube can be assumed good. 

If, however, the meter pointer does not 

move at all, or if it only goes to the "bad" 

or "questionable" area of the scale, then 



we can infer that emission is not taking 
place properly and the tube should be 
replaced. 

While it may be interesting to determine 
exactly which element is responsible for 
lack of emission in the tube, the tube-
checker, as a rule, does not give us this 
exact information. Nevertheless, since any 
trouble in a tube condemns the entire tube, 
the tube- checker tells us what we want to 
know about the tube. It is either good or 
bad. If it is bad, replace it; if it is 
good, look for the trouble elsewhere. 

On some tube-checkers the " leakage" test 
is made at the same time as the test for 
internal short-circuits. This is true of 
the Triplett Model 3212. On other tube-
checkers the " leakage" test is another pro-
cedure and is always fully explained by the 
instructions supplied with each unit. Above 
all, before attempting to use any instrument 
read all instructions covering its use. 
Read them through carefully, then go back 
and read them again. 

During the "short" test, it is a good idea 
to tap the tubes and look for intermittent 
(on-again-off-again) short circuits. The 
flashing on and off of the neon short 

indicator is sufficient evidence to replace 

a tube showing intermittent short-circuits. 

Previous mention was made of the limi-
tations of tube-checkers, with reference 
especially to two types of tubes being 
tested. Figs. 9 and 10 will show why the 
average tube-checker will show these two 
types of tubes to be good, in spite of the 
fact that they may contain serious faults. 

Fig. 9 is a circuit diagram of a pentagrid 
converter tube, used extensively in almost 
all modern superheterodyne receivers. Let 
us suppose, as in the diagram, that the 
signal grid of this tube somehow becomes 
disconnected from the base pin to which it 
should be electrically connected, a fairly 
common trouble in this type of tube. How 
will the tube-checker indicate this defect? 

Reference to Fig. 9 will show that in this 
tube the signal grid is at some distance 
from the cathode, there being two other 
grids between them. We know from previous 
lessons that any grid located within the 
electron stream will gather electrons and 
if these electrons cannot find a leakage 
path, the aggregate of all the negatively 
charged electrons will soon block the tube. 
Why don't they block the pentagrid converter 

PLATE 

FREE- HANGING 

SIGNAL GRID 

TOO FAR FROM CATHODE 

70 BLOCK CURRENT 

FLOW THROUGH TUBE 

OSCILLATOR GRID 

(IF THIS GRID WERE 

FREE- HANGING, TUBE 

WOULD BLOCK) 

SUPPRESSOR GRID 

HIGH POSITIVE VOLTAGE 
ON THESE TWO GRIDS 

9. 
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TUBE CHART 

W INTESTINO THIS THE 

TUBE CHECKER LEVERS SHORT 

TERMINALS 2 AND 3, AN OPEN 

CIRCUIT HERE WILL NOT BE 

REVEALED 

FROM 

SUPPLY LINE 

MANY TUBE CHECKERS 

CONNECT THESE 

POINTS TOGETHER 

PLATE 

TUBE 

TYPE 

KNOBS 

AIBI 
I RIFIL LOAD 

LEVER 
POSITION 

U D 
UP I DOWN 

35Z5  

3526  
3526 TEST 2 
36  
37  

3 32 21 
3 32 20 

3 32 20 
3 6.3 37 
3 6.3 37 

7 

2 

2 

238 
3478 

4578 

45 
45 

CATHODE 

TO OTHER TUBE HEATERS 

PILOT LAMP 

tube? The power that a grid has of control-
ling the flow of electrons through a tube 
depends on the closeness of the grid to the 
cathode. Notice that in the pentagrid 
converter tube, the signal grid is at a 
considerable distance from the cathode. 
Hence it will not have the same power to 
affect the flow of electrons through this 
tube as a grid closer to the cathode. It is 
true that the amount of current flowing 
through the plate circuit will be reduced, 
but -- and this is the significant point --
the reduction of tube current due to a free-
hanging grid so far from the cathode will 
not bring the indicator pointer back far 
enough to indicate a "bad" tube during the 
value test. In other words, the indicator 
pointer will point to "good" with or without 
a free-hanging signal grid in a pentagrid 
converter tube. 

Trouble-shooting oscillator-mixer stages, 
then, requires that even if the pentagrid 
converter tube checks good, it should be 
replaced by another of its type, known to 
be good, before checking the circuit for 
other troubles. Experience has shown that 
where the oscillator-mixer stage is sus-
pected, replacing the tube will remove the 
trouble in the vast majority of cases. 
Another limitation of even the best of tube-
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checkers is illustrated in Fig. 10. Ac-
cording to the tube-checker data for a 35Z5 
the heater setting for the levers are as 
follows: 

Lever 7 - - - -up 

Lever 2- - - -down 

Lever 3 - - - -down 

The schematic diagram of this tube shows it 
is a typical pilot- tapped heater type of 
rectifier tube common to most AC-DC radio 
receivers. 

Fig. 10 illustrates the manner of supplying 
voltage to the pilot lamp, and shows that 
terminals 2 and 3 of this tube constitute a 
voltage divider tapped across the heater 
extremities between terminals 2 and 7. If 
we set levers 2 and 3 down we connect these 
two points together and short-circuit the 
voltage divider at these points. This is 
done only for test purposes. However, 
suppose that the heater of this 35Z5 is 
really burned open between terminals 2and3. 
The tube-checker setting, just described 
will, in short-circuiting these points, 
permit current to flow through the lever 
connections and the result will be that the 



rest of the heater (between terminals 3 
and 7) will heat up in the normal way. The 
value test will show the tube to be good, no 
short-circuits will be indicated, and we may 
mistakenly assume this bad tube to be good. 

Without going too deeply into this subject 
at this time, it may be interesting to know 
how one would check for this trouble in a 
35Z5 tube. An ohmmeter test between termi-
nals 2 and 3 would immediately disclose this 
fault. Also, a burnt-out pilot lamp would 
strongly suggest that the, 35Z5 is open 
between terminals 2 and 3. 

Section 10. WHEN TO USE THE TUBE-CHECKER 

A routine check of all the tubes in a 
receiver is, in most cases, a time-saver. 
Even experienced radio and television 
repairmen make use of the tube-checker at 
the very start of analysis, for such a 
procedure will be most likely to uncover 
the most probably troubles -- those within 
the tubes themselves. 

It is strange but true that despite the 
high quality of materials and workmanship 
that go into the modern vacuum tube, a large 
number of radio and television troubles 
still originate in the tubes. In many 
cases, the tube-checker may be the only type 
of test equipment used. 

Therefore an initial check of all the 
ubes in a defective receiver is advisable. 

Individual tubes should be checked at once 
if they show any indication of physical 
faults, or sparking within the tube. 

The tube-checker should be employed to 
check the tubes if one or more of them do 
not light up (or warm up, in the case of 
metal tubes) when power is applied to the 
receiver. 

The tube-checker should be used to verify 
the suspicion of unbalanced emission of the 
two push-pull tubes in the output stage of 
the larger receivers. This suspicion would 
be indicated by the presence of an annoying 
hum that cannot be removed by any other 

method. 

In brief, the tube-checker should be 
employed wherever and whenever there is the 
slightest suspicion that the trouble may 
lie in the tubes of a defective receiver. 
It is always a good idea to employ it first 
when starting analysis of a receiver. 

Fiê.11. Voltmeter Circuit. 

Section 11. HOW TO USE THE VOLTMETER 

Another test unit that has again and again 
proved its usefulness in the early stages 
of radio and television trouble-shooting is 
the voltmeter. After the tubes have been 
checked, the repairman may want to know if 
normal voltages are present throughout the 
receiver. The voltmeter supplies this 
information to him easily and quickly. 

Fig. 11 illustrates the basic circuit 
comprising a voltmeter. 

Reference to Fig. 11 will help to under-
stand the essential character of the volt-
meter. The test leads are placed across 
any two points in a circuit whose difference 
of potential is to be measured. The po-
tential difference (or voltage) between 
these points drives current through the 
meter coil, deflecting the pointer in 
proportion to the amount of current flowing. 
The meter movement, however, instead of 
indicating the actual amount of current, is 
calibrated in the number of volts required 
to drive that much current through the coil. 
The use of a multiplier resistor in series 
with the meter coil will enable the user to 
adjust the scale of volts to a convenient 
value. This is illustrated in Fig. 11. 

A word of caution may be mentioned here. 
In using the voltmeter on an unknown volt-
age, it is wise, for protection of the 
meter, to read the voltage on the highest 
possible scale first, reducing the scale 
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TUBE HEATERS 

6.3 VOLT SECONDARY OF 

POWER TRANSFORMER 

Fig. 12. Usiné Voltmeter to 

as convenient. This will prevent overdriving 

the meter movement and subsequent damage to 
the coil or pointer. Once the technician 
has become familiar with the magnitude of 
the average voltage in a radio or television 
receiver, he will automatically set the vol-
tage scale of his meter to the proper value. 

ffeasure Filament Voltage Drops. 

Section 12. WHEN TO USE THE VOLTMETER 

The voltmeter can be used in a thousand 
ways to determine faults in a receiver. In 
a receiver in which none of the tubes light, 
the voltmeter can be used to trace the 
input voltage from the wall plug to the 
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CATHODE 

BIASING 

RESISTOR 
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TEST 
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D-C 
VOLTS 

Pie.13. Using Voltmeter to ffeasure Drop Across Cathode Resistor. 
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Rig.14. Using Voltmeter to Measure Drop 
Across Anode Load Resistor. 

power supply. Open line cords, open power 
switches, open transformer windings can be 
easily determined by the proper use of the 
A-C voltmeter in this application. 

Also an A-C voltmeter can measure the 
heater voltage on any tube which fails to 
light. Please note in this connection that 
we assume that tubes have all been checked 
on the tube-checker inadvance. (See Fig.12.) 

The voltmeter is commonly employed to 
determine the presence or absence of B-plus 
voltages at critical points throughout the 
receiver. In this instance, the negative 
lead of the voltmeter is placed at B-minus 
(the negative side of the filter condensers) 
and the positive lead can be placed at any 
high voltage point for investigating the 
extent of the voltage at that point. 

Also, the voltmeter can be used to de-
termine the drop in a resistor. Fig. 13 
shows how this is accomplished in the 
output stage cathode resistor of a typi-
cal receiver. 

In addition to measuring the drop in the 
cathode resistor, indicating the bias on 
this stage, this test also tells us that the 
output tube in this stage is conducting. 
For, if it were not conducting, the drop 
across the cathode resistor would be absent. 
If the drop is present, and of the proper 
value, then we know that the tube is con-
ducting current normally. 

The voltmeter, on the proper scale, can 
be used as a substitute resistor for tempo-
rary verification of a resistor that is 
open. Fig. 14 illustrates how a plate load 
resistor of a resistance-coupled amplifier 
stage can be shunted with a voltmeter. 

If the plate load resistor is open, then 
the resistance inside the meter will now 
complete the circuit. The signal, which may 
have been distorted or absent before, will 
now come in clear and loud. 

Fig. 15 shows a similar case of using the 
voltmeter as a temporary substitute, this 
time in the AVC circuit. Where the signal 
was fuzzy or absent, which would be the case 
if the AVC resistor were open, shunting the 
meter resistance across the suspected com-
ponent will bring the signal in with almost 
normal volume. 

Open cathode resistors and shorted cathode 
by-pass condensers reveal themselves readily 
by the use of a voltmeter in this circuit. 
(See Fig. 16.) 

Fig. 17 indicates how a voltmeter reading 
will indicate an open primary winding in 
an intermediate-frequency stage, or in a 
radio-frequency stage. 

LAST LE 
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Fié.16. 

Section 13. HOW TO USE THE OHMMETER 

Fig.18 shows the basic circuit used 
in measuring resistance by the use of a 
current milliammeter. While the meter 
movement responds to current values, the 
scale of an ohmmeter is calibrated in ohms, 
and indicates the amount of resistance 
required to limit the current to a specific 
value when being driven through the resistor 
by standard battery voltage. The polarity 
of the test leads of an ohmmeter is un-
important since the circuit within and 

without the meter are of a D-C nature. To 
use the ohmmeter, simply set the scale 
at the proper value, and place the test 
leads on the two points between which 
we want to read the resistance. An open 
in this circuit will be indicated by no 
deflection of the meter pointer. A short-
circuit will be indicated when the meter 
is deflected all the way to zero. If the 
pointer settles at any point between zero 
and infinity, read that value of ohms 
and multiply it by the scale setting of 
the ohmmeter. See also Fig. 29. 

Fié.17. Usiné Voltmeter to Check for an Open Circuit in I-F Transformer Primary. 
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Section 14. WHEN TO USE THE OHMMETER 

The ohmmeter can be used to verify the 
presence of an open circuit in any of 
the power supply wires or components. This, 
like all other ohmmeter measurements, is 
always done with the power turned off. 
Point-to-point continuity checks along 
the power wires or through transformers 
or switches will give the repairman a 
complete picture of the condition of these 
circuits. 

/ The ohmmeter is ideal for verifying the 
/ suspicion of an open signal component, such 
/ as the primary or secondary of I-F or RF 
/ transformers. Fig. 19 shows how this may 

be easily accomplished. 

The ohmmeter can also be used efficiently 
to determine the condition of a suspected 
plate load or cathode resistor. The plate 
load resistor is measured on the high ohms 
scale, while the cathode resistor may be 
measured on the low ohms scale. 

Loop antenna continuity can be easily 
measured with the ohmmeter. 

An interesting and useful test on the 
speaker transformer primary, secondary, and 
voice coil can be made by the use of an 

ohmmeter. (See Fig. 20.) In this test, 
three separate components can be tested 

simultaneously by placing the ohmmeter leads 
across the two leads of the primary of the 

4 
transformer. If a click is heard in the 
speaker, then the primary, secondary, and 
voice coil are all known to be in good 
order. Besides, while making this test, 

Fi.18. Usiné an Ohmmeter to Read 
Resistance. 

the ohmmeter will read the ohmage of the 
transformer primary. 

The ohmmeter, as mentioned previously, 
can be used to check the continuity of the 
heater of a pilot-tapped AC-DC rectifier 
tube, such as the 35Z5. Where the tube-
checker may easily miss this defect, the 
ohmmeter will reveal it at once. 

Section 15. PRECAUTIONS IN 
THE USE OF THE OHMMETER 

The ohmmeter is constructed to operate 
with comparatively low driving voltage. 
Therefore, to protect the ohmmeter against 
serious damage, make sure that power to the 
receiver being tested is turned off while 

(D !TORRE TRANSFORMER 

• 

OPEN WINDING, OR NORMAL 

CONTINUITY, CAN BE DETER-

-MINED BY PLACING OHM-   

-METER TEST PRODS ACROSS 

q) AND ® OR ACROSS ® 
AND® 

B+ AVC 

OHMMETER TEST PRODS 

Fié.19. Usiné an Ohmmeter to Check an I-F Secondary 
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MEASURING CONTINUITY THROUGH PRIMARY 

OF OUTPUT MATCHING TRANSFORMER. 

IF A CLICK IS HEARD IN THE SPEAKER DURING 

THIS TEST,ALL THREE WINDINGS ARE KNOWN TO 

BE GOOD. 

Fie. 20. 

the ohmmeter is being used. The ohmmeter 
will measure the resistance between any 
two points in a circuit to which its test 
leads are touched. Make sure, in ohmmeter 
readings, that nothiné else is in parallel 
with these two points except the suspected 

:component you are testing. See Fig. 21 for 
/ illustration of this important precaution. 
I It can be seen that in this test the meter 
I is reading two paths in parallel. The 

result cannot be accurate. It is not hard 
\, to see that if two paths are provided it 

will be possible for the current from the 

ohmmeter battery to follow both paths. 
Part will travel through the resistance to 
be measured; this is all right. But the 
extra -- unwanted -- path will also allow 
additional current to flow. The current 
through the second path will cause the meter 
of the ohmmeter to read a different value 
than would be the case if the second path 
were not there. 

Section 16. HOW TO 
USE THE MIIIJAMMETER 

The milliammeter function of the multi-
meter is seldom used in radio and television 
repair work. However, should the need arise 
in some special instance the milliammeter, 
like other test equipment, can supply you 
with indispensable information. Fig. 22 
indicates how the milliammeter is connected 
into the circuit whose current is to be 
measured. Note that the circuit must 
be opened and the meter placed in series 
with the current path to indicate the value 
of current passing. 

Section 17. WHEN TO USE 
THE MILLIAMMETER 

This test unit is mostly used when ex-
cessive, or insufficient, current is sus-
pected. Its applications are rare in radio 
and television. 

Whenever it is found that a suspiciously 
large or small current is flowing in a 
circuit, use the milliammeter to verify this 
fact. It will give you the exact amount of 
current in the circuit with which it is 
in series. 

PRIMARY 

OHMMETER WILL READ NET RE-
SISTANCE BETWEEN I AND 2 IN-
CLUDING BOTH WINDINGS TEST EACH WINDING 
SEPARATELY BY OPENING THE CIRCUIT AT EITHER 
IOR 2. 

Fié.21. Wrong Way to Read Reststance. 
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Fié.22. Using a Milliammeter. 

Precaution: The milliammeter has very 
little internal resistance and should there-
fore always be placed in series with the 
load rather than directly across the voltage. 
Damage to meter and equipment may result 
from lack of care in handling the milli-
ammeter..Notemilliammeter circuit in Fig 29. 

Section 18. HOW TO USE 
THE SIGNAL GENERATOR 

Study Fig. 23 carefully. It is a graphic 
picture of the method of applying a signal 
generator to the many circuits of a super-
heterodyne receiver. 

Fig. 24 shows the circuit diagram for a 
modern signal generator and illustrates the 
manner in which the operator can select 
various frequencies for testing the receiver 

circuits. 

After determining that a signal generator 
is to be used on a receiver under analysis, 
follow the instructions supplied by the 
manufacturer of the signal generator for 
producing the 400-cycle audio frequency 
output. Place the test probe on the grid 
of the output stage, turn the receiver power 
on, and listen for the 400-cycle audio note 
in the speaker. This is test point #1 
indicated by the arrows in Fig. 23. If the 
signal is heard, move the test probe to 
test point #2 shown in Fig. 23, which is 
the grid of the driver stage, using the same 
400-cycle note from the signal generator. 

If the signal is heard in the speaker 
again, correct operation of these two stages 
is indicated. 

TEST 
PRODS 

CIRCUIT MUST BE 

OPENED TO INSERT 

1 MILLIAMMETER LEADS 
FOR CURRENT READ-

  ING 

 ity 

Now, following the manufacturers in-
structions, adjust the output of the signal 
generator to the I-F frequency and apply 
the test probe to test point #3 in Fig. 23, 
which is the plate winding of the last IF 
transformer. If in proper order, the 400-
cycle note, now in the form of amplitude 
modulation on the IF voltage, will be 
passed to the detector where it is demodu-
lated and thence fed to the audio stages 
for amplification and conversion to sound 
energy. . At this time, turn the adjusting 
screws of the IF trimming capacitors in this 
I-F transformer until the signal from the 
speaker is at its maximum value. 

Test point #4 is the plate of the oscil-
lator-mixer stage, where the signal gener-
ator is still producing the same frequencies 
as during the previous step. Here we 
adjust the screws of the first I-F trans-
former trimming capacitors for maximum 
signal from the speaker. 

Test point #5 is the antenna of the re-
ceiver. Follow the manufacturer's instruc-
tions for setting the frequency of the 
signal generator to some radio frequency, 
then introduce it at the antenna. The steps 
to follow now are: 

Turn the tuning knob on the receiver to 
exactly the same frequency as the signal 
generator. Notice if the signal generator 
can now be heard in the speaker. " Rock" 
the tuning knob of the receiver to see if 
the signal generator can be heard better 
at any other place on the dial. If the 
receiver picks up the signal generator 
at any point on the dial other than the 
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Pig.24. Signal Generator Circuit. 

frequency at which the signal generator is 
set, adjust the oscillator trimmer condenser 

to bring the signal in at maximum at the 

test frequency. 

The next and final step is to adjust the 
RF trimming condenser for maximum reception 

at the upper end of the dial. Set both the 

signal generator and the receiver station 
selector at 1500 KC and adjust the RF 
trimmer, usually located on the ganged 

variable condenser, for maximum loudness. 

The above procedure is general and is 
meant only to demonstrate the points at 

which the signal generator's output is 
introduced into areceiver for test purposes. 
We have assumed that the receiver is almost 
perfectly aligned. This assumption may 

not necessarily he true. However, it is 
evident that if we lose the signal during 
any step of the above general procedure, 
the trouble of the receiver must lie in the 
stage in which the signal was lost. This 

is our first step in trouble-shooting by 

SCHEMATIC OF A RADIO 

FREQUENCY SIGNAL GEN-

ERATOR PROVIDED WITH 

BOTH INTERNAL AND EX-

TERNAL MODULATION 

this method. We would now use an ohmmeter 

or voltmeter, or both, to examine the 
defective stage in detail and thus locate 

the exact faulty component part. After 
studying each of the individual stages we 
will again explain the use of instruments 

in trouble-shooting those stages. 

Note that we have referred to manufactur-

er's instructions in making the proper 

setting for the desired outputs from the 
signal generator. Each manufacturer makes 

many models of signal generators. Naturally, 
therefore, no general procedure can suffice 

for evena small number of signal generators. 
Each model is unique in itself and the 

operating instructions for each model will, 

therefore, be different. 

Study the manufacturer's instructions and 

study the signal generator you use. Careful 
and exact attention to instructions will 

make the signal generator a potent tool in 
your hands for locating and correcting radio 

and television troubles. 

TU-i-21 
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The signal generator is used primarily to 
balance and adjust the critical RF circuits 
in a receiver. It is also widely used to 
locate the stage in which a defective part 
of a receiver is located. 

Section 19. HOW TO USE 
THE SIGNAL TRACER 

The signal tracer's applicationtotrouble-
shooting can best be illustrated by Fig. 25, 
which shows the same diagram as illustrated 
in Fig. 23, but with the test points in 
reverse order. Here, using the signal 
tracer, we first place our test probe on the 
first stage plate and listen for the signal. 
Then we move progressively toward the other 
end of the receiver, monitoring the signal 
at each test point. 

We can see that if the signal is lost 
anywhere along the way, the stage in which 
it is lost will be the defective stage. A 
voltmeter or an ohmmeter, or both, can then 
be applied to this defective stage to locate 
the exact faulty component part. 

It is evident that an approximate align-
ment of the critical RF stages can be 
accomplished in this manner; however, note 
that such an alignment is only approximate 
and subject to some small degree of error. 

Sectton 20. FREQUENCY MODULATED GENERATOR 

Earlier in this lesson we went into con-
siderable detail concerning the construction 
and operation of a signal generator. At 
that time we devoted much of our time to 
describing how an accurately calibrated test 
signal could be generated by a special type 
of test instrument. We also explained how 

an RF (radio frequency) signal could be 
modulated by an audio signal so it could 
be followed through the equipment being 

tested. 

The signal generator we previously de-
scribed had its output radio frequency 
signal modulated by the use of Amplitude 
Modulation. We have previously discussed 
amplitude modulation, and how it involves 
the changing of strength, or amplitude, in 
accordance with some superimposed audio 

frequency. 

For many years such a signal generator was 
the only type needed by a serviceman. The 
reason, of course, was that for many years 
all radio equipment was designed to handle 
only amplitude modulated signals. 

During and since the recent war a differ-
ent method of modulating the RF signal has 
come into prominence. This newer method 
is called Frequency Modulation, or more 
commonly, merely FN. The sound portion 
of all television programs is frequency 
modulated. Since a receiver designed to 
respond to frequency modulation will not 
respond to amplitude modulated signals 
it is understandable that a different 
kind of signal generator must be used 
to service such receivers. For this reason 
a Frequency Modulated signal generator has 
been designed. 

Many of the later models of signal gener-
ators combine both types of modulation in 
their outputs, and are thus able to service 
either kind of receiver. Such a signal 
generator is shown in Fig. 26. The controls 
on such a generator are so arranged that the 
operator can select any RF signal he needs, 
and then modulate it through frequency 
modulation or amplitude modulation as best 
fits his needs. 

The circuit diagram of the signal gener-
ator in Fig. 26 is shown in Fig. 27. 

We have not as yet studied the frequency 
method of modulation. It is such an im-
portant phase of your studies that we have 
devoted several entire lessons to this one 
subject alone. For that reason we will not 
go into detail at this time about the 
operation and useofthe FM signal generator. 

Fté.26. F-ff Signal Generator. 
(Courtesy Simpson Electric Co.) 
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Section 21. TV ANTENNA COMPASS 

Another instrument we might mention at 
this time without going into great detail 
concerning its construction and operation 
is the TV Antenna Compass. 

As you progress in your studies you will 
learn that the actual physical location of 
the TV Antenna is often a very critical 
matter. In many cases the positioning 
of the antenna only a few feet in one 
direction or another often means the differ-
ence between good reception and poor or 
impossible reception. Radio waves at the 
high frequencies used with television often 
act very much like light waves. The waves 
are often reflected by smokestacks, water 
tanks, billboards and even trees and other 
buildings. 

Frequently it is most difficult for one 
man working alone to find the proper lo-
cation where all televislon signals come in 
equally well. This is particularly true 
where the antenna is on the roof of a two or 
three story building and the receiver is 
on the first floor or basement. 

To make installation easier it is a 
frequent practice for at least two service 

• 

Fig.2R. TV Antenna Compass. 
(Courtesy Simpson Electric Co.) 

men to work together when installing a tele-
vision receiver. One man will stay on the 
roof. He will try locating the antenna at 
various places. The other man will stay 
with the receiver, trying the various 

Ftg.29. Schematic Diagram of Tube Tester. 

*APPROXAeLUE 
CALIBRATINGRE-
SISTOR. 
SOCKET WITH 4,5,6,7, 
AND,8 PINS ARE WIRED 
IN SEQUENCE R PA A 
PIN NUMBERING,' TO I, 

2TO 2,31.0 3,ETC.. 
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stations as the antenna is moved from place 
to place. To overcome the need for two men 
the Simpson Electric Co. designed the TV 
Antenna Compass. They claim that by using 

the compass one man can do a better job in 
locating the antenna than two men without 
the compass. The TV Antenna Compass is 
illustrated in Fig. 28. 

NOTES FOR REFERENCE 

Use the signal tracer to locate the stage in which a faulty component is situated. Then 
examine that stage in detail. 

Use the capacity analyzer to determine the capacity of a suspected condenser, to find the 
power factor of an electrolytic condenser, and to locate a short-circuit in a capacitor 
when other tests are not feasible. Notice that the capacitor may have to be completely 
removed from the circuit for testing with the capacity analyzer. 

The vacuum-tube voltmeter, or electronic voltmeter, is a meter which has a high degree of 
accuracy. Use it when measuring circuits that are extremely critical, such as grid 
biases, AVC voltages, and oscillator grid and plate circuits. 

Remember this important fact: The best test equipment in the world will be of little help 
to the man who doesn't know how to use it. 

Study the instructions supplied with each test unit. They are the most dependable source 
of information about that specific unit. 

Take good care of your test equipment. Much labor and engineering skill have gone into 
them. They are precise and delicate. They will give you honest and important information 
about the circuits under test -- but only so long as you show respect for their precision 
and delicacy through faithful and considerate care. 
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Section I. INTRODUCTION 

Modern man is continually finding more and 
better ways to improve his way of life. 
Year after year -- almost day by day --
nature yields more and more of her many 
secrets to the questioning of modern science. 

Sometimes she answers the questions 
directly, sometimes indirectly. Sometimes 
she answers questions like a riddle by 
asking other questions whose answers we do 
not know. Sometimes she gives us several 
possible answers from which to choose. 

Yet under the tireless questioning barrage 
of man's investigations, the walls which 
veil nature's secrets are being slowly 
broken down. While there are still (and 
probably always will be) a multitude of 
questions demanding answers, we have suc-
ceeded in wresting thousands of important 
secrets from nature. These secrets have 
been useful to humanity in a multitude 
of ways. 

One fact which should be kept foremost in 
our minds is this: The first half of the 
20th Century contributed more scientific 
knowledge to civilization than all other 
previous centuries combined! What the 
second half will contribute no cautious man 
will hazard a guess. 

We can speed thousands of miles in an 
airplane in a few short hours. Modern 

telescopes can bring the moon to an apparent 

distance of only 100 miles, instead of its 
true distance of 240,000 miles. We can send 
our voices to the opposite side of the earth 
in a fraction of a second. When man seeks 
information about atomic energy, he some-
times finds it in light beams which have 
been traveling through limitless space for 

Fié.1. Oscilloscope. 
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a hundred centuries. Yet it was not until 
1905thatscientist Albert Einstein announced 
his theory that such a thing as atomic 
energy was even possible. Now scientists go 
straight into the heart of the atom and find 
there other important information. Man has 
had to reach out to almost inexpressibly 
great distances, and down into equally 
inexpressibly small physical sizes and 
time intervals, to satisfy his thirst for 
knowledge. 

Section 2. THE INCREDIBLE OSCILLOSCOPE 

While the electron microscope divides the 
inch up into one hundred thousand equal 
parts, the oscilloscope can divide a second 
of time into one hundred million equal 
parts. Not only will the oscilloscope tell 
us when each of these tiny intervals has 
expired, but it can also take a " snapshot" 
and tell us what events occurred during 
every part of that one-hundred-millionth 
of a second. 

You may well ask, "What could possibly 
happen that would be of interest to us in 
such a ridiculously small interval of time?" 

Here are some of the answers: 

A radar transmitting tube can go through 
three hundred complete cycles of a sine wave 
output during one one-hundred-millionth of 
a second. 

A magnetic field can collapse or partially 
collapse, in this period of time, creating 
voltages which, if not controlled, may 
easily damage equipment or bring harm to 
personnel. 

A television carrier signal, carrying its 
allotment of amusementor other intelligence, 
cango through several cycles of oscillation. 

A spark plug in an automobile can dis-
charge in this period of time. The manner 
in which it discharges may be important to 
the designer, the manufacturer, and eventu-
ally,ofcourse, to all users of spark plugs. 

Using somewhat longer intervals of time 
on his oscilloscope, the engineer at the 
radio transmitter can monitor the quality of 
the signal sent out by his station. 

The electrical power engineer uses the 
short time interval of the oscilloscope to 
analyze the output of, and the disturbances 
on, his multi-million dollar equipment. 

TL0-2 

The radio and television designer, the 
craftsman, and the repairman all are inter-
ested in these short time intervals. At 
the high frequencies which are used for 
radio and television these short time du-
rations determine the nature of equipment 
used, how they are to be made and -- by no 
means least -- how they are to be maintained 
and repaired. Just as a microfarad is one-
millionth of a farad, and a microhenry is 
one-millionth of a henry, so also is a 
microsecond one-millionth of a second. 

For a transmitting frequency of 1000 k.c. 
(one megacycle) the time interval of each 
cycle is one microsecond. A station broad-
castingat1000 k.c. is located approximately 
in the middle of the standard broadcast 
band. More than half of the broadcast sta-
tions operate at frequencies higher than 
1000 k.c. At the highest broadcast frequency 
-- 1600 k.c. -- a cycle is an interval of 
.625 microseconds. 

A short-wave transmitter operating at two 
megacycles (2,000,000 cycles per second) 
will have a cycle interval of 1/2 micro-
second. A television transmitter operating 
at 200 megacycles will go through two 
hundred complete cycles during the brief 
time interval of one microsecond. 

Because radio and television receivers are 
built to respond to the signal transmitted 
from the broadcast station they, too, must 
be designed to operate at these high fre-
quencies. The man who repairs and maintains 
radio and television equipment must be 
interested in the small time intervals 
represented by such frequencies. 

Section 3. APPLICATIONS OF 
THE OSCILLOSCOPE 

There are numerous applications 
oscilloscope to radio and television 
and maintenance. In general, these 
cations can be stated as follows: 

of the 
repair 
appli-

To measure the amplitude of high fre-
quency voltages. 

To determine the wave shapes of voltages 
operating at high frequencies. 

To accurately indicate the rates of the 
frequencies. 

To determine and facilitate adjustment of 
the band-width of a tuned circuit operating 
at a high frequency. 



To examine an audio frequency or video 
frequency signal for distortion. 

To analyze the presence and source of 
undesirable transient and hum voltages. 

To locate the source of trouble, by one 
or more of the above methods, in a radio or 
television receiver. 

The manner of using the oscilloscope for 
radio and television trouble-shooting is the 
subject of later lessons. 

At present we shall devote our attention 
to the electrical and mechanical structure 
of the oscilloscope, and thus show how an 
ingenious array of ordinary electronic 
equipment, such as tubes, condensers, coils, 
and resistors can when assembled ma a special 
way, perform the miracle of dividing time up 
into chunks so small they almost stagger 
the imagination. 

Fig. 1 shows a photograph of a modern 
oscilloscope. 

Fig. 2 illustrates a close-up of the face 
of an oscilloscope, detailing the names and 
locations of the controls. (The term 
"oscillograph" is also used to denote this 
instrument, but the most commonly used name 
is "oscilloscope".) 

Fig. 3 is a functional block-diagram of an 
oscilloscope, indicating the inter-relation-
ship among its parts. 

Section 4. THE SECTIONS OF AN 
OSCILLOSCOPE AND THEIR FUNCTIONS 

3. The power supplies. 
As reference to Fig. 3 will demonstrate, 

the oscilloscope can be divided into four 4. The cathode-ray tube itself together with 
general sections: its controls. 

CATHODE-RAY OSCILLOGRAPH 
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Fié.2. Control Panel cf Oscilloscope. 

2. The vertical amplifier 
its controls. 

section, and 

1. The sweep, or timing section, and its 
controls. 

We can also explain the general purposes 
of these four sections at this time: 

SECTION PURPOSE 

Sweep 

Vertical Amplifier 

Power Supplies 

To present a linear time-base with whii-11 we can examine 
an unknown voltage. 

To strengthen a weak signal, or voltage, for presentation 
as a visual picture. 

To supply necessary driving power to the amplifier and 
sweep generator circuits, and to make possible the physi-
cal position of the electron beam. 

The Cathode-Ray Tube To convert an electrical impulse of almost any frequency 
into a visual picture of its wave-form. 
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Fié.4. At 1000 Cycles per Second Rach Cycle is 111000 Second Long. 

Section 5. A STATEMENT OF THE PROBLEM 

Before discussing each section of the 
oscilloscope in detail, let us state the 
general problem of how the oscilloscope can 
give us certain information in which we 
are interested. 

Suppose you have an audio amplifier which 
has suddenly become badly distorted. This 
distortion is obvious to anyone who listens 
to speech or music through the amplifier. 
But you as a repairman of electronic equip-
ment, have the taskoflocating and repairing 
the trouble. Suppose we enter upon this 
task together. 

We decde that we shall use the oscillo-
scope to first determine that a true electri-
cal distortion is taking place, and then 
proceed to locate the component responsible 
for this failure. An electrical distortion 
is an electrical voltage whose wave-form has 
been changed in some manner. We ask our-
selves the question: What do we need to 
supply us with the necessary information 
about the wave-shape of the signal through 
this defective audio system? 

Let us bear in mind the following im-
portant facts: 

The signal we are attempting to examine is 
a combination of a multitude of ever-changing 
frequencies, the lowest of which is about 
30 or 40 cycles per second and the highest 
of which may approach 20,000 cycles per 
second. 

The amplifier tnrough which this signal 
is being fed should consist of a series of 
distortion-less stages, where each stage 
amplifies, and faithfully reproduces in its 
every detail, the signal with which it is 
fed. No harmonics can be omitted from the 
original sound, and no new ones must be 

IF WE REPRESENT THE TIME BETWEEN 

PEAKS OF THIS 1000 C/S NOTE TO BE I 

INCH, THEN1SECOND ON THE SAME 

SCALE,WOULD STRETCH OVER 83 FT 

introduced. The distorted signal must be 
examined visually. We actually want to see 
the wave-shape of the signal at different 
points in the amplifier circuit. Likewise, 
if a stage in the amplifier system is 
properly operating, we want to know that, 
too. We can learn this by observing visu-
ally its wave-shape. 

Our eyes cannot clearly distinguish details 
of a picture that lasts for only a small 
fraction of a second. By the time we can 
direct our attention to details, the picture 
is gone. 

Our eyes are not responsive to either 
voltages or currents. These impulses, in 
order to be visible, must somehow be con-
verted from electrical energy into visual 
rays to which our eyes are responsive. 

The statement was made earlier that the 
audio frequencies with which we are dealing 
may vary anywhere from 30 to 20,000 cycles 
per second. Let us simplify both our under-
standing of the problem and our task of 
trouble-shooting this amplifier by intro-
ducing at the input of the amplifier an 
audio frequency of 1000 cycles per second. 
We can be reasonably sure that whatever 
happens to this 1000 cycle note will also 
happen to other similar frequencies within 
the audio range. 

At 1000 cycles per second the time interval 
of each cycle is only one one- thousandth of 
a second! This is a very short duration 
of time, to be sure. (See Fig. 4.) 

If we hope to examine the wave-shape of a 
single electrical impulse that lasts for 
only one one- thousandth of a second, we 
will be disappointed. But, suppose that 
we create .e. series of wave- forms, each 
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Fig.à. How Several Waves Exactly Alike are Placed on Top 
Strongly Visible Pattern. 

identical with all the others, and that we 
find a method of viewing every one that 
occurs. Then suppose we place all of these 
wave-forms in rapid succession right on top 
of each other. The result will apparently 
be a single stationary picture. The indi-
vidual pictures will be changed a thousand 
times each second, but the composite result 
is a steady, stationary image on the visual 
screen. 

The task of the sweep circuit in an 
oscilloscope is to permit each one of the 
thousand pictures to be placed on the screen 
of the oscilloscope for one one- thousandth 
of a second, each to be removed at the end 
of this interval and followed immediately 
by another. Fig. 5 suggests how the eye 
adds up the separate images and combines 
them into a steady, related picture. 

If each wave- form is like the one that 
precedes it, and like the one that follows 
it, we have a steady stream of pictures of 
them all, but they appear as one image. 
Whatever happens to one of them will happen 
to the others. The desired effect of 
"stopping" the wave form through a small 
interval of time is thus achieved, ac-

complished by the sweep circuits of the 
oscilloscope. The sweep circuits can be 
adjusted to " stop" the action which occurs 
during 1/60th of a second, 1/500th of a 
second, 1/1000th of a second, or during any 
other interval of time. The method of ac-
complishing this task will be discussed later. 

Section 6. APPLYING THE 
OSCILLOSCOPE TO THE PROBLEM 

A review of the conditions with which we 
are working will probably show that the 
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of Each Other to Form a 

amplifier has a defective component to which 
the distortion is due. If we attempt to 
determine the stage in which distortion 
originates, we may have to examine the 
wave-shapes at all the stages. 

In early stages, or from the microphone 
itself, we will encounter signal voltages 
on the order of one millivolt and even less. 
This will depend upon the type of microphone 
used, and the strength of the music or 
speech. All ofwhich means that our oscillo-
scope must be sensitive enough to respond 
to such low values of voltage. 

The ordinary amplifier, or radio or tele-
vision receiver, depends for its final 
success an the éctin or amplification of its 
circuits. The oscilloscope to be successful 
in arranging signal voltages for visual 
observation must, where the signals them-
selves are very weak, supply sufficient gain 
to build them up to observable values. As 
in radio and television, the ability of an 
oscilloscope to amplify a weak signal to a 
sufficiently strong one for observation is 
accomplished by the use of amplifiers. 
These amplifiers, together with their 
controls, comprise the "vertical amplifiers" 
in the block diagram of Fig. 3. 

In this connection, an important point 
should be stressed. Not only must our 
vertical amplifiers build up weak sigmas to 
the required strength, but they must in no 
way affect the wave-form of these signals. 
Remember, we cannot omit any harmonics 
present in the original sound, nor must we 
introduce any new ones. The exact shape of 
the signal voltage must remain untouched. 
Otherwise, we would not be sure of our 
results, and might confuse distortion in 

• 
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the oscilloscope with distortion in the 
circuit we are analyzing. 

The answer to this special problem of high 
fidelity is the use of perfectly distortion-
less vertical amplifiers over a wide range 
of frequencies. That this is actually 
accomplished will be evident from our 
discussion of the details of the vertical 
amplifier circuits. 

In our previous discussion we have pre-
supposed that we converted an electrical 
impulse into a visible picture. This concept 
is based upon the ability of the cathode ray 
tube to specifically accomplish this task. 
The property of the cathode ray tube to 
convert electrical impulses into visual 
pictures is important in television re-
ceivers and in oscilloscopes. This ability 
rests upon the fact that when certain 
compounds are bombarded by fast-moving 
electrons, the striking-points on the surface 
of these compounds emit a fluorescent light. 

The problem of converting an electrical 
impulse into a visual picture which retains 
the wave- form of the impulse is met by 
directing an electron stream at various 
points on a fluorescent screen in accordance 
with the impulse changes. This is done by 
directing it over the same path many times 
in quick succession, and by permitting the 
screen to fluoresce only along that path. 

The retention of the fluorescence along the 
traced path, or the "persistence" of the 
screen as it is more commonly called, is 
easily accomplished by the proper selection 
of chemical compounds. A screen may be made 
with almost any degree of "persistence". 

Section 7. THE CATHODE RAY TUBE 

The cathode ray tube, in accomplishing 
its task of converting electrical impulses 
into visual images, must be made in a 
certain way. 

In addition to its mechanical structure, 
the cathode ray tube must be supplied with a 
certain kind and amount of electrical power 
in order to achieve proper operation. The 
power for the cathode ray tube is provided 
by the high-voltage power supply, shown in 
the block diagram of Fig. 3. Parts of the 
cathode ray tube employ voltages somewhat 
less than that which the final anode of this 
tube uses. This lower voltage, some of 

which is also delivered to the sweep and 
vertical amplifier circuits, originates in 
the low-voltage power supply of the oscillo-
scope, also indicated in the block diagram 
of Fig. 3. 

Fig. 6 illustrates 
a typical cathode 
detail the internal 
ments of this tube. 

an enlarged drawing of 
ray tube, showing in 
structure and the ele-
The primary purpose of 

L HEATER 

2. CATHODE 

3. CONTROL GRID 

4. FOCiSING ,âNODES *1 AND.2 

5. ACCELERATING ANODE 

6. VERTICAL DEFLECTION PLATES 

7 HORIZONTAL DEFLECTION PLATES 

8. INTENSIFIER ( NOT IN ALL TUBES) 

9. FLUORESCENT SCREEN 

Fié.6. Elements Within the Cathode Ray Tube. 
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Fig.7. Front View of Screen Showing a 
Sine Wave Pattern. 

this tube is to convert an electrical 
impulse into a visual picture containing all 

the characteristics of the impulse. Fig. 7 
shows how a typical picture of a sine wave 
would appear on the viewing screen when 

observed from its front end. 

At the opposite end of the tube we find 
the heater. It is supplied with proper 
current and voltage for raising its temper-
ature. Immediately surrounding the heater 
is the cathode which emits the electrons 
to be drawn forward by positive potentials 
at other elements in the tube. The heater 
is marked element #1 in Fig. 6, while the 

cathode is element #2. 

Fairly close to the cathode, and surround-

ing it completely except for a small hole 
at the center, lies the control grid. This 

element, marked #3 in Fig. 6, is supplied 
with a negative potential, the value .of 
which determines the amount of electrons 
passing toward the right to their destination 
on the viewing screen. The setting of the 
"intensity" control on the front panel of 
the ' scope will control the negative voltage 
of this grid, which results in the desired 
brightness of the picture on the screen. 
The action of the cathode in emitting 

electrons under conditions of high temper-
ature, and the controlling of the flow of 
these electrons toward the anodes are ordi-
nary applications of vacuum-tube principles. 

However, note the special shape of the 
grid in this tube. It not only governs the 
number of electrons flowing, but also 
directs these electrons through the small 
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opening in the center of the element. The 
electron emission, therefore, instead of 
spreading toward the anodes, is confined to 
a narrow beam. It is thus provided with 
easier deflection properties and a narrower 
series of striking-points upon the fluores-
cent screen. The narrowness of this electron 
beam will determine the sharpness and the 
clarity of the visual picture on the screen. 
The hole tends to prevent spreading or spray-
ing of the electrons as indicated in Fig. 8. 

The electron beam, after leaving the 
cathode under the control of the grid, next 
comes under the influence of the first 
focusing anode, marked element #4 in Fig. 6. 
With respect to cathode and grid, this 
focusing anode has a high positive potential, 
and its structure is such that the stream 
of electrons is further confined by the 

small holes which limit the diameter of 
the beam. 

The second focusing anode #4 in Fig. 6 
toward which electrons next flow, is still 
more positive than all previous elements, 
including the first focusing anode. The 
results of this arrangement are illustrated 
in Fig. 9 and can be briefly described 
as follows: 

The first and second focusing anodes 
constitute an electron lens whose function 
is to focus the electron beam sharply on 
the screen. Since there is a difference in 
potential between the first and second 
focusing anodes an electrostatic field is 
developed between them. The action of the 
field, as shown in Fig. 9, will be to cause 
the beam to converge in ar near the second 
focusing anode. Just where it converges 
will depend upon the relative potentials 
between these anodes. If the beam first 
converges at Q, an increase in the focusing 
voltage, manually controlled from the front 
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panel, will make the beam converge at R. 
If we decrease the focusing voltage, the 
beam can be made to have a longer " focal 
length" and converge near X. The focusing 
voltages described originate in the low-
voltage power supply of the oscilloscope. 

Figs. 10 and 11 demonstrate the effect of 
proper and improper adjustment of the 
focusing elements, and show visual pictures 
of how the electron beam diameter determines 
the clearness of the image on the fluores-
cent screen. 

After leaving the control area of the 
focusing anodes, the electron beam next 
meets the effects of the accelerating anode. 
The purpose of this anode, as the name 

suggests, is to accelerate the electrons and 
impart to them a velocity high enough to 
send them crashing against the viewing 
screen at the front of the oscilloscope. 
The action of this anode, a flat disc with 
a hole in its center, can be likened to that 
of the screen grid in a beam power amplifier 

tube. A high potential on this element, 
marked #5 in Fig. 6, draws the electrons 
toward itself with a tremendous force. The 
reason why the electrons thus drawn are not 
completely captured by this anode is that 
they have already been pre-focused to the 
center of the hole by the focusing anodes. 
Thus the accelerating anode can perform the 
task of imparting high velocity to the 
electrons without drawing many of them away 
from the beam. 

Section 8. DEFLECTION PLAIE, 

So far we have discussed the action of the 

cathode, the control grid, the focusing 

Fié.10 Improperly Focused Beam Causes 
an Undesirable Halo Effect. 

anodes, and the accelerating anode of 
the oscilloscope. 

These elements are called the electron 
tun, and perform the function of shooting 
out a series of electron "bullets" in a 
steady and directed stream. Since it is 
the lateral and vertical motion of this 
electron beam which will trace out our 
desired wave-pattern on the fluorescent 
screen, we will now examine the action of 
the deflecting plates. These are element 
pairs #6 and #7 in Fig. 6, producing the 
deflection which creates the picture on 
the viewing screen. 

If we could open up the wide, or viewing, 
end of a cathode ray tube, the deflection 
plates would appear as shown in Fig. 12. 
H1 and 112 are the left and right horizontal 
deflecting -plates, while the vertical de-
flecting plates are marked V1 and V2. 

Fié.11. Sharply Focused Beam. TLO -9 



Fié.12. How the Deflection Plates Would 
Look If We Could Look at Them Through 
the Screen at the Front of the Tube. 

If the voltages on both horizontal plates 

are equal, and the voltages on both verti-
cal plates are equal, then the electron beam 
will not be deflected by either pair of 
plates and will strike the viewing screen 
at a point at the center. 

Suppose, now, that we apply the voltages 

on the horizontal plates as shown in Fig. 
13, leaving the voltages on the vertical 

plates still equal to each other. The 
electron beam will be drawn toward H1 (or C) 
and away from H2 (or D), the reason for this 
action simply being that a positive po-
tential attracts negative electrons, while 
a negative potential repels them. The 
visual result of this action will be the 
motion of the fluorescent spot on the view-
ing screen in the same direction, and to 
the same extent, as the electron beam which 

Fi.13. 

causes the spot. With potentials on the 
horizontal plates as shown in Fig. 14, and 
with the vertical plates still of equal 
potential, the electron beam will be drawn 
toward the positive potential at H2 and away 
from the negative potential at Hi. This 
will cause the spot on the screen to act 
likewise, moving from left to right. 

It is easy to see that the degree of de-
flection of the electron beam will be 
exactly proportional to the voltage differ-
ence between the two plates. It is further 
evident that the horizontal plates acting 
alone can impart only a lateral, or sideways, 
motion to the electron beam. They cannot 
make this beam rise or fall in a vertical 
manner. 

By the same token, the vertical deflection 
plates V1 and V2, (See Figs. 15 and 16) will 
cause the electron beam to rise and fall in 
proportion to the voltage difference between 
these two vertical plates. The vertical 
plates are able to impart only a vertical 
motion to the electron beam. These plates 
make the electron beam, and therefore the 
spot that they create, move up and down 
only, and not sideways. 

Section 9. VOLTAGES ON 
BOTH SETS OF PLATES 

While the vertical plates can deflect the 
electron beam in a vertical manner only, 
and while the horizontal plates can deflect 
it in a horizontal manner only, it is 
evident that if we have a potential differ-
ence between the vertical plates at the same 
time there is a potential difference between 
the horizontal plates, they will both act at 
the same time. The vertical plates will 
move the beam vertically, while at the 

Fié.14. 
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same time the horizontal plates will move it 
horizontally. This is illustrated in Fig. 
17, which shows that the electron beam will 
now move under the influence of both sets of 
deflecting plates, being drawn upward by 
potential difference in the vertical plates 
and toward the right by potential difference 
in the horizontal plates. 

Fig. 18 indicates the motion of the 
electron beam, and therefore of the spot on 

the screen, when the polarities of Fig. 17 
are reversed. 

Let us now go one step further. 

During any arbitrary period of time, let 
us say one-hundredth of a second, suppose 
we apply a sawtooth voltage, whose period 
is one one-hundredth of a second, to the 

horizontal plates. Let us, during this 
same interval of time, apply a sine wave 
of the same period to the vertical plates. 
These two waves and their characteristics 
are shown in Fig. 19. 

I. 
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Fié.16. 

The sawtooth voltage will draw the electron-
beam horizontally 'toward the right, at a 
relatively slow rate. While this is oc-
curring, the sine wave voltage on the 
vertical plates will raise and lower the 
beam in accordance with its sine wave 
character. After the beam has been slowly 
drawn all the way across to the right side 
it suddenly " flies back" to the left and 
starts over again. The electron beam can 
respond to both forces at the same time 
and will move through the path described 
in Fig. 20. 

Our example of a sine wave and sawtooth 
voltage combination whose periods were both 
one one-hundredth of a second was for the 
purpose of explanation. However, in a 
modern oscilloscope, the frequencies of the 
voltages applied to the deflection plates 
can be of an extremely wide range. This 
makes for the great utility of this instru-
ment. In addition, the periods of the 
voltages on the pairs of plates need not 
necessarily be equal, although the period of 

Pi. 18. 
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Fié.19. How different Kinds of Voltage 
Wave Forms are Applied to the Deflection 

Plates. 

the voltage on the horizontal plates is 
usually most useful when it is a submultiple 
of that on the vertical plates. This is 
illustrated by the wave form of Fig. 21, 
where the ratio of frequencies is 3:1 on 
the vertical and horizontal plates, re-
spectively. The voltage on the vertical 
plates is going Ummme three cycles to each 
one cycle on the horizontal plates. For 
example, if the vertical frequency was 180 
cycles per second the horizontal frequency 
would be best when set to 60 cycles. 

In some special applications of the 
oscilloscope to radio and television work, 
we will also find that the horizontal plates 
need not always carry a sawtooth voltage, 
as will be explained in later lessons. 
However, the sawtooth voltage provides a 
linear time base, which, we shall soon see, 
is capable of analyzing whatever wave we 
apply to the vertical plates in the most 
useful way. The sawtooth wave is a voltage 
which increases linearly for a relatively 
long period of time. Then it reverses and 
returns to zero almost instantly. Such a 
horizontal voltage will move the electron 
beam slowly from left to right, then bring 
it back from right to left instantly. The 
beam will show on the screen only while 
moving from left to right. 

Section 10. OTHER CR TUBE E1EMENTS 

The fluorescent screen (See Fig. 6) has 
already been mentioned. It is the final 
stage in the oscilloscope and represents the 
transformation of energy from the kinetic 
form to the visible form. In simpler 
language, the nature of the screen is such 
that if it is struck by a stream of fast-
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moving electrons, it will light up at the 
striking point. While extremely interesting, 
the physical and chemical action of this 
process is not necessarily within the scope 
of this lesson. 

Basically, we can say of the fluorescent 
screen that upon its surface the energy of 
motion (of the electrons) is converted into 
the energy of visible light. But what 
happens to the countless billions of elec-
trons after they have struck the screen? Do 
they just disappear inside the vacuum that 
fills the cathode ray tube? No, that cannot 

be, as we well know. Neither matter nor 
energy can be destroyed. 

After striking the fluorescent screen, the 
electrons have given up their energy of 
motion and find their way back, at rela-
tively slow speeds, to the nearest element 
carrying a positive potential. This ele-
ment leads them back to the power supply, 
where they are again available for another 
trip through the cathode ray tube. 

In certain special applications, such as 
radar, the cathode ray tube is supplied with 
an additional element, sometimes called an 
"intensifier", shoyminFig. 6 as element #S. 
Another application of the same principle is 
the "Aquadag" element, not shown in Fig. 6 
but which is a metallic component of the 
fluorescent screen serving to return the 

Fig.20. The Pattern Which Will Appear 

on Screen of Scope as a Result of the 
Voltages in Fig. 19. 



Fig.21. The Scope Pattern Which Will 
Result When the Frequency of the Verti-
cal Voltage is Three Times That of the 

Horizontal Voltage. 

electrons back to their power supply. 
Summarizing the elements of the cathode ray 

tube, we find: 

1. The heater, to supply energy for the 

release of electrons. 

2. The cathode, the surface of which emits 

the electrons. 

3. The control grid, whose negative po-
tential, at the will of the operator, 
determines the amount of electrons strik-
ing the screen, and therefore the in-

tensity of the spot. 

4. The pair of focusing anodes, which direct 
the electron stream to the proper focus. 

5. The accelerating anode, which imparts the 
necessary high speed to the electrons. 

6. The deflecting plates, a vertical pair 
and a horizontal pair, which bend the 
electron stream in accordance with their 
impressed voltages. 

7. The viewing screen, which makes this 
electrical action visible to the eye 

Section 11. THE SWEEP SECTION 
OF THE OSCILLOSCOPE 

Earlier mention was made of the Sweep, or 
Timing Section of the oscilloscope. It is 

one of the four main divisions of the 
oscilloscope, the others being the Cathode 
Ray Tube, the Vertical Amplifier, and the 
Power Supplies. 

The purpose of the sweep section is to 
provide a linear time base with which 
to examine the nature of any voltage whose 
wave-shape is to be studied. 

What is a linear tinte base? 

A linear time base is the path followed by 
anything that moves equal distances, at a 
uniform rate, over equal intervals of time. 

A car moving at sixty miles per hour 
covers a distance of one mile in one minute. 
If the road the car travels is straight, 
every one of the miles it travels is a 
linear time base with a duration of one 
minute. However, we need not limit the time 
base to one minute, representing one mile. 
Let us select another time base -- one 
second. A simple computation shows that in 
one second, traveling at the same rate, the 
car will move a distance of 88 feet. Like-
wise, in 0.1 second, the car will cover a 
distance of 8.8 feet. 

No matter what time interval we select, 
the rate of travel of the car (60 miles per 
hour) is the same. This is known as uniform 
motion in a straight line, providing the car 
does not speed up nor slow down, but main-
tains a constant velocity. 

Uniform motion in a straight line has a 
linear time base. 

Let us now apply the principle of uniform 
motion in a straight line to the oscillo-
scope. Our aim is to provide the horizontal 
deflection plates with a methodofdeflecting 
the electron beam (in a horizontal manner 
only) over a fixed distance, in a fixed 
length of time, and at a uniform rate. Let 
us examine the requirements for this aim. 

Electrons are negative and hence are 
attracted by a positive potential and re-
pelled by a negative potential. Moreover, 
a stream of electrons, such as those leaving 
the " electron gun" of a cathode ray tube, 
will be bent in exactly the same manner as 
its component electrons are bent; that is, 
away from a negative potential and toward 
a positive potential. 

Any required sideways motion of the elec-
tron beam can be accomplished by impressing 
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Fig.22. How Changing Voltage 
Deflection Plates Causes the 

the Beam to Nove. 

on the 
Dot of 

a negative voltage on one horizontal plate 
and a positive potential on the other. Our 
aim, however, is to make the electron beam 
move sideways at a uniform rate and to cover 
a certain lateral distance in a certain 
intervaloftime. If we are to use a voltage 
on the horizontal plates for this purpose, 
it mustbea certain special kind of voltage, 
one having a uniform rate of change between 
a fixed minimum and fixed maximum. 

At this time it is wise to bear in mind 
that when we speak of the potentials on the 
horizontal plates, we mean the potential 
difference between them. 

If the left horizontal deflection plate 
has an increasingly negative potential 
applied to it while the right horizontal 
deflection plate is impressed with an 
increasingly positive potential, then the 
electron stream, and the spot that it causes 
on the screen, will move from left to right. 

Fig.23. 
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This is pictured in Fig. 22. If the changes 
of voltage on the plates take place in a 
uniform manner, then it can easily be seen 
tha-, the electron beam, and the spot, will 
move in a uniform, or linear manner from the 
left to the right. 

The voltage wave-form on the horizontal 
plates fulfilling all the requirements is 
surprisingly easytopicture. (See Fig. 23.) 
The wave-form on the left-hand plate is 
called a "negative-going" sawtooth voltage, 
and that on the right-hand plate is a 
"positive-going" sawtooth wave. 

Fig. 24 is a single positive-going saw-
tooth wave, with voltage plotted against 
time. 

Fig. 25 shows a series of sawtooth waves. 

We now understand that the sawtooth wave-
form represents a uniform, or linear, 
voltage change between certain fixed limits. 
We need this uniformly changing voltage to 

move the electron beam, and therefore the 
spot it causes, from left to right in a 
linear manner. It moves the spot from left 
to right in a definite period of time. Then 
having reached the right side the voltage 
suddenly reverses and the beam is brought 
back to the left instantly. 

Fig. 26 is a simplified circuit diagram of 
the sweep generator, sometimes called the 
timing oscillator, of the oscilloscope. 
This circuit originates the sawtooth wave-
form applied to the horizontal deflection 
plates. We will see that this circuit not 
only originates the sawtooth wave form 
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Fig.24. Sawtooth Sweep Voltage. 

required for our purposes, but also that 
this wave- form is repeated over and over 
in exactly the same form for as long as 
we desire. 

In Fig. 26, action begins when heat is 
applied to the cathode, and B-plus to the 
plate of the 884 gas thyratron. This tube is 
initially biased at cut-off, which prevents 
it from firing until enough electrons from 
the upper plate of the condenser flow toward 
B-plus,creatingsufficient potential differ-
ence across the condenser plates to fire the 
tube. While the 884 tube is firing, a 
condition whichispractically instantaneous, 
it short-circuits the condenser by supplying 
a path from ground to the upper condenser 
plate. After discharging, condenser will 
again begin to charge up. While the complete 
charging rate of the condenser is not 
exactly linear for all practical purposes, 
it is linear for a limited time. The saw-

Fig.25. A Sertes of Sawtooth Voltages. 

tooth output is tapped off between the 
plate of the tube and ground. The circuit 
is so adjusted as to take only that part 
of the charging voltage which approximates 
linearity. 

The minimum voltage of the sawtooth output 
will be the drop in the plate load sub-
tracted from B-plus. Its maximum voltage 
will be the firing voltage of the 884 tube. 
Adjustment of the circuit constants makes 
it possible to select only a small, but the 
most linear, portion of the charging curve. 
The frequency of operation of this sweep 
oscillator will be determined by the values 
of resistance and capacitance in the tube 
plate circuit. 

The fact that the sawtooth wave pattern is 
repeated time after time deserves mention. 
Earlier in this lesson reference was made 
to the need for presenting in rapid suc-

SYCHRONIZING 
TRANSFORMER 

•••MIlle 

OUTPUT 

Ftg.26. Sweep Voltage Generator 
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FLECTION PLATES THRU 

POSITIONING POTENTIO-
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Fig.27. Sweep Voltage Amplifier. 

cession a series of the same picture on the 
screen. By so doing the eye could add them 
all up into one composite and steady image. 
The sweep oscillator's action in producing 
a repetitive sawtooth wave-form serves this 
requirement exactly. The synchronizing 
transformer, shown in Fig. 26, connects to 

Fté.28. How the Sweep Voltages are Balanced to Ground. 

11,0-16 

the "External Synch" terminal on the control 
panel of the oscilloscope, and provides for 
grid control of the 884 thyratron firing in 
order to keep the sweep in step with the 
frequency of the signal voltage under 
examination. During the very brief time 
the tube is firing, the sawtooth wave drops 

• 

• 
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to minimum potential. During this instant 
of time, the electron beam quickly flies 
back to its stable position within the tube, 
and this position is fixed as the starting 
point of every sweep cycle. By the proper 
application of a negative pulse of voltage 
on the control grid, this " fly-back" trace 
can be blanked out, in order to keep it 
invisible. 

Another part of the sweep section of the 
oscilloscope is the sweep amplifier. This 
stage serves to amplify the output of the 
sweep generator without altering its wave-
form, and must operate with extremely high 
fidelity. The circuit for the sweep ampli-
fier is shown in Fig. 27, and reference to 

Fié.29. Vertical Amplifier 

the diagram will show that this amplifier is 
a resistance-coupled stage whose plate load 
-- being essentially of pure resistance --
does not discriminate against the high 
frequencies which compose the sawtooth wave. 

This stage also has the important function 
of balancing its output to ground, as 
illustrated in Fig. 28. This is achieved 
by applying the sawtooth voltage across a 
resistance-capacitance network which is 
center-tapped to ground and accomplishes the 
purposeofrendering the left-hand deflection 
plate increasingly negative while at the 
same time causing the right-hand deflection 
plate to become increasingly positive. The 

action of the deflection plates is thus a 
push against the electron beam from the 
left, and a pull toward the right. 

Section 12. THE VERTICAL AMPLIFIER 

In turning our attention from the sweep 
section to the vertical amplifier section, 
we should keep in mind that the voltage 
originating in the sweep section and that 
amplified by the vertical amplifiers are 
both applied to their respective pairs of 
deflection plates. This means that the 
amplifiers in both sections must have one 
thing in common -- high fidelity. Fig. 29 
shows the circuit diagram of the vertical 
amplifier section of the oscilloscope. Our 

example consists of two stages, resistance-
coupled, with enough total gain to build 
up even an extremely weak input to a value 
which will appreciably deflect the electron 
beam of the ' scope when applied to the 
vertical deflection plates. High-gain 
pentodes are used here. 

An important consideration is that we are 
interested in maintaining the phase re-
lationship of the voltage to be examined. 
We must take into account the 180° phase-
shift present in resistance coupled ampli-
fiers. Since the plate voltage output of 
this type of amplifier is 180° out of phase 
with the grid voltage, a single stage of 
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voltage amplification will turn the wave-
form of the voltage under investigation 
upside-down. In some applications this is 
not too important. In others, however, it 
may be of great importance. The second 
stage of the vertical amplifier section, in 
addition to providing additional gain for 
extreme sensitivity, also serves to re-invert 
the input signal back to its original phase. 

As in the case of the sweep amplifier, the 
output of the vertical amplifier section is 
balanced to ground by center-tapping the 
voltage-drop across the load of the final 
stage. The purpose here, as in the case of 
the sweep amplifier, is to minimize "hum" 
interference and to permit a push-pull 
action of the vertical deflection plates 
acting upon the electron stream. 

Section 13. THE POWER SUFFIXES 

Fig. 30 is a circuit diagram of the com-
bined power supplies of a typical oscillo-
scope. As can be seen from this diagram, 

Fié.30. Schematic Showing the Power Supply of an Oscilloscope. 

CIRCUIT TO LEFT OF DOTTED LINE IS 
THE CONTROL FOR THE ELECTRON GUN. 

CIRCUIT TO THE RIGHT OF THE DOTTED 
LINE CONTROLS THE VOLTAGE TO THE 

DEFLECTION PLATES. 
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the system is really two power supplies in 
close association with each other. Con-
nections to the elements comprising the 
electron gun correspond to those of Fig. 6. 
Inspection of the diagram will show that the 
most negative potential in the entire system 
originates in the upper of the two rectifier 
tubes (the 80's). This is the high-voltage 
power supply, a half-wave rectifier and 
filter system whose most extreme negative 
potential is applied to the control grid 
and the cathode of the cathode ray tube. 

Note that the accelerating anode is tied 
directly to ground, and that the focusing 
anodes are variable at a point relatively 
close to ground. Since the cathode is about 
1000 volts below ground, the potential of 
ground and the accelerating anode are 1000 
volts above the cathode. 

The voltage positioning of the positive 
side of the high-voltage power supply is a 
safety precaution. Most of the controls are 
at a high positive potential. If the 



operator were to handle these controls while 
they " float" at a high positive potential, 
there would always be a risk of obtaining a 
severe accidental shock. The operator is 
usually at ground potential, and if the 
controls are also at ground potential he is 
less likely to suffer any ill results from 
accidentally coming into contact with 
positively charged electrical circuits. 

The low-voltage power supply originates 
in the full-wave rectifier shown in Fig. 30, 
and its most neêative voltage is tied 
directly to ground/ The positive 350 
volts are fed to the plates and screens of 
the amplifier stages, to the plate of the 
sweep generator, and to the dual potentio-

meters utilized to position the electron 
beam at the vertical and horizontal de-
flection plates. 

The low-voltage power supply uses a Pi-
type LC filter, in contrast to the PI- type 
RC filter in the high-voltage power supply. 

The low-voltage secondaries of the power 
transformer are required for powering the 
heaters of the various tubes. 

The entire system is fused and provided 
with a safety " interlock" which opens the 
60-cycle power input circuit when one of 
the case panels is removed for adjustment 
and servicing. 

CONTROLS AND CONNECTIONS ON THE OSCILLOSCOPE 

PANEL 
CONTROL 

ELECTRICAL 
LOCATION PURPOSE 

Intensity Control grid of 
CR Tube 

Focus Focusing anodes 

V -Position 

• H-Position 

Sync. 

V-Gain 

H-Gain 

Sweep Range 

Sweep Vernier 

Ext-Int Sync. 

Vertical Deflecting 
Plates 

Horizontal Deflecting 
Plates 

Grid of the 884 gas 
triode (sweep genera-
ator) 

Control grid of 
vertical amplifier 

Control grid of the 
horizontal amplifier 

Selectable capacitors 
in the plate circuit of 
the sweep generator 

Variable resistor in the 
plate circuit of the 
sweep generator 

Sweep generator input 

Sweep Selector Input to horizontal 
amplifier 

Brighten or darken the spot on the 
screen. 

To sharpen the image on the screen. 

To properly position the electron beam 
in a vertical plane. 

To properly position the electron beam 
in a horizontal plane. 

To synchronize the sweep voltage and 
keep it in step with the signal under 
investigation. 

To raise or lower the amplitude of the 
signal under investigation. 

To raise or lower the amplitude of the 
sweep voltage. 

Coarse control of sweep frequency. 

Fine control of sweep frequency. 

To assist in " locking in" whichever 
type of synchronizing voltage used. 

Selects between internal or external 
sweep voltages. 
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The V-Ground pair of binding posts are the 
input connections for the voltage under 
examination. They lead to the vertical 
amplifier. 

The H-Ground pair of binding posts are the 
input connections for an external source of 
sawtooth voltage, if used. They lead to the 
horizontal deflecting plates. 

The Ext. Sync. binding post is the con-
nection to the input of the sweep generator, 
and is used when exact and undrifting 
synchronization between sweep and signal is 
required. This generally results in a 1:1 
ratio of horizontal to vertical voltage 
frequencies. 

The on-off switch is physically connected 
to the Intensity Control, whose maximum 
counter-clockwise position turns the power 
to the oscilloscope off. 

Section 14. GENESCOPE 

The Simpson Electric Co., of Chicago, has 
designed a test instrument for FM and Tele-

?l.31. Genescope. 
(Courtesy Simpson Electric Co.) 

vision Servicing which combines into one 
unit several of the instruments we have 
studied. It is called a Genescope. Its 
appearance is clearly shown in Fig. 31. 

The Genescope combines an ordinary audio 
and RF signal generator with an FM signal 
generator and an oscilloscope. To increase 

its usefulness the instrument is semi-
portable. The cost of the Genescope is 
somewhat less than the total cost of the 
individual test instruments it replaces. 

The Simpson Model 480 Genescope has been 
designed to supply all the signal sources 
necessary to properly align all types of FM 
and TV Receivers. Built into the same unit 
is a highly sensitive oscilloscope. The 
'scope includes all the latest features of 
advanced design, and is equipped with a 
high frequency crystal probe which is a use-
ful aid in signal tracing. 

The left hand side of the Genescope as 
shown in Fig. 31 contains a 400-cycle audio 
signal generator, an RF signal generator 
covering 3 RF frequency ranges, and a 
special crystal calibrator. By means of the 
crystal calibrator it is possible for the 
user to check the output frequency of 
the generator at intervals and make certain 
the generator is accurate. 

The right hand side of the panel as shown 
in Fig. 31 controls the FM frequencies. 
These frequencies are usefUl in working with 
FM radio receivers and the sound channels 
of Television Receivers. The FM generator 
is so constructed that it can put out signals 
which range in frequency from 2 megacycles 
(2,000,000) to 260 megacycles (260,000,000). 

The center portion of the control panel 
operates the oscilloscope. The screen end 
of the cathode ray tube can be seen project-
ing at the top of the cabinet. The operation 
of the oscilloscope section of the Genescope 
is very similar to that of the ' scopes we 
have been discussing in this lesson. 



NOTES FOR REFERENCE 

The oscilloscope is the most powerful weapon at the serviceman's command. 

The oscilloscope uses and handles high voltages. BE CAREFUL. 

The oscilloscope enables the serviceman to look directly into the inside of an electrical 
circuit and "See" what is happening there. 

In many ways the construction and operation closely resembles the Video section of a tele-
vision receiver. 

The oscilloscope can generate its own sweep voltages, or can be synchronized with some 
external frequency. 

The Genescope combines the features of the oscilloscope with those of other test instruments. 

NOTES 
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