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\ CHICAGO, ILLINOIS

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
: .res: &s 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
ocoress in the Course. There will be seven (7) in all. Keep them together for
. vy reference. Be sure to study the lessons in this sequence.
>
At this time, you receive twelve (12) of the assignments -- more will be sent
- 8 pu submit successive examinations to us for grading.

. . ESSON NUMBER TITLE AND CONTENT

1 Introduction to Radio and Television
History of Communications - Wireless Communications -
Wave Motion - Wave Lengths - Radio Waves.

o

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

3 Electrons

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

-~y ”.-&

+

:, L 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 Disgrams - Series Circuit - Resistance
» in 8 Series Circuit - Putting Resistance to Work.

- 5 Magnetism

?U Early History of Magnetism - Kinds of Magnets - Magnetic Lines

of Force - The Farth 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.

6 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.




TITLE AND CONTENT

10

12

13

14

-
4
Om'!s Law .
Ohm's Law - Other Uses for Ohm's Law - What Ignorance of \
Olm'!'s Law Can Do - Ohm's Law and Voltage Drop - Short Forms

of Om's Law - More About Resistors - Wire Wound Resistors - ' <
The Resistor Code.

Electrical Power

Power - Work - Work and Power - Measuring Mechanical Power - .
Energzy - 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 p
Direct Current - Alternating Current - The Sine Wave - Opposition

to the Flow of Alternating Current.

Transformers “
Where Transformers are Used - Types of Transformers - Direction

of Induced Voltage and Current - Strength of Induced Voltage - L 9
Secondary Current - Television Power Transformers - Audio y
Frequency Transformers - Intermediate Frequency - Intermediate
Frequency Transformers.

1
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.

Vacuum Tubes

Electrons in the Vacuum Tube - Electron Emission - Thermionic
Emission - Indirectly Heated Cathodes - The Electrostatic Field - ,
The Space Charge - Electrostatic Fields ~ Arrangement of the P
Vacuum Tube Elements.

- B -

The Diode Rectifier v
Cathode Emission - Charting Cathode Emission - 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 it
"Choke™ - The "Pi" Filter - Full-Wave Rectifiers - The Duodiode - ,
Filter Capacitors.

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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LESSCN NUMBER TITLE AND CONTENT

15

16

18

19

20

1

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).

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,

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.

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,

Oscillators

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

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.

¥, L. Howard
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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 Sawbooth 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 - kore
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.

2l Impedance
N%ugﬁfmmmw-PWM@mmewm-Cdem
Resistance and Reactance into Impedance - Why We Can Use
Pythagoras' Theorem to Find Ipedance - 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.

Y e o a
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LESSON NUMBER

PP

TITLE AND CONTENT

27

28

29

30

Types of Receivers

Basic Requirements - The Tuned Radio Frequency Receiver - .
Volume Control - The Superheterodyne Radio Receiver - !
Console kodel Radio Receivers - Table Model Radio Receivers -

Portable Radio Receivers - Automobile Radio Receivers -

Communications Receivers.

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 - How to Use the Voltmeter -
When to Use the Voltmeter - How to Use the Olmmeter - When to Use
the Ohmmeter - Precautions in the Use of the Olrmeter - How to

Use the killiammeter - When to Use the Milliammeter - How to Use
the Signal Generator - How to Use the Signal Tracer - Frequency
Modulated Generator - TV Antenna Compass.

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.

Using 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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INTRODUCTION  TO RADIO AND TELEVISION

Contents:

Introduction - History of Communications - Wireless Communication - Wave

Motion - Wave lLengths - 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 sveak of a radio they
usually have in mind the large console con-
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-
nuently found in the kitckhen 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 imnportant,
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 30U 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 moving
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.

Fig.1. Console Type Radio Receiver.
(Courtesy of Admiral Radio Corp.)
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Fig.2. Table Kodel Radio Receiver.
(Courtesy of Stewart karner.)

Although most people are familiar with
the radio-equipped police sauad cars and the
radio-dispatched taxi-cabs, not so many know
that fire trucks, highway busses and trucks,
public utility repair trucks, 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 headauarters.

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.

Fig.3. Type of Radio Receiver for use in
Automobiles. (Courtesy Delco RadioCorp.)
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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

¥ig. 4. Console Type Television Recelver.
(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




Fig. 5. Table Nodel Televisgion Recelver.
{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. Qur parents and grand-
parents easily remember back to the days
when the radio first thrust itself into our
consciousness, and auickly 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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Fig.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 beeun 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.

Bverything about radio or television is
intensely interesting. Many business uen
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

TEB-4

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 sipgnal 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 tiwe 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

SCREW
TO

| ADJUST

| MIRROR

Fig.8. Heliograph.
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Fig.9. Samuel F. B. MNorse, Inventor of the
Telegraph. (Courtesy of Western Union.)

During the thousands of years man has
inhabited the farth, 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 inpulses
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. Qver the
wires the electrical impulses could be
transmitted at the speed of lizht. 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 Hurope. Now for the first
time messages could be sent from the United
States to KEurope 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

Fig.10. Early types of Wireless Equipment.

TEB-5



Fig.11. Guglielmo Narconi, Inventor of the
Wireless Telegraph System.

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

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

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 tnglish 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 s quarter of a century before any
radio wave was actually created, Maxwell
demons trated 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

N

~

Fig.12. Waves radiating from the point where a pebble is dropped intoa still pond of water.
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Fig.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 electromagnetic waves which are
radlated 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-

WALL OF WATER

-

SURFAGE
OF POND

Pig.14. As the pebble hits the surface,
some of the water is displaced and ts
forced upward.
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<«——— DIRECTION OF TRAVEL OF WAVES ———
WALL OF WATER- WALL OF WATER

NORMAL
WATER

Fig.15. The waves move away from the
pebble in the form of a series 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

' TEB-8

back and displace still more water. This
action is repeated over and over, with the
rising and falling nasses 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 resistance 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

L

Fig.16. The energy of the first falling

domino is transmitted from one domino to

another in the form of a wave. .No domino

moves any g¢reat distance, but the energy

is quickly 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-
seribed. 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.

WAVE
CREST ENGTH CREST

SURFACE

LENGTH

Fig.18. The wave length is measured from
the crest of one wave to the crest of
the next wave.
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Fig.19. A cycle is measured from a point

on one wave to a corresponding point on

the next wave. QOne 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

TEB-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-

Fig.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
niles 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 awal from the
transmitter in the form of a series 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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Pig.22. A child's swing illustrates the principle of natural frequency.
will move higher and higher if given a push at exactly the right instant.

The swing
But if the

push is given at any time which does not correspond with the swing'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 éive
off vibrations of its own. The first
tuning block will not have any effect on
the second if thelr 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




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. When it is so
tuned, it will pick up the message from the
transmitter and convert it into such formw
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. 1In 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 Hotion 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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FUNDAMENTALS OF ELECTRICITY
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Section 1. INTRODUCTION There are few things in our lives muore
familiar than the incandescent electric

The man who wants to become an expert in lamp. It is so familiar, and so much a part
radio and television work must learn many of our daily lives, that we are prone to
things which might seew, at first glance, to take it for granted and give it little
be of little importance. Some of the things thought. Wnile most of us are vaguely aware
he must learn include the physics of wave that the electrical power which is used to

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 tundamentals of electrieity.
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 Fig.1. Television Receiver.
c¢apable radioman. (Courtesy of Emerson Radio)
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Fig.2. It i3 not possible to detect a passing electrical current by welghing 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 toplace 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 way be in the form of a single solid
strand, or it wight 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-

/ INCANDESCENT LAMP

SOURCE

® O

WIRE CONNECTED

WIRE DISCONNECTED

Fig.3. There must be a completemetallic path through whichthe electrical current can flow.
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Fig. 4. A metallic wire with its insulated
outer covering,

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
some other material which jis 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
through solid gsbestos only with the greatest
difficulty.

Fig.5. Electrical switches which are used to open and close electrical circuits.
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Fig.6. 4 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 netals are conductors. But
aside from metals, the only generally use-
ful electrical conductors are carbon and a
few liquids.

Any substance through which electricity
does not pass freely is called electrical in-
sulation, and electrical parts made from such
materials are called electrical insulators.
lixcept 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
nuch 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
wost often used as electrical conductors.
ifor the most part they are used in special
applications where for some reason copper is
not consideredi to be suitable. It is harder
to send electricity through wires made from
Alwwinum or iron or steel than through wires
made from copper. Yet it is wmuch 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 isshown at the top of fig. 6.
flectricity will not escape frou the wire
if it comes in contact only with the sur-
rounding air and other insulatingmaterials.
But should the wire touch another metal ob-
Jject 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

Fig.7. Several types of insulators used in electrical work.
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Fig.8 Much of the water goes through the hose to the end where it 18 wanted, but some

is lost through the leaks.

The higher the water pressure the greater will be the

amount of water lost throush the leaks.

protect peoprle against shock, the netal 1is
often covered with one or more layers of
insulating materials. Such an insulated
wire is shown at the bottom of Fig. 6.

flectricity 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 pecomes so high as %0
purst 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
peen 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.
mxtremely high frequencies Aare used in
radio and television work. Some of the
more common types of insulators seen 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
ijnsulators. That 1s, they allow a little
electricity to pass through. They might be
compared to a water hose constructed of
heavy cAnvas. The heavy canvas would cormn-
fine the major part of the water to the path
desired. But a 1ittle of the water would
leak through the fabric of the canvas. The
higher the pressure of the water, the more
water will leak throuzh 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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Fig.9. Nore 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 pumnp,
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

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,

R PR SR

Fig.10. Nore water will flow through the short pipe than through the long one.
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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 awperes 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

6 AMPERES

60 WATT 1/2 AMPERES

Fig.12. Currents which are required
to operate some familiar electrical
appliances.
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Fig.13. The belt must make a complete circuit of the pulleys in order to transmit power.
If the belt is broken at any place, no power can 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. IFig. 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 are also several very important matters




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

CONDUCTOR S
SWITGH

() LAMP

(LOAD)

SOURCE OF ELECTRICAL
PRESSURE

CONDUCTOR J
SWITCH

LAMPS

CONDUCTOR

SOURCE OF ELECTRICAL
PRESSURE

Fig.14. Series Circuits.
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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 circulit.

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 E¥XF.

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




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. wWhenever there
is a difference of potential between any
two points in an electrical circuit, this

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 the lamp as being
about 115 volts, 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
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Fig.16. The water in the tank is at zero pressure, or "potential”.
ratsed by the action of the pump. Part of the pressure
wheel. MNore pressure is lost at the second water wheel.

The pressure is
is lost at the first water
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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 lskes 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

LAMP
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(POTENTIAL
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Fig.18. The battery raises theelectrical

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
agaln droppd to zero.
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Fig.19. 4 primary cell.

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
copper and another 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.

This type

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
foreing the current through each lamp. By
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Fig.20. Secondary cells.

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 ecurrent 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
of'ten 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. EHven 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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These are commornly called storage batteries.

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.

N

S

Fig.21. A type of secondary cell used

in automobiles.




Fig.22. 4 turbine-driven machine for creating electrical potential 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 neot 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-
zether, 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 following)
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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.

NOTES
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Section 1. INTRODUCTION

Probably no other way of making a 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 wonderfui 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

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 wiil never be dull.

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

Fié. 1. Radin and television offer endless opportunity for the
anbitious man.
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Fig.2. Technician servicing 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 yuite 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 to explain
the operation of all these many parts before
trying to explain the operation 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
gquite thoroughly.

We must understand a few more things about
electricity and the things which affect its
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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 to understand the operation
of the vacuum tube. And, of course, if we
do not understand the vacuum tube qyuite
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. 1t 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 1ot 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




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

Yor many centuries little proygress was
made in tracking down this clusive unknowi.
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
finatly discovered the Electron. Perhaps
discnvered is not exactly the word to use.
1t might be better to say that they finaliy
proved the existence of’ the Klectron.

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 couid have taken place in such
a short period of time. There are millions
ot 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 ot
the most important things in this world.

xnowledge 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 television —-
loran, sonar and other similar ranging and
detecting devices. It has made possible the
creation of the atom bomb and ail 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
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Fig.3. Atom bomb explosion at Bikini.
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Fig.4. Fverything 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" moves 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 endiess series of ex-
periments, and many years of work, scientists
have proven that a tiny particleof 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.
Ur, 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

TEA-4

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 aiways
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 5,000,900,000,000,000,000 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 same reasoning applies to
them all regardless of how many of then
there are.




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 assuuption to conclude that
its shape is round.

1t 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 extremeiry hard to grasp, and even a
comparison is more than enough to tax the
imagination. Fortunately, if you fail to
completely understand the full degree of the
electron's smallness it will not interfere
with your ability to understand the part the
electrons play in radio and television work.
I1f we were perfeectiry truthful it is doubt-
fur if there are many of us in such work wio
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.

une commonly used illustration of the
comparative size of the electron is to
compare it with a ping pong ball and with
the orbit of tae 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 bail 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
song ball in just about the same way the
size of the ping pong bail compares with the
earth's orbit.

Section 3. THE ATUMIC 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 buiiding blocks from which everything
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 matler down as consisting of smailer
particles which are called mnlecules. And
can in turn break molecules down into still
smaller particles which are called atoms.

Atnms are extremely small particles which
are too small to be seen. They are accepted
as existing, and of having such dimensions a
million of them would fit upon the point of
a pin. Until recent years it was generally
accepted that there were 42 different kinds
of atoms. oJne 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 severali additional elements.

COPPER WIRE

IRON RAIL

Fig.5. Copper and iron are both elements.
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Fig.6. Water is a compound. 4 molecule
of water contains one atom of oxygen and
two atoms of hydrogen.

But for the purposeofour work we need not
pury

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 quickiy becomes famiiliar with
it if he is not already. Copper is used for
many things in radio and telievision. 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 particie 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
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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 electriclity 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 infliuence
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.

v

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 same 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 littlie 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.

—— -
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Fig.7. 4An atom of hydrogen consists of
one nositlive proton around which is
clrculating a negative electron.
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Fig.8. The lead bullet weighs much more
than the rubber balloon, but the balloon
is larger 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 nroton. Revolving
around the proton, and at a relatively great

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 anelectron is equal in magni-
tude, but opposite in sign. 1t 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
buliet and an inflated rubber bailoon. The
bullet is heavier than the balloon. But

the balioon has the greatest diameter.
See Fig. 8.

We have just mentioned that the atom of
hydrogen is the siumplest of ail 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 heliunm.
The atowm 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

distance from it, is a single electron. We
have mentioned before that an electron is a
particle of electricity.
step further and say that an electron is

same path.

have only one path,
the electrons move.

we will now go a

hydrogen are very much alike.

In this respect helium and

They both
or orbit, along which
But most other atoms

ELECTRON
/”@’ TS
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// !
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/ 7
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\ P
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Fig.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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Fig.10. 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. 1t 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. 1t is
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 neutraiize
each other and they become electrically
neutral. When they come together they form
whet 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
atomic structure of lithiua. Lithium has
two electrons which revolve around the
nucleus in one orbit, and another which
revolves in another orbit. In addition to
these planetary eifectrons -- electrons which
move in orbits — there are several neutrons
in the nucleus. See Fig. 11,

T



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 oniy difference between the atom of
one element and the atom of another element
is in the number of electrons and protons in
tiite atom, and the way in which they are
arranged. For instance, the oniy 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.

<8 S0

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

ELECTRON
Aty
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Figs.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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Fig.12. Experimental set-up nused by
Edison at the time he dlscovered the
"Bdison 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 yuite 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
tukbe 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, Kdison 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 gaivanometer. 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 coulid imagine such a device
being used for, was as an indicator of

Fig.13. Thomas 4. Edlson, 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. 1t 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. F¥leming, 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 1800 Sir
John Joseph Thomson, another English scient-
ist announced his discovery of the Hlectron,
and gave to the scientific 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

Fig¢.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 volitage applied to
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

vol tage 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. Une 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.
Une or two of them will be used to furnish
the power for the amplifier tubes. Une 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. uther types of recti-
fier tubes wiil be used in the "detector"
circuits.

The actual operation of these rectifier
tubes will be gone into in far greater
detail a iittle 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. 1n 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 vacuuh 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 freguencies running up into the

millions of cycles per second. Yes, even

into tihe billions of cycles per second.

In fact the very existence o1 radio and
television depends upon the creation of
these extremely high freguencies. The radio
broadcast band, over which music and news-
casts and other entertainment programs are
broadcast to the general public, operates
on freguencies from 530 kilocycles to about
1600 kilocycles. This would be from 550,000
cycles per second to about 1,500,000 cycles
per second.

About the Lowest freguencies used by radio
transmitters are around 50,000 cycles per
second. There seems to be no limit to how
high the freqguencies can go and still be
usable. The freguencies 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 fregquencies
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

Fig.15. A variety of radio tubes.
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Fig.16. Television

least it is not necessary at this time. All
of these things will be discussed in their
proper order, and at the proper time. 1t
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 lLearn 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 inciination
is to scoff at the thought of any man being
able to tell exactly what freguencies 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 freguencies 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.

"picture tube”.

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
couid 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 purposeof amplifying 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
microvnlts. A microvolt is equivalent to
one-mil lionth of a voit.

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
amnlifies the voltage. That is, it in-
creases or magnifies the voltage. When the
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Fig 17. The "chassis” of a television receiver.

ALl the working narts of a recetver

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 to the tubes which amplify the
signal 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 vacuunm
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-
yuainted 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.




It is also at this time that those who through 1life 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.

NUTES FUR REFERENCE
The vacuum tube is the heart of all 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 renel 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 efectrons and protons within the atom.

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

NOTES
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Section 1. INTRODUCTION

The young man who decides teo make radio
and television his life's work is truly a
fortunate individual. There is probably no
other line of endeavor where a rnan 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 seens 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 frenuently the means which
lsunches 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 Anateurs. 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
The ranks of the Aumateurs

are novices.

Radio Amateur and his Trans-
mitting Equipment.

Fig. 1.
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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, sMechanics 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 bujld 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 imows 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
mediuw other than space itself. oOnce 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

L |
ONE UNIT OF RESISTANCE

TWICE AS MUCH RESISTANGE

HALF THE RESISTANCE

Fig.2. The conductor in 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 3ll 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. Wwe
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 sijilver.

Since every kind of conductor has a certain
anount 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 SQ. 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 amount

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
saquare inches of cross-sectional area, as
shown at the bottom of Fig. 3.

Likewise, the resistance of a conductor
which has one snuare inch of cross-sectional
area will be only half as pgreat 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

1000 MiLS

Fig. 4. One inch is equal to 1000 mils.
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1000 MILS

1000 MILS

Fig.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 nmost
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
neasured 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 saue
as multiplying 1000 by 100U, which will, of
course, give us one million. Therefore, a
wire which is one inch in diameter would
have a cross-sectional area of 1,000,00v
circular mils.

gne circular mil is a circle which is
exactly one nil in diameter. A wire then,
that is one inch in diameter would have a
cross-sectional area exactly equivalent to
one million wires 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 electrical menand radio men are talking
about when they speak in terms of circu-
lar mils.

Section 4. EFFECT 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-wagnetic 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 umetals 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
mnore widely in electrical work. The price

—

COPPER

3 ALUMINUM

———> STEEL

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

Fig.7. Comparing 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 10° rise in the temperature
will cause another increase in the resistance
of an additional like amount.

tnaual drops in the temperature causes simi-
lar enual 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 frowm 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. 0On 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
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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 pipe or hose 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 changze
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 ifnversely
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 without any reference
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

1 OHM !
RESISTANCE AMP.

CURRENT

d

BATTERY

| VOLT PRESSURE

Fig.9. One volt will force one ampere of
current through one ohmof resistance.
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Rig.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 olm, 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 electrical drawings, 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 rerresent 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. ELECTRICAL
SYMBOLS AND DIAGRAMS

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

I Lo
{ ¢ /(7

+

NOT CONNECTED

CONDUCTORS

A Q7 —O- ® ©

D-C GENERATOR D-C MOTOR LAMP AMMETER VOLTMETER
=iy —1— —AA—
BATTERY FUSE RESISTOR RHEQSTAT BELL

+

O—
fo

POSITIVE
DOUBLE THROW NEGATIVE
SWITCHES
——

i

ELECTRICALLY CONMNECTED

Fig.11. Some symbols used in electrical diagranms.
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Fig.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 électrical
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 todescribe 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
vol tmeter 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-

TEC-9



| OHM

240
OHMS

I OHNM

Fig.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 the »switch is made
of porcelain. The lawp-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

e\
P

4 OHMS 2 OHMS

40HMS
O—
42 OHMS

Fig.14. Resistance in a seriesclrcult 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 series circuit. This 1is 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 returning 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 serles circuit
is equal to the sum of the resistances 1in
all parts of the circult.




Fig.15. Variable resistor, called rheo-
stat, used for controlling 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 eaqual. 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 problen,
especially when it tries to prevent the

Fig.16. Types of resistors in common use in radio and television work.
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Fig.17. Photograph of the underside aof a television chassis showing some of the resistors

which are used.

passage of current which is needed to light
our lamps, run our motors, and operate our
radio and television enuipment. 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 electrieal 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
desiraltile 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
neet 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. UOthers are wmade of pawdered carbon




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. I'he values of their resistance
has now been pretty well standardized. [t
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 megohms. A
negohm is equivalent to one million ohms.
¥any 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. Within
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.
Halving the length, halves the resistance.

resistance.

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

sectional area, halves the resistance.
resistance.

Material of which a conductor is made affects its resistance.
Aluminum, iron, steel, brass, zinc, lead, German Silver are

Copper is almost as good.
all classed as conductors.

The temperature of a conductor affects its resistance.

higher the resistance in metals.

Doubling the length, doubles the

Doubling the cross-

Silver is the best conductor.

The higher the temperature, the

The cross-sectional diameter of a conductor is rneasured 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 clircular 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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- Magnetic Field Around a Coil - The Electromagnet - Moving and Static Lines of Force -
Magnetic Terminology - The Gauss - Permeability and Reluctance - Magnetowotive korce and

Ampere-Turns - Notes for Reference.
Section 1. INTRODUCTION

The man who decides to become an expert
in the field of radio and television has to
acquire a seemingly lLoundless amount of
technical knowledge. There are so umany
things to learn that it sowetimes 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
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Fig.1. Hagnetism is used in many ways in radio and television.

TER-1



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. Wwhen 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 naue
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 wman
can go in this field is liwmited 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
yvears 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
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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.
gvery branch of electricity is so completely
tied up with magnetism there is no 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 thelr very ex-
istance 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 magnetisw. 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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Fig.2. Properties of a Steel Kagnet.

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 Mapnetite 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 them 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 inteo "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 bouses 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
nore 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. 1If
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 magnetic field.
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Fig.5. 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 ¥ and the south-
seeking pole >. If we turn the magnet
half-way around, so as to reverse the di-
rections to which the poles point, then
release the bar magznet 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
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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 aualities 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. JIron, however, is the
only substance which is always magnetic in
whatever forwm 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 somne
extent when brought close to a stronyg 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 iromn 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 a variety of grades.

In Fig. 3 we have two similar bar magnets.
Their north-seeking poles are marked ¥, and
the south-seeking pole is marked S. At the
left side of Fig. 3 the north pole of mag-
net 4 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 4 is brought near the south




pole of the suspended magnet B. Now instead
of the magnets being attracted to each other,
they actually repel each other. If the two
north poles are brought tozether 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
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Fi¢.5. Naking a field pattern with
iron filings.

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 distinect pattern as 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
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Fig.7. The magnetic fields around steel
magnets.
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Fig.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
within the iron than in the field surrounding
the iron. This means there sre nore 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 concentration of magnetic lines.

A study of Fig. 9 will also show graphi-
cally a common conception of magnetic lines
of force. sany 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 wixing.

Section 5. THE EARTH AS A MAGNET

We all xnow that the needle of a coupass
tends to point in a line which runs approxi-
mately north and south. The compass needle
is a piece of steel which is highly maz-
netized, and which can swing freely. The
reason the compass needle assumes & north
and south position is that the Rarth 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
‘are brought close todether.
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Fig.10. The fields remain separate when
like poles are brought together.




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 A 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 of the same 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.
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The magnetic field pattern
between like poles.

Fig.11.

It is generally believed that the reason
why this is so is because each of the nole-
cules of a pieceofiron is itself a magnetic
particle. Under normal conditions, the
molecules assume a disorderly arrangement,
some pointing in one direction, others point-
ing in other directions. This is much the
same arrangement suggested by 4 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 possesses no magnetism.

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

N
13;7——————~ GEOGRAPHIC
4 POLE
NORTH
SEEKING
MAGNETIC ~T
POLE
Fig.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
nagnetic 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, the iron loses most of its magnetisn.

Hard steel,
harder to magnetize.

on the other hand, is much
It would seem that

— ¥

Fié.13. Breaking a magnet produces
additioncl magnets, each having a north
pole and south pole.
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Fig.14. The arrangement of the molecules in an iron bar.
"B" 15 partially magnetized.

not magnetized.

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 wagnetism for a long period
of time.

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

4 magnet induces magnetism in
other pieces of iron.

Fig.15.

Sof't 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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"4" shows a random arrangement,
"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

PERMANENT MAGNET
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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 COIWL
OF PICTURE TUBE l

HIGH VACUUM /

MAGNETIC GOIL

Fig.17. Magnetic deflecting colls 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.

Section 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

% IRON &=
BOLTS

Fig.18. Nagnetic 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

‘,4-
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Fig.19. Compasses indicate lines of
force around a conductor.
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Fig.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 mnore 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

TER- 10

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 aquite 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 ina counter-clockwise manner as is
shown at the right of the same illustration.

Fig.21. Lines of force around a conductor.
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Fig.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 mnagnetic 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 solenold 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

Fig.23. Nagnetic lines link all the
turns of a coil.
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Fig.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 ELECTROMAGNET

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. 235.
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
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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 FORCE

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.




Fig.26. Lines of force emerging 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. wost
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.
yntil the coil is connected to a source of
potential there will be no current flowing
in the coil. At this tiwe 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 KFig. 27. This is
practically the same situation as that shown
in pfigs. 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 lon:s as the value of the current
does not change, the lines will not move.

Now if the amount of current through the
coil is increased, the lines will be pushed
out somewhat further from the coil, and

there will be more of the lines. This is
shown in Fig. 28.
The point to remember is this: so long

as the current remains steady, the lines
remsin 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 show how each 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

Fig.27. 4 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 all thelines of force as one group,
and to refer to them as "magnetic flux."

You may occasionally run across the term
"Maxwell"” in connection with magnetic 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 1is 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.




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.
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Section 1. INTRODUCTION Induction is the essential link between
electrical energy and nearly all the other

As you have progressed with your studies forms of energy which produce electrical
you have become aware of the fact that there power. All electrical energy which is
is a definite link between electricity and econornical enough to be useful must come,
magnetism. In this lesson we will take up originally, from some natural source. The
in detail the study of that link. natural energy of coal, oil, waterfalls,

POWER TRANSFORMER

>
,Iﬂ/”’ RADIO

MICROPHONE

RADIO HAND SET !

CHOKE"CO!L

Fig.1. Typical electrical apparatus which are dependent upon electro-magnetic 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 Qersted, the Danish teacher dis-
covered by accident that a moving electrical
current produced magnetism. It was Michael
Faraday, the English scientist, while con-
tinuing Qersted'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 canductor
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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 were 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 cut
across the lines of force. The same effect,




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.

Section 2. FACTORS AFFECTING
THE INDUCED VOLTAGE

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

GALVANOMETER

Fié.3. A Galvanometer.

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

rapidiy. 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 throuéh 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 arrangzement
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.

TES-4

So far we have assumed that the conductors
will cut straight 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 4 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
thew 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 stronyg 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 electromnotive force
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Fig.6. No voltade is induced when two
sections of the same conductor is passed
through the field in this manner.
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Fig.7. Helations between field direction and conductor travel.

in a woving 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 veltage is induced
in a conductor when either of two things
happen. First, when a conductor is moved
throuzh 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 nove through
a magnetic field. Most of the larger, and
higher voltage zenerators 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
nove. An example of this are the ignition
coils in automobiles where the six volts
from the battery are "stepped up" to possibly
the 8000 to 12,000 volts which are needed
to overcome the resistance of the air in
the gap in the spark pluz. 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 wmagnet. 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. 4 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 around anelectromagnet 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 4,
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 mapnet, 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 & 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-
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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
Aany 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.

#hen current begins to flow through the
first, ororiginal coil of the electromagnet,
nagnetic 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 a3 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




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 stop the current 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: Wwhere 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

A

this iron coil at any point, a voltape 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

CURRENT IN
SECOND COIL
CURRENT
INCREASING
IN FIRST COIL

CUﬁRENT

N
SECOND
CoIL

CURRENT
DECREASING
IN FIRST COIL

How induced current changes
its direction.

Fig. 9.
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Fig.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 kig. 11.

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

coil itself. The secondary circuit consists
of the secondary winding on the iron core
of the ignition couil 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 plug.

If you have been following the lesson
quite closely you will probably be inclined
to ask at this point whether or not there
are lwo 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-

e
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Fig.11. Automobile I[gnition Principles.
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Fig.12. One methodof varying 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
mnagnetic field cannot build up from zero to
maximum as quickly as it can drop from maxi-
mun 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 change of primary current causes a
secondary voltage, and of course we have
changes 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.
#hile 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 wunich 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. ihen the particles are compressed,
they have less resistance than when they are
mwore 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

CARBON
=
—b SECONDARY
__b
PRIMARY
DIAPHRAGM
L[ ——"

Fig.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.

PRIMARY  SECONDARY

faWa¥ L

13 1]

CURRENT
INCREASING

Fig.14. Current direction in the two
coils when current is increasing in
the primary.
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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 voltage 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.




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
sel f~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

CURRENT
DECREASING

INCREASING

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. Wwhile 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 becretary and
Director of the Smithsonian Institute in
washington D.C. It was while teaching
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*THIS PIECE OF IRON CARRIES MAGNETIC LINES
OF FORCE 8000 TIMES BETTER THAN AIR.

Fig.18. 4 circuit having self-inductance.
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Fig.19. pProduction of Eddy Currents.

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:

Self-inductance _

(Number of turns)? x

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.

Permeability x Sq. Inch Cross-section

in henries

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-

100,000,000

x Circuit length in inches

At 4 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

inductance of the coil in henries. We would will flow in it in the direction indicated
set the problem up in this manner: by the arrows.
2
Self-inductance in henries = 6007 x 8000 x 1 - 2,880,000,000 . 5 gg penries
100,000,000 x 10 1,000,000,000
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Fig.20 Using laminated 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 ‘of a magnetie 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
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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 to 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 h<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>