


Practical Technical Training In

RADIO-TELEVISION

AND ALLIED ELECTRONICS

‘ g . ! : ;
S ROSENKRZANZ President A % ,i E'S T AEB L |:S8H E D- . §189 0 5

COPYRIGHTED 1946 BY NATIONAL SCHOOLS PRINTED IN U.S.A.

LESSON NO. |

THE ELECTRON

MIRACLE-WORKER OF A MODERN WORLD

The great science of Radio and Electronics has provided us with
a vast communication network, extending throughout the far corners
of the earth. It has pro-
duced the communication
and navigation equipment
that enables our glant
oceanliners and airliners
to carry passengers and
freight over otherwise
perilous routes, safely
and on schedule.

In the field of in-
dustry and medicine, Elec-
tronics has made possible
the welding of sheets of
metal in a matter of mo-
ments, without the appli-
cation of external heat;
thermally glueing and
treating featherweight
plywoods to attaln great
strength; examining, test-
ing, welighing, grading,
sorting and counting man-
ufactured products ac-
curately and in split-
second time; controlling
the operatlion of machin-
ery and mechanisms of all
descriptions; 1ldentifying
and matching colors; 1iso-

lating, analyzing and ; Fig. |
destroying virus and bac- THe ELECTRON MicrROscOPE AIDS IN RESEARCH
terla; miracles 1n the CoNoucTED IN MaNY FIELDS
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field of medicine and
surgery; and thousands
of devices that help
make this a better world
in which to live.

This comparatively
young industry,comprising
Radio and Electronics,
has experienced the most
rapid and spectacular
growth of any of our
major industries; and
further developments of
great importance are
assured in the very near
future. You acted wise-
ly, therefore, when you
decided to make Radio
and Electronics YOUR
career --- a career 1in
which the possibilities

for opportunity and ad- —

vancement are limitless.

‘l \

In this lesson we

are going to turn back Fig. 3

the pages of history, SURGEON TESTING THE ACTION OF HUMAN BRAIN
briefly reviewing the WITH THE ELECTROENCEPHALOGRAPH AND 60-CYCLE
most outstanding devel- STIMULATOR, RESEARCH AS THIS WOULD NOT BE
opments of this great POSSIBLE WITHOUT ELECTRONICS.

science, and showing you

how man harnassed the electron to work for him. You will also learn
about the nature of the electron and its behaviour under different con-
ditions.

PROGRESS THROUGH THE AGES

Ever since the dawn of human 1life on this planet, man has been
striving to learn more about the things with which he lives; with which
he works; and, unfortunately, with which he fights. Always, so that
he could make a better world for himself and his descendents. to live
in. 8o that he could make life a 1little easier. 8o that he could
secure the necessities and luxuries of 1life by some means other than
by the sweat of his brow, or the labor of animals.

THE AGE OF BRUTE FORCE: Throughout the many centuries preceding the
beginning of the 19th century (1800), man was living in the age of
"brute force." The amount of work he could dc was limited to that
which he or his animals could perform by their own strength. His means
of travel and transportation were animal-drawn vehicles and sail-powered
water craft. His means of communication was restricted to visual or
audible signals, The necessities of life were hard to obtain, and
luxuries were very few indeed.

Even in these comparatively backward centuries, scientists, ex-
perimentors, alchemists, and other technically inclined men, were work-
ing constantly to Improve the lot of man's existence. 1In factﬁ as early
as 600 B, C. Thales of Miletus, one of the "seven wise men" of early
Greece, discovered that a plece of amber, when rubbed with a woolen
cloth, would attract 1light bodies due to a form of electrification
which we now call "static electricity". The efforts of these thou-
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Fic. U Fire. 5
HARDENING SMALL, PRECISION PARTS INDucTION HEATING EQUIPMENT BEING
IN PHOTOCELL-CONTROLLED FURNACE Usep rFor Brazing CarBiIDE TooLs

Fic. 6
PHOTOELECTRIC CONTROL USED TO JNSURE HAIRLINE PRECISION
REGISTER OF SEVERAL COLORS 1N PRINTING OPERATION.
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sands of men --- many of
them forgotten in the pas-
sage of time --- reached their
goal in the 1800's.

THE MACHINE AND ELECTRICAL

: The steam englne of
James Watt --- the electri-
cal developments of Joseph
Henry, Benjamin Franklin,
Samuel B. Morse, Alexander
Graham Bell, Thomas Edlson,
Guglielmo Marconl, and many
others --- 1lifted the human
race from the age of brute
force into the age of steam
power; the age of electricity;
the age of the internal com-
bustlon engine. This made It
posslble for man to work, tra-
vel, and cammunicate, by means
of Inanimate and never-tiring
machines.

A nev way of 1life was
thus opened to all men; a
life which saw man 1lifted
from the centuries of "brute
force" exlstence. Necessitles
of life became easler to secure;
luxuries such as had never
before been imaglned by the
wlldest dreamers, became a-
vallable 1n great quantlty
--- and then became necessi-
tles 1instead of luxurles.
The electric light;the tele-
graph; the telephone ---
luxurles not so many years
ago --- necessltles, today.

THE DAWN OF THE AGE OF THE
ELECTRON: The beginning of

e S L Ol T INDUSTRIAL X-RAY uz:(v; Zszo TO RADVOGRAPH
Wright Brothers place the

internal combustion engine CASTINGS AND OTHER MANUF ACTURED PRODUCTS
in a crude klte-like affair, OF VARIOUS THICKNESS FOR POSSIBLE DEFECTS..

and make the first alrplane

flight. The "horseless-carriage" (automobile) became a reality. In
1904k J. A. Fleming utilized for the first time the "Edison effect" in
a vacuum tube detector;and five years later Dr. Lee De Forest added a
control grid to the Fleming valve, making possible the amplifiers which
wvere to open the world of the electron for man's 1lnspectlion and use,.

Nelther Edison, Flemlng, nor De Forest realized the importance
of thelr discoveries wilth respect to the great science, “"radionics"
--- in fact, they did not even use the term "electron" in zonnection
with the vacuum tube --- and no one had ary accurate idea of the under-
lying principles of the vacuum tube at the time of Edison's work on
the subject. Even after the vacuum tube had been applied to 1ts first
tasks --- those of amplifying 1n long-distance telephone lines, and

ERA-I




PAGE 6 PRACTICAL RADIO

in radio communication --- very little was actually known about why
it worked. But the age of the electron was dawning.

Fic. 8
AN IGNITRON TUBE CONTACTOR IS USED IN THIS ELECTRIC WELDER
TO MAKE AND BREAK WELDING CURRENT AS HIGH &S 10,000 aMPERES
--<- WITH NO ARC, NO NOISE, NO MOVING PARTS. BECAUSE 1T CAN
BE TIMED MORE ACCURATELY THAN MECHANICAL DEVICES, THIS ELEC-
TRONIC CONTROL ENABLES AN OPERATOR TO PRODUCE STRONGER AND

MORE UNIFORM WELDS, AT GREATLY INCREASED PRODUCTION RATES

The past two decades have seen much of the mystery lifted from
the electron and its tubes. Scientists have now founé most of the
answvers, and rapid progress 1is being made toward discovering the an-
swers to the remalning mysteries concerning the electron. WE ARE NOW
LIVING IN THE AGE OF THE ELECTRON,

Various 1llustratiors throughout this lesson tell you their own
story of some of the many marvelous things that are being done by put-
ting the electron to work in radionic equipment.
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YOUR ENTRANCE INTO THE FIELD OF RADIONICS AND ELECTRONICS

As you begin your studies and work in the fascinating and profit-
able field of radionics and electronics, you will naturally be inter-
rested in what these fields comprise, and in learning something of the

[[1Hf T

]
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Fic. 9
MERCURY-ARC POWER RECTIFIER DESIGNED FOR INDUSTRIAL
USE. THIS ELECTRONIC APPARATUS CHANGES ALTERNATING
CURRENT (A-c) To DIRECT cURRENT (D-C).

very baslc principles which make it possible for the electron to be-
come your servant. You will also be interested in the exact distinc-
tion between the terms "radionics" and "electronics". These terms
have been used so much of late that the beginner in the field might
well be at a loss as to thelr exact meaning.

WHAT IS RADIONICS? The word "radionics" has besn coined during the
past few years, and 1is now applied to all apparatus and devices in which
the electron plays a major part. By referring to the chart on page 8,
you will see that the field of Radionics comprises two major fields ---
Radio and Communication, and Elsctronics. You will observe further that
the fleld of radio and communication consists of many branches, in-
¢luding receivers, transmitters, sound amplifiers, television, etc.
You will see also that the field of electronics consists of many branches
Including automatic control devices, induction heating, welding, etc.

Electrons and electronic tubes are made use of in all phases of

radionics. And the present tendency is to apply the term "industrial
electronics" to electronic applicatlions other than those employed in

ERA-|
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communication and allied work; and to use the word "radlonics" as
the all-embracing term to include all apparatus employing electronic
tubes, regardless of application.

RAD1ONICS

Raoto & CoMMuNiCATION ELECTRONIC S

[ |

AUTOMATIC CONTROL DEVICES
AUTOMATIC ALARM SYSTENS
COUNTING, SORTING, GRADING,

MATCHING, WE1GHING, ETC.
COLOR ANALYZING AND MATCHING
Microscory

RAD10 RECE1VERS

RAD1O TESTING EQUIPMENT
Rao10 SERVICING

SOUND AMPLIF IERS
BROADCAST TRANSMITTERS
CODE TRANSMITTERS

WELDING
BROADCAST OPERATING X ;A:
COMMERC 1AL OPERATING

INOUCTION HEATING
SOUND MOTION PICTURES

D VATHERMY

TELEVISION

FREQUENCY MODULATION

AVIATION RADIO AND DIREC-
TION FINDING

GEOPHYSICAL EXPLORATION

SIGNALLING AND SYNCHRONIZ ING

POWER RECTIFICATION AND INVER=-
SION, ETC.

THE "ELECTRONIC TUBE" ---- HEART OF ALL RADIONIC EQUIPMENT

Figs. 10 and 11 will give you an idea of the shape and structural
features of some of the tubes that are used in the field of communi-
catlion and electronics, Besides these, there are many more; and you
will become intimately acquainted with all of them as you advance in
this course of training.

In the following tabulation, some of these tubes are listed by
namé, and a brief account 1s given of the different important jobs
that each of them will do. Some of the technical terms appearing in
thils tabulation may be strange to you at this time, but rest assured
that you will be using them yourself with a sense of pride and com-
plete familiarity before long.

NAMES AND APPLICATIONS OF ELECTRONIC
TUBES IN COMMUNICATION AND INDUSTRY

TUNGAR OR RECTIGON:

1. . Battery-charging installations.
2. Voltage rectifier for a-c generator sets.

KENOTRON:

1, Broadcast and television.

PLIOTRON:

1, Radio transmitters.
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Fig. 10
IN TUBES AS THESE ELECTRONS ARE RELEASED FROM
THEIR MATERIAL "PRISONS" AND PUT TO WORK.

2. Induction heating.
3. Diathermy.
Y, Industrial control applications.
MAGNETRON :
1. Magnetically - operated switch in electronioc

control circults.

ERA-I
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Fig. Il

Tuses oF MANY TYPES, S1ZES AND SHAPES ARE USty IN FIELDS
oF COMMUNICATION AND INDUSTRIAL ELECTRONICS

2.
GRID POOL

TUBE:

1,

=i

Generator of very high frequency oscillations.

High-voltage, high-current, controlled rectifier
for large power applications.

Rallway power supply.

Switching and commutation.

Current and power circuilt,
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GLOW TUBE:
1. Voltage regulator and stabilizer.
2. Visual indicator.
3. Light producer,
y, Circuit protector.
X-RAY TUBE:
1. Medical examinations.
2. Examination of industrial products.
3. Research,

CATHODE-RAY TUBE:

1. Television recelvers,
2. Visual indicator of electrical measurements.
3. Application to industrial measurements.
L, Brain wave studies,
STROBOTRON:
1. Control tube for photographic uses,
2. Source of intermittent light flashes,
3. "Slowing action" of moving mechanisms.
y, Stroboscopic measurements.,
PHOTOTUBE :
1. Measurement of light and color.
oF Picture transmission.
S Measurement and control of temperature.
L, Measurement and control of light.
OF Measurement of density, opacity and glare.
6. Industrial control, counting, weighing, etc.

MOSAIC SCREEN TUBE:

1. Television camera and pick up tube.
2. Transmisslon of plotures over wires or radio
circults.
PHANATRON :
1. Voltage limiting or breakdown devices.
2. Pulse generators.
3. Trigger devices,
L, Relaxation oscillators.
5. Visual indicators.
6. Rectifiers,
THYRATRON ¢
1. Voltage or phase-controlled rectifier.
2. DC to AC inverter,
3. Electronic welding.
Yy, Commutation and switching.
5. Motor speed control.
6. Electrical timing.

ERA-|
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PERMATRON :
1. Magnetically operated switch,
2. Control of large currents by external magne-
tic fleld.
IGNITRON ¢
1. Spot welding control.
2. Illumination control.
e Motor commutation.
y, Frequency transformer,
Bc High-current rectifier,
6. AC to DC inversion.

ELECTRON RAY TUBE:

1. Visual indicator of voltage, electrical balancg
or resonance.
2. Measurement of voltage, current or power.

The operation of all of these tubes, and also the operation of the
many different types of apparatus in which they are used, 1s completely
dependent upon the powers of the tiny ELECTRON --- the smallest particle
of any substance known to man. It is perfectly loglcal, therefore, that
we begin our instruction in radionics and electronics by introducing
you to the electron --- showing you how 1t may be liberated from its
materlial "prIson™ and put to work in electronic tubes and circults.

THE ELECTRON ---- A PARTICLE OF MATTER

The electron 1s found in all things that exist anyvhere 1in the
Universe. Sclentlsts would say that electrons are found in all matter,
the word matter being used by them to describe all things that have
welght and occupy space. Thus, a chair, coal, salt, and thousands
of other things are forms of matter.

Matter 1s considered to exist in three different forms or states:

1. Matter in the form of solids; such as iron, copper, wood
paper, rock, coal, etc.

2. Matter in the form of 1liquids; such as vater, blood,
gasoline, alcohol, sulphuric acid, etc.

3. Matter in the form of gases; such as air, helium, hy-
drogen, the fumes of evaporating gasoline, steam, etc,

While found in nature in one of the three states mentioned above,
we often convert matter in one form into another form. A simple ex-
ample of such conversion 1s where ve change 1ce (a solid) into water
(a liquid), and finally into steam(a gas), by the application of heat.
As another example --- iron 1s a solid at ordinary temperatures; but
vhen heated, 1t becomes a liquid.

THE WORLD OF THE MOLECULE AS SEEN THROUGH A MAGIC MICROSCOPE

Let us suppose that we have a microscope that will permit us to
look at the structure of all the different forms of matter and see
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just how they are made. We will further suppose that our microscope
can be adjusted so that 1t will magnify to any degree we wish. Of
course, a microscope of such great power has never been bullt, but it is
quite within the bounds of reason to expect that sclentists will some day
be able to see the things they have discovered and studied by indirect
and more complicated methods. On the table with this microscope, wve
have several forms of matter --- a plece of iron; an 1ce cube; and some
table salt.

Now, let us focus our microscope on the plece of iron, and adjust
it so that 1t 1s magnifying one million times. When we peer through
the microscope, we seem to be looking at a strange new world, Instead
of the solld structure, as we usually think of a plece of 1iron as being,
we see a cluster of thousands of small blobs, or chunks of matter, as
shown 1n Fig. 12. These chunks or blobs look very much like a pile
of coal would look to the
unalded eye --- with the ex-
ception that they are all
vibrating like so many mi-
croscopic "jitterbugs" stan-
ding on a dance floor. We 7
also notice that most of /%/
their activity 1s confined
to a 1imited area and that
they do not move about over
the "dance floor". Scien- Agé;
tists call these small and
actlive chunks of matter
molecules.

WHAT ARE MOLECULE3S? --- A //;éz

lron bar

molecule 1s the smallest
plece of any particular

.
\
Molecules Magnified section

materlal that 1t 1s pos- | of  iron

sible to have. 1In fact,

there are as many different

kinds of molecules as there Fig. 12

are different kinds of mat- How THE MoLECULES oF |RON WouLD Look IF
ter --- thousands of them. SEEN THROuUGH THE Magic MICROSCOPE

A tree, for instance, 1s

made up of molecules of cellulose and molecules of water. An auto-
mobile 1s made up of molecules of iron, steel, brass, glass, rubber,
copper, oll, and many others. Molecules are so small that billions
of them are contalned in one drop of ordinary water,

HOW THE ARRANGEMENT OF MOLECULES DIFFERS
IN SOLIDS, LIQUID3S AND GASES

You have learned that all matter exists in one of these three forms
(soli1d, 1iquid or gas); and that matter in one form can often be con-
verted into matter in another form by a change in temperature. Let
us see how thils 1s done.

By placing the 1ce cube, which 1s matter in the form of a solid,
in front of our microscope, ve observe that the molecules of ice are
packed rather closely together, somewhat as 1llustrated at (A) ir Fig.
13 --- and which 1s true of all solids.

While continulng to look at the 1ce cube, let us apply heat to 1it.
As the 1ce cube 1s heated, we see that the molecules vibrate much faster
than originally, and that the more heat we apply, the more active they

ERA-]
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<:> Ice cube

Molecules of ice

% \‘T\\\\I\ g:;s’i;il:rlo:ked

A

ZH

< 3
~ Magnified
section

Molecules of
water lose the
crystal structure
and are no lon-
ger interlocked.

Molecules of steam are
spaced farther apart
than are those of water

Fig. |
CHANGES IN MOLECULAR ARRANGEMENT

IN SoLiD, Liquip AND Gas

become. When the temper-
ature of the ice 1s raised
to 32 degrees Fahrenheit
(the freezing point of water),
the molecules suddenly jump
avay from each other., The
jltterbugs have started to
dance! That is,they no longer
remain In an interlocked clus-
ter, but arrange themselves
in a loose cluster, free to
move about somewhat as 11-
lustrated at (B) of Fig. 13.
When this occurs, the mole-
cules no longer form the
solid, ice, --- but rather
vater, which 1s a liquid.

As we 1increase the
temperature of the molecules
of water beyond 32 degrees
Fahrenhelt, we see that
they become even more active,
until individual molecules
begin to jump away from the
rest and fly off into the
surrounding atmosphere ---
thus forming steam, which
i1s a gas. (See Fig. 13-C).
Molecules forming steam,
or any other gas, are spaced
at comparatively great dis-
tances from each other.
This explains why matter
in the form of a gas may
be compressed, and why it
1s very light.

THE WORLD OF THE ATOM AS SEEN
THROUGH A MAGIC MICROSCOPE

Now let us increase the
magnification of our micro-
scope so that we can examine
a single molecule. Looking
closely at this small vi-
brating chunk of matter, we
see that 1t, too, is made
up of parts or sections. A
molecule of water, for ex-
ample, 1s seen to contain
three individual parts, two
of them being alike, and
one of them different from the
other two. A molecule of
table salt contains two
parts, each different from
the other. A molecule of
iron contains only one
part. These parts of the
molecule are called atoms.
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The atomic composition of molecules of water, salt, and iron, as they
would appear through our maglc mlcroscope, 1s shown in Fig, 14,

One molecule of water One molecule of fgbie
consists of 3 atoms salt consists of 2gtoms One molecule of iron
consists of | atom.

Fiag. 14
CoMPOSITION OF MoLECULES oF WATER, SALT, AND |RON

It 1s the number of atoms, and the kind of atoms in the molecule,
which determines the nature of the molecule itself. Thus, a molecule
of water differs from a molecule of iron, or from a molecule in any
other form of matter, only in the number and type of atoms of which
it 1s composed. Sclentists have found that while there are thousands
of different kinds of molecules, there are less than a hundred kinds
of atoms. (At the present time, about 95 different kinds are known. )

THE ELEMENTS: Certain substances --- such as lead, copper, oxygen, chlo-
rine, and sodium --- are found in nature, composed of only one kind of
atom. Thus a molecule of lead, copper, or sodium, would each be com-
posed of a single atom of that metal. These and other forms of matter
where molecules contain only one kind of atom are known as elements.

Substances such as sodium chloride (ordinary table salt), air, and
thousands of other things are made up of more than one kind of atom. A
molecule of sodium chloride, for instance, 1s composed of one atom
of sodium (a solid), and one atom of chlorine (a gas). This is shown
In Fig. 14-B. It 1s interesting to note that while both sodium and
chlorine are deadly poisons if taken into the human system alone, they
are quite harmless when combined to form molecules of sodium chloride
(table salt).

In Fig. 14-A,you are shown the structure of a molecule of water. You

ERA-1
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will note that it consists of 2 atoms of the element, hydrogen; and
one atom of the element,oxygen. Both of these are normally in the
form of a gas, but they combine at ordinary temperatures to form a
liquid. Thus, the form in which an element 1is found in nature 1is not
necessarily a true indication of the form and appearance it will have
when compounded with other atoms to form a molecule of matter.

STRUCTURE OF THE ATOM: All atoms are very small, So small, in fact,
that it 1is sometimes difficult for us to realize just what is meant
by "smallness" when speaking of atoms and molecules. When we tell you
that in a single glass of water there are more than a million, million,
million, million, molecules ~--- and that an atom is many times smaller
than a molecule --- you will get some idea of the slze of these little
"building blocks" of all matter.

It might be thought that sclentists could not go any further in
their investigations of the composition of matter, and would have to
be content with the knowledge that all things are made up of molecules;
and that molecules, in turn, are made up of atoms. Fortunately, however,
such 1s not the case. For many years, workers in this field have recog-
nized that the atom itself 1s made up of smaller parts or particles,
just as the molecule is made up of atoms.

Only in the past few years has the composition of the atom been known
with reasonable certalnty. Today, it is believed that each atom is com-
posed of at least two other different types of particles; one of these
being that wonder-worker in which you are particularly interested ---
THE ELECTRON.

THE WORLD OF THE ELECTRON AS SEEN
THROUGH A MAGICT MICROSCOPE

‘Now, let us adjust our wondrous microscope until it is magnifying
several million times more than it was when we examined the molecule.
Looking at the atom, we see that it 1s not a solid particle, as scilentists
once thought, but really consists of many smaller particles; and we ob-
serve that most of these smaller particles are in continuous motion.

There 1s a central group of particles called the nucleus of the atom,
around which the other particles are moving rapfdly --- much like a
swarm of flies would buzz around a piece of sugar. A dlagrammatic pic-
ture of one atom, as 1t would probably appear if magnified many millions
of times, is presented in Fig. 15,

The small particles which are in such rapid motion are the electrons,

which are negative particles of electricity. The central portion,
or nucleus, around which the electrons are whirling, is made up of
positive particles called protons.

Again, looking through our microscope at the atom, we see that the
center of the atom contalns one or more surplus protons, and 1s there-
fore positively charged. The outer electrons fly in orbits about this
poslitive nucleus. This 1is true of all atoms, An atom of iron would
be seen to consist of orbital electrons and a central nucleus, just as
would an atom of lead, or any other type of atom. But, there would
be one important difference. Each type of atom contains an amount of
electrons and protons that is different from any other type of atom.

WHY THERE ARE DIFFERENT KINDS OF ATOMS: The number of electrons and
protons Iin an atom 1s what makes an atom of iron different from an
atom of lead; or an atom of hydrogen different from an atom of helium.
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Hydrogen 1s a very light, and highly
inflammable gas, which 1s sometimes
used to inflate dirigible balloons.
Helium also 1s a very light gas, but 1t Nucleus
will not burn at all, so it 1s a much
safer gas for use in dirigible balloons
than 1s hydrogen. The only difference
between an atom of hydrogen and an atom
of hellum 1s that the hydrogen atom con-
tains only one unpaired proton in 1its
central nucleus around which only one
electron 1s revolving; while an atom of
helium has two extra protons in 1its
nucleus with two electrons rotating a-
round i1t. This 1s 1llustrated in Fig.

16. Electrons

Atoms of some elements will have
as high as 92 protons in their nucleus,
with 92 electrons spinning around the Fig. 15
outside of the nucleus. THE AToMm CONSISTS OF ELECTRONS

RoTaTING AROUND A NuUCLEUS

HOW ELECTRONS AFFECT OTHER ELECTRONS:

Suppose 1t were possiIble for us to take two electrons and place them
in an enclosure such as a microscope prize ring, and study their ac-
tions with our magic microscope. Let's see then, what would happen

This situation 1s 1llustrated at (A) and (B) of Fig. 17, where
we observe that the instant the electrons are placed in the center
of the ring, and released, they will run awvay from each other and place
as much distance between them as 1s possible; eventually winding up
at opposite corners of the ring as shown in Fig. 17-B,

If four electrons were released in the center of the ring, as in
Fig. 18, they would immediately dash to the corners --- each of them
striving to get as far away from the others, as possible. The release
of any number of electrons in the ring would see them all dashing madly
awvay from each other. Thus, we can say that electrons re other
electrons; or that there is a force exlisting between all electrons
which causes them to move away from each other,

HOW PROTONS AFFECT ELECTRONS:
I electron rotating in 2 electrons rotating in Now, let us suppose that we
orbit around nucleus crbits around nucleus have placed a proton in the
center of our ring. An
electron released anywhere
in the ring, such as shown

/7 N, in Fig. 19°A, will imme-
y \ diately rush toward the
proton in the center. When
* the electron gets close
\ / to the proton, 1t will
N 7 start v%}rling arornd the
e /Sw,p'us proton in a circular mo-
: tion as at (B) of Fig. 19.

roton in rpl ro-
R lons” tzo"’n"s.":\:ch’e:s This action would be very

much like that of a box-
HYDROGEN ATOM HELIUM ATOM er rapidly circling a-
- round another boxer who

1s standing in one spot,
Fic. 16 in the center of the ring.

CoMPARISON BETWEEN HYDROGEN AND HELIUM ATONMS The circular path that

ERA-|
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®

Two electrons released
in center of sub-micros-
copic prize ring.

Electrons move away
from each other at
terrific speed.

Four electrons,if brought
together,rapidly move
away from each other.

Fiec. 17
How ELECTRONS REPEL OTHER ELECTRONS

1

@

One electron releasedin  Electron whirls around
ring with proton rushes to- protonin circular path.

ward proton.
4 /
> / . ¥
i\b : ! ;
4
\
L3

Proton placed in Proton remains
center of ringdoes stationary in center
not move. of rinq_

Fie. 19

How ProToNSs ArFeEcT ELECTRONS

wve can-state that:

Fig. 18
RePuLS1ON BETWEEN ELECTRONS

is formed by the electron
as 1t rotates around the
nucleus 1s called the or-
bit of the electron.

In Fig. 20, you are
shown what would happen 1if
twvo electrons were in the
ring with two protons. The
two protons would cling
together in the center
of the ring, forming the
nucleus around vwhich the
electrons would contin-
ually circle., If the two
protons were to be removed
from the ring, the electrons
would immediately rush to
opposite corners as they
did in Fig. 17-B

. Thus, you have seen
that while one electron
will be repelled by another
electron, all electrons
will be attracted by one
or more protons., Simply,

ELECTRONS REPEL EACH OTHER; PROTONS ATTRACT ELECTRONS.

You willl note that 1t is the electron which does most of the moving

about.

The protons are bound within the nucleus, and capable of very

little motion; but the orbital electrons are active, and capable of
moving anywhere that forces of attraction or repulsion guide them.

In practical electrical work the above principles are simply stated:

LIKE CHARGES REPEL
UNLIKE CHARGES ATTRACT
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A SIMPLE EXPERIMENT THAT YOU CAN
PERFORM WITH ELECTRONS

By means of a few articles that are to
be found in the home, it is possible for
_you to perform the following experiment that
will demonstrate the force of attraction
between electrons and protons.

Tear some dry paper into small bits.
Then rub an ordinary, hard rubber or plas-
tic comb vigorously with a plece of dry
flannel or other wool cloth. Upon bringirg
the comb close to the bits of paper, you will
find that the paper will cling to the comb.

It is interesting to note that this ex-
periment is comparable to that made by Thales
back in 600 B. C., your comb serving the same
purpose as the amber used by him.

WHY THE PAPER I3 ATTRACTED TO THE COMB:
When you rub the comb with the wool cloth,
(Fig. 21-A), the friction dislodges some of
the orbital electrons contained within the
atoms on the surface of the cloth, and these
electrons collect on the comb. This leaves

Two electrons released inring
with two protons rush toward
protons and whir) around pro-
tons in circulor path.

The two' protons will
remain stationary with-

in the nucleus around
which electrons revolve.

Fia. 20
How Two ELECTRONS AND Two
ProToNs BEHAVE TOGE THER

the comb with an excess of electrons, or with more electrons than there
are positive particles, (Fig. 21-B3. We then say that the comb has a
negative charge. Incidentally,when electrons were removed from the
cloth, a surplus of protons remained and the cloth had therefore acquired

a positive charge.

Rubbing comb with Excess electrons
woolen cloth deposits attract positively
excess electrons on charged paper.
comb.

Fie. 2l

GiviING THE CoMB A NEGATIVE ELECTRICAL CHARGE

ERA-I
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The blts of paper each contain their normal number of electrons and
protons, but as the comb temporarily contains an excess of electrons,

the comb 1s strongly negative, and the paper 1s positive with respect to
the comb. Thus, the strong attraction between the posItive particles

of the paper and the excess electrons on the comb tends to draw the
comb and the paper together, as 1llustrated in Fig. 21-C. As the paper
1s very light, the forces of attraction will be strong enough to make
it cling to the comb.

STATIC ELECTRICITY

Remembering that electrons are actually particles of negative
electricity, you can understand that when we have collected an excess
of electrons on any substance -~- such as the comb --- we have really
deposited electricity on the comb, and the comb is sald to be charged
with electricity, or electrified. The charge of electrons on the elec-
trIfTed comb Is usually called a "charge of static electricity" --- the
vord "static" meaning without motIon. WThus, when anything 1s charged
with electrical particles (free electrons), it is said to have a charge
of static electricity.

AN EXPERIMENT WITH STATIC ELECTRICITY

Here 1s another experiment that you can perform, and which will
teach you a great deal about the behavior of electrons and electric
charges:

Suspend a plece of popcorn, or a kernel of one of the "shot-from-
the-gun" breakfast foods, such as Puffed Wheat, by a dry thread. A
simple way to do this is shown in Fig. 22, where the other end of the
thread 1s fastened to a pencil which 1s supported by a few books.

GIVING THE KERNEL A NEGATIVE
CHARGE: We will rirst glve

1 a negative charge.
To do this, collect some
free electrons on a comb
by rubbing it with a wool
¢loth, such as was done
in the experiment with
the paper particles, and
again demonstrated in Fig.
23-A. Now, let us bring
the camb close to the kermel,
as in Fig. 23-B, and we see
the kernel swing toward the
comb and ¢ling to it for
an instant. This 1s caused
by the attraction of the
excess electrons on the
comb, upon the kernel
vhich 1s positive with

Fie. 22 respect to the comb.

SiMPLE WAY OF SusPENDING KERNEL

As the kernel c¢lings
to the comb, electrons will rush from the comb to the kernel, and the
kernel will thus acquire a negative charge which 1s equal to that of
the comb. As two like charges will always repel each other, the kernel
will sving quickly away and it will be almost impossible to again touch
it with the comb ([Fig. 23-C).

GIVING THE KERNEL A POSITIVE CHARGE: Now, without touching the nega-
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tively-charged kernel, let us take a plece of glass, such as a glass
towel rod, or even a drinking glass, and rub it vigorously with a plece
of silk cloth, or an ordinary pocket handkerchief (Fig. 23-D). By
rubbing the glass with the silk, we will remove some of the electrons
from the glass; thus charging the glass positive,

/.

T
®

A

[

P

\\l_/l/
Comb charged neqatively Kernel clings to negatively Kernel is repelled by comb
by rubbing it with woolen- charged comb while electrons Qs soon as neqalive charqge
cloth, rush fokernel on kerne! equals neqative
When held near neutral Then charge oncomb

kernel ———— o

N ~S

P 'y

i r ) ‘;5 - Glass towel

g i "/’ rod "

§ Lper T

"2 7

Silk cloth
Rubbing glass fowel rod with Negative kernel clings fo Kernel is repelied by glass
silk gives glass a positive positively charged gloss as so0n as positive charge
charge. :hlk elledrom rush from on kernel equals positive

ernel to glass charge |
When held near negative Then —— — 9500 9033
kerne) —m
Fia. 23

SiMPLE FHOME EXPERIMENT WITH ELECTRICAL CHARGES

With the kernel negative, and the glass rod positive, we now find
that 1f we bring the rod clcse to the kernel, it will cling to the
glass rod as in Fig. 23-E. While clinging to the positive glass rod
for a brief instant, the free electrons on the kernel will move to
the glass rod. This will leave both rod and kernel with like charges,
so the electrons on the rod will repel the electrons on the kermel,
(Fig. 23-F). This charging and discharging of the kernel may be repeated,
although the comb will probably have to be recharged before it will
again electrify the karnel.

OTHER MANIFESTATIONS OF STATIC ELECTRICITY

You have probably seen or heard of persons walking across a carpet
on a cold winter day, and then having a small spark jump from their hand
to a metallic object tkat they might touch. In this case, the friction
of the shoes on the carpet has caused a quantity of free electrons to
be scraped off and collected on that persont's body. Then, when the
metallic object is touched, this static charge of free electrons will
rush from the body to the object in such a large quantity that they are
visible as a spark. This happens only on a cold day, because it is
necessary that the surrounding air be dry; otherwise, moisture in the
alr would carry off the charge as fast as it could accumulate.

ERA-I|
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LIGHTNING CAUSED BY STATIC ELECTRICITY: You are no doubt already some-
vhat famillar with Benjamin Franklin's experiment with lightning and
his famous kite, in 1752. Franklin sent a kite up into a cloud during
a thunder storm and fastened a door-key to the string. When he held
a knuckle of his hand near the key, a spark was observed --- thus prov-
ing that lightning 1is an electrical phenomena. Let us now apply what
you have learned about electrons and see why this 1s so.

When wind, or other air currents, pass close to, or through a
cloud, they carry off a large number of the electrons which are nor-
mally in that cloud, (See Fig. 24-A). Then, when this cloud comes
close to another cloud, or close to the earth, electrons jump to the
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ELECTRONS AND LIGHTNING

positively-charged cloud in great numbers, (Fig. 24-B). This passage
1s visible as a flash of lightning, and audfble as thunder, (Fig. 24-C]J.
Possible results of this mass movement of tiny electrons is i1llustrated

in Fig. 24-D; and demonstrates what tremendous power can be developed
by thelr united action.

CURRENT ELECTRICITY OR DYNAMIC ELECTRICITY

You have Just learned of electricity in the form of static charges
of electrons. Now, although electrostatic charges are used in heat
treatment of plastics, in smoke precipitation, and in other vays, no
one attempts to use these static charges to run electrical machinery, or
to furnish light and heat for our homes. We use a current of electricity
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for that purpose. A current of electricity 1s a stream of moving elec-
trons,

To fully explalin the meaning of a current of electricity, let us
go back to our experiment with the comb and the kernel of breakfast
food, (Fig. 23). Here, the free electrons, which were placed on the
comb by means of friction, formed a charge of statlic electricity. How-
ever, whlle the slectrons on the comb were moving to the kernel, they
were no longer statlc or motlonless; rather, they were in motion. When-
ever electrons thus move from one poilnt to another, we have what 1s
known as dynamlc electriclty, or what we more commonly call an electric
current,

Lightning, for instance, while 1t 1s caused by the accumulation
of & static charge in a cloud, becomes dynamic or current electricity
during the time that the stream of electrons passes between the cloud
and the ground.

Whenever electrons move, as just explalned, they produce some
reaction; this reacticn may be noticeable in the form of heat, light,
nolse, chemical changes, or the production of a magnetic field.

HOW ELECTRONS ARE CAUSED TO MOVE

While a discharge of statlic electriclity 1s one way of causing elec-
trons to move, that method 1s seldom used outside of the laboratory.
Today, we generally set electrons in motion by means of chemical action
occurring in an electric battery; or by means of electromagnetic forces
produced in an electric generator. Electrons may also be set in motion
by means of heat, as 1s done in the case of the electronic tube.

Negative pole

Positive pole

P Chemical
action inside
of battery
causes posi-
tive pole to
contain fewer
electrons thon
protons.

Chemical
action inside
battery cau-
ses neqgative
pole to contain
excess electrons

File. 25

STORAGE BATTERY

ERA-I
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In Flg. 25, you are shown an electric battery. The chemical action
inside this battery 1s such that one of the poles of the battery always
contains ap excess of free electrons; while the other pole (terminal)
contalns very few free electrons. Thus, one pole of the battery &called
the negative poleg 1s always charged negative; and the other pole (called

the positive pole) is alwmys charged positive.

Copper atoms,
each containing
29orbital

electrons

In Fig. 26, *s shown
a plece of copper wire as
1t might appear if viewed
with the maglic microscope
used previously in this
lesson. You will note
that the copper wire 1s
made up of millions of
atoms, each of which con-
tain a positive nucleus
surrounded by electrons
wvhich are moving in their
orbital paths around the
nucleus., Therefore, we
, y may say that the wire 1is

S Py SO 0 e e conductor "f11led" with electrons.
magnified 2
many millions
of times.

In Pig. 27, the wire

has been connected to the
Fic. 26 poles of the battery.

CONDITION OF ELECTRONS IN CONDUC TOR Fig. 28, shows a great-
WHEN NO CURRENT FLOWS ly enlarged view of the

- action which takes place
in the wire. Here, you
will observe that at the
Instant the wire 1s con-
nected to the poles ot
the battery, the posi-
Copper wire con- tlve pole attracts some
nected between of the electrons from the
battery terminals nearest copper atoms. At
the same time, the free
electrons on the negative
pole attempt to crowd in-
to the end of the wire
which 1s connected to
that pole,and join the
electron groups 1in the
atoms of the wire. The
final and instantaneous
result 1s shown in Fig.
28,vhere you see a steady
stream of electrons drift
Fie. 27 ing throughout the length

PROVIDING A PATH FOR CURRENT FLoOW of the copper wire. Thus,
electrons are constantly

entering the wire at the negative pole of the battery; flowing through

the wire; and emerging from the end of the wire at the positive pole
of the battery.

It 1s thils movement of electrons which produces heat, light, and
power. It is to be noted that the electrons themselves are not consumed,
used up, nor changed in any way --- they only move.

DIRECTION OF CURRENT FLOW: Scilentists are now in agreement that 1t is
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the negative particles of electricity (the electrons) which move
when we have an electric current; and that these negative particles
alwvays leave the negative pole of a battery or generator and move toward
the positive pole. Howevar,
this was not always realized, .
and so before adequate re- Copper wire
search 1n electronics had
taken place, 1t was be-
lieved that an electric
current flowed from the
positive pole of a battery to-
ward the negptive pole. Work-
ers in the flelds of radionics
and electronics base all of
thelr circult analyses on
the modern theory of negative
to positive movement, so don't
pemit yourself to become eon-

Electrons drift
through wire in
steady stream

fused by the "positive to nega Elecfrgs crowd Electrons leave
tive theory of current flow into wire at- nega- wire at positive

vhich 1s st11l used by some | tive pole. pole.
old-timers in the fileld of ;
industrial electricity.

THE GENERATION OF Fie., 28
ELECTRICITY ELECTRON DRIFT THROUGH CONDUC TOR

You often hear the expression, "to generate electricity,”" or "an
electrical generator." S8trictly speaking, it 1s incorrect to say that
we can generate electriclty. Electricity in the form of electrons and
protons 1s found in all things that exlst; therefore, it can not be
generated or made. It can only be set in motion by a battery or a
generator. Thus, you see that we do not actually generate electricity,
nor does an electrlc generator manufacture electricity --- it merely
causes a movement of electrons to take place,

CONDUCTORS AND INSULATORS: Materials which offer only slight opposition
to the drift of electrons .through their atomic structure are considered
to be conductors of electricity. Materials which offer great opposition
to the drift of electrons through their atomic structure are called
non-conductors, or insulators. In general, metals are considered to
be conductors; and non-metallic objects are considered to be poor con-
ductors, or insulators.

FREE ELECTRONS IN SPACE

You have been taken on a trip through the once unknown world of
the electron. You have seen how the electron behaves; and how the
electron in 1ts sub-microscopic world makes our own world a better
place in which to llve. 8o far, we have only considered the behavior
of the electron 1n solids, 1liquids, or gases. Now, we cqme to the
most valuable part of our study --- namely, that part which 1s generally
considered to be ELECTRONICS, and which has to do with the acticn and
behavior of electrons when they are removed from all matter, and are
free in space. This happens in the electronic tube. This 1s electronics,

Have you ever watched the antics of some rare troplical fish in a
glass bowl? The movements and gyrations of the little creatures pro-
vides an interesting show. An even more interesting spectacle would
be avallable to us 1f we could see the millions and millions of elec-
trons in one of these "electronic" fish bowls, the electronic tube.

ERA-]
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With the aild of the mythical super-super-powvered microscope that was
spoken of earlier in this lesson, we can explain some of the things that
scientists have found out about the free electron in space.

First let us focus our microscope on a plece of metal ~--- any hard
metal will do. With several millions of magnifications, we would see the
normal movement of electrons as they swing ceaslessly in thelr orbital
path around their nuclei (Fig. 29-4).

Now, let us apply heat to

the plece of metal which we are
® studying. As the metal is

heated, we see the movement
of the electrons become
ever more rapid and violent.
In fact, this movement of the
electrons in the heated me-
tal becomes so violent that
wvhen a "red-hot" condition
1s reached, many of the elec-
trons are set free and fly off
the metal into the surrounding
air as illustrated at (B) of

Electron arrangement | Electrons leaving red Fig. 29. Since there is no
in metal bar at norma! | hot metal and returning pla.t;e for the free electrons
temperatures. to bar to go, they must of necessity
return to the hot metal which

they have just left. Thus,

around any heated substance,

Fie. 29 there 1s a constant swarm of

THERMIONIC EMISSION FROM HEATED METAL electrons; very much like a

swvarm of gnats. When elec-
trons are thus leaving a heated substance, the substance 1s sald to be

emitting electrons, and the process of emitting electrons by the actlon
of heat 1s known as thermionic emission.

THERMIONIC EMISSION IN A VACUUM

Let us now suppose that our plece of heated metal, which we are
scrutinizing with our microscope of magical powers, has been placed within
a glass enclosure from which all air has been removed. This 1s shown
in Fig. 30.

We continue to heat the metal by means of a small electric heater
vhich 1s placed directly under 1t; much as a skillet 1s heated on an
electric stove. Looking at the metal, we see that many more electrons
are now svirling about in the vacuum with which it 1s surrounded. As
no air is present in the glass enclosure, very little oppositlon 1s
being offered to the electrons emitted from the heated metal, and so they
are found in all of the space adjacent to the cathode. We call this
heated, electron-emitting metal the cathode.

Now, let us place a small metal plate in our electronic "fish bowl,"
a short distance from the cathode. By comparison with the cathode,
this plate is cool. Our next step 1s to connect the positive terminal
of a battery to the plate (which we now call the anode), and the negative
terminal to the cathode ~-- as shown in Fig. 31. This connection of the
battery will cause the plate to be charged positively and thereby exert
a force of attraction upon the negative electrons that have been emitted
by the cathode.

Studying the action of the electrons, we see that many of them which
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leave the hot cathode at-
tempt to join the "elec-
tron family groups" of =he
atoms 1in the plate. 1In
fact, so hard do they try
to do this that they are
constantly striking the
plate with great force.
This 1s also shown in Filg.
31.

Many of the emit<ed
electrons joln the atoms
of the plate; other elec-
trons leave the plate through
the connectlng wire, and
flow through the batte“y,
toward the cathode, where
they are re-emitted. Thus,
there 1s now a continuous
drift of electrons through
the conductor outside of
the glass enclosure, as
1llustrated 1in Fig. 31
wvhere you are shown an en-
larged sectional view of
the connecting wire,

THE ELECTRONIC TUBE

You have probably guessed by this time,
with 1ts cathode and anode,

enclosure,

jikgs bulb

Swarm of
electrons
leaving hea-
ted metal

Heated metal
(cathode)emits
electrons

Electric heating
element

4

To source of electric power

Fie. 30

CATHODE EMITTING ELECTRONS IN A VACUUM

that the evacuated glass
is in reality a simple form of
electronic vacuum tube

Positively =
charged™
plate

o+
a%%

\\\\* []

Electrons
emitted by
hot cofhod

Cathode

Electric hea-
ting element o

--- and so 1t 1s, The va-
cuum tube 1s the very heart
of the world of electroniecs.
It 1s the place where the
electron 1s set free in
= space, and travels through
a vacuum between two elec-
trodes (cathode and anode)
instead of through some
form of matter.

) Electron drift
through wire

By placing additional

electrical equipment in the
path of the electrons as
they drift through the con-
ductor outside of the tube,

J

H| we may use this stream of
M| electrons to operate an-
plifiers, television re-
ceivers, welding control
:b devices, electric door
- O openers, loudspeakers,

To source of
electric power

electro- therapy apparatus,
and hundreds of other types
of electronic equipment.

Fig. 3

Post TIVELY-CHARGED PLATE ATTRACTS ELEC TRONS

ERA-I

By placing addition-
al electrodes within the
glass enclosure, we can
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achleve perfect control over the stream of electrons between the cath-
ode and plate. Through the use of tubes 1in varlous slzes; as well as
with varying combinatlions of electrodes, modern sclence has made elec-
tronics the miracle worker of our time. And, because of the action of
the electron as 1t moves through space, as well as when 1t moves through
matter employed in various parts of electrical or electronic equip-

ment, electronics 1s now being applied to thousands of uses which makRe
our world a better place 1in which to 1live.

*

From the study of this filrst lesson, you have in a few hours learned
many things about the electron which 1t required early experimenters
and scientlsts years to learn. Yet, in spite of the knowledge you
acquired in such a short time, you have found the study of this lesson
to be comparatively simple.

The lessons that follow are just as interesting and easy to under-
stand as this one. This is made possible by the fact that all subjects
are covered in the best learning order so that you progress systema-
tically from lesson to lesson in simple, logical steps.

Now that you are famillar with the electron, 1tself, you are ready
to learn how electrons are put to use in order to accomplish useful

work, The next lesson will show you how thls 1s done 1n basic elec-
trical circuits.
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LESSON NO. 2

DIRECT - CURRENT ELECTRICITY

Radio 1s a highly speclalized field, based on the fundamental prin-
ciples of electricity. Therefore, before we enter into a discussion of
the construction and operation of radio equipment, it is of great impor-
tance that you first become familiar with the bgsic electrical terms
and principles which it will be necessary for you to apply in your study
of Radio, Television and Electronics.

Weo realize fully that you are very anxious to get right into the heart
of your radio and electronic studies as soon as possible. With this thought
in mind, we have prepared this preliminary instruction on basic electrical
principles in such a manner that you can cover this work quickly; and
yet, at the same time, be sure that you have acquired a sufficient know-
ledge of these important subjects so that you will be able to master
with ease the many types of radio and electronic circuits that are ex-
plained in succeeding lessons.

DYNAMIC ELECTRICITY
Terminals
In the first lesson of this course you learned "

df the discovery of electricity by the ancients;
and how they experimented with it by rubbing amber
with a woolen cloth. You also learned how Benjamin
Franklin, much later, succeeded in extracting static
electricity from lightning by means of a kite. And,
you were shown how you, yourself, could perform simple
experiments in order to become better acquainted with
the methods for producing static electricity;and at
the same time study its behavior under different con-
ditions.

Now, the word "static" pertains to something
that is at rest, or motionless. Therefore, vhen
we speak of static electricity we mean electricity
that i1s not in motlon, or electricity at rest. Static
electricIty, as such, is of no use to us in the trans- Fig. |
mission of energy, but electricityin motion is useful. Dry CELL

ERA-2
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We sometimes call electriclty that
1is moving dynamic electricity; but more
often, current electricity. Dynamic, or

Switch—-o current electricity,1s the power or

2 energy that we use for so many thousands

of applicatlions in everyday 1life; to

— = L =) run motors, light lamps, work our tele-
1 | phanes, operate electronic and radilonic

devices, etc.

In this lesson, therefore, you are
going to study current electricity,and
circuits that enable us to put this
form of energy to useful work.

HOW ELECTRICITY MAY BE SET IN MOTION

= Electriclty may be set in motion

Dry cell in any one of several different ways.

For example, when a wire 1s moved across

a magnetlc fleld, or a magnetic fileld

FIG. 2 1s swept across a wire or coill, elec-

SiMPLE ELECTRIC CIRCUIT trical forces are set up which cause a

current to flow. Generators, which

operate on thls principle, are used in power houses and on ships where
rather large amounts of currents are desired.

Another method 1s through the use of a chemical reaction as occurs
in the well-known dry cell and the storage battery. This 1s the simplest
source of current electricity, and is widely used in applications where
but a small amount of power 1s required. A dry cell is shown in Fig. 1.

THE ELECTRIC CURRENT

The dry cell in Fig. 1 produces by chemical means the "electro-mo-
tive force" or electrical pressure which sets electricity, or electrons,
in motion. However, in order for this cell to set electricity in motion,
we must first have a circult through which current can flow. And, if
we wish to have the electrical energy supplied by the cell do useful work,
we must provide an appropriate electrical apparatus or "load" in the
circuilt; and so arrange the circult that the current will flow through
this apparatus.

In Filg. 2,we have such a circult and load ga lamp in this case).
Copper wire 1s used as the means of connection path) between the dry
cell and lamp, over which the current can travel. Copper wire 1s em-
ployed for thls purpose because 1t conducts a flow of electric current
readlly.

Notice, also, that a switch 1s included in this circult. When the
swltch 1s in the open position, as here shown, no current will flow through
the circult.

In Fig. 3, the switch has been closed. Therefore, the circult is
now complete and current will flow through 1it,with electrons traveling
in the directlion of the arrows, which you will observe to be from the
negative (-) cell terminal toward the positive (+) cell terminal; and,
since thils current flows through the circult continuously in one direc-
tion only, when the switch 1s closed, we logically call it a direct
current.
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HEATING EFFECT IN A CIRCUIT
Switch.-- ¢
When current flows through the )

filament of the lamp in ¥ ig. 3, part ————
of the electrical energy 1s conver- ] f==ﬁ3

ted (changed) into thermal energy, = i
or heat. If sufficient current
passes through the lamp fillament, the
latter will become so hot that 1t
will appear red or white-hot to the
eye. We then have 1light.

I =
In the case of the zircult just I

described, heating of the lamp filament ‘ [
i1s desirable,and necessary,in order [ 11
to produce light. However, 1in many ‘
other types of circuits heat 1s not Dry “cell
desirable, and speclal means must
then be provided to prevent the wires
and other parts of the clrcuit from Fia. 3
becoming heated beyand a safe opera- CLosING SwiTtcH ComMPLETES CIRCUIT
ting temperature. In our lamp circult,
the heating effect has been ccncentrated at the lamp filament to the
extent that 1t has become visible to the eye. However, 1t 1s also true
that the conductors used to connect the lamp to the dry cell will ex-
perience a slight increase in temperature due to the flow of electricity
through them.

We repeat, electricity in motlon always produces & certain amount
of heat.

MAGNETIC EFFECT IN A CIRCUIT

~In Fig. 4,1s shown a pocket compass. We know that one end of the
compass needle always attempts to point to the magnetic North pole of the
earth because of the magnetic attraction exerted upon
i1t. We also know that the compass needle will always
line 1itself up in a North-and-South direction 1if 1t
1s free to turn on 1ts bearing, and 1if there are no
objects in the inmedlate vicinity of the campass which
will provide greater attraction for the needle than
will the earth's magnetic poles.

A plece of iron or steel, or a small magnet, held
close to the compass will attract the needle of the
compass even more than will the earth's magnetic
poles; and one end of the needle will then attempt
to polnt to the plece of iron, or to the magnet,
rather than to one of the earth's magnetic poles.
It should be noted, however, that among the metals, only
iron or steel will affect the compass needle in this
way; SO we can place the compass qulte close to a

Fia. U coprer wire conductor without causing the needle to
PockeT CoMPASS be deflected from its normal North-and-South position.

Now, let us place the compass beneath one of the conductors of our
simple electric circuit, as is being demonstrated in Fig. 5. Here, the
switch 1s open, no current is flowing through the circult, the lamp
does not light, and the compass needle points in its normal North-and-
South direction. 1In other words, the compass 1s not affected by the
¢ircult when no current is flowing through it.
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If the switch is now closed,

Swikch as in Fig. 6,the lamp will glow,
eh — indicating that electricity 1is
- flowing through the circuit.

Furthermore, when current is
flowing in the circuit, the com-
pass needle will be deflected
from its normal position and
will now, instead of pointing

mpass parallel to the conductor as in
o 5 4 Fig. 5, take a position at an
angle to the conductor. Or, we
could say that the compass needle

R4 now points "across" the conductor
o (see Fig. 6). If we open the
switch, the needle of the compass
\ will swing back to its original

Dry cell ‘L position, indicating North and
TR South.

Therefore, if the compass

Fi1e. 5 needle 1s not affected by the

No MacNeTic EFFect WHEN CiRcUIT 18 OPEN copper wire itself, but only when

electricity is flowing through
it, isn't 1t logical to assume that the electricity in the wire produced
the force which influenced the needle of the compass in this way? Such
i1s exactly what happened.

Whenever electricity moves in a metallic circuit, part of the elec-

trical energy is converted into magnetism, as demonstrated by the deflec-
tion of the compass needle.

REMEMBER THIS!

The important principles brought out in our discussion up to this
point are:

1. When an electromotive force or an electrical pressure is applied
to a complete circuilt, a current of electricity will flow.

2. This flow of current tends to heat the circuit.

3. This flow of current
tends to set up a magnetic
fleld about the circuit which Switch ---, Com
will deflect a compass needle. b -F:) pass_

Dry cell
Another way of stating ;
this 1s to say: f

l. You cannot have a K
current of electricity unless A
an electromotive force or
pressure, such as 1s produced
by a generator, battery or

Imilar device, is present to
cause that flow.

2. You cannot have a flow
of electricity without producing
heat.

3. You cannot have a
flow of electricity without pro- Fia. 6
ducing magnetism. MagNeT1IC EFFECT WHEN CURRENT FLows
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PRACTICAL APPLICATIONS OF THESE PRINCIPLES

It is true that we can often arrange our circuits so that one of these
effects can be accentuated, or be made greater than the other; but we can
never, even if we should desire to do so, absolutely prevent the produc-
tion of magnetism or heat in an electrical circuit. For instance, in
an electric toaster, our chief desire is that the electricity in the cir-
cult be converted into heat because we have no use fcr the magnetism that
is produced. Nevertheless, magnetism is present around the heating colls
of the toaster as well as around the conducting wires leading to the
toaster.

In a motor, we want the current that flows through the winding of
the motor to produce as much magnetism as possible; heat being very un-
desirable. But even though motors are designed so that magnetism 1s
present in greater quantities than is heat, we know that if we place
our hand on a motor which has been in operation for several minutes 1t
will be very warm to the touch. This shows that the motor 1s belng heated
by the electricity flowlng through it.

In electronic devices we constantly utilize the magnetlsm and heat
produced by the flow of electricity through such circuits. Therefore, 1it
is essential that you become acquainted with these principles at the very
beginning of this course.

INCREASING THE ELECTRICAL

PRESSURE Greater deflection of compass

needle -~
Now let us revise our N

circuit so that it taxes i \
the form illustrated in Fig. —
7. A glance at this drawing, |
and we readlly see that fun- /
damentally, the arrangement =11+ ’
1s the same as that of Fig. 6 . | ! AFN
~- with the exception that we

now have two dry cells con- ‘ Z

- -

nected to our conducting
wires. You should also note
that the positive (+) ter- L ;
minal of ane cell is connected

to the negative (-) terminal ] /

of the second cell. : .

More iniense light

When two or more cells
are camected in this manner,

they are sald to be comnected Fie. 7
in serles; and the cambination EFFecT OF INCREASE IN ELECTROMOTIVE FORCE

of cells 1s called a battery

of cells, or simple a "battery." (Note: 1t is never correct to call just
one cell a "battery." A battery must always consist of two or more cells;
otherwise,it i1s not a battery in the proper sense of the word. )

Let us see just what will happen in the circuilt of Fig. 7, now that
vwe have two cells connected in series. First, we have doubled the amount
of electrical pressure applied to our circuit. This being true, and with
no other changes having been made in our circuit, twlce as much electric
current will flow in the circuit as was the case when we used only one
cell. Second, if twice as much current 1s now moving through our circult,
a greater amount of heat will be produced in the circuit. The latter will
be readily apparent in a circuit containing a lamp, as the lamp will then
glow with increased brilllancy.
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Also -- and this 1s very important -- the needle of the compass will
now move farther from its normal North-South position, and will be point-
ing more nearly in an East-West direction; or, the needle will take
an approximate right-angle position with respect to the wire conductor,as
shown in Fig. 7. Thus, we see that the magnetism produced by the current
flow through the wire has also been increased by the addition of the
second cell because of the greater current flow.

If we were to continue adding more series-connected cells to our
battery, we would eventually increase the current to a value which
would cause the fllament of the lamp to become so hot that it would
melt or "burn out” due to the high temperature at which it would then
be operating. If this should happen, the circuit would be "open" and
current could no longer flow. The compass needle would then return
to 1ts former North-South position, because magnetism would no longer
be generated around the conductor.

For the present, we

Voltmeter are mainly concerned with
b Am meter the fact that these things
I happen ina circult through

o\ @ e\ 0 vhich a current 1is flowing.

In later lessons,you will
learn why they happen

| THE AMPERE, UNIT OF ELEC-
LQTP TRICAL CURRENT

Wi/ Obviously, it would
Switch - Z be of great value to have
T J — = same word or term, by which
° we can 1ndicate, or speak
| : of the amount of current
flowing 1n an electrical

circuit. We have such a
term. The unit of current
1s called the "ampere",
Fig. 8 named after Andre Marie

VOLTMETER AND AMMETER CONNECTED IN CIRCUIT Ampere, the experimenter
who first made exact mea-

surements of electric current. The word "ampere"is often abbreviated
to Tamp.

Dry cell

The ampere 1s an indication of the quantity of electricity moving
in a conductor. It can be compared to gallons-per-second which 1s the
unit by which we would measure the quantity of water moving in a river
or a pipe. By inserting an instrument known as an ammeter into the cir-
cult, as shown in Fig. B, we can measure the number of amperes flowing
in a circult and thus get an indication of how much work may be done by
it. (In passing, we might say that the needle of the ammeter 1s deflec-
ted by the magnetic effect of the current passing through the meter ).

When the single dry cell was first connected to our circuit con-
taining the lamp, 1t caused a certain number of amperes of current to
flow. When we added the second cell to our circuit, we merely doubled
the pressure applied to the circult, thus causing twice the amount of
current (amps) to flow.

It will also no doubt be of interest to you to know that there is
& definite relation between the number of amperes flowing through a
circuit and the number of electrons drifting through the circuit in a
glven length of time. This relation i1s that a current flow of one
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ampere represents one coulomb per second --- and a coulomb, in turn, re-
presents a quantity of electricity that 1s equal to over six million,
million, million electrons. Thus, when we say that the current flow
through a certain circuit 1s one ampere, the electron drift through that
same circuit will amount to somewhat over six million, million, million
electrons per second. Because of the tremendous number of electrons in-
volved, the ampere 1s cbviously the more practical unit for expressing
current flow.

THE VOLT, UNIT OF ELECTROMOTIVE FORCE

You have learned that we can measure the amount of dectricity
flowing in a circuit in terms of amperes. It 1s also important that
ve be able to indicate or measure the amount of electromotive force,
or electrical pressure applied to a c¢ircuit. This 1s done by using
a unit known as the '"volt."

The volt (unit of electromotive force) is named after Volta, one of
the early experimenters with batteries. The volt 1s just as much a unit
of electrical pressure as the term "pounds per square inch" is a unit of
steam pressure, or water pressure; or the amount of air pressure in an
automobile tire. Just as steam, water or alr pressure can be measured
by means of a suitable pressure gauge, so also can electrical pressure be
measured by means of a sultable instrument, known as voltmeter. By con-
necting a voltmeter across the source of electromotive force as shown in
Fig. 8, we can measure the number of volts applied to a circuilt.

At this time 1t i1s well to emphaslze two polnts:

1. The amfgre is the unit which expresses the rate of flow in an
electric circult.

2. The volt is the unit which expresses the electromotive force.

Remember that a volt never flowed through any circuit. It 1s the
amperes which flow. The voltage 1s the electromotive or "electricity-
moving  force which causes the current to flow.

RESISTANCE

A third property or characteristic,which is present in all things
through which electricity flows,1s the resistance or the opposition that
they offer to the flow of electricity. This opposition is often undes-
irable, but 1s, nevertheless, always present.

On many occasions resistance, or opposition, 1s of value to us; and
we then dellberately introduce additional resistance into the circuilt in
order to control the flow of electricity. In fact, it 1s the resistance
offered to the flow of current by the lamp filament which causes the fil-
ament to heat to such a high temperature as to produce light. Here, then,
is a good example of how electrical resistance 1s used to good advantage.

You understand how frictlion will oppose the movement of a sled you
are dragging along the ground, or how the friction of a dry bearing will
oppose the turning of a wagon vwheel upon 1ts axle. Now, just as overcoming
mechanical friction will produce heat, so forcing a current of el-
ectricity through a circuit having resistance will produce heat. Indeed,
we can think of resistance as being thé Internal friction encountered by
the electric current as it flows through & conducting circuit. It can
also be compared to the opposition offered by the rough walls of a water
pipe to a flow of water through that plpe.

ERA-2
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THE OHM, UNIT OF ELECTRICAL RESISTANCE

Resistance to the flow of electricity is measured in terms of a unit
known as the "ohm. Thus, i1f we say that a circuit or some electrical
apparatus has a certaln number of ohms resistance, or that it offers re-
sistance to the flow of current equal to a certain number of ohms, we are
stating in definite terms the opposition to the flow of electric current
offered by that circult or apparatus.

To maKe very clear the meaning of resistance (ohms) -- and the
relationship between volts, amperes, and ohms -- we can say in non-tech-
nical language that the volts are attempting to push the amperes through
the circult, and that this attempt to push the amperes through the cir-
cult 1s opposed by the ohms of resistance present in the circuit. Two
ohms of resistance in a circuit will offer twice the resistance to a

flow of current as will one ohm, and one-half the resistance that four
ohms would offer.

RELATIONSHIP BETWEEN VOLTS, AMPS, OHMS

We can see from this discussion, that the current in a circuit will
have a value which depends not only upon the electromotive force applied
to the circuit, but also upon the resistance residing in the circuit. In
other words, an increase in volts will cause an increase in amperes; or,
the higher the voltage,the greater the current. However, an increase in

ohms will cause a decrease in current. This basic principle 1s called
OHM'™S 1aw.

In setting up Ohm's Law, our three fundamental electrical units of
measurement have been 30 chosen that if ONE VOLT OF ELECTROMOTIVE FORCE
IS APPLIED TO A CIRCUIT HAVING ONE OHM OF RESISTANCE, THEN ONE AMPERE OF
CURRENT WILL FLOW.

For instance, if our simple circuit of Fig. 8 had a resistance of

one ohm,and the dry cell were applylng one volt of electromotive force,then
. one ampere of current would

flow through the circuit.
Thus, we see that the volt-
meter which is connected

@‘“Volfmder across the dry cell in Fig.
=" ! 8 indicates that the cell
Ammeter reading 1s applying a pressure of

¥ doubled one volt to the circuit.
7 The polnter on the ammeter
r"""'-'ﬁ- has moved across the scale
to indicate that a current

of one ampere 1is flowing

&

) | through the circult. (Note:
l More intense light A new dry cell generates an
J | \“ electromotive force of ap-
N proximately 1 1/2 volts, but
Switchs < : ve are assuming an electro-
-+—4 = motive force of 1 volt 1in
_P this particular discussion
\ merely to simplify the mathe-

- matical values).

N 4
Sad // .
Dry cells EFFECT OF INCREASED VOLTAGE:

Now, if we connect two dry
Fic. 9 cells in series to form a
DousLING THE VoLTAGE DousLeEs THE CURRENT battery, as in Fig. 9, the
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addition of this second cell will double the voltage and thus cause the
voltmeter to indicate that two volts of electrical pressure are being
applied to the circulit. In accordance with Olm's law, the ammeter pointer
will now indicate that two amperes of electric current are flowing through
the conductors and the lamp. Thus, we can say: IF THE VOLTAGE APPLIED
TO A CIRCUIT IS INCREASED, AND THE RESISTANCE OF THE CIRCUIT REMAINS UN-
CHANGED, THE CURRENT WILL INCREASE. THIS RELATIONSHIP IS AIWAYS TRUE.

EFFECT OF INCREASED RESISTANCE: Now, let us look at the circult in Fig.
10. Here, we have added another lamp, which has increased the electrical
resistance of the circuit. We see now that the voltmeter which is con-
nected across the two-cell battery indicates that two volts of electrical
pressure are stlll belng applied to the circult; but the ammeter shows
that the current flowing through the circult has decreased to one ampere.

This demonstrates that
adding the second lamp has
so increased the resistance Vf'/“'“e'e"
of the circult that two volts S AL Ammeter readin
of electrical pressure can . reduced by one-half
force anly ae ampere of curr- SN
ent through 1t. This means e Af.!.‘
that the number of ohms of ¢
reslstance has now been -1+ - 4
exactly doubled. It also
means that the second lamp .Less infense lighf\l

offers the same resistance ' i ;
as does the first. And, \A / \"/
\ -

now that they are connected )

through both lamps in suc- i } I = - =
[
|
]

so that current must flow

cessimn,the current 1is orpos | |
ed by the resistance pres- | :
ented by both, of them. We —
can also say that 1f each \ 7
lamp has a resistance of one Ory cells
ohm, we now have a total
resistance of two ohms in Fiec. 10

this circult. DousLING THE RESISTANCE REDUCES THE

CURRENT BY ONE-HALF

c From thilis, we learn

that: INCREASING THE RESISTANCE IN A CIRCUIT CAUSES A CORRESPONDING DE~
CREASE IN THE AMOUNT OF CURRENT (AMPS ) THAT WILL FLOW THROUGH THE CIRCUIT,
WITH A GIVEN APPLIED VOLTAGE. THIS RELATIONSHIP IS AILWAYS TRUE.

We also observe that during the conditions illustrated in Fig. 10,
each lamp will glow with only one-half the brilliance than was the case
when only one lamp was connected in the circuit. This decrease in the
brilliance of the lamps 1s due to the decrease in current flow through
the circult. We could, of course, connect additional cells in series with
our battery and thereby lncrease the electromotive force to four volts
so that a current of two amperes would again flow through the circuit, and
thus permit both lamps to glow at the same brilliance as before.

OHM'S LAW EXPRESSED AS A FORMCLA

Ohm's Law, expressed as a formula, is a most valuable tool to the
radlonic technician, as through 1ts use he can conveniently and accurately
calculate elther volts, amperes or ohms, in relation to the other values.
It 1s not at all hard to do this, and a proper understanding of 1t will
greatly ald you 1n mastering the principles of electricity as applied to
radionics. To put 1t briefly, and in non-technical language, Ohm's Law
can be set-up 1n three baslc forms, as shown on the folloving page:
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1. To find the number of amperes, divide the number of volts by
the number of ohms.

2. To find the number of volts, multiply the number of amperes by
the number of ohms.

3. To find the number of ohms, divide the number of volts by the
number of amperes.

APPLICATIONS OF OHM'S LAW

let us now see how we would use Ohm's Law for computing the voltage,
current or resistance in a simple circuit.

HOW TO CAICULATE CURRENT: In Fig. 1l,ve have a circuit for operating an
ordinary door bell. As a source of electromotive force (abbreviated
"emf" ), we are using a storage battery. The push button (switch) 1s
designed so that it will cause the circuit to be "open" except when it
is depressed with the finger. Upon pressing the button, the circuit is
closed; and current is then permitted to flow through the circuit, causing
the bell to ring.

In this dlagram the door bell has a total resistance of 2 ohms, and
the storage battery is applying an electromotive force of 6 volts. The
resistance of the copper wire (conductors) is so small as to be negligible
in this particular problem.

In this example, then, we know the electromotive force or number of
volts which is applied to the circuit, and the number of ohms of resistance
present in the circuit. So, now let us determine, by means of Ohm's law,

how many amperes of current are flowing in the circuit. Referring to
form #1 of S%E's Law, as previously given, we note that:

"Po find the number of amperes, divide the number of volts by the
number of ohms."

Since the number of volts is 6, and the number of ohms 1s 2, we
simply divide 6 by 2 and find that two will go into six exactly three
times: (6 : 2 = 3). Therefore, there must be 3 amperes of current flowing
through the circuit when the push-
button (switch) in Fig. 11 is closed.

g
g
8

HOW TO CAICULATE VOLTAGE: In Fig.
12, we have another circuit. Here,
the lamp buldb requires that two
amperes of current flow through
it in order to heat the filament
to the proper temperature to pro-
duce the required 1light. The lamp

e P el 1,
[ sistance has a resistance of 3 ohms. We
ﬂl mw S of bell i wish to know how many volts will
| |I|i\
w

have to be applied to the circuilt

2 ohms in order to force the required 2
S amperes through it. Referring now
S to form #2 of Ohm's Law, we have
6Volt that:

storage battery

"Po find the number of volts,
Fic. I multiply the number of, amperes by
PRoBLEM: To CALCULATE CURRENT the number of ohms."”
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Our diagram in Fig. 12 tells us that the number of amperes 1s 2, and
that the number of ohms is 3. Therefore, we multiply 2 by 3 and obtain
6, (2 x 3 = 6), which 1s the number of volts required. Thus, we now
knov that 1if we connect a battery of six volts to our circuit, two am-
peres of current will flow through the lamp.

HOW TO CALCULATE RESIS-
TANCE: In Fig . 13’ is Ammeter reads
shown a circult for oper-
ating a small motor. With
the motor running, we mea-
sure the applied electro-
motive force and find it
to be 12 volts. The ammeter
informs us that 6 amperes
are flowing in the circuit.We
wish to know how many ohms
of resistance the motor has
Referring now to form #3
of Ohm's law, we have that:

"To find the number Resistance of
of adms, divide the number of lampis 3 ohms
volts by the number of Voltage=?
amperes.”

In this problem, the
number of volts equals 12 Fig, 12
and the number of amperes ProBLEM: To CaLCcULATE VOLTAGE

1s 6. Therefore, we divide
12 by 6 which gives us £ as the number of ohms resistance of the motor.

Ohm's Law will be covered at greater length in future lessons.
However, it 1s very desirable that you acquire a basic understanding of
i1ts purpose and application at this time.

CIRCUIT COMPONENTS

CONDUCTORS: Certain metals as wvell as some other materials offer com-
paratively 1little resistance to & flow of current, or drift of electrons.
A material of this type is
called a conductor. For
example: 1iron, silver, .
copper, carbon, and al-
Resistance of motors?. uninum are conductors of
. electricity.

Not all of the metals
Just mentioned are good con-
ductors. Por instance, we
say that iron is a conductor

of electricity, but that
(VA copper is a better conduc-
N\ ‘1 Anieler Temds tor. What we actually mean

by this 1s that iron will
offer more resistance to
a current of electricity than
will copper. Therefore,
& copper wire of a certain
diameter and length will
offer less resistance to
the flow of current than

Fig. 13 will an iron wire of 1like
ProBLEM: To CALCULATE RESISTANCE dimensions. A silver wire

~6 amp eres

" 12-Volt sforage battery

ERA-2




PAGE |

2

PRACTICAL RADION

TABLE 1

ELECTRICAL CONDUCTORS
(VN THE ORDER OF THEIR
CONDUCTIVITY )_

—

SILVER

Pure CoPPER
GoLo
ALUMINUM

Z 1NC

Brass

| RON

TN

NICKEL

Leap

HARD STEEL

TABLE TI

INSULATING MATERIALS

DRy AR
SHELLAC
PARAFF IN
PARAFFIN PAPER
RUBBER
BAKELITE
PORCELAIN
GLass
Mica

SiLk
VARNISH
DrRY PAPER
CeLLuLotp

DrY wooD

DISTILLED WATER

would have a slightly lower resistance than
would the copper wire, and a much lower re-
sistance than iron wire.

In Table I,you have a 1list of many
commonly known materials which are considered
to be conductors. They are llsted in the
order of thelr ability 4o carry an electric
current. Notice that silver heads the list,
with copper a close second.

INSULATORS: It 1s often desirable that elec-
tricity be prevented from flowing, or that
some substance be inserted between two con-
ductors to prevent current passing from one to
the other. Materials that have this abllity
are called insulators. A typlcal example
of an insulator 1s the rubber which 1s used
as a covering for electric wires. Other
examples of insulators in everyday use are
the glass insulators on power line poles,
the bakelite panels used 1in electronic
equipment,and the porcelain knobs to support,
house wiring. The things we call insulators
are really just very poor conductors of
electricity, because they are made of ma-
terials which offer a ve hil reslstance
to current flow. Table II,11sts a number
of familiar substances which are used as
insulators in electricilty and radionics.

PERFECT INSULATORS AND PERFECT CONDUCTORS:
Tt should be noted that there 1s no such
thing as a perfect conductor nor a perfect
insulator. All materials through which
electricity moves offer some resistance to
this movement. All materials wlll permit
electricity to flow thro - them; but those
which we call "insulators" permit so little
current to pass through them, even though a

Screw driver
‘

- Dry cellt

~

(G

Bare wires --—*~
— s

Fia. 14
SHORT CIRCUIT
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Disconnected, —~
wire cqQuses -° ' ¢ .
open circuit Sw"Ch~.___
Dry cell—;
/
e o
Bell
©)
Fig. 15 Fira. 16
Opren CircuiT Due To DerecT INTENTIONAL OPEN CIRCUIT

high voltage be applled, that we consider them as insulatcors in practical
applications.

USE OF INSULATORS AND CONDUCTORS IN ELECTRIC CIRCUITS:: An electric circuilt
consists of a conductor, or conductors, which are so connected to a source
of electromotive force that current will move through it. Insulators are
installed wherever 1t 1s necessary to prevent current leaving the desired
path through the circult and taking some other, and undesired, path. ’

TYPES OF CIRCUITS

SHORT CIRCUITS: 1In Fig. 14, we show a dry cell connected to a lamp by
means of two copper wire conductors. These wires are bare or uninsulated.
The metal blade of the screw driver which 1s laying on the bare wires has
"shorted out”the circuit, and the current will, therefore, now follow the
shorter and more direct low-resistance
route which 1s through the screw driver,
Switch rather than passing through the lamp fil-
e ament which 1s of higher resistance.
' =n8) This demonstrates, also, that current
e has a natural tendency to flow more
easlly through a circuit of lesser re-
sistance than through one of greater
resistance.

e By using rubber-covered (insulated)

wires for our conductors in Fig. 14, lay-

ing the blade of the screw driver across

the conductors will not cause a short cir-

Bell™ @ cuit; and our lamp will, therefore, Light
in a normal manner.

OFEN CTRCUITS: Now refer to Fig. 15. This
shows a 1line cord for connecting a radio
to the house lighting circuit. One of the
wires of the cord has become disconnected
at the plug. If the wire 1s disconnected

Fig. 17 at thls point, or broken anywhere along
Crosep CIRrcuIT its length, there 1s no longer a con-

Dry cell
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tinuous circuit over which
current may flow. Therefore,
ve say that the circult 1s

. ,-Radio tube "open," or that we have an
petatiichinsa it } open circuit, which condi-
o7 fgon will prevent current

- e v Wi = 4 fram flowing. Open circuits
Withep < f are aften caused by the break-
attached 2 y age of a wire, or by a poorly
to chagsis ~ A soldered joint, and must be
V4 A?/ found and repalred before

Tube socket current will again flow.

Vi " /4 In Fig. 16, we show a

simple circuit in which a

switch i1s incorporated.

+ = When the switch 1s pulled

1 to the "off" position, we

.l <-Dry cells also have an open circuit.

i g This, however, 1s an in-

[T tentional open circult --

[l meaning that we deliberately

opened the circuilt in order

to stop the flow of current

Fic. 18 and prevent the bell from
GROUNDED CIRCUIT ringing.

CLOSED CIRCUITS: When a circult 1s continuous throughout, and has no
breaks or other interruptions of any kind in it, current will flow through
it 1f an emf 1is applied. A circuit in this condition is said to be a
closed circult, see FPig. 17). If we wish current to flow, we must
always have a closed circuit; and if we wish to stop the flow of current,
we must open the circuit.

Here 1s a good rule to remember about open and closed electric cir
cuits: "If the current can't get back, it will not start”.

GROUNDED CIRCUITS: In Fig. 18, we show a vacuum tube mounted on the metal
chassls or base of a radio receiver or other electronic instrument. Cur—
rent must flow through its filament in order for the tube to "light" and
function. We could run two
wires from our battery to
the tube fillament, but 1t
is much simpler to run only
a singls wire fram one terml-

nal of the battery to one of R = l’//
the filament connections on ) —( —
the tube. The other battery Switeh ™ At
terminal can then be con-

nected directly to the metal
chassis of the radio. And,
if the other filament ter-
minal of the vacuum tube 1s
also connected directly to
the chassis at a point close
to the tube, we will have a
closed circuit as far as the
flow of battery current
is concerned.

Current will now flow
through the connecting wire
between the battery and one Fia. 19
side of the filament, through Ser1es ELecTricaL Circutt
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the fllament and into the chassis, and through the chassis to the other bat
tery terminal. By conrecting our circuilt in thils manner so as to utilize
the metal chassis as a conductor, we economize on wire and simplfy our
design. Cilrcults of this type which use a metallic mass (other than a
wire conductor) as one side of the circult are known as grounded circuilts.

The actual ground or earth can also be used to ground a circuit.
This 1s done 1in many telegraph, telephone, fire alarm, police alarm
and electronic burglar alarm systems; as well as in the well-known "elec-
tric fence" which prevents livestock from straying.

SERIES CIRCUITS: 1In Fig. 19,ve have what 1s known as a series circuit.
Here, a source of emf (generator), switch and two lamps are connected
together in such a manner that current leaving the lower terminal of the
generator must flow through every part of the circuilt in succession before
returning to the generator. The course over which current is moving 1is
shown by the arrows.

Notice, particularly,that
the same current flows tarough
all parts of a series circuit. Switches
Therefore, if the filament of Generator —— ) -
one lamp were to burn out, the \
circult would thereby be open-
ed, and no current would flow
through any part of it. This
would cause the other lamp to
stop glving light.

Christmas tree lighting ?
systems, where many bulbs are g
cormected 1n series, are typi- Rad
cal of serles eircuits as just
described. If ane bulb in such
a systam bums out, none of the
others will light until the de ~
fective bulb 1s found and replac Fiec. 20
ed with a good ane. PaRALLEL ELECTRICAL CIRCUIT

PARALLEL CIRCUITS: A parallel electrical circuit appears in Fig. 20.
In this case, a lamp, radio receiver, and a flat iron are all connected
across the generator terminals. This arrangement of the circuilt is such
that switch #1 controls the lamp, switch #2 controls the radio, and switch
#3 controls the flat iron. In the event that either the lamp, radio, or
flat iron branch circult should be interrupted, this will not prevent the
correct operatim of the remaining units or appliances. Thus, by comparing
& series and a parallel circuilt, we can state that in a series circuit all
appliances in the circult are dependent upon each other; whereas in the
parallel circult, the appliences are all independent of each other.

In Fig. 20, current flows through the radio circuit only, because

switch #2 1s the only one of the three switches which 1s closed at this
time.

The fundamental principles of electricity that have been brought
to your attention in this lesson are goilng to serve as the very foundation
for all of your studles in radlo and electronics that follow. You will
also find 1t necessary to apply this knowledge to your practical work later
on when you are actlve in the Industry.

ERA-2
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LESSON  NO. 3

MAGNETISM and ELECTROMAGNETISM

In this lesson, we
are going to learn the
basic principles of mag-
netism and electromagnst-
ism, which we willl apply
in our radio studles time
after time from now on.

Electrical meters,
colls, transformers, loud-
speakers, relays and many
other devices used through-
out the entire fleld of
radio and electronics derend
upon magnetic effects for
their operation. Thils being
true, you will realize that
the study of thls subject
i1s a very important part of
our training program.

NATURAL MAGNETS

As a child you were
no doubt impressed with
the manner in which a mag-
net attracted pleces of !
iron and steel, but at that : : Ma %’f
time you probably gave 1it- FULHTS
tle thought to the natural
forces which made this
possible.

Fig. |
This same observation A LoDESTONE MAGNET AND CoMPASS
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Knitting needle

Iron filings

Fia. 2
MAKING AN ARTIFIC 1AL MAGNET

The ore, magnetite, 1s also found in

of magnetic attraction was made
centuries ago by the inhabitants
of the province of Magnesia in
Asla Mlnor. These people dis-
covered that an iron ore, today
known as magnetite, possessed
a pover of attracting iron and
steel. By 1lnserting the ends
of a plece of magnetite into a
pile of iron filings, 1t will be
found that the iron filings will
be attracted and firmly held to
the ends of the magnetite, as
shown at the top of Fig. 1.

Another important discov-
ery made by ancient mariners
wvas that when a plece of magnet-
ite was freely suspended as 1l-
lustrated at the bottam of Fig. 1,
the ore had a tendency always
to seek a position so that one
of its ends (and always the same
end) pointed north, and the other
end south. Because of this valu-
able property, these early mari-
ners used a plece of magnet-
ite for a compass; and since it
thus served as a direction in-
dicator, they ca}led this ore
loadstone, meaning "leading-stone’

quantity in Sweden, Spain, and

in the state of Arkansas here in the United States. There are also pos -
sibilities of its being found in other parts throughout the world.

Since magnetite possesses magnetic properties when in 1ts natural
state and does not depend upon any mgn-made processes to acquire this
property, 1t is classified as a natural magnet.

ARTIFICIAL MAGNETS

"Artificial magnets" are those substan-

Bar magnet
o L, wi]

ces which have acquired their magnetic prop-
erties by means of some external assistance.
For example, if a knitting needle or other
plece of steel be stroked with a plece of
magnetite, the steel will also acquire mag-
netic properties. This can be dembnstrated
by dipping the magnetized needle into some
iron filings, at which time fiiings will
cling to its extremities as shown in Fig. 2.
The knitting needle in Fig. 2 would then be
said to be an artificial magnet.

In the upper section of Fig. 3 is shown
& bar magnet, while two popular types of
horseshoe magnets are shown in the lower
section of this same 1llustration.

Magnets that retain their magnetism
for a long period of time are called per-

Hors7 shoe magne ts

ﬂ; )

Keeper

Fia. 3
CouMON ARTIFICIAL MAGNETS
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manent ma%%ets.f %:ggets of;tgfs ﬁ%?e are

gene y e o ened steel. e per- ¥ i
manency of an artificial magnet 1s greatly FULCL afirocted
increased by placing a plece of soft iron
across the free ends, as is the case with
the horseshoe magnet shown at the lower
left of Fig. 3. When used for this pur-
pose, such a small plece of iron 1s called
a keeper or armature.

P Sadat ]

,I
MAGNETIC AND NON-MAGNETIC SUBSTANCES ‘Bar magnet
A magentic substance is one that
1s forcibly attracted by a magnet or else
capable of being temporarily magnetized. Fia. 4
Among the magnetlc sutstances are iron, THe MaeneTic PoLES

steel, nickel, cobalt, alloys of these

metals, as well as salts of iron and the other metals mentioned. It 1s
interesting to note that a very few substances are pronouncedly magnet-
ic, and that most of trese are not magnetlzable.

A magnetizable substance, on the other hand, is one that will re-
tain magne%Ism. Among these substances we find only a very few--namely,
magnetite, steel, impure iron, and nickel.

Nearly all other metals are classified as belng non-magnetic sub-
stances because they do not behave or act like iron vhen brought near
a magnet. The most important of the non-magnetic metals are copper,
aluminun and brass. Many other substances such as air, wood, paper and
liquids are classified as non-magnetic substances because they are not
acted upon or attracted by magnets.

Besides magnetic and non-magnetic substances, we also have wvhat
are known as dlamagnetic substances. Such substances are actually re-
pelled when placed under the influence of a magnet, rather than be
attracted. The best known of these diamagnetic materials are bismuth
and antimony, but the effect 1s very small. This property is not being
put to any practical use because the substances in vhich it is found
are scarce and expensive, and the effect is not strong enough to be of
any practical value.

THE POLES OF A MAGNET

If a bar magnet of the type shown in Fig. 4 1s suspended freely at
its center by a cord, then one of its
ends will alvays point towards the
north and the other end towards the
south magnetic pole of the earth. We
call the north-seeking end of the mag-
net the north pole; and the other end,

the south pole.

The power of attraction of a mag-
net is always concentrated at certain
points and not throughout its entire
length. You can prove this for your-
self by dipping a bar magnet 1in some
iron filings. When you withdrav the
magnet, you will find that the iron

Fia. 5 f£1lings are all bunched at the two ends
Like PoLes RePEL of the magnet as shown in Fig. 4., It
UNL IKE PoLES ATTRACT is at these two ends that the mg.gnetic

ERA-3
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strength 1s concentrated, and the poles of a magnet
may therefore be defined as those regions where the
magnetic attraction 1s greatest.

REACTION BETWEEN MAGNETIC POLES

Iet us proceed and see how the poles of two se-
parate magnets affect each other. An interesting ex-
periment showing this action is 1llustrated in Fig. 5,
where the north and south poles are respectively
marked as "N" and "8".

Fig. 6

Pocket CompPass Note that when two like poles are brought near

éach other as shown at the left of Fig. 5, the sus-

pended magnet will be repelled. That 1s, 1t w11l swing away from the

other magnet. However, 1f two unlike poles are brought together, as

shown at the right of Fig. 5, you will find that the swinging magnet
will be attracted towards the other magnet.

From these two simple experiments you can readlly see that 1like
magnetic poles repel each other, whereas unlike magnet poles attract
each other. This Is one of the most important basic laws of magnetism,
and it 1s of great importance that you remember it.

The force of this attraction and repelling effect between magnet
poles varies inversely as the square of the distance between the poles.
That is, by separating the two poles to twice their original distance,
the force acting between them will be reduced tc one-fourth its origin-
al value. Similarly, by separating them to three times their original
distance, the force between them will be reduced to one-ninth 1its ori-
ginal value, etc.

THE COMPASS

The compass, as used for navigation and other direction-determin-
ing purposes, 1s nothing more than an accurately balanced and pivoted
magnet; housed in a glass-covered case so as to exclude drafts of air,
afford protection for the movement, and so that a suitable scale can
be provided. A typical pocket com-
pass 1s 1llustrated in Fig. 6. 5

Geographic ______ -a 4o~ Magnetic
With the scale of this com- | north pole 2ai o~ south pole
P ~
pass placed in such a position pyrs ) =) ]
that a line drawn through the N 07 : \\ Linesof
and S markings of the scale lies e

in a direct path with the north
and south magnetic poles of the
earth, the compass needle will al-
80 point along this same 1line. In
other words, one end of the compass
needle always polnts towards the
north magnetic pole of the earth,
vhile the other end of the needle
alwvays pcints towards the south
magnetic pole of the earth--pro-
vided, of course, that the com-
pass 1s not beilng influenced by
the magnetic effects of any nearby (!
objects. Magnetic north pole south pole

THE EARTH'S MAGNETISM

Fie. 7
By considering the fact that THE EARTH ACTING AS A MaGNET
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likxe magnetic poles repel while unlike magnet-

ic poles attract, and that a compass needle Ve (e L 0 B NN Y
alvays polnts in a given direction as just :\.\‘\\&t(%-/;;t:TQS\),-;‘W}Z
explained, it 1s perfectly loglcal to belleve R *&Sy p-‘ﬁagﬂl)ﬂé&y
that the earth itself 1s a great magnet. Such SN Z 55

8 e ;

is actually the case--the earth having a south
magnetlic pole near the geographlical north pole
and a north magnetic pole near the geographl-
cal south pole.

N7 j*f\

!
ﬂi

&% I\

1

i

A point which sometimes causes confusion
in the mind of a student 1s the relation be-
tween the compass needle and the earth's mag-
netlc poles. That 1s to say, does the north
end of the compass needle point towards the
north or south magnetic pole of the earth?
Thls question can be answered in the follow-
ing manner: The north pole of the compass nee-
dle points to the south magnetic pole of. the
earth (unlike poles attract) which 1s now lo-
cated on Boothla Penirsula in the Arctic re-
glon north of Canada, a few hundred miles
from the north geographic pole. Thus the
"north seeking pole" c¢f a compass 1s a north Fig. 8
magnetic pole, but the north geographic pole THe MaGNETIC FiELD
of the earth 1s really near the earth's south
magnetic pole. Thls, then, is in keeping with the laws governing polar
attraction and repulsion between magnets. (Refer to Fig. 7).

It 1s to be notec that the needle of a compass does not point ex-
actly north. The reascn for this 1s that the magnetic poles of the earth
do not coincide exactly with the geographic poles of the earth, and which
fact 1s 1llustrated in PFig. 7.

THE MAGNETIC FIELD OF FORCE

From what has so far been explalned to you regarding magnets, 1t
1s obvious that some cefinite force exists around a magnet which makes
the various magnetic phenomenae possible. The simplest method of 11-
lustrating the nature of thils force 1s to place a sheet of paper over
an ordinary horseshoe magnet, sprinkle some finely divided particles of
iron on the paper and then gently tap the edge of the paper. Upon doing
80, you will find the particles of iron to arrange themselves into a de-
finite pattern similar to that shown you in Fig. 8. This simple ex-
periment serves to show that the magnet must possess a force of some
kind that affects the particles of iron in this way.

If the same experiment should
be repeated, the pattern formed by
the iron particles would be a dupli-
cate of that obtalned with the pre-
vious experiment, thereby proving
that the magnetic force surround-
ing a certain magnet always exerts
1tself along definite lines, and
ve call these lines of force. The
entire space 1n which these lines
of force exist around a magnet is
called the magnetic field of force,
or simply the magnetic field. The

Fie. 9 expression "magnetic spectrum" is
MAGNETIC F1ELD OF A BaR MAGNET also frequently assoclated with this
(S1oe View) pattern formed by the lines of force.

ERA-3
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Fig. 9 1llustrates how lines of force arrange
themselves around a bar magnet. Here, the bar
magnet 1s shown in a horizontal position,with the
observer looking down upon it from above. In Fig.
10 1s shown the fleld pattern as 1t appears at one
end of the bar magnet.

CHARACTERISTICS OF THE LINES OF FORCE

Another interesting and important feature
is that the 1lines of force are unbroken lines,
leaving the magnet by way of the north pole, pas-

Fig. 10 sing through the space surrounding the magnet and
MAGNETIC FIELD OF A returning to the magnet through the south pole.

Bar MagneT (ENp Vigw)

To determine the direction of the lines of~
force around a magnet, you can place a small magnetlc compass in the
magnetic fleld. The north end of the compass needle will then point

in the direction of the magnetic 1lines of force. This 1s 1llustrated
in Fig. 11.

No matter whether the magnet 1s of the horseshoe or the bar type,
the 1lines of force will always pass out of the magnet at the north pole
and return to the magnet through the south pole. Thousands of lines
of force make up the magnetic fleld. Sometimes this field 1s called
the magnetic flux.

Also notice In Fig. 11 that the south end of the compass needle
poilnts towards the north pole of the magnet, while the north end of the
compass needle points towards the south pole of the magnet. 1In this
vay, the poles of a magnet can be Identified quickly.

The 1lines of force map out the lines of magnetic strain. Each of
these 1lines of force completes an unbroken, continuous path or circuit;
and the complete course or loop taken by the lines of force comprises
the magnetic circuit.

It 1s a natural characteristic of the lines of force to assume a
definite path as shown. Each 1line exerts a sidewlse push in gll direc-
tions, tending to crowd
adjacent lines away from
it. If for any reason,
these lines are distorted 1o
from their normal path, Vo
they tend to recover from 3 T
the distortion or to react \

\-
against 1t. Compa

FIELD PATTERN SURROUNDING 5.4
ATTRACTING POLES

A .
\"‘.u';u
Nailygg

Ttk

Now that you are 5%
familiar with the mag- ‘
netic field and the lings South pale
of force or flux, let us 7 '
contlnue and see how two '
such magnetic filelds react ‘
wvhen brought near each
other. 1In Fig. 12 you
will notice that two bar
magnets are laild near each Fig. 11
other 1n such a way that DETERMIN ING POLARITY OF A MAGNET
unlike poles are opposite. WiTH A CoMPASS

~
FORLY
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If you should place a
plece of stiff paper over the
top of these two magnets and
then sprinkle some iron fil-
ings on the paper, you would
find that when the paper 1is
tapped 1lightly, the fllings
will arrange themselves in
a pattern as shown in Fig. 12.
Notice that at this time the
lines of force are harmonlzed,
and they pass freely from the
north pole of one to the south
pole of the other. In Fig. 13
you are shown dlagrammatically
the condition which exlsts at
this time between the two mag-
nets.

Fig. 12

Under these conditions,
a band-like tension exists
along the lines of force; and
since the lines produced by
both magnets are now acting
together, or are harmonized,
the tension in the 1lines creates
a straln across the alr gap
tending to pull the two mag-
nets together.

FIELD PATTERN SURROUNDING
REPELLING POLES

Fia. 13

D1AGRAM OF FIELD PATTERN OF Since you have now seen
ATTRACTING PoOLES how the fileld arranges 1it-
self between unlike poles,
let us next turn over one .of the magnets so that like poles of the two
magnets will be opposite. With the paper coveréd with iron filings,
agaln tap the paper lightly and you will see that the fleld will arrange

itself 1n a different pattern, as shown in Fig. 1i4.

When these like poles are placed opposlte each other, the lines
of force no longer pass freely from one magnet to the other. Instead,
the two flelds oppose each other. In other words, the lines from one
magnet repel those from the other and the sldewlse pushlng tendency,
vhich is a property of the lines of force, creates a tendency for the
magnets to push away from each other.

This fleld reaction between opposing poles 1s 1llustrated dlagram-
matically in Fig. 15.

3ALIENT AND CONSEQUENT POLES

If a plece of steel 1s irregularly magnetized by touching it with
a strong magnet at several points along its length, we have what 1is
known as an anomalous magnet. A magnet of this type, together with 1its
field pattern, is 1llustrated in Fig. 16.

Here you will observe that such a magnet has the customary poles
located at 1ts ends, but in addition has several more poles along 1its
length. This plece of steel thus amounts to nothing more than several
smaller magnets all placed end to end; but in a reversed order, with
like poles adjacent to each other.

ERA-3
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The poles at the ends of such an anomalous magnet are called the
salient poles, while the intermedlate poles of the same plece of steel
are called the consequent poles.

NEUTRALIZING EFFECT OF UNLIKE POLES

An interesting experiment 1s 1llustrated in Fig. 17. At the left
of this 1llustration you are shown two bar magnets placed side by side
in such a manner that the two north poles are together, and the two south
poles together.

Upon dipping either end of this combined magnet into a plle of 1iron
filings, the filings will be attracted by the magnet with considersable
force. 1In fact, if both these magnets are of the same strength, the two

together will have practically twice the attracting pover of elther one
alone.

By reversing the position of one of the magnets so that two unlike
poles coinclde, as 1llustrated at the right of Fig. 17, and agaln dip-
ping one end of the combined magnet into the iron filings, practically
no iron filings at all will be attracted. What really happens 1in this
latter case 1s that if the two magnets each have the same strength, and
are placed together in the manner 11lustrated, then the unlike poles
will neutralize one another and the combination will have practically
no external magnetic flux or fleld. As a result, the magnetic strength
of the combinatlon 1is reduced practically to zero.

RING MAGNETS

At the left of Fig. 18 two
horseshoe magnets have been
placed end-to-end in such a
manner that the north and
south poles of the pair co-
incide. Under these condi-
tions, the magnetic circuilt
is confined to the metal struc-
ture, and 1t 1s not necessary
for the lines of force to pass
through an air-space at any
point to complete this cir-
cult. Although the two mag-
nets may be strongly mag-
netized, yet under these cir- Fie. Ik
cumstances no appreclable FieLo PaTTERN oF REPELLING POLES
external magnetic field exists.

A similar condition ap-
pears at the center of Fig. 18,
vhere we are 1llustrating a
steel ring which has been mag-
netized. In splte of the fact
that this ring 1s strongly
magnetized 1t has no poles,
because 1ts lines of force
novhere leave the metal of
wvhich its magnetic circuit
1s composed. Magnetic circuits
of this type are used extens-
ively in transformers and will Fia. 15
be explained more fully in DiaGgrAM oF FieLp PATTERN
later lessons. OF RepeLLING PoLES
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Consequent poles
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Fic. 16 Fia. 17
SALIENT AND CONSEQUENT PoLES The Neutravi1zing EFFecTs

By removing a small section from the ring magnet, as shown at the
right of Fig. 18, two powerful poles will be formed at the sut. Thg
alr-space between these ends is generally referred to as the alr gap.
This form of magnet 1s widely used throughout the radionic industry,
as you shall soon learn.

MAGNETIC INDUCTION

If an unmagnetized piece of iron or soft steel (a nall, for ex-
ample) be brought in contact with a strong magnet as shown in Fig. 19,
then a north and south magnetic pole will appear at the ends of the
nail. In other words, the nall itself has also now become a magnet.

By bringing the free end of the nail near to another unmagnetized
body, such as another naill, for example, it will be found that the se-
cond nall willl be attracted to the first nall. 1In fact, even before
the two nalls actually came 1nto physical contact with each other, the
power of attractlon between them will be apparent.

It 1s possible to suspend several such nalls, one from the other--
each acting as a small magnet--but the instant that the magnet 1s with-
drawn from the first nail, the others will all drop off. This experi-
ment demonstrates that the
magnet 1ltself was the sole
source of energy, and only Steel ring
Imparted some of 1ts prop- ’
ertles to the other bodies
temporarily. We then say
that the nalls were mag-
netized by the original
magnet through the pro-
cess known as magnetic
induction.

[
)
'

]

[}

Magnet  °, Air gap’
In Fig. 20 another in- Lines of force
teresting experiment 1s
1l1lustrated that alsc de-
monstrates the principle Fiec. 18
of magnetic 1nduction. RING MaGNETIC CtrCUITS
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Fic. 19
MAGNETIC INDUCTION

poles as polnted out in Figs.
nearest the magnet assumes a

Here, K an unmagnetized soft 1ron bar 1s
held 1n contact with a small plle of
iron filings. ©No power of attraction
for the 1ron f1lings willl be noted.

One end of a strong bar magnet is
then brought near the end of the 1ron
bar, as also shown in Fig. 20, but the
magnet 1s not permitted actually to touch
the bar. As thils 1s done, 1t will be
noted that the iron bar has acquired
the abllity to attract the 1lron filings
just as though it were a real magnet;
but as soon as the magnet 1s withdrawn
to a certain distance, the filings will
suddenly drop off the soft 1iron bar.

In this case, the iron bar has been
temporarlly converted into a magnet by
the original bar magnet, through the
process of magnetlc induction. When
this occurs, the body into which mag-
netism 1s induced assumes a palr of
19 and 20, so that the end of the body
polarity which 1s opposite to that end

of the magnet which 1s nearest. This 1s also 1in accordance with the
rule that unlike poles attract.

The principle of magnetic induction 1s 1llustrated in Fig. 21.
Here, you will observe how the lines of force, as produced by the mag-
net, use the soft iron bar as a part of the path to complete thelr mag-
netlc circuit. Since soft iron "conducts" lines of force more readily
than does alr, the presence of the iron bar in Fig. 21 will keep the
magnetlc field in a more concentrated or dense condition.

VARIOUS TERMS PERTAING TO MAGNETISM

PERMEANCE: The ease or readiness with which any material "conducts"
lines of force 1s called permeance.

Soft iron Par p

V—N\\ e
iron filings

Lines of force
R

Lines of force

Fic. 20
MAGNETIC INDUCTION

Fic. 2l
PRINC 1PLE OF MAGNETIC INDUCTION
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Magnetic field” N

‘Iron core

Fie. 22 Fia. 23
HigH-RELuc TANCE MAGNETIC CIRCUIT Low-Retuc TaNce MaGNETIC CIRCUIT

FERMEABILITY: The dsgree of magnetization resulting in a substance
from a given strength of inducing pole is called its permeability. That
1s, how much magnetism can be retained by a given substance when brought
under the influence of a magnet.

RELUCTANCE: The resistance or opposition which any material offers to-
wards the passage of.magnetic lines of force (flux) 1s called reluctance.
This property of reluctance in a magnetic circult 1s thus comparable
to resistance in an electric circult.

RETENTIVITY: The powsr of resistance which any materlal offers toward
either magnetization or demagnetization 1s called retentivity.

FLUX DENSITY: By flux density we mean the number of magnetic lines of
force passing through a plane at right angles to the lines of force,
end which plane has an area of one square inch. Thus, the flux densi-
ty is often spoken of in terms of a certaln number of lines of force
per square inch. Obviously, the flux density will increase when the
reluctance of the magnetic circuilt 1s decreased, just as current flow
increases as the resistance of an electrilc circult is decreased.

In Fig. 22, for example, we have a magnet wlith an alr gap between
its poles. Alr, being a non-magnetic material, offers considerable re-
luctance and therefore the flux between the poles 1s not very dense.
We then say that the flux denslty 1is low.

In Fig. 23, on the other hand, an iron core has been placed 1in the
alr gap between the poles. And, since iron 1s a good conductor of mag-
netic lines of force, the reluctance of thils magnetic circult 1s reduced
appreclably and thersfore more lines of force pass through the space
between the poles. We then say that the flux density in Fig. 23 1s greater
than that in Fig. 22.

THE MOLECULAR THEORY OF MAGNETISM

So far in thils lesson, we have conslidered the behavlior of magnets
quite thoroughly, but we haven't as yet mentioned a great deal regard-
ing the nature of magnetism. This then, will be our next step.

ERA-3
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Scientists tell us that the differ-
ence between a plece of metal which 1s
Unmagnetized bar magnetized, and one which is not, 1s the
arrangement of the molecules in the metal.

The molecules within a bar of 1lron
or steel, which 1is not magnetiged, are
arranged in a disorderly manner as shown
in the upper 1llustration of Fig. 24.
When this same bar 1s magnetized, these
molecules re-arrange themselves and
straighten out in an orderly manner as
Magnelized bar sﬁown in the lower 1llustration of Fig.
24,

This theory offers an explanation

as to why a plece of soft lron 1s more

Fic. 24 readily magnetized than a plece of steel,

but yet 1is not capable of retaining its

magnetism for so great a length of time

as steel. In other words, the molecules in a plece of soft lron straight-

en themselves out much easler and quicker than those of hardened steel;

but the molecules in the steel will remain in an orderly manner longer

than those 1n the soft 1iron, because 1t 1s harder for them to change
their arrangement.

MOLECULAR ARRANGEMENT OF A MaGg-
NETIZED AND UNMAGNETIZED Bar

DIVISION OF A MAGNET

Another interesting fact 1s 1llustrated in Fig. 25, where a bar
magnet 1s shown 1ln the upper section of the 1llustration in 1ts com-
plete form. Should this same magnet be cut or broken into several small-
er parts, then each of the parts thus formed will become an individual

magnet, and with polarities in the same relative order as 1llustrated
in Fig. 25.

Another point for you to bear in mind 1is that the lines of force
as produced by a magnet do not flow through the magnet in the same sense
that an electric current flows through a conductor. The lines of force
are simply imaginary lines along which the attractive or repulsive force
of a magnet acts; and as has been mentioned previously in this lesson,
they map out the lines of magnetic strain. We simply use the expression
"flow" in connection with magnetic lines

of force as a matter of convenience.
MAGNETIC SCREENS —_— e T T~
In Fig. 26 a magnetized needle ‘f',«e
has been inserted through a cork and (% — —=))
the arrangement floated in a glass of \“:::;ﬁr—::i'L::; =2
vater. 1In effect, this 1s a simple =
magnetic compass; and the needle will T =
therefore assume a north-and-south - e
- - )
position. Zg;gng)
Now, 1if a magnet 1s placed near :;i:i:;_:;izzr;f;’
the glass, it will attract one end Ty
of the needle. By placing any non-
magnetic body such as a plece of glass,
cardboard, rubber, wood, non-magnetic
metal, etc., between the magnet and the Fic. 25

magnetized needle, no noticeable change Division oF A MagNET
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Fie. 26 Fic. 27
A Lack oF MaGNETIC INSULATION APPLICATION OF a MAGNETIC SHIELD

will be apparent. If, however, a magnetic substance such as a sheet
of soft 1ron be placed between the magnet and the needle, the deflection
of the needle will be reduced materially. The iron sheet conducts lines
of force readily and thus serves as a portion of the magnetic circult,
thereby deflecting its course away from the needle. The sheet of 1iron
1s then said to act as a screen or shield, but not as a magnetic insu-
lator.

If the mechanism of a watch were placed in the center of a box
made of soft iron, and the box placed in a magnetic field as shown in
Fig. 27, then the linss of force would confine themselves to the 1lron
body of the box, and the watch mechanism would not be affected. This
principle of shleldirg is much used to protect watches and other de-
licate instrument movements from strong magnetic filelds which might
otherwlise impair thelr proper operation due to magnetization.

From this explanation you will see that we have magnetlc screens

or shlelds, but that there 1s no such thing as an 1lnsulator for mag
netism.

ELECTROMAGNETISM

In the preceding lesson you observed that magnetism is produced
whenever an electric current flows through a conductor, by placing a
pocket compass near the conductor. This
effect can also be demonstrated in the
manner illustrated in Figs. 28 and 29 in Dry cell
this lesson. h

Switch open

In Fig. 28, the switch 1s open and
no current flows through the circuit.
If the conductor 1s now dipped into the
plle of iron filings, and then raised,
none of the filings will cling to the

conductor. This proves that the con- TR

ductor possesses no magnetic properties
at this time.

-

lron filings

But, if we close the switch so that

current flows through the circuilt as in Fic. 28 -
Fig. 29, we find that by dippling the No MaGNETIC ATTRACTION
conductor into the iron filings and then WHEN No CURRENT FLowsS
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ralsing 1t, filings will now cling to it as here shown. Therefore, we
knov that magnetism exlsts around a conductor that 1s carrying an elec-
tric current.

HOW THE MAGNETIC FIELD SURROUNDS A CURRENT-CARRYING CONDUCTOR

In Flg. 30 you are shown how the magnetic lines of force arrange
themselves around a conductor that 1s carrying an electric current.
Here, you are looking at the conductor from one end, and the electron
drift through thils conductor 1s in such direction as to be moving awvay
from your eye, or into the paper. Notlce, particularly, that when the
electron drift 1s 1n this directlion, the magnetic 1lines of force en-
ocircle the conductor in s counter-clockwise direction as 1llustrated by
the arrows in the 1llustration.

When the electron drift 1s 1n the opposite direction to that in
Flg. 30--that 1s, toward your eye, or out of the paper--the magnetic
lines of force willl encircle the conductor in a clockwise direction.
In other words, reversing the direction of electron movement (or di-
rection of current flow) through the conductor will reverse the direc-

tion of the encircling magnetic lines of force that are produced by this
current flow.

Fig. 30 also 1llustrates why the compass behaved as i1t did in your
last lesson. In Fig. 30 you are looking at the compass from the side
so that you can see clearly how the needle points from right to left,
or in the same direction as the magnetic lines of force, in the region
vhere the compass 1s placed. If the compass were placed below the con-
ductor 1n Fig. 30, its needle would point from left to right; thus show-
ing that the magnetic lines of force below the conductor are acting in
an opposite directlon to those above 1t. However, the magnetic field,
as a whole, follows only one direction around the conductor (either
clockwise or counter-clockwise), and reverses only when the direction
of current flow 1n the conductor 1s reversed.

It 1s to be noted further that the magnetic field is most intense
nearest the conductor, and becomes weaker as the distance from the con-
ductor 1s increased. Also, the greater the current flow through the
conductor, the more intense will be the resulting magnetic field.

From what you have thus far learned from a study of Fig. 30, you
will realize that the compass provides a convenlent means for deter-
mining the direction of the magnetic field surrounding a conductor that
is carrying an electric current. That 1s, since the compass needle al-
ways points 1n the same direction as the
magnetic lines of force, we need only to
place the compass near the conductor and
note the position of 1ts needle.

Switch closed

THE THUMB RULE FOR STRAIGHT WIRE

Another simple method of determining
the direction of the magnetic field sur-
rounding a conductor carrylng an electric
current 1s 1llustrated in Fig. 31.

In the application of thils rule,
ve grasp the wire with our right hand in
such a manner that the thumb points 1n the

Fic. 29 directlion of the negative terminal of the
MAGENTIC ATTRACTION WHEN battery or generator. The remalning four

CurrenT FLowS fingers will then polnt in the direction in
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which the lines of force encircle the conductor.

N°'{"‘ end oy Similarly, if we know the direction of the
\ . needie magnetic fleld, we can by the application of this
w:\\ same rule find the direction of the current or of

7200
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Magnetic field

Fiec. 30
MagNETIC FIELD
SURROUND ING CURRENT=-

the electron drift through the wire. To do this,
we place the four fingers of the right hand around
the conductor so that they point in the direction
in which the lines of force encircle the conductor.
The extended thumb will then point in the direc-
tion of the negative source of electromotive
force. The positive terminal will then, of course,
be found at the other end of the circuit.

In determining the direction of current, when
applying this rule, remember that the direction
of current from the practical electrician's stand-
point is from positive to negative outside the
battery or generator, while the actual movement of
electrons 1is from negative to positive in the
external circult.

o CLRELE Conpuc ToR In applying all of the practical electrician's
"hand rules" as presented in this lesson, it 1s very important not to
become confused between the direction of the so-called "current flow"
and electron drift. Also note in Fig. 31 that reversing the polarity of
the emf will reverse the direction in which the magnetic lines of force
encircle the conductor.

MAGNETIC FIELD SURROUNDING A LOOP

Now that we know that a magnetic field surrounds a conductor that
is carrying an electric current, let us wrap such a conductor around a
wooden cylinder so as to form it into the shape of a loop as in Fig. 32.

Assuming the electron drift through this looped conductor to be in
the direction of the &rrows drawn in the conductor, the magnetic lines
of force will encircls the conductor as indicated by the other set of
arrows. The relation between the direction of the electron drift and
the encircling magnetic fileld is st1ll the same as pointed out in Fig.
30; but because of the shape of the loop, the magnetic lines of force
all travel®in"toward the center of the loop at the right, and“out"from
the center of the loop at the left.

Then, since magnetic lines of force always leave a magnet at 1its
north pole and re-enter at its south pole, it is apparent that by loop-
ing the conductor in the manner done in Fig. 32, a south magnetic pole
will be produced at the right and a north magnetic pole at the left.
Furthermore, so loopling the conductor
has concentrated or "lumped" the
magnetic field 1lnto a smaller space
than would be the case 1f the same -
conductor were stretched out straight. )
The latter results in a stronger mag-
netic fleld within a limited area.

\ Conductor

Now, if Instead of only one loop,
wve form the conductor into two loops,
conditions will became as illustrated
in Fig. 33. Here, you wlll observe
that each loop establishes 1ts own
magnetic field in accordance with
the principles thus far outlined;
however, since the lines of force
of loop #1 travel downward in the

Lines of force”

Fig. 3l
THumMe RULE FOR STRAIGHT WIRE
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region marked "X" while those of loop #2 travel
upward in this same region, 1t 1s clear that
oppositlon between the two filelds occurs here.
However, instead of the magnetic lines of force
of these two individual flelds continuing to op-
pose each other in this req}on, they take the
path of least resistance and "fall into 1line", so
to speak, and establish a combined or resultant
field that encircles the entire winding as 11-
lustrated by the larger arrows.

When several turns of wire are applied in
this manner, we refer to the arrangemént as a
hellx. Also observe in Fig. 33 that the combined
fleld leaves the center of the helix at the left
end; and after completing its external circuit,
returns to the center of the helix at the right
end. According to the rules of magnetism, a
north magnetlc pole will thus be established at
the left end of the helix and a south pole at
the right end. The same effect will be had if

Fie. 32 the wood cylinder 1s removed from the helix, pro-
MagNETIC FIELD vided that the wire 1s stiff enough in order for
Arounp Loor the helix to be self-supporting.

In Fig. 33 the helix 1is said to have a wooden core; whereas 1f the
wooden core 1s removed and the helix 1is self-supporting, we say that 1t
has an air core. 1In the latter case, only air acts as a conductor of
magnetic lines of force, while in Fig. 33 the wooden cylinder and air
serve as conductors of magnetic lines of force.

MAGNETIC FIELD SURROUNDING A SOLENOID

In Pig. 34 you will see a winding with the coils wound side by side,
but insulated from each other. If a current should be passed through
this"winding, and if the "turns" are all wound in the correct relation
to each other so that they will work together, as just described, then
the lines of force will encircle the entire coil in the manner shown
by the dotted 1lines. Thus, a north pole will be produced at one end
and a south pole at the other end.

A coll such as here 1llustrated, whether or not 1t is supported on
& non-magnetic form, may be called a "helix" or a "soleroid". As a
general rule, a solenold is considered as being a helix which is rather
long in comparison to 1ts diameter and consisting
of a large number of turns, usually wound close
together. Frequently, more than one layer of
winding 1s used on a solenoid. Cardboard or
bakelite tubing are often used as forms for sole-
noids.

THE ELECTROMAGNET

In the case of the helix or solenold, air
1s the conducting medium for the magnetic lines
of force. However, since iron is a far better
conductor of the lines of force, we find that
the magnetic strength can be increased by fill1-
ing the space within the coill with an iron core,
offering a much easler path for the 1ines of Fie. 33
force. In other words, the iron core will at- MagNeTIC FIELD
tract any "stray" 1lines of force, keeping them ArRounp HeLix
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more concentrated. This new arrangement
forms what we call an electromagnet, and 1s
1llustrated in Fig. 35.

Observe closely how the insulated wire
is wrapped around the iron core. The elec-
trons are drifting through the wire in the
direction indlcated by the arrows, and the
field encircles the unit as shown by the
dotted 1lines and arrows. Such electromag-
nets are used extensively in the many branches
of radlonics.

A north pole will be established at the
left end and a south pole at the right end Fia. 34
of the electromagnet appearing in Fig. 35, SOLENOID
for the same reason as such poles are estab-
lished at the ends of a hellx or solenoid. Reversing the direction of
current flow through either a helix, solenold or electromagnet, will
reverse the direction of the magnetic lines of force in the resulting
magnetic field; and, consequently, the polarity.

THE RIGHT-HAND COIL RULE

The polarity of an electromagnet can be determined in the following
manner:

With your right hand, grasp the electromagnet so that your fingers
are pointing in the cirection of the negative terminal of battery or
generator through the winding, as in Fig. 36. The extended thumb will
then point to the north pole of the electromagnet, as also here shown.
This rule can be applied equally well to a hellx, solenold or electro-
magnet.

MAGNETOMOTIVE FORCE

Just as a difference of electrical pressure (voltage or electro-
motive force) causes a current to flow through an electric circuit,
so a difference 1n magnetic pressure which exists between the poles
of a magnet causes lines of force to be produced. This difference in
magnetic pressure is called magnetomotive force, and it is usually ab-
breviated to m.m.f.

In the case of electromagnets,
we speak of thils quantity in terms
of the number of amp%re-turns vhich
establish the magnetomotive force
and the resulting magnetic flux.

The magnetomotive force in
ampere-turns of any magnetic wind-
ing 1s equal to the product of the
current flowing through the wind-
ing and the number of turns em-
ployed.

In the upper 1llustration of

Fig. 37, a curremt of 5 amperes 1is
flowing through a winding consisting
of 2 turns. Therefore, the magneto-
motive force 1n this case i1s 5 times
Fic. 35 2 or 10 ampere-turns. In the lower
ELECTROMAGNET 11lustration of Fig. 37 a current
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Fie. 3

RiGH