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PREFACE

The purpose of this book is to fill a need for a text stating in plain, every-
day language, what many people consider a complex technical subject.
A technical subject need not be complex. Careful filling in of the back-
ground with essential information, and then leading step by step to the
final explanation, provides a logical method of explaining the most diffi-
cult subject.

It would be impossible to cover in a single book or series of books, the
immense scope implied in the word electronics. However, an understanding
of radio circuits serves as a foundation for advanced study in all fields
of electronics, such as television, radar, computers, etc. For teaching radio,
the all-important basic tool of electronics, most available textbooks are
woefully inadequate. One type contains information so brief as to acquaint
rather than instruct. Another type is based on the premise that teaching
a student to design a circuit is the best method of having him understand
that circuit’s operation.

Basic Radio represents the neglected middle ground. It is a course in radio
communications, as distinct from a general course in electronics. The text
deals with the circuitry and techniques used for the transmission and
reception of intelligence via radio energy. Assuming no prior knowledge
of electricity or electronics, the six volumes of this course “begin at the
beginning” and carry the reader in logical steps through a study of elec-
tricity and electronics as required for a clear understanding of radio
receivers and transmitters. Illustrations are used on every page to rein-
force the highlights of that page. All examples given are based on actual
or typical circuitry to make the course as practical and realistic as possible.
Most important, the text provides a solid foundation upon which the
reader can build his further, more advanced knowledge of electronics.

The sequence of Basic Radio first establishes a knowledge of d-c elec-
tricity. Upon this is built an understanding of the slightly more involved
a-c electricity. Equipped with this information the reader is ready to study
the operation of electron tubes and electron tube circuits, including power
supplies, amplifiers, oscillators, etc. Having covered the components of
electronic circuitry in Volumes 1 through 3, we assemble these components
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in Volume 4, and develop the complete radio receiver, AM and FM. In
Volume 5 we recognize the development of the transistor, and devote the
entire volume to the theory and circuitry of transistor receivers and semi-
conductors. The last volume of the course, Volume 6, covers the long-
neglected subject of transmitters, antennas, and transmission lines.

No prior knowledge of algebra, electricity, or any associated subject is
required for the understanding of this series; it is self-contained. Embrac-
ing a vast amount of information, it cannot be read like a novel, skimming
through for the high points. Each page contains a carefully selected
thought or group of thoughts. Readers should take advantage of this, and
study each individual page as a separate subject.

Whenever someone is presented with an award he gives thanks and
acknowledgement to those “without whose help . ..” etc. It is no different
here. The most patient, and long-suffering was my wife Celia, who typed,
and typed, and typed. To her, the editorial staff of John F. Rider, and
others in the “background”, my heartfelt thanks and gratitude for their
assistance and understanding patience.

MARVIN TEPPER

Malden, Mass.
September 1961
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Introduction to Radio

Radio is the name applied to the most successful and most frequently used
facility for communicating with all parts of the world. Radio communica-
tion is speedy and reliable. An important news event -- a political incident,
the death of a famous person, any significant occurrence anywhere in the
world -- can be made known instantly everywhere else in the world through
the medium of radio. The speed of the radio wave is approximately 186, 000
miles per second, rapid enoughto circle the globe at the equator slightly more
than seven times per second. Butthe disseminationof news, culture and en-
tertainment by radio broadcasting is but one of the many functions of radio.
Police radio, marine radio, and aviation radio are equally important because

they function to safeguard human life on land, on and beneath the sea, and in
the air.

Without the benefits of radio, conquest of space would be impossible. The
transmission of vital information from satellites to earth is one application
of radio in this effort. Television is basically a radio system. The ability
to detect an unseen hostile target and to locate its position and distance from
a point of observation is another application of radio: it is called Radar --

RAdio Detection And Ranging. An understanding of the workings of radio is
also the basis for understanding the widespread applications of electronics.

And it all begins with a study of electricity.
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The Early History of Electricity

Knowledge concerning electricity started with the Greeks. It is said that at

about 600 BC, the Greek philosopher Thales of Miletus discovered that a cer-
tain substance (now known as amber), when rubbed with certain materials,

displayed a peculiar force. Itwould attract tiny bits of dried leaves and wood
to itself. Thales had no explanation for the action, but he gave the name

electron to the substance. The word "electron" is in use today but its mean-
ing is far different now, as you will learn.

Dried leaves and wood

ELECTRICITY
/s DiscovereD

=
¥ B
=7

The behavior of amber remained a mystery for about a thousand years. But
as time passed, more and more substances which behaved like amber were
discovered. Aboutthe year 1600, an English scientist named William Gilbert
compiled a list of so~called electriks, or substances that could be electrified
or "charged with electricity”, by rubbing (friction). When electrified, they
could attract tiny objects such as bits of paper and threads of cloth. Then,
in the early 18th century, experimenters with electriks discovered that many
materials, when rubbed with other materials such as fur or wool, notonly
would attract tiny objects, but would attract or repel each other. The action
was not understood and it was declared to be the display of electricalforce
due to a mysterious something known as electricity.
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A Famous Experiment in Electricity

One of the far-reaching experiments performed in the field of electricity was
the rubbing of a glass rod with a piece of silk, and the rubbing of a resin rod
with a piece of fur, after which the two electrically charged or, simply,
charged rods were suspended near each other and allowed to demonstrate
their electrical effects on each other.

The charged resin rod and the charged glass rod attracted each other! The
charged resin rod repelled another resin rod that had been similarly rubbed

with the fur. The charged glass rod repelled another glass rod that had been
rubbed with the silk!

Charged Glass Rods

EARLY OBSERVATIONS MADE IN
RUBBING GLASS AND RESIN RODS

It was also found that the action of rubbing the resin rod with the fur also had
chargedthe fur. Butthe kind of charge was such that the fur and the resin rod
were attracted to each other, whereas the charged glass rod and the fur repelled

one another. The silk used for rubbing also displayed electrical effects. It

too had acquired a charge when it was used to rub the glass rod, and its charge
was suchthat it was attracted to the glass rod as well as by the fur, but it was
repelled by the electrified resin rod.
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A Famous Experiment In Electricity (contd.)

Many ideas were advanced as explanations for the actions observed. Charles
Dufay, a Frenchchemist, suggested that the different behavior of the charged
rods was due to the presence of two kinds of electricity -- resinous in the
resin rod, and vitreous in the glass. Benjamin Franklin, one of Amer-
ica's founders, recommended a change in the names identifying the two
kinds of electricity. He suggested the name positive (symbolized by the plus
sign + ) for the kind of charge on the glass, and negative (symbolized by the
minus sign - ) for the kind of charge on the resin rod. These names were
accepted and have been in use ever since.

glass rod has resin rod has §
negative

positive charge
—_—

uncharged

Franklin also suggested the idea that everything in its normal state, that is
all objects which are not electrified, are made of equal amounts of positive
and negative electricity. Such uncharged objects do not display electrical
effects (attraction or repulsion) because the effects of one kind of electricity
are offset by the effects of the other kind of electricity. He visualized the
so-called electrified or charged condition of an object as being the presence
of more of one kind of electricity than of the other kind. The part of the elec-
trified resin rod which was rubbed was charged with negative electricity be-
cause it contained more negative electricity than positive electricity. The
amount of negative charge was equal to the excess of negative electricity over
positive electricity. In a practical sense, negative charge was producedin
the resin rod by rubbing. The glass rod, on the other hand, was charged with
positive electricity in the area where it was rubbed because it contained more
positive electricity than negative electricity., The amount of positive charge
was equal to the excess of positive electricity over negative electricity. Again,
inapractical sense, positive charge was produced in the glass rod by rubbing.
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A Famous Experiment in Electricity (contd. )

Franklin advanced several more fundamental ideas. He said that any object
(body) which, when charged, behaved like the electrified resin rod, had a
""negative charge.' In other words, the glass rod was attracted to the resin
rod and also the silk; therefore, the resin rod and the silk were charged with
the same kind of electricity -- negative. By the same reasoning, any charged
object (body) which behaved like the charged glass rod was charged with pos-
itive electricity. The resin rod was attracted to the glass rod and also to the
fur; therefore, the glass rod and the fur were charged with the same kind of
electricity -- positive.

It was observed that bodies which carried unlike charges -- the resin rod and
the glass rod, the silk and the fur, the resin rod and the fur, the glass rod
andthe silk -- were attracted to each other. On the other hand, when the fur
andthe glass rod, or the resin rod and the silk (all of which carried the same
kind of charge) were allowed to act on each other, it was noted that they repelled
each other. From these findings came certain fundamental conclusions :

namely, that bodies charged with unlike electricity attract each other,whereas
bodies charged with the same kind of electricity repel each other. These ex-
periments and observations did not explain what electricity was; they simply
dealt with observable behavior of the assumed two kinds of electricity. Inter-
estingly enough, these conclusions were correct and have become fundamental
laws of electricity.

Bodies Charged _With Unlike Electricity Attraet Each Other
\

Charged
Glass Rod
(or any object
that behaves
like a glass rod
when charged)

Charged “egative {-)
Resin Rod charge
{or any object \

that behaves —™—__
like a resin rod

when charged)

~—-1_positive (+)
charge

attraction

N7

Bodies Charged With The Same Kind OFf Electricity Repel Each 0flrer

g N\

. repulsion
repulsion

between two negatively
charged objects

\
A

B\

between two positively
charged objects
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Electrical Charging By Rubbing

more negative| | more positive more positive more negative

electricity than| |electricity than electricity than electricity than
positive negative negative positive
electricity electricity L_electricity electricity

HENCE: HENGE:
negatively positively positively negatively
charged charged charged charged

Early Explanation Of Negatively and Positively Charged Qbjects

Franklin explained ""charging by rubbing' inthe following way. When the resin
rod was rubbed with the fur, the surface friction caused some of the positive
electricity in the resin to go to the fur. Now the rubbed part of the resin rod
had more negative electricity than it had positive electricity; hence, it was
negatively charged. On the other hand, the part of the fur used for rubbing
now contained more positive electricity than negative electricity; therefore,
it was positively charged. Inthe case of the glass rod rubbed with the silk, the
silk gave up positive electricity which went to the glass, giving the rubbed
portion of the glass rod a preponderance of positive electricity; therefore, a
positive charge. Having given up positive electricity, the part of the silk used
for rubbing was left with more negative electricity than positive electricity;
hence, it was negatively charged.

It so happens that Franklin was not correct in his identification of which kind
of electricity went where. Science has since learned that it was negative
electricity which was displaced; from the fur to the resin rod, and from the
glasstothe silk. But the identities of the final charge created on the electri-
fied resin rod and on the electrified glass rod as established then are in use
today. Equally important, as you shall learn later on, is that several other
concepts advanced at that time are in use today; namely that everything is

made of two kinds of electricity and that one kind of electricity can be sepa-
rated from the other kind. But before we can discuss the modern versions of
these happenings, we must develop the atomic concept of matter and the

electronic concept of electricity.
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The Modern Concept of Electricity

Although our concepts of electricity differ substantially from the ideas
of Franklin's time, the pattern of modern thinking, strangely enough, follows
the explanation of electrical behavior as expressed then.

There are two kinds of electricity. Still using Franklin's terms, we speak of
them as positive andnegative. Whereas in Franklin's day electricity was vis-
ualized as afluid, today we believe that electricity exists as minute, virtually
weightless spherical specks or particles -- the positive electricity particles
being called protons, and the negative electricity particles being called elec-
trons. We don't know if the proton is, or just carries, a certain amount of

positive electricity, or if the electron is, or just carries, a certain amount
of negative electricity. Either concept is acceptable because it leads to the

same thing,

There Are Two Kinds Of
Fundamental Electric Charges

however:
A proton has
1836 times the
mass of an
electron /

The charge of

Man has never seen a proton or an electron because the particles are too tiny
for even the greatest known magnification to make them visible. But this has
not prevented the development of certain ideas about them. For instance, it

has been established that the amount of positive electricity associated with a

protonis exactly equal to the amount of negative electricity associated with an
electron. Eachisthe smallest amount of electricity of its kind known. There-
fore, the proton isthe fundamental charge of positive electricity, and the elec-
tron is the fundamental charge of negative electricity. Eachis animpractically
small amount, but finite just the same. Operating electrical systems involve
the motion of fantastic quantities of electrons, as you shall learn.
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Matter and Chemical Elements

How do the specks of electricity -- protons and electrons -- fit into the scheme
of things? The answer is that they are the main ingredients of everything.

Everything in the world you can see or touch, and even the many things invis-
ible to the naked eye but known to exist, make up the matter of the universe.
Matter exists in solid, liquid, or gaseous states. Blood, skin, bone, steel,
water, glass, rubber, powder, gold, smoke, copper, tobacco, and air are
just some of the many examples of matter. Chemically speaking, all matter
is made of one or more of the 102 "pure' substances identified as chemical
elements. The word ''pure’ as applied to a chemical element is that it con-
sistsof only one substance. By definition, a chemical element is a substance
which cannot be subdivided into two or more different substances by any known
chemical means, nor can it be produced by the chemical combination of two
or more different substances.

Weare interested in chemical elements because so many of them are used as
the ingredients that make up the various components that comprise electrical.
circuits and equipment. In some instances, elements such as copper, alumi-
num, and carbon are used directly; at other times, compounds (combinations
of different elements) are used in the construction of electrical and elec-
tronic components.

MATTER USED IN RADIO

All matter is made up of one or more chemical elements

germaniv
silicon

ceramic
paper
porcelain

Lecasli(:lite aluminum

copper
cotton

tantalum
mica

steatite
steel
tin
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The Atom

If a small quantity of a chemical element, solid, liquid or gas, could be re-
duced in amount by a continuous series of subdivisions, the fundamental build-
ing block of the element eventually would be reached. This is the atom.
Science knows no way of performing such a subdivision, and consequently no
one has ever seen an atom. But even though we lack this ability, we accept
the idea that nature has built everything out of atoms. Atoms form the chem-
ical elements, and chemical elements singly, or in combination make up
everything else; therefore, in the fundamental sense, everything is made

of atoms.

FACE-CENTERED
LATTICE

The lines joining
the atoms do not really
exist. They are used as
an aid to show the

atomic make-up of the

copper crystal.)

THE COPPER CRYSTAL -- THE TINIEST PIECE OF COPPER THAT BEHAVES LIKE
COPPER. IT CONSISTS OF 14 ATOMS IN A FIXED FORMATION.

The smallest possible amount of some gaseous elements which display the
properties of the gases is a molecule, made up of two atoms that are in an
electrical bond. Ozxygen is one of these, Hydrogen and Chlorine are others.

Then there are gaseous elements for which the smallest quantity of the sub-

stanceisa single atom. Helium, Argon and Neon are examples. In the case
of the elemental metals, a different situation prevails. The smallest amount
of the element is a single atom, as for instance copper, silver, gold, iron,

lead, tin and others, but the smallest amount of the metal which displays the
physical properties of the metal -- expansion, contraction, malleability -- is
a crystal. (Sometimes, the crystal of a metal is called a giant molecule). A
crystal of a metal is an organization of atoms of the element arranged in a
particular formation. For instance, the tiniest amount of pure copper which
will behave like the metal is 14 atoms of copper arranged in a geometric
pattern called a face-centered lattice. A lengthof copper wire would be made
of atremendous amount of these crystals. Other elemental metals have their
atoms arranged in different formations. Rememberingthe geometric pattern

of the crystal of copper isnot vital to understanding the workings of electricity.
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Every Atom Is Made of Electricity

THE BOHR ATOM
STRUCTURE

CARBON-

6 Electrons (=)
6 Protons (+)
6 Nevtrons (0)

Electrical Charge

A SUBMICROSCOPIC SOLAR SYSTEM

Every atom (regardless of kind) is an organized structure whose main parts
are comprised of particles of positive electricity (protons) and particles of
negative electricity (electrons). When we say that one atom is different from
another (each being representative of a different kind of chemical element), we
mean simply that the two atoms are made of different amounts of positive elec-
tricity, with each having as much negative electricity as positive electricity.

A popular concept of the atom was advanced by Niels Bohr, a Danish physicist.
Hevisualized the atom as having a stationary center (or nucleus) in which was
concentrated all the positive electricity of the atom (all the protons). Also
present in the nucleus of all but the Hydrogen atom was still another kind of

particle called a neutron. Each kind of atom contained a different number of
neutrons, but since the neutron contributes nothing of electrical character to
the atom, we need not discuss it any further. Revolving around the nucleus
with very high velocity and at different distances from it are the specks of neg-
ative electricity -- planetary electrons -- which balance the positive electri-
city content of the atom. In any one kind of atom, there are associated with
it as many planetary electrons as there are protons in the nucleus, or as much
negative electricity as positive electricity. As a convenience in identifying
the different kinds of atoms, each kind is associated with a number and with
one or two letters. The numerical reference states the number of protons in
the atom (hence, the number of planetary electrons too), while the letter sym-
bol identifies the chemical element. As typical examples, the Hydrogenatom
(H) is #1; the Carbon atom (C) is #6; the Copper atom (Cu) is #29; the Silver

atom (Ag) is #47, and so on.
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Electrical Forces In The Atom

What keeps the circling electrons from flying out of the atom under the influ-
ence of the centrifugal force that each planetary electron feels? The general
concept isthat the electrons are held in their orbits against the pull of centri-
fugal force by the electrical force of attraction between the protons in the nu-
cleus and the orbiting electrons. Theelectricalforce is manifested as a me-
chanical force; it pulls the electrons inwards towards the nucleus whilethe
centrifugal force is pulling the electrons outward away from the center.
Thetwo forces are in exact balance; therefore, the electrons do not leave the
atom nor do they ''fall" into the nucleus. Each fundamental particle of elec-
tricity is inseparably endowed with the property of attracting anoppositely
charged particle to itself, and repelling every similarly charged particle.
The protons in the nucleus also feel a pull towards the electrons, but the much
greater mass of the individual proton keeps it put where it is.

Planetary Electrons are
submitted to centrifugal

force due to their speed

n orbit, forces of attraction
from the positive charge
(protons), and forces of
repulsion from neighboring
electrons. All act together to
keep the electrons in the atom.

FORCE OF PNALYYSILL] tending to
NUCLEUS pull electron to nucleus

CENTRIFUGAL FORCE RELTILY- KL

% pull electron out of atom

planetary electrons orbit around

FORCES OF REPULSION nucleus at high speeds
BETWEEN ELECTRONS

A force of repulsion exists between each orbiting electron and acts in all di-
rections, thus keeping the planetary electrons in their positions in the orbits.
A similar force of repulsion exists between individual protons which are sep-
arated, but when they are as densely packed as they are in the nucleus, there
is a "something' which accounts for their not flying apart.

The electrical forcesin the atom are fundamental and tremendous. Were this
not so, the universe would fly apart. As long as the atom is in electrical
equilibrium, that is, equal numbers of protons and electrons, the electrical
and mechanical force condition is confined strictly to the inside of the atom.
Neither the protons nor the electrons inside an electrically-neutralatom (equal
numbers of protons and electrons) have any effect on other electrons and pro-
tons outside of the atom. This subject will receive more attention later, as
we develop several related ideas.
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Bound Electrons

The electrical forces referred to on the preceding page exist inside every
atom but the behavior of these forces is not exactly the same in the different
kinds of atoms. For our purposes, we need not consider the different kinds
of atoms on an individual variety basis; it is sufficient if we deal with two main
categories--nonmetals and metals. We shall consider each separately.

Under all normal conditions, the force of attraction between the protons in the
nucleus and the planetary electrons in the atoms of nonmetals is sufficiently
strong to keep all the electrons tightly ""locked' inside the atomic structure.

The electrons revolving in orbits close to the nucleus, as well as those revolv-
ing at the farthermost distances from the center of the atom, are "bound' to
the atom. An occasional atom may let go of one of its outermost electrons,

but by and large, we assume that the nonmetallic materials are made mainly
of atoms whichare in electrical balance (always have equal numbers of protons
and electrons). They are electrically-neutral atoms.

. WHEN FORCE A EQUALS FORCE B, ELECTRON REMAINS IN ORBIT (IS BOUND) I

elecfron§
l/ NUCLEUS :
SO

mutual /
cmrudlng
force
(A)

cenlnfugol force (B)

This situation is not an unchangeable one Given a different set of conditions
(which we might call "abnormal'') such as the application of a sufficiently
strong external force--one strong enough to overcome the binding forces be-
tween the protons and outermost electrons inside the atomic structure--it is
possible to upset the electrical balance. It is possible to literally "tear' one
or more electrons out of the atom, or even temporarily "'add" an electron to
the atom. Strangely enough, such external forces can be developed rather
easily. Rubbing the resin rod with the fur and the glass rod with the silk are
examples of ""abnormal'' conditions--that is, the application of such external
force. The surface atoms of the fur and the glass rod released electrons,
whereasthe surface atoms of the resin rod and the silk temporarily accepted them.
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Free Electrons In Metals

We have explained how the electrons in the atoms of nonmetals are bound to
the atom. On the other hand, it is an accepted theory that the protons in the
nucleus of the atom of a metal hold onto all but one of the normal complement
of planetary electrons.

Free Electron Orbit Bound Electrons

Free Electron of New Atom Remain In Orbit

R RN NN

Atom

FREE ELECTRONS MOVE IN RANDOM MOTION

THROUGHOUT METALLIC CONDUCTOR

The situation is explained in the following way. The electron (or electrons)
that orbits at the farthest distance from the nucleus in the atom of metals is
believedtofollow an elliptical path. (An ellipse is a geometrical figure which
hasthe shape of a hoop that has been flattened slightly). The other orbits are
assumed to be circular. Asacasein point, let us assume an atom of copper.
The outermost orbit is occupied by a single electron, this orbit being elliptical.
At one point in the path of travel, the electron is very close to the nucleus; at
another point, the electron is far removed from the nucleus. When the elec-
tronisfarthest fromthenucleus, it is released because the force of attraction
between it and the cluster of protons is not sufficiently strong to keep the elec-
tron in its orbit. It is believed that this actionoccursinthe atoms of all met-
als, although not exactly to the same extent in each kind.

The liberated electrons are called "free electrons’. They wander among the
atoms of the metal throughout all parts of the metal in a random manner (pre-
sumably uniformly distributed throughout the metal), as many moving in one
direction as in another. Every atom which has lost an electron now has a
preponderance of positive charge, that amounting t¢ one proton. These atoms
are called "positiveions’’. However, for every positive ion in the metal there
isafree electron so that the balance between positive and negative electricity
is maintained and the metal as a2 whole remains electrically neutral.
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The Modern Concept of Charging

The modern concept of ""charging with electricity’ or simply, "charging' is
nothing more than disturbing either the equality of the electron and proton
content in an object, or the uniform distributions of the negative and positive
electricity content.

The four examples of nonmetallic substances used in the Franklin experiment
became charged because electrons were torn from the surface atoms of one
material (the fur and the glass rod) and transferred to the surface atoms of

the other material (the resin rod and the silk) during the rubbing process.

The emphasis on the surface atoms is made for a reason. The atoms of all
solid substancesaretoall intents and purposes fixed in their locations. When
electrons aretransferred from the surface atoms of one nonmetallic object to
surface atoms of another nonmetallic object, the negative charge is transferred
fromone particular placetoanother. Whatever charge is given up or acquired
by rubbing, theactionoccurs over the area where the friction took place. The
charged condition is therefore localizedto certain places on the surface. This

point is stressed because the action is somewhat different in objects made
of metals.
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Charging By Contact

The frictional method of charging (rubbing) is applicable to nonmetals and met-
alsalike, but not too successfully to the latter. A preferred method of charg-
ing metallic objects is by contact. We are concerned with the charging of metal
objects because metals are used in radio equipment.

Let us assume we have a hard rubber rod which has been given a negative
charge by some means. (Hard rubber behaves like resin), We also have a
small strip of aluminum which iselectrically neutral. The stripis suspended

by a silk thread. We now make momentary contact between the charged rub-
ber rod and the metal strip. Some of the electrons leave the rubber and go to
thealuminum., Havinggivenup some of its electrons, the rubber now has less
negative charge; but now, the metal stirip also has a negative charge. The
total of the acquired electrons, plus the free electrons, plus the bound elec-
trons in the atom of the metal exceeds the total of the protons in the metal.

Thus, the total negative electricity content exceeds the total positive elec-
tricity content; hence, the net negative charge. However, unlike the behavior
of the nonmetallic object, the electrons passed on to the aluminum distribute
themselves uniformly over the entire surface of the strip, after which (to all
intents and purposes) they are at rest.

CHARGING BY CONTACT - CHARGES
DISTRBUTE THENSELVES UNIFORNLY OVER WETAL smw

NEGATIVE CHARGES
LEAVE
RUBBER ROD AND
GO TO NEUTRAL
ALUMINUM...

2

CHARGED
RUBBER ROD

SILK THREAD -

UNCHARGED
(NEUTRAL)
ALUMINUM STRIP =¥

..PRODUCING A NEGATIVELY
CHARGED ALUMINUM STRIP.

In other words, the acquired negative charge is not localized to the point of
contact with the rubber. It exists everywhere on the aluminum surface. If a
positively-charged glass rod had been used as the charging body in place of
the negatively-charged rubber rod, some of the free electrons moving along
the surface of the aluminum would have gone to the glass, leaving a preponder-
ance of positively-charged atoms (positive ions) inthe metal. The metal strip
then would have been charged positively.
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Charging By Induction

There is still another method of charging an object. It is called charging by
induction. We shall apply it to metallic objects rather than nonmetallic be-
cause the practical applications of the phenomenon involve metallic components.
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Imagine an uncharged aluminum rod suspended by a silk thread. (Any other
metal could byused). Also a negatively-charged rubber rod. The negatively-
charged rubber rod exerts an influence on the free electrons within the alumi-
num rod, acting across the space separating the two rods. Complying with
the law that like charges repel, the rubber rod drives the free electrons wan-
dering in the aluminum rod away from the end nearest the rubber rod. Now
thereisa decrease inthe number of free electrons at that end of the aluminum
rod which is nearest the charged rubber rod and a crowding of free electrons
at the other end ofthe metal rod. This condition exists as long as the charged
rubber rod is held near the metal rod.

If, instead of using a negatively-charged rod as the charging body, we used a
positively-charged glass rod, the free electrons in the metal rod would be
attracted towards the end which is nearest the glass rod, causing a crowding

at this end and a shortage at the other end.
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Charging By Induction {cont'd. )

Let us continue the experiment with the metal bar being acted upon by the neg-
atively-charged rubber rod. Asshownintheillustration, someofthe free elec-
trons are crowded at the end away from the rubber, having been repelled
from the end near the rubber rod by the energy associated with the neg-
atively-charged rubber.

Now we momentarily touch the end of the metal rod farthest from the rubber.
The human body is not the best-known path for electricity, but it is good en-

ough for this purpose. The crowded electrons tending to repel each other
readily leave the metal and go to the finger. Then, we remove the charged
rubber rod from the vicinity of the metal rod. The free electrons inside the
metal redistribute themselves uniformly throughout the metal, but now, there

are moreatoms shy electronsthan there are free electrons in the metal. The
metal rod contains more positive electricity than negative electricity; hence,
it has acquired a positive charge. It is to be noted that a negatively-charged
charging body induces a positive charge in the original electrical neutral
body. Inother words, the charge induced is the opposite of the inducing charge.

Aluminum Rod

SE—————— charging takes place e crowded negative charges leave rod
through spice and enter neutral finger

Crowded Electrons will
leave rod when contact
is made with nevtral object...

...when rubber rod and finger are Aluminum Rod
removed, remaining negative charges (Positively Churged)
combine with positive charges.

This results in a net positive charge,

since some negative charges were lost.

Ifthe charging body had been a positively-charged glass rod, the metal would
have had a shortage of free electrons at the end farthest from the glass rod.
The positively-charged atoms at this end would pull electrons from the finger
that touched the metal. Removing the charged glass rod from the vicinity of
the metal would then leave the metal with more free electrons than positively-
charged atoms -- or a net negative charge.
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Discharging A Charged Object

You have learned that the electron and the proton are associated with elec-
trical energy. If we think in terms of theory only, we say that a negative and
positive charge are subjecttoa force which attracts each to the other; similar
chargestendtorepel each other. If we take the practical viewpoint, we real-
izethat it isthe electron, the very much lighter of the two fundamental charges
of electricity, whichperforms the motion. (Each proton has about 1837 times
the massofan electron). Moreover, the positive electricity is locked inside
the atom; it does not move under the influence of forcesthatact between charges.
If wegive a free electron the opportunity to move from one place to another under
the influence of a nearby positive charge, it will do so, but the positive charge
will not move.

If we arrange for a negatively-charged object and a positively-charged one to
make physical contact, the point of contact becomes the path over which the
excess electrons on the negatively-charged object move to the positively-
charged atoms on the positively-charged object. If both objects have equal
amounts of unlike charge, all the electrons corresponding tothe negative charge
will flow to the positively-charged body, where they will neutralize the posi-
tive chargeand create an electrically-balanced (neutral) condition in both ob-
jects. Wehave, infact, discharged both charged objects by physical contact.

Another kind of physical path could be a piece of wire which touches both ob-
jects at the same time, The flow of electrons through the wire is another
story in itself.

negatively charged positively charged

object ™= object ™~
------- A A AT
A | :7)) &"+"’+"’++++++++ ,
wire
Y\ equal but opposite charges o'
/ opposite charges are
brought into contact
p— = F F
B=> _—_ - ‘ L+t T
1%?,_,,5 negative charges flow to
e positively charged object
uncharged ™\ uncharged "\ Wire can provide
P contact between
C=> )L negatively
opposite charges completely neutralize each other, o;:‘ijel
making both objects uncharged P Y
charged objects

CHARGED OBJECTS CAN BE DISCHARGED BY CONTACT
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Discharging A Charged Object (cont'd)

Objects bearing unlike charges can be discharged without using a physical path
between them. Assume two objects, one with a very strong negative charge,
the other with an equally strong positive charge. If the two charged objects
are brought sufficiently close to each other but not touching, the excess elec-
trons on the negative object will, under the influence of the force of attraction
between unlike charges, leap across the gap to the positively-charged object.
The movement of electrons throughair produces a visible flash of light accom-
panied by an audible crackling sound. The visible phenomenon is calledan
arc. Thegreatertheaccumulation of the unlike charge on the two objects, the
wider the separation that can be bridged by the arc. Lightning is an example
of arc discharge between dissimilarly-charged clouds, or between a charged
cloud and earth.

strong

UNLIKE CHARGES
/o >\

(-) electrons leap (+)

----------- QA"“’G" + + + + + o+t

——————————— + 4+ + + + o+ o+

LTI TTTTITIz ARSI T
ARC

( due to force of attraction )

If all the surplus electrons on the negatively-charged object move over to the
positively-charged object, both objects become electrically neutral. That is,
the charged objects are discharged; the negatively-charged object because it
has lost its surplus electrons, and the positively~charged object because it has
acquired enough free electrons to neutralize the excess positively-charged
atoms (positive ions) of the metal. It is conceivable that not all of the surplus
electrons will move to the positively-charged object during the arc, in which
case both objects will remain in a charged state, with each now bearing
less charge than before the occurance of the arc.
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Discharging Through a Wire

It is easy to visualize the action of discharging two charged objects by direct
contact. The excess electrons on the negative object stream to the positive
ions on the positive object. But how does the discharge action take place
through a wire which joins two oppositely-charged metal objects? The
answer is important to the study of electricity.

Let us assume the following conditions: The negatively-charged object (A)
bears great numbers of excess free electrons along its surface. The posi-
tively-chargedobject (B) hasanequivalent shortage of free electrons along its
surface. Finally, a piece of copper wire is connected between the pieces of metal.
When the copper wire joins A and B, the excess free electrons on A have free
electrons which they can repel (the free electrons in the wire). Hence, the
wire is a path into which the excess free electrons on A can move. Simul-
taneously, the excess positive ions on B now have free electrons (in the wire)
onwhich they can exert a force of attraction. Thus, the free electrons in the
wirefeelaforce of repulsion at one end and a force of attraction at the other.
Actually, the electrons throughout the wire are subject to these forces. The
net result is that the excess free electrons on A enter the wire at the same
time the excess positive ions on B are pulling free electrons out of the wire.
Of course, as excess electrons leave A, the amount of negative charge dimin-
ishes, and as they go to B the amount of positive charge diminishes.

Free electrons pass

through wire from A to B

metal object metal object
( negatively charged ) ( posiiively charged)
E e ek e S A S T S
SRl Tl : < ///—\._'-‘., +.t +§§ + ++
- - - - - - N "'+++ +++
negctive charge repels \ positive charge ottracts

free electrons’in wire copper wire free electrons in wire

DISCHARGING CHARGED OBIECTS THROUGH WIRE

-- as many electrons leave wire and enter B asenter the wire at A

Whenall the excess electrons have left A and entered B, both strips are fully
discharged and no further movement takes place between the two metal objects
through the wire. Note that the movement of electrons through the wire is in
a single direction -- from negative to positive -- and it happens without any
change in the number of free electronsthat are present in the wire at any one
time, because as many leave the wire as enter it.
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Demonstrating the Electric Field Concept

You have learned that the motion between charges or charged objects (attrac-
tion or repulsion) is caused by the presence of an electric force. We also
said that the charging process was the equivalent of storing electrical energy.

But where is the force which moves charged objects? And where does the
storage of electrical energy take place? Strangely enough, both are foundin
the sameplace -- inthe space between the charged objects. This is explained
by the concept of the electric field of force, also known simplyasthe electric
field. The space between and all around charged objects is filled with elec-
trical energy--the energyof the electric fieldthat is associated with the charge
on the objects. This energy can do work.

strong negative
charge

gypsum
crystals

gypsum
crystals

erystals are

CI‘YSMIS are distributed electric lines start out distributed in

in random positions perpendicularly from ' pattern of
surface of strips electric fi

It can be demonstrated in the following way. Assume two electrically-neutral

parallel-positioned metal strips cemented onto a pane of glass. Now we drop
crystals of gypsum (or very tiny bristles of hair) onto the plate, and tap the

glass slightly. The gypsum (or tiny pieces of hair) occupy random positions.
That is, nothing happens. Now, remove the crystals (or hair) and give one
metal plate an exceptionally strong negative charge and the other plate an
equally strong positive charge. Then drop the crystals onto the plate and tap
the glass. A distinct line pattern will be seen between the metal stripsand
around them., Something has happened! The unlike charge given to the two
plates has created an electric field between and around the metal strips. The
electrical energy that constitutes the field acted on the crystals (or the hair)

and made them line themselves up in a special way. The field exerted me-
chanical force. I the two charged strips could move, they would move
towards each other.
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Electric Lines of Force

The electric field between the two charged metal strips shown on the preceding
page has a distinct line pattern. One gathers the impression that the gypsum
crystals acted on by the energy in the electric field aligned themselves along
"lines" of energy. It is explained in the following way.

THE ELECTRIC FIELD AROUND POSITIVE AND NEGATIVE
POINT CHARGES

electric lines move radially out electric lines move radially
from a positive point charge into a negative point charge

(eleciron )

Every electron and proton has an electric field of its own. The energy of the
fundamental charge is in this field. The electric field occupies the space all
around the charge. Michael Faraday, an Irish scientist, pictured this fieldin
acertainway. Hevisualized the field as being made up of "'pencils of energy'
which can conveniently be illustrated by innumerable straight lines which radi-
ate outward in all directions from the center of the charge. He called these
lines electric lines of force, or simply, lines of force.

Faraday said that a line of force behaved in certain ways. It had a direction
of action; it exerted force in the direction in which it pointed, as indicated by
anarrowhead drawnon the line. The direction was, and is (by arbitrary con-
vention) that in which it would make an imaginary positive test charge move.
So it pointed away from the proton and toward the electron. Another accepted
form of behavior of lines of force is that those lines which advance in the same
direction repel oneanother. A third form of behavior which he conceived was
that lines of force which joined unlike charges behaved like stretched rubber
bands that always wanted to contract. So, when we say that unlike charges
attract, it is the action of the lines of force in the electric field between the
charges that pulls them together. When we say that like charges repel, it is
the force of repulsion between the lines of force going in the same direction
that move facing charges apart.
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Lines of Force (cont'd.)

The lines of force concept is a ready means for explaining the apparent absence
of electrical effects around electrically-neutral objects, and the electric field
around charged objects. Interestingly, an electric field exists around the
electrons and protons even in an uncharged okject, but the fields have equal
intensity and are opposite in direction of action at all points equidistant from
the charge . Onechargeoffsetsthe effects of the other everywhere; therefore,
thereisnodetectable electric field surrounding the object. On this basis, an
electrically-neutral atom is considered as having no external electric field.
When the process of charging causes an accumulation of electrons on one ob-
ject and positive ions on the other, each charged object has its own electric

field, but two fields acting on each other produce a single net electric field
between them.

Inthe case of the positive ions, each ion contains more protons than electrons;
hence, it has a net electric field, that of the surplus protons. The energy of
this field is detectable beyond the limits of the ion. The same condition is
true in the case of the negative ion, except that now the electric field is that
due to the excess electrons,

: But Unlike Charge Equal Positive Charges:

charges tend to move charges tend to move

towards each other awey from each other X
- (L) (o)

All lines terminate at

Ail lines terminate at
negative charge

As to the line formation of the electric field between the parallel metal
strips, it follows the reasoning of the lines of force concept. Actually,
there are innumerable lines of force between the strips. The lines of
force are substantially parallel between the strips, because the mutual
force of attraction between them straightens them.

negative charges induced
on nearest uncharged objects
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Potential and Kinetic Energy

S P Potential Energy
m’ Weight has POTENTIAL ENERGY | .’ is converted into
(energy of position) T KINETIC ENERGY

(energy of motion)

glass breaks

AND KINETIC ENERGY

Inthe study of practical electricity, we are concerned mainly with the move-

ment of free electrons and the conditions which govern their movement. In

this connection, the subject of electricity has a language all its own wherein

certain words identify particular conditions. One of these words is ""potential’’.

Potential is an abridgment of "'potential energy', the energy associated with

position. Toillustratethis, considerthe following. Assume a 5-pound weight
resting on a pane of glass which in turn is resting on a table. Now you raise
the weight above the glass to a height of say, 6 feet. Then you let it fall. The

glass shatters. Where did the weight acquire the energy to break the glass?

The answer is simple, even though you may not have thought much about it.

The energy to break the glass was acquired by the weight from your effort in
lifting it against the gravitational pull of the earth. This pull accounts for
everything falling to the ground, andif it were possible to do so, falling towards
the center of the earth. You did work on the weight; that is, you gave energy
to the weight when you raised it above the glass. You gave the weight poten-
tial energy--the energyof position. The higher you raise the weight above
the table, the more work is done on it and the greater is the amount of poten-
tial energy stored in the weight. When you allowed the weight to fall, the po-
tential energy was converted to kinetic energy--the energy of motion. When
the weight struck the glass, the kinetic energy was changed into heat energy,
sound energy, and mechanical energy, all of which are related to the actual
physical breaking of the glass and the sound which accompanies the action.
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Potential (cont'd.)

Let us now assume that we remove free electrons from an object by any one
of the charging processes described, and pass these electrons on to another
object. Whatever the method used, the displacement of the electrons requires
the application of energy to makethem move against either the force of attrac-
tion of the positive ions remaining after the electrons have been taken away,
or against the force of repulsion from other free electrons which are on the
surface to which the electrons are being transferred. The displaced electrons
now haveacquired potential energy. Thegreater thedisplacement,the greater
istheamount of work that must be done, and the greater the potential energy
acquired by the displaced electrons.

Now, if we arrange for the displaced electronsto go back to where they were,
the potential energy is converted to kinetic energy (the energy of motion) and
the moving charges candowork. The higher the potential of the charge at any
point, the more work can be done when the potential energy is converted into
kinetic energy. We save time by referring to the point or place where the
charge or charges exist as being at a certain ''potential" relative to some
reference point, rather than describing it in terms of potential energy.
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Difference of Potential

Another phrase encountered very often in electricity is "'difference of potential"
1t, too, isrelated to the movement of free electrons. Difference of potential
expresses a situation which determines the tendency of free electrons to move
from one place to another. When we accumulate an excess of free electrons
on an object and create a shortage of free electrons on another, we create a
difference of potential between these two charged objects. You can consider
the objects as charged metal strips, if you desire. Given a path between these
two objects, free electrons would move from the '"negative" strip to the '"posi-
tive" strip. Thegreater the excess of free electrons on one strip and the more
the shortage of free electrons onthe other, the greater is the difference of poten-
tial betweenthe two strips and the stronger would be the tendency of the free
electrons on the negatively-charged strip to go to the positively-charged strip.

G

connecting

negative

DIFFERENCE OF

h
SMALL TRl LARGE POTENTIAL BECAUSE ONE
DIFFERENCE OF DIFFERENCE OF STRIP IS MORE NEGATIVE
POTENTIAL POTENTIAL THAN THE OTHER

It is important however, to understand that a difference of potential exists be-
tweenany two points or places where unequal amounts of free electrons exist.
Conceivably, two metal strips (or any other objects) may be charged negatively,
one less thantheother. A difference of potential exists between these charged
objects. Thus, there would be a tendency for electrons to move from the more
negatively- charged object to the less negatively-charged object until both ob-
jects were at the same potential, after which there would be no further tend-

ency of the electrons to move between the two charged objects. In other words,

andthisis a very important condition, movement of free electrons throughthe
w ire that connected the two metal strips described several pages back occurred

while a difference of potential existed between them.
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Static Electricity and Electrostatics

One area of the study of electricity is called electrostatics. We have dis-
cussed charging and discharging. Whether the method of charge was by fric-
tion, contact, or induction, electrons were displaced from one object to an-
other, after which the electrons came to rest at a new location, creating a
charged state. The name given to electricity at rest is static electricity,
andthe broad subject of charging and discharging (the behavior of static elec-
tricity) is called electrostatics. The study of electric fields between charged
objects falls under the heading of electrostatics.

3%9(» ELECTROSTATICS DEALS WITH ELECTRICITY AT REST .)%ze

positively charged platex
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Although plates are oppositely
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between plate

e metallic plate

separator
between
metallic plates

metallic plate

We must not confuse the electrically-neutral condition of an object with the
meaning of electricity at rest. Electrical phenomena is not usually associated
with an electrically-neutral object except to recognize that it can be charged
But when it is electrically neutral, it has no electrical effects because for all
intents and purposes it has no electrical field. In addition, it is important

to understand that while a metallic object contains a tremendous number of
free electrons in motion, when this object is charged by acquiring electrons,

these surplus electrons are (to all intents and purposes) at rest along the

surface of the metal.

There are practical reasons for having emphasized the phenomena of charg-
inganddischarging. Charginganobject is the equivalent of storing electrical
energy on the object; discharging an object is the equivalent of releasing the
electrical energy. The practical devicewhich does this in radio equipment,
and about which you will learn more later, is called a capacitor (alsc known

as a condenser). The purpose ofa capacitor is to store electrical energy and
toreleaseit when it isneeded. As we will learn, electrical charges also play

an important role in the operation of tubes and transistors.
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Free Electrons and Electric Current
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The study of the atom was intended to serve several purposes, First, to lay
the foundation for the explanation of electrical charge and discharge. This we
have done. Second, to be the basis for the explanation of electric current.
This we shall do now.

Let us take an imaginary glimpse inside a piece of copper wire. What we see
would not be too much different in any other kind of metal. The atoms shy
electrons (more correctly known as positive ions) perform ato-and-fro motion
over avery limited distance each side of a "'fixed position. Although describ-
ing a vibratory motion, we can, for all purposes, consider the ions as being
fixed in location in the wire. In between, a host of free electrons drift slowly
in alldirections--as many moving inone direction as inthe opposite direction.
While performing this motion, the free electrons attach themselves momen-
tarily to the ions, and even to atoms which have acquired the balancing elec-
tron--only to be freed again a moment later. The free electrons collide with
each other, as well as with atoms. This is an important phenomenon, as you
shall soon learn. Obviously, metal contains wandering negative electricity
(wandering electrons) but it is not usable electricity as it is. We must change
electron movement from random to controlled. Then it is electric current.
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Free Electrons And Electric Current (cont'd.)

A few pages back, we described the motion of free electrons through a wire
connected to two metal strips charged with unlike electricity. The direction
of electron flow was from the negative to the positive strip. Such movement
was a controlled motion--it had a definite direction--a sin r direction
throughout the wire. Although the flow of electrons did not last for long, it
did constitute electric current while it lasted. We define electric current as
free electrons performing a controlled motion.
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( NO CURRENT FLOW) v
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wire conductor

Let's consider electric current in a different way. When free electrons are
driftingat random ina wire, as much charge (electricity) moves in one direc-
tionasinthe opposite direction. There is, therefore, no continuous delivery
of electricity from one point to another in a constant direction through the
wire. But when the random motion of the electrons is changed to controlled
motion, electricity is delivered continuously in a constant direction through
the wire. Such delivery of charge is electric current. As you will learn
later, two important considerations of electric current are the direction of
flow, and the quantity of electricity that is transported in a period of time--
the period being 1 second.
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Conductors

Based on the atomic concept of matter and the electrical makeup of the atom,
allthingsare made of electricity. Yet, all materials are not equally good as
paths for electricity (electric current). Conductors is the name assigned to
a broad category of materials through which a practical amount of electric
current can flow under normal conditions. Most conductors are metallic.

B CONDUCTORS Provide A Good Path For Electricity

Great Many
Free Electrons

The usefulness of metal to conduct electric current stems from the abundance
of free electrons in the material, the free electrons being electricity that is
available to be moved through the metal when the material is part of a com-
plete electrical system. However, notall metalsare equally good conductors.
The availability of free electrons for a given length and cross section is not the
same in all metallic substances. The chart indicates the commonly-used
metalsintheir order of suitability as paths for electric current. Silver is the
best, but being expensive is used only in special cases. Copper, the second
best conducting material, is plentiful and inexpensive; hence, is used most
often. At the bottom of the list is Nichrome, a special alloy manufactured
specifically to perform as an inferior conductor. It is one of numerous alloys
that find special use in electrical systems.

Relative Ability

to Conduct
(Conductance)
silver .08
copper 1.00
The ability of a
material to conduct aluminum .63
electricity depends
upon the availability iron .15
of free electrons
tin 12
nichrome Kol l¢
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Insulators

Insulators is the name given to a special group of materials that provide ex-~
tremely poor paths for electric currents under all normal conditions. In fact,
their function is to prevent the flow of electric current. To understand the
basis of action of insulator materials, think of an atom whose electrons are
bound to the atomic structure; in other words, the material contains very few
free electrons. Since there are very few free electrons per given length and
cross section of the material, thereis very littlecharge which can be delivered
from one point to another. No material is completely void of free electrons.
But if they are so few in number, relatively speaking, that a practical and
useful amount of electric current cannot flow under normal conditions, we
consider the material to be an insulator. Examples of such substances are
plastics, glass, mica, mineral oil, rubber, dry paper, dry wood, cotton, and
ceramic substances. The above references are not in the order of their
suitability as insulators.

[ . - INSULATORS Provide A Poor Path For Electricity “
- T r—r—

free elecfron
\‘

Very Few Free Electrons

Let us clarify some points regarding the names associated with insulator
materials. The materialitself is called an insulating material, but when it is
shaped into some form--large or small--and sometimes used as a support
for wires carrying electric current, it is called an insulator. Another word
for an insulator is dielectric. If the material is used as a coveringaround
wiresthat carry electric current, it is called insulation.

ELECTRICAL INSULATION USED IN RADIO

rubber mica supports paper ‘‘dielectric
grommet in tubes in capacitors

)

Polyethylene
Tuning Screwdriver

Bakelite tube
socket

insulation
around wire

{rubber, silk, plastic) t -

Air between
copacitor plates
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Electrical Pressure and Electromotive Force

Q: Howis the random motion of free electrons in a conductor changed to the
controlled motion that is electric current? A: Bythe application of electri-
cal pressure which is known as electromotive force. It is abbreviated emf,
and pronounced ee-em-eff.

RS AT

T AR

source of
electromotive
force

‘i
i
! ) ==~

electrical path
between terminals
(a conductor)

Negative Terminal
(free electrons)

A source of electromotive force canbe described as a device in which electrons
are forcibly separated from atoms. This creates free electrons and atoms
shy electrons or positive ions. The conventional cell or battery used in
flashlights and portable radio receivers is an example of sources of electrical
pressure or electromotive force. There are other sources about which you
will study later,

The separating action referred to above takes place inside the device con-

tinuously while the device is functioning. The result corresponds to an accum-

ulation of free electrons on the "negative'" terminal (usually designated bythe

symbol -) and atoms shy electrons on the "positive' terminal (usually desig-

nated by the symbol +). Thedisplacedfree electronsareattractedtothe atoms
that are shy electrons (unlike charges attract each other), but they cannot do
80 by any pathinsidethedevice. The chemical action inside a battery prevents

this. But if we provide some sort of electrical path outside the battery, con-
nected between the negative and positive terminals, there will be a movement
of free electrons between the battery terminals via the external path in a

particular direction -- fromthe negative to the positive terminal. This direc-
tional quality of the action is called polarity. The electrical force acting on

the electrons accumulated on the negative terminal urging them to the atoms
that are shy electrons on the positive terminal is the electromotive force
developed by the chemical action in the battery.
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Unit of Electromotive Force (the Volt)

If we were speaking about water pressure orair pressure, we would refer to
the amount of pressure in terms of '"pounds per square inch’. In the case of
electrical pressure, or more correctly stated, electromotive force, the unit
used is the volt. The actual amount of voltage is expressed by a number.
Thus, the output of a flashlight cell is rated at an electromotive force of 1. 5
volts; the modern automobile battery is rated at an electromotive force of 12
volts. Some other sources of electromotive force may be rated at 10 volts,
120 volts, or 5000 voits.

The difference of potential between two points in an electrical system can also
beidentified interms of volts. It has become accepted practice to refer to the
electromotive force of a device in terms of voltage output, the presence of
electromotive force being understood when the voltage reference is made.
Thus, by sayingthat the voltage output of a flashlight cell is 1. 5 volts, we mean
that it develops an electromotive force of 1. 5 volts.

=—— CONVERSION OF VOLTAGE VALUES

potential difference and x1000 _’ﬁ 1 KiLovoLT =

slectromotive force are

. K
measured in terms of (kv)
m 3 1 MILLIVOLT =
which represents electrical x .001
pressure (MV)
BN | | MICROVOLT =
x .000001 MICROVOLTS
(uv)

The voltages encountered in radio equipment involve a very wide range.

Voltages may be as high as several thousand volts or as low as a fractionof

a millionth of a volt. Sometimes, it is convenient to state them as a number
and a word prefix having a numerical significance. For instance, it is quite

common to use the prefix "kilo" to mean 1000. In other words, 1 kilovolt

(abbreviated kv) means 1000 volts, and 10 kilovolts means 10, 000 volts. When
the voltage value is between 1 and 999, the amount is expressed as a simple
number; beyond 999, the prefix kilo can be used.

Voltages less than 1 volt are sometimes stated as a decimal and sometimes
by a number associated withaprefix. For instance, the prefix "milli"' means

one-thousandth; the prefix"'micro' means one-millionth. To state three one-
thousandths of a volt, it is customary to say 3 millivolts (3 mv)and, when
writing the amount, the decimal . 003 volt can be used. In like manner, 100
millionths of a volt would be stated as 100 microvolts (100 uv) and, when

shown in a computation, it might appear as .0001 volt.
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SUMMARY

Many materials, when rubbed with other materials, not only attract tiny
objects, but exert forces of attraction and repulsion on each other.

Bodies charged with unlike electricity attracteach other; bodies charged
with the same Kkind of electricity repel each other; positively-and-ne-
gatively-charged bodies attract each other.

Everything is made of two kinds of electricity--positive and negative--
and one kind can be separated from the other.

Protons are the fundamental charge of positive electricity; electrons are
the fundamental charge of negative electricity.

Electrons are heldin their orbits against the pull of centrifugal force by
the electrical force of attraction between the protonsin the nucleus of
the atom and the orbiting electrons.

All matter is composed of one or more of 102 substances known as chem-
ical elements, which are comprised of atoms.

Matter or substances with an excess of electrons are saidto be negative -
ly-charged; matter or substances with a deficiency of electrons are
said to be positively charged.

Atoms are comprised of positively-charged particles called protons,
negatively-charged particles called electrons, and uncharged particles
called neutrons.

Metallic objects can be charged by contact or by induction.

Objects bearing unlike charges can be discharged (made electrically
neutral) through air (arc discharge), by direct contact, or through a
wire.

Everyelectron and proton has an electric field of itsown, which occupies
the space aroundit. The energyof fundamental charge is in this field.

Potential energy is the energy of position; kinetic energy is the energy
of motion.

Conductors are materials through which electric current flows under
normal conditions; insulators prevent the flow of electric current.

An electromotive force changes the random movement of electrons
through a wire to controlled movement (electric current). The unit
of emf is the volt.

A difference of potential exists between two points or places in an elec-
trical system and is identified in terms of voltage.

""Potential” and ''voltage' are terms which are used interchangeably.

REVIEW QUESTIONS

What are two kinds of electricity called ?

Define the fundamental laws of attraction and repulsion betweentwoelec-
trical charges.

How many elements are there ? What is the smallest part of an element ?
What are atoms comprised of ?

What is the difference between charging by contact and by induction ?
Explain what free electrons are.

What is an electric current?

What is the name given to electricity at rest?

Explain what is meant by the ''lines of force concept’.

Define a conductor. Give examples of good conductors.

Define an insulator. Give examples of good insulators.

Which is the better conductor, copper or silver? Which is more wide-
ly used and why?
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Electric Current (Rate of Flow and Ampere)

Most electrical devices function by virtue of the electric current which flows
through them. An important characteristic of electric current is its rate of
flow.

Tve AmpeRE — =
ELECTRON FLOW AT THE RATE OF .

electrons
(1 coulomb)

.1 COULOMB PER SECOND second

The unit of quantity for electric current isthe coulomb, named after the scien-
tist Charles Coulomb(1736-1806). It corresponds to the gallon in liquid mea-
sure. Although we seldom mention the equivalency between a gallon of fluid
and the number of drops of the fluid that make up the quantity, there is a fig-
ure which expressesthe amount of electricity contained in a coulomb in terms
of the electricity carried by each electron. Specifically, it is the amount of
electrical charge equal to 6.28 x 1018 or 6,280, 000, 000, 000, 000, 000 elec-
trons. (You need not bear this number in mind but it is useful to show that
a coulomb is a specific amount of electricity). It is not sufficient to know the
quantity of electricity passing through a device; we mustknow the rate of flow.
In this connection, the unit time reference is 1 second; hence, the rate of flow
of electric current is expressed as coulombs per second. This term corre-
sponds to "'gallons per minute"”. However, in the electrical language, we
shorten ''coulombs per second’ to the simple word "ampere', named after
the French physicist Andre Marie Ampere (1775-1836). We say that 1 ampere
of electric current flows when 1 coulomb of electric charge moves past any
given point in1 second. Note that the word ampere already includes the quan-
tity and the time references. Thus, a reference to 5 amperes means the flow
of 5 coulombs of electricity pastagiven point every second. Another short cut
used in engineering language isthe letter'I" to represent the symbol for current.
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Velocity of Electrons in a Conductor

We have spoken of current flow as consisting of the movement of free electrons
under the influence of an electromotive force. We learned that the individual
free electrons moved from atom to atom in the general direction of the posi-
tive electromotive force charge, and away from the negative charge. Actually,
the forward motion of the individual electrons is not very rapid, but their elec-
trical effectis -- approximately 186, 000 miles per second, the speed of light.

5258 movement of electron causes other electron
cant area

electrical effect travels along conductor
at 186,000 miles per second
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When an electron is attracted to the positive terminal, there is a deficiency
of negative charge in the area just vacated. A new free electron is attracted

tofillthevacancy. This effect travels along the length of the conductor, with
the positiveterminal attracting and the negative terminal repelling free elec-
trons. Thus, despite the fact that the electrons themselves drift very slowly,

the effect of the changes in positions of the electrons is transferred along the
conductor, connecting the terminals of the source of emf almost instantly.

In radio, the amount of current flow may be hundreds of amperes in trans-
mitting equipment; but most often, it is in fractions of an ampere. Quantities
suchas the milliampere (. 001 ampere) and the microampere (. 000001 ampere)
are commonly used.
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Effects of Electric Current

Although an electric current is invisible, its presence can be detected because
of its effects. The greater the amount of current, the stronger the effects.

ELECTRIC CURRENT HAS A..
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The Heat Effect. When electric current flows through a conductor, it raises
the temperature of the material. The rise in temperature may be inconse-
quential, or it may be sufficient to make a conductor glow cherry red, as in
a toaster, or white hot, asin an electric light or a flashlight bulb, The heat
may become so intense as to melt the material--this principle is used in the
ordinary "fuse'.

The Magnetic Effect. A second effect of electric currentisknownas magnetic.
Every conductor through which current is flowing is surrounded on all sides
by an invisible area of energy known as a magnetic field. The origin of the
field is the moving electron, and the intensity of the field depends upon the
strengthofthe current. Of great importance is the fact that the magnetic field
is capable of exerting mechanical forces on a variety of metals such as steel,
iron, nickel and on materials known as "ferrites'. Also, it is capable of ex-
erting mechanical forces on electrons moving in nearby conductors.

The Chemical Effect. Athirdeffect is knownasthe chemical effect. The pas-
sage of electric current through different fluids can cause the breakup (de-
composition) of the fluid into its constituent atoms. Also, under certain con-
ditions, electric current passedthrough acids in which certain metals are im-
mersed can cause decomposition of the metal. Thisisthe basis of electroplating.
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The Generation of Electromotive Force

Electromotive force (emf or voltage) was described earlier as being the result
of the forcible separation of electrons from atoms, causing an accumulation
of electrons (negative charge) at one point, and an accumulation of atoms shy
electrons (positive charge) at another point.

AN ELECTROMOTIVE FORCE or DIFFERENCE OF POTENTIAL
CAN Be GENERATED IN A VARIETY OF WAYS

—yENF

nsNys

CHEMICAL
ACTION

DISSIMILAR METALS
POINT OF CONTACT

PRESSURE

e

M=

heating dissimilar metals -

The condition can be developed in a variety of devices. For instance, two
oppositely-charged plates can be a source of an electromotive force as long
asthe oppositely-charged condition exists on the plates. When these charges

are neutralized by the transfer of electrons, the electromotive force between
the plates ceases. The friction of rubbing resin with fur and glass with silk
separated electrons from atoms and accounted for the generation of an elec-
tromotive force between these charged objects. Also, youwillrecalla previous
reference to batteries. They generate an electromotive force by internal

chemicalaction, continuing to do so as long as the chemical action continues.

Rotating machines know as generators constitute another category of devices
that generate an electromotive force. Later, we shall discuss the method.
Still other substances, like slabs of quartz and crystals of Rochelle salts,
when subjected to pressure or physical deformation, resultinthe separation
of electrons from atoms within them and so generate electromotive force be-
tweentheir faces. Thisisknownasthe ""piezoelectric” effect. Two dissimilar
metals, placed in contact with each other and with their point of contact heat-
ed, will generate an electromotive force at the open ends.
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The Primary Cell

Experiments conducted during the 18th century disclosed that when two dis-
similar materials like zinc and carbon (or copper used in place of carbon) were
immersed in a bath of acid solution (sulphuric acid diluted in water), chemi-
cal action produced an electromotive force between the zinc and the carbon
(or copper). The materials immersed in the acid were called the electrodes,
with the zinc being the negative electrode and the other (carbon or copper)
being the positive electrode. The diluted acid solution was called the elec-
trolyte; the whole assembly was called the cell. Often, cells are mistakenly
referredtoasbatteries. Actually, the cellis the basic unit; two or more cells
used together comprise a battery. We shall show examples of these later.

The Basic Cew

An EMF is produced bmmg and

Zinc————_, Carbon

- ———Electrodes

water

When the + and — termingls are connected externally, current will flow

Asto the broad significance of a "primary" cell, it has a particular meaning,
this being that the zinc dissolves slowly while the cell is functioning. Even-
tually, the zinc is eaten away to the extent that it prevents further operation
ofthecell. When this stage is reached, the cell has exhausted its useful life.
In other words, a primary cell is of the kind which has a limited life, after
which its operation cannof be restored and the cell as a whole must be disposed
of. There are other kinds of cells which will be dealt with separately in this
section of the course.
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The Zinc-Carbon (Le Clanche) Primary Cell

By far, the most popular and commonly-used primary cell is the zinc-carbon
type, sometimes referredto as the Le Clanche cell. In this cell, the positive
electrode is made of carbon (C) and the negative electrode is made of zinc
(Zn). Theelectrolyte is a chemical known as ammonium chloride (NH4C1),
often called sal ammoniac. The negative electrode is in the form of a con-
tainer and holds the entire cell. The positive element is in the form of a car-
bon rod located at the center of the cell. The electrolyte is mixed with corn-
starchor flour toforma paste. Thus, a dry cell is not really "dry'. In fact,
when the electrolyte drys out, the cell becomes useless. A mixture of finely-
ground manganese dioxide (MnO9) is packed around the carbon electrodeto
act as a depolarizer.
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When the cell is operating properly, a difference of potential (or voltage) of
about 1.6 volts (fully charged) is developed across the positive and negative
terminals. As the cell becomes "used up", either by the electrolyte drying

out or the zinc electrode being "eaten” away, the terminal voltage will fall off.
Atabout 1. 1 volts (discharged), thistype of cell becomes useless for most appli-
cations -- it cannot be recharged, and must be discarded. Differentcom-
binations of dissimilar metals and electrolytes will produce different ter-
minal voltages.
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Action in a Primary Cell

Let us connect a conducting wire between the terminals of a zinc-carbon dry
cell. In the electrolyte (NH4C1), ammonia ions (NH4*) and chlorine ions
(C1-) are present. When the zinc makes contact with the electrolyte, zinc
ions (Zntt) enter the solution, each leaving two electrons on the negative
electrode. The accumulation of negative electrons constitutes a negative
charge on the zinc plate. The Zn+*+ ions inthe solutionrepel the positive hy-
drogen ions (H*) and ammonia (NH,*) ions that are already there toward the
ammonia atoms which collect on the surface of the carbon electrode in the
form of gaseous bubbles. The loss of electrons leaves the carbon electrode
with a positive charge. The Zn++ ions combine chemically with the C1- ions
to form zinc chloride (ZnC12), a white substance. You may have seen this
substance when you removed '"dead' cells from a flashlight case. Therefore,
the zinc plate is gradually used up to form zinc chloride (ZnClg) during the
operation of the cell.

OPERATION OF THE ZINC-CARBON DRY CEL

External conductor permits
electrons to flow from
negative to positive electrode

difference of potential,
or emf, is developed

Zinc (Zn)
between electrodes
Carbon gives up
electrons, leaving

carbon positive

Positive Zn ions enter
solution leaving
Zn negative

Manganese Dioxide

combines with Hydrogen
Zntt ions repel H+ & N|'|4_’+ bubbles to form water
ions toward C and depolarize cell

The overcrowded electrons onthe zinc plate repel each other. This repulsion,
plus the attraction of the positive charge on the carbon plate, results in the
creation of the emf of the cell. This emf causes electron, hence current flow,
through the external conducting path betweenthe electrodes. The accumulation
of hydrogen bubbles over the carbon electrode adversely affects the opera-
tion of the cell by blocking normal chemical action. Thisis called polarization.
The manganese dioxide in the electrolyte prevents polarization by combining
with the hydrogen bubbles to form water.
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Primary Cells (Zinc-Mercury Oxide Type)

Another kind of primary cell is the zinc-mercury oxide type invented during
World War II. The cell consists of an amalgamated zinc negative electrode
either in powder form or in coiled corrugated strips. The positive electrode
consists of a mixture of mercuric oxide and graphite, molded under pressure
in a steel cup and assembled into the cell. The electrolyte is a solution of
potassium hydroxide and zinc oxide. Cellulose materialis used as a separator
and maintains the electrolyte in paste form to prevent spilling,
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The voltage of this cellwhennot in use is 1. 34 volts, but under normal current
drain, the voltage will drop to between 1. 31 and 1. 24 volts. Compared with
most other types of primary cells, zinc-mercury oxide cells have several
verydesirable features. The voltage over the operating life (discharge cycle)
isnearly constant, and ils ability to store electrons on the negative electrode
is superior to that ofthe zinc-carboncell. It has a comparatively high current
output whichit can maintain for a considerable period of time. Also, storage
and shelf life are maintained at higher temperatures. However, Zzinc-mercury
cells are more expensive, and have been in demand mainly where their re-
ducedsize (1/2 to 1 inchindiameter and almost 1 inch long) makes their use
feasible. Someoftheseapplicationsare: hearingaids, small portable radios,
portable communication equipment, electricaltest equipment, scientific instru-
ments, and in some applications as a voltage reference.

An interesting feature of this cell is its ability to maintain a relatively con-
stant voltage over its useful lifetime. In many instances, the voltage of this
cell is used as a standard with which to check voltage-measuring instruments.
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The Secondary Cell (Lead-Acid)

The primary difference between the secondary cell and the primary cell is in

the fact that the secondary cell is rechargeable. That is, after the secondary
cell has been in use and has discharged, its chemical action can be reversed

andthe cellrecharged. The most popular and widely-used secondary cellisthe
lead-acid ''storage' cell, found in automobiles, trucks and a wide variety
of vehicles. When fully charged, this cell has an output voltage of approx-
imately 2. 2 volts. Automobile batteries are generally made containing three

or six of these cells. The lead-acid cell is capable of delivering extremely
high currents, running into the hundreds of amperes.
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The two dissimilar metals in the lead-acid cell are finely divided or spongy
lead (Pb) in the form of a plate, and lead peroxide (PbOg). The lead is the
negative electrode and the lead peroxide the positive electrode. These mat-
erialsarerelatively soft, and are passed into the openings of a grid to forma
rugged plate. The electrolyte is sulphuric acid (HZSO4) mixed with dis-

tilled water (Hg0). A cell consists of several negative and several positive
plates interleaved and fitted into a container, together with the electrolyte.

The condition of this cell can be checked with a hydrometer which measures
the specific gravity of the electrolyte (the weight of the electrolyte as compared

to the weight of the water). When fully charged, the specific gravity may be
1. 25; when discharged, about 1.1.
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Charge And Discharge in the Lead-Acid Cell

Letus look at the chemical action in a lead-acid cell. When fully charged, the
negative plates (electrode) consist of lead, and the positive plates, of lead
peroxide. The electrolyte is sulphuric acid and water. If we connect a con-

ductor between the positive and negative terminals, current will flow and the
cell begins todischarge. Duringdischarge, the acid content of the electrolyte
decreases, and lead sulphate (PbSO4) deposits on both the positive and neg-

ativeplates. Theamount of water in the electrolyte increases. This process
continues until boththe electrodes contain a maximum of lead sulphate andthe

specific gravity of the electrolyte is very low. At this time, since the two
electrodes are no longer dissimilar, the difference of potential across them
is at a minimum.

Sulphuric acid (HpS04)
& Water (H50)

Specific gravity
decreasing

Lead
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Heavy formation
of lead sulphate
T

Charging Sulphate returning Digch"ggd
to solution

The lead-acid cell canthen be recharged by reversing the direction of the dis-
charge current. Thisis doneby connecting the positive terminal of the battery
tothe positiveterminal of a battery charger, and the negative terminal of the
battery to the negative terminal of the charger. During the charging
process, the negative plate returns to lead and the positive plate to lead per-
oxide. The sulphate returns tothe electrolyte and its specific gravity increas-
es. Duringcharge, hydrogen and oxygen are given off, and some water must
be added to the electrolyte to replace the water lost. This is the reason you
have to add water to your automobile battery on the average of two or three
times a year.
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The Nickel-Cadmium Cell

The nickel-cadmium cellis a comparatively recent development that has found
considerable use in portable and mobile electronic equipment. It is a mech-
anically-rugged cell that can withstand overcharging, overdischarging, or

standing idle in a discharged condition for a long time. Being a secondary cell,
this unit can be recharged after having been discharged. In the charged con-
dition, the positive electrode of a nickel-cadmium cell is a nickelic hydroxide;
the negative electrode is metallic cadmium. The electrolyte is potassium
hydroxide. The average operating voltage of the cell under normal discharge
conditions is about 1. 2 volts.
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Nickel-cadmium cells come in a wide variety of shapes and types, the most
popular being the hermetically-sealed variety available in rectangular, cylin-
drical and button form, and the sintered-plate construction requiring a vent.
In the sintered-plate type, the plates are arranged in groups connected by
welded group straps and are separated by layers of fabric. Positive and neg-
ative plate groups are intermeshed and placed in plastic containers. During
charge anddischarge of a nickel-cadmium cell, there is practically no change
in the specific gravity of the electrolyte. The electrolyte acts only as a con-
ductor for the transfer of hydroxide ions from one electrode to the other, de-
pending upon whether the cell is being charged or discharged.
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Output Voltage Rating of Cells

An interesting fact about the electromotive force (emf) generated in cells is
that the output voltage of a cell depends upon the kinds of materials used in the
cell, and not upon the dimensions of the materials. For instance, all zinc-
carbon cells use zinc and carbon electrodes, with an electrolyte of ammonium
chloride. This is true whether we consider the tiny '"pen' type cells orthe
very large No. 6 cells used for bells and electric trains. The output voltage
of both is exactly the same -- 1. 6 volts for a new fully-charged cell. As we
will learn later, the big difference between these cells is in the available cur-
rentoutput. The sameistrue of the common lead-acid storage cell. A small
cell of this type having a few plates will have an output voltage of 2. 2 volts,
the same as a large lead-acid cell having a great many large plates. There
are many other different combinations of chemicalsthat give various voltages,
but the quantity of chemicals involved do not affect the output voltage.

Garbon

~Hy$04 + Hy0
SMALL CELL
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THE OUTPUT VOLTAGE OF A CELL DEPENDS UPON THEKIND]OF
CHEMICALS USED AND NOT UPON THE|QUANTITY|OF CHEMICALS USED

To measure the output voltage of a cell, a "voltmeter' is used. This instru-
ment will be covered in detail later in this course. The voltmeter is conn-
ected across the terminals of the primary cell and the voltage is read on the
voltmeter. The same is true of secondary cells; however, to get a more
accurate check of the quality of such a cell, it is common to make the voltage
measurement while the cell is discharging, or "under load".
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The Current Capacity Rating of Cells

You have learned that if a wire is connected between the negative and positive
terminals of a cell, a current will flow through the wire. The fact that elec-
trons leave the cell and enter the wire is the basis for viewing the cell (or
a battery of cells) as being a source of current. As long as the proper chem-
ical action continues, the supply of electrons continues. The ability of the
cellto supply electronsat a certain rate is referred to as its current capacity.
The maximum rate of supply of electrons depends upon the size or amount of
active material in the electrodes, assuming proper condition of the electrolyte.
This explains why the large No. 6 dry cell can supply more current thanthe
much smaller cell.
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When the current capacity of a cell is expressed, (a practice most common
with secondary cells), it is done by stating the maximum number of amperes
which the cell will supply for 1 hour. Thus, a 20 ampere-hour cell rating
means that the cell will furnish 20 amperes of current for 1 hour, after which
it will be in a discharged state. If, however, the rate of discharge is less
than the maximum capability, the cell can supply current for more than 1 hour.
For example, the 20 ampere-hour cell could supply 1 ampere for 20 hours.
Working in the other direction, the current capacity could be proportionately
greater for a shorter period, such as 100 amperes for one-fifth of an hour,or
12 minutes. Theproduct of the current in amperes and the time in hours can-
not exceed the ampere-hour rating of a particular cell.

equal output volhges

THE AMPERE-HOUR s a basis for rating cells

AMPERE x 10 HOURS = 5 AMPERES x 2 HOURS = 10 AMPERES x | HOUR =
10 AMPERE - HOURS 10 AMPERE -HOURS 10 AMPERE -HOURS

it is a measure of the wseful life of a cell hefore recharge is necessary
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Connecting Cells in Series to Form a Battery

Under certain circumstances, the voltage available from a single cell may be
sufficient, as in some small flashlights. Under other circumstances, higher
values of voltage may be required. This can be achieved by connectingas
many cells (primary or secondary) in series as are needed to achieve the nec-
essary voltage. Such a bank of cells forms a battery.

THE OUTPUT VOLTAGE OF CELLS CONNECTED N
SERIES IS EQUAL TO THE SUM OF ALL THEIR
INDIVIDUAL VOLTAGES.

1.5+41.541.5+1.5+1.5 1.5+42 +1
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WHEN CONNECTING CELLS IN SERIES, THE POS-

- + -

cell i-||— DIAGRAM —-{|||— battery| ITIVE TERMINAL OF ONE CELL IS CONNECTED
SYMBOLS TO THE NEGATIVE TERMINAL OF THE OTHER.

The total voltage of series-connected cells is the sum of the voltage output of
each of the cells. Thus, if four 1. 5-volt dry cells are series connected, the
total voltage is 1.5+ 1.5+ 1.5+ 1.5 + or 6 volts, If 30 such cells are con-
nected in series; the output voltage is 30 x 1.5 or 45 volts. The 6-volt lead-
acid storage battery consists of three 2-volt cells series connected. The 12
volt lead-acid storage battery consists of six 2-volt cells series connected.

battery

A BATIERY IS WADE BY
* CONNECTING CELLS TOGETHER

E:a 30 valt battery (291.‘5 Volt cells In series

When cells are connected in series, the positive terminal of one is connected
to the negative terminal of the other, By doing this, all the individual poten-
tials or voltages aid each other, and add. The above examples involved cells
rated atthe samevoltage. This need not be so; cells of any voltage output can
be connected in series. Similarly, batteries of like or unlike voltage rating
can be connected in series to increase the voltage. However, each cell (or
battery) in a series arrangement should have the same current capacity.
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Connecting Cells in Parallel to Form a Battery

A battery can also be formed by connecting cells in parallel. Only cells of

identical output voltage rating should be connected in parallel. The purpose

of a parallel connection is to increase the current capacity of the battery be-
yond that of a single cell. The parallel connection creates the equivalent of
an increase in the physical size of the electrodes and of the amount of elec-
trolyte, and thus increases the amount of current available.

ARALLEL-CONNECTED CELLS

For example, if three cells are connected in parallel, the current capacity of
the battery equals three times that of a single cell. Therefore, each cell is
contributing one-third of the total current.

Connecting cells in parallel does not change the voltage rating. The final
voltage rating of the parallel cells is the same as that of single cell. When
cells of unlike output voltage are connected in parallel, current flows bet
ween the cells and constitutes wasted electrical energy. Also, there is a
possibility that the cells would be damaged.

output = 30 ampere-hours

Parallel connection provides
total ampere.-hour capacity
equal to sum of individual

ﬂ"“ 10 "‘”u'h“r cells in ”u"‘l ampere-hour capacities
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Series-Parallel Connected Cells

4.5 volts

ST AT 4 CHEMATIC DIAGRAN
L L L REPRESENTATION
Voltage is equal to thet
1.5v 1.5v 1.5v . .
PR e o s of 3 cells in series
b b b "
Current capacity is equal
to that of 2 cells
< 45 v > in parallel

The features of series connection and parallel connection can be combined in
a circuit called series-parallel. This connection gives the higher output volt-
age afforded by series connection and the increased current capacity afforded
by the parallel connection, simultaneously. As in the previous examples in
parallel connection, it is desirable that the current and voltage ratings of the
cells be similar. If a high voltage cell is connected across a lower voltage
cell, the higher voltage will cause current to flow through the lower voltage
cell, possibly damaging it. Generally, this type of connection is seldom used
since higher current capacity can be obtained by using larger cells. However,
there may be emergency instances where the series-parallel circuit is the only
practical method of obtaining the voltage and current combination desired.

When making a series-parallel connection, the usual rules of polarity must be
observed: inseries circuits, connect positive to negative; in parallel circuits,
connect positive to positive and negative to negative.
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The Electric Circuit

Electricity can be put to work through the use of an electric circuit. This is
an organized combination of electrical components that permit some specific

function to be performed. Basically, all electrical circuits consist of three
main components:

1. A source of voltage -- thusfar, the only voltage source discussed has been
the cell or battery. As we will study later, there are many other voltage
sources, such as generators and crystals.

2. A load -- thisisthe component for which the entire circuit is constructed.
By having voltage applied to it and current flow through it, the load will per-

form some specific task, The load may be a lamp, toaster, electric motor,

bell or any other device that operates from a voltage applied to it.

3. A conductor -- the load may be close to the voltage source, as in a flash-
light, or quite far away, as in the case of an electric power company having
todeliver a voltage many miles from the generator. In either case, there must
be a connection between the voltage source and the load. As we will learn in

electrical circuits, the conductor that connects the load with the voltage source

is invariably a copper wire.

- THE COMPLETE ELECTRIC CIRCUIT

+ - —— —— ——>
Voltage Source T
or “Generator" ’% %’
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-—o— - -~
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In an electric circuit, there must be a complete path for current flow. That
is, there mustbe a conductor from the negative terminal of the voltage source
to the load, and a "return" conductor from the load back to the positive side
of the voltage source. Should any one of the above components be missing, we
do not have anelectric circuit. It is common to refer to the voltage source
as the "'generator' regardless of what type of voltage source is used.
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The Closed Electric Circuit

Consider a very simple electric circuit consisting of a flashlight battery, a
flashlight bulb, a socket for the bulb, a switch that can close or open the cir-
cuit as desired, and the wires that interconnect the elements of the circuit.
We show these elements pictorially. Each of these circuit devices has two
connecting points which correspond to the two openings of a piece of lead pipe.
One connecting point allows the electrical energy to enter the device, the other
end permits the energyto leave the device. It is to these connecting points on
each device that the conducting paths (wires) are joined when forming the cir-
cuit. Each piece of conducting wire also has two connecting points, the two
ends of the wire.

: current leaves current \~l
THE CLOSED. negative terminal enters lamp. Y\,

ELECTRIC CIRCUIT —— \‘
o complete path corrent —
for the flow of -o— leaves lamp

electric current current enters E

N current passes through

positive terminal closed switch

We have interconnected the elements of the circuit so that there is only one
conducting path from one terminal of the battery to the switch -- from the
switchtothe bulb, and from the bulb to the other terminal of the battery. Let
us also assume that we have depressed the movable blade of the switchso
that there isan uninterrupted path through the switch for the current. We now
have a closed circuit. It is considered closed because all the elements of the
circuit are joined to each other and a continuous uninterrupted path exists for
the flow of electric current from the battery through the devices and back to
the battery.

N7

’ Crecle'svvd‘r\‘
open circuit,and
current flow ceases.

\ A break anywhere

in the circuit

Should this closed circuit be broken (interrupted) at any point, we have what is
called an "open" ecircuit. The break may be unintentional, such as a broken
conductor, or a burnt out filament in the lamp, or it may be intentional, such
asopening the switch in order to turn off the lamp., In any case, breakingthe
circuit causes the current to stop flowing, and we have an open circuit.
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Resistance

The word resistanceasusedin everyday language means opposition toanaction
oranidea. In the Ianguage of electricity, resistance is defined as "opposition
to the flow of electric current”". Now, if you will recall that electric current
was described as being the directed movement of free electrons, then resist-
ance can be looked upon as being the opposition to the motion of free electrons.

Fromthis, we can conclude that wherever free electrons are in motion, there
isresistanceto their movement. Thisis calledd-c{direct current) resistance.

(Direct current describes current flow in one direction. Later in this course,
we will study a-c or alternating current, where current flows alternately in
both directions). If we relate this action to metals, all metals regardless of

their shape or purpose, offer electrical resistance.
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The importance of d-c resistance stems from its controlling effect on the
amount of current which flows under the influence of an applied voltage. For
instance, if a high voltage is applied across the ends of a glass rod, there is
negligible current flow through the rod. This is so because few free electrons
exist in the glass. Glass is called an insulator because it has few free elec-
tronsto perform as electric current; an insulator does not conduct electricity
well. If, now, weinterpret poor conductivity due to insufficient free electrons
as being the equivalent of very high d-c resistance, we have still another basis
of d-cresistance. So, although several different conditionsunderlied-c resist-
ance, theend resultis the same -- alimitation on the amount of current flow.
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D-C Resistance of Voltage Sources (Internal Resistance)

The chemical action inside primary and secondary cells involves the move-
ment of electricity through the electrolyte in which the active electrodes are
immersed. In both the dry and the wet cell, the electricity in motion within
the cellisinthe form of positive and negative ions -- atoms shy electrons and
atoms with excess electrons. The generation of voltage is accounted for in
part by the decomposition of the electrodes, as wellasby a change in the make-
up of the materials as the two kinds of ions enter or leave the electrodes. It

is this action which ultimately leads to the supply of free electrons from the
negative terminal,
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However , the conversion of chemical energy into electrical energy does not
occur with 100% efficiency; some waste usually takes place. We attribute the
loss to the presence of resistance inside the cell -- resistance that is insepa-
rably associated with the action. It is called internal resistance. It is least
when the chemicals are fresh and the action is strong. As the cells function
and discharge, the internal resistance gradually increases, becoming higher
whenthe cell is discharged. In the secondary cell, the internal resistance is
high when the battery is discharged but reduces to its normally-low value as
the batteryis recharged. When cells are part of an electrical system andare
supplying the circuit current, theinternal resistance of each cell of the battery
is considered as being in the path of the circuit current.
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Unit of Resistance (The Ohm)

D-c resistance is indicated by the capital letter R and, when symbolized,
it appears as a zigzag line. Because the amount of resistance presented to
current flow is not always the same and it is necessary to express and com-
paredifferent amounts of resistance, science has established a unit of resist-
ance. It is the ohm. The origin of the word ohm is the name George Simon
Ohm. He wasa German scientist who advanced the concept that a definite re-
lationship existed between the amount of current flow, the amount of voltage
applied, and the resistance of the electrical system. The concept definedthe
unit ohm as being that amount of resistance which limits current to 1 ampere
when the applied voltage is 1 volt.
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Practical amounts of resistance encountered in radio circuits range froma
fraction of 1 ohm to several million ohms. As a matter of convenience, the
words "milli" meaning one-thousandth, "kilo' meaningthousand, ""meg' mean-
ing one million, and "micro' meaning one-millionth are used in connection with
resistance. Thus, .001 ohmis1 milliohm, 1000 ohms is 1 kilohm, 1,000,000
ohms is one megohm, and1 micro-ohmis 1/1, 000, 000 or .000001 ochm. You
will recall these words being used in connection with voltage and current values.
Inadditionto prefixes being used to express values of resistance, several let-
ter symbols indicate resistance.

OMEGA 0 =ohms 100 0 =100 ohms
KILO or K =1000 4K =4000 ohms
MEG or M =million 5 MEG =5,000,000 ohms
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Factors That Determine Resistance in Metals (Material and Length)
Several physical features of conductors determine the amount of resistance

they present to the flow of current, Theyare: (1) kind of material; (2) length;
(3) cross-section; (4) temperature.

Resistance 6f A Material Is Measured By Its SPECIFIC RESISTANCE...

(a cubic centimeter of the material at)
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(.0000017 ohm)
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(.00000283 ohm) |

>
..the lower the specific resistance the better the conductor

A basis for comparing the usefulness of metals as conductors of electricity is
by specific resistance. This is the ohmic value of a standard amount (1 cubic
centimeter) of the substance measured at a particular temperature (68° F).
If the specific resistance of a substance is high, it is a "high-resistance’ ma-
terial; if the specific resistance is low, it is a "low-resistance'’ material.

The lower the specific resistance, the better the material performs as a con-
ductor of electric current.

THE RESISTANCE OF A CONDUCTOR VARIES if R=5 ohms, then
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Given any one particular conductor material having a specific resistance, the
longer the conductor, the more will be its resistance. If, for instance, the
conductor is pure copper and a piece 1 foot long and 3/8 inch in diameter has

a resistance of . 00005 ohm, a piece 100 feet long will have a resistance 100
times as great or . 00005 x 100 or . 005 ohm. Each foot of length contributes
its share of resistance to the total. This leads to the basic rule "the resist-
ance of a conductor is directly proportional to its length".

SN
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Factors That Determine Resistance in Metals (Cross Sectionand Temperature)

The "thickness" or cross section of a wire made of a given material has a
great effect on its resistance. The greater the cross section of a conductor
(the thicker the wire), the less its resistance per unit length -- the reasonbeing
that the greater the cross section, the more numerous the free electrons to
be moved by a givenapplied voltage. Given two equal lengths of the same wire
A and B, with A having twice the cross-sectional area of B, wire A will present

one-half the resistance of B. (Do not confuse cross-sectional area with dia-
meter.) We can state this as a rule: the d-c resistance of a given conductor

is inversely proportional to the cross-sectional area.

THE RESISTANCE OE A CONDUCTOR VARIES | INVERSELY WITH ITS 2

R YAREA=TR'Y
area of A is twice B{% Thus, doubling the

area of B A iR radivs or diameter
BUT 3/ of a circle increases

| | Resistance of A A the area 4 times.

j<—length—>] is1/4 that of B ~ %R Tripling radius or

| | diameter increases

7.

area 9 times.
7
A

ZA

S5

The higher the temperature of ordinary metal conductors, the higher the resis-

tance per unit length and cross section. The reason for this is simply that
an increase in temperature causes more violent motion of the free electrons
and atoms inside the wire, thus increasing the number of collisions between
electrons, and between electrons andatoms. The result isthat the free elec-

trons are retarded more in their advance through hot wire than through cold
wire.
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Practical Units of Wire Sizes « American Wire Gage

It is standard American practice to use different units to express length and
cross-sectionalarea. Lengthcanbe expressed in a variety of units--inches,

feet, or miles (depending on the circumstances). Units of 1000 feet are com-
monly used. To express cross-sectional area, it is customary to use circu-
lar mils, in which case, the diameter is stated in terms of the mil. A'mil
equals 1/1000 inch (. 001 inch). One circular mil is the area of a circle with
a diameter of 1 mil. This follows from the formula for the area ff a circle,

which isthe area proportional to the square of the diameter, or d“. Thus, a
round wire with a diameter of 100 mils has a cross-sectional area of dé or
100 x 100 = 10,000 circular mils. If the diameter is 400 mils, the cross-
sectional area is 400 x 400 or 160,000 circular mils.

If the wire is rectangular, the cross-sectional area is expressed in square
mils, and is equal to the width multiplied by the height, each dimensionbeing
expressed in mils. A bus wire 1 inch square has a width of 1000 mils anda
height of 1000 mils; therefore, it has a cross-sectional area of 1,000,000
square mils.

‘W

Diameter expressed in MILS - 1001 inch .025 inch
(1 MIL = 1/1000 inch) _\L _L

Cross-sectional area expressed
in CIRCULAR MILS
(diameter squared)

AREA = 625
circular mils

AREA =1

10 SJMIT___'O

Wire sizes are listed by gage numbers, diameters in mils, cross-sectional
areas in circular mils, resistance in ohms per thousand feet, and weight in
pounds of conductor material per thousand feet. Although there are many types
of gages, the most frequently used is the American Wire Gage (AWG), form-
erly called the Brown and Sharpe (B & S) Gage. The AWG is so constructed

that the ratio of any one diameter to the next in order is constant. The larg-
est size, No. 0000 or 4/0, hasanarbitrary diameter of 460 mils and the smallest,
No. 36, a diameter of 5 mils. Between these two sizes there are 39 other
sizes, A wire table of the AWG is given in the Appendix.
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Resistors

The manufactured version of resistance is the resistor. A resistor is an elec-
trical component which, when made part of an electrical circuit, is intended
to introduce a definite amount of d-c resistance in very compact form. In
many applications, the purpose of the added resistance is to limit the amount
of circuit current toa predetermined value. As we will learn, there are other
functions as well.

ADJUSTABLE WIRE-
WOUND RESISTOR

FIXED RESISTOR POTENTIOMETERS

SLIDER

symbol

i(—SLIDER

Resistors are made in many sizes and shapes, and in a variety of materials.
The so-called "wire-wound' type makes use of a special alloy wire or ribbon
as the resistance element, and is wound on an insulating form, with or with-
out a ceramic covering. Because of the current carrying capabilities of wire,
this type is used whenthe circuit currents are relatively high. They are avail-
able in fixed, adjustable, or continuously-variable types. Resistance values
range from a fraction of an ohm to about 100, 000 ohms, in power (wattage)

ratings from 1/2 watt up to 200 watts. Another type is made of graphite or
carbon powder that is formed into rods and cut to length according to the

resistance desired. They are fixed in their ohmic value and in their power-
handling capabilities. Another type of fixed resistor consists of a thin film
of metal deposited on an insulating form. Both the carbon and the deposited-
metal types are low-current units and are availabe in resistance values from
several ohms to as high as 50, 000, 000 ohms (50 megohms); and in wattage
ratings from 1/2 watt to 2 watts. Connection to the wire resistor is by means
of terminals. Carbon and deposited- metal types are connected by means of
wire leads called pigtails. Continuously-variable resistors (potentiometers)
provide any amount of resistance to the maximum. A rheostat is a kind of
variable resistor designed to handle large amounts of current.
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Resistor Ratings and Color Codes

The usefulness of a resistor is measured by its electrical rating. There are
three factors used to determine this rating: the ohmic value; the heat dissi-
pating capability; and the resistance tolerance. The tolerance of a resistor is
the permitted variationin percent from its rated ohmic value. The heat dis-
sipating capability is also known by another name -- wattage rating -- which

we shall learnin detail later. The ohmic value cannot be recognized by mere-
ly looking at the resistor; hence, the resistor is labeled in some way. Fixed,
adjustable, or variable wirewound resistors often have their values stamped
right on them. In the case of fixed carbon and deposited-metal resistors, a

color code consisting of three or four colored bands or dots is used. The color
code indicates both ohmic value and resistance tolerance. To 'read' the code

correctly, the resistor must be held in such a position that the colored bands
or dots appear at the left, and the value is then read from left to right. The
length and thickness of the resistor is an indication of its wattage rating. If

no tolerance indication is given, a tolerance of 20% can then be assumed.

RESISTOR COLOR CODE COLOR

Numeral | Color ] Numeral | Color
0 Black 5 Green 4th Band
1 Brown 6 Blue olor represents
2 Red 7 Violet 3rd Band fo'aunce
3 |Orange 8 Grey (no band = 20%)
4 Yellow 9 (silver = 10%)
(gold = 5%)

color represents multiplier
color represents second figure

color represents first figure

RESISTOR TOLERANGE Resistance may be
If Tolerance is: anywhere from:
resistor 20% 80 ohms to 120 ohms
%} 100 ohms )._—=: 10% 90 ohms to 110 ohms
5% 95 ohms to 105 ohms
1% 99 ohms to 101 ohms

Assume a fixed carbon resistor that is color-coded yellow, violet, orange
and silver. It would read "four, seven, three zeros, and 10%", meaning
47, 000 ohms rating with a resistance tolerance of plus or minus(}) 10%. An

earlier code now obsolete consisted of a body color, an end color and a dot.
The body color represented thefirstsignificant figure, the end color repre-
sented the second significant figure, and the dot represented the number of zeros.
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Special Resistors

Sometimes, it is necessary to use resistors having special characteristics or
functions. Such a unit is the ballast resistor. This is a resistor whose re-
sistance increases as the amount of current flowing through it increases, or
asitstemperature increases. While this characteristic is true of all conven-
tional resistors, the ballast resistor is placed in certain circuits for the sole
purpose of maintaining a highresistance while current flow is high, and to ex-
hibit a lower resistance when the current flow is low. In some instances, it
is used to provide nothing more than a ''voltage drop' in a circuit.
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Another special resistor is the thermistor. Unlike conventional resistors
whose resistances increase as their temperatures increase, the thermistor
exhibits the opposite properties -- its resistance decreases when its temper-
ature increases (has a negative-temperature coefficient). Thus, an increase
in current flow through a thermistor would cause its temperature to increase
and its resistanceto decrease. As we will see, this property of the thermis-
tor is used in special "temperature-compensating' circuits.

The third special resistor is the voltage-sensitive varistor. The varistor
exhibits a significant and non-linear change of resistance with applied voltage.
Anincreaseintheapplied voltage causes an increase in current which is much
higher thanis the case with a standard resistor. Because of the change of re-
sistance with voltage, no resistance rating is listed regarding varistors. In-
stead, a voltage is listed for a specified current.
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SUMMARY

The unit of quantity for electric current is the coulomb; a coulomb per
second is defined as an ampere.

Electric current has three effects: heat; magnetic; and chemical.

Resistance is the opposition to the flow of electric current.

Electrical circuits consist of a source of voltage, a load, and a conductor.

The resistance of any material depends on its length, cross-section, and
temperature.

A primary cell is not rechargeable and has a limited life; a secondary
cell is rechargeable and has a longer life.

Dry cells are rated in ampere-hours at a specified rate of current flow.

The most commonly-used primary cell is the zinc-carbon type.

The most widely-used secondary cell is the lead-acid "'storage'’ type.

The lead-acid cell can be recharged by reversing the direction of the
discharge current.

Batteries should be tested "under load" (while discharging).

The current capacity rating for storage batteries is usually based on a
steady 20-hour discharge. A 100 ampere-hour lead-acid battery will
furnish 5 amperes for 20 hours.

A hydrometer is used to measure the specific gravity of the electrolyte
in a lead-acid cell, which is a good indication of the charge condition
of the battery.

When cells are connected in series, the positive terminal of one is con-
nected to the negative terminal of the other.

Connecting cells in series increases the voltage available.

Connecting cells in parallel increases the current capacity of a battery.

Series-parallel connected cells give both higher voltage output and in-
creased current capacity.

Active material refers to the spongy lead and lead peroxide which are
pressed into the grids of the plates of a lead-acid cell.

The ohm is the unit of electrical resistance; a resistor is the component
which offers this resistance.

The usefulness of a resistor is determined by its electrical rating.

Ballast resistors, thermistors, and varistors are resistors which have
special characteristics and applications.

REVIEW QUESTIONS

What is the unit of measurement for resistance? For electric current?
For electromotive force?

Name three types of resistors having special characteristics and appli-
cations. What are these characteristics?

Define resistance. What physical factors influence resistance ?

What colors are used to indicate a resistance of 4700 ohms, 10% toler-
ance ?

How are dry cells rated?

Electrical circuits consist of three main components. What are they?

What is the difference between a primary cell and a secondary cell?

Upon what does the voltage of a primary cell depend ?

How should batteries be properly tested ?

How does connecting cells in paraliel affect the current capacity of a
battery ?

What method of combining cells givesboth increased current capacity and
higher output voltage?
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Ohm's Law For Finding Current

Applying a voltage to a circuit causes current flow; the presence of resistance
opposes the flow of current. How can we reconcile the seemingly opposite
actions of voltage and resistance? George Simon Ohm, a German scientist,
investigated the behavior of electric current more than 100 years ago and
summed it up in a single, simple formula called Ohm's law. This law, inits
various forms, is one of the foundations on whichthe study of electricity rests.

LEARN TO HANDLE OHM'S LAW

T (in amperes ) = %i::f;'%:’)

= 2 amperes

Let us examine the formula by studying its application to a very simple d-c
circuit. The battery supplies a voltage we call E to a flashlight bulb filament

whose operating resistance we call R, Weneglectthe resistance of the circuit-
connecting wire, the internal resistance of the battery, and the resistanceof
the switch. When the switch closes the circuit, current flows. But how much
current? To answer the question, we must know the values for E and R, or
how much voltage is pushing and how much resistance is opposing the current.

So we shall say that E = 1.5 volts and R = 3 ohms. ThenI =1.5/3 or .5 am-
pere, which also equals 500" milliamperes. Let's try another set of values.

Suppose that E =3 volts (ortwice as muech as before) butR is 3 ohms (the same
as before). How much current would flow in the circuit? Substituting the

numbers in the equation, I = 3/3, or 1 ampere. Doubling the voltage doubled

the current., The significant fact to remember here is that the current varies
directly with the applied voltage when the resistance remains constant. This
is one of the basic relationships between current and voltage when resistance
is kept constant. The same relationship would hold true if the voltage were
reduced while the resistance remained constant.
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Ohm's Law (Cont'd)

We have seenthat current varies directly with voltage whenresistanceis con-
stant, but what happens to the current when the resistance varies? Since
current is still the unknown quantity, we work withthe same equation (I= E/R).

CurreNt Vamies Dimecry With VoLTage

As E gets larger ,‘E
~ R
| gets larger

As R gets larger
3

~ R
| gets smaller

Assume that E = 1.5 volts, but now, we shall substitute a different filament
for R. Now the operating resistance is 10 ohms. How much current will
flow in the circuit? I =1.5/10 =.15 ampere (or 150 milliamperes). It is
readily evident that with the voltage constant, any increase in resistance re-
duces the current. In fact, we can be specific and say that current varies
inversely with resistance. Let's hold E at 1.5 volts and now assume that R
is 30 ohms, or three times the value used before. Now I =1.5/30 or .05
ampere (or 50 milliamperes). Thus, the resistance was increased three-fold
and the current decreased to one-third its previous value. In other words,
when the voltage is held constant, the current varies inversely with the re-
sistance. This too is a basic relationship. Make another computation with
E =1.5 volts and R = 5 ohms. Your answer is .3 ampere (or 300 milliam-
peres). It shows that decreasing resistance increases the current -- always
inversely -- with the change in resistance.
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Ohm's Law for Finding Voltage

There is still another form of Ohm's law. It enables the determination of
the voltage E when the current I and the resistance R are known. This equa-
tion is a tool for determining the answer to two possible questions that are
frequently encountered in electrical circuits. One is: What value of voltage
causes the flowof a known current I through aknown resistance R? The other
is: How much voltage must be applied in order for a given current I to flow
through a known resistance R?

OHM'’S LAVW FOR FINDING VOLTAGE
E (volts):-llamperes)«R(ohms)

o

the voltage applied to a What oltue
circuit is equal to the causes 2

amperes to flow
current flowing in the
circuit times the

/' resistance of the circuit
E=2 x 50

E= 100 volts

For instance, a flashlight bulb requires .5 ampere (or 500 milliamperes)
current for proper operation, and its operating resistance is 3 ohms. How
much voltage must be applied for this value of current to flow through the
bulb filament ? Since the voltage is unknown, the equation E =1 X R is used.
Substituting the known electrical quantities for the letters, we have E = .5
x 3 =1.5, or E =1.5 volts. Let's consider another case. A different flash-
light bulb is used. This one is rated at .5 ampere current (I) flow but its
operating resistance (R) is 30 ohms. How much voltage must be applied so
that the filament will glow with the proper intensity? Now E = .5 x 30 = 15,
or E =15 volts. With the current kept constant, an increase in resistance
requires an increase in applied voltage. In other words, the change in re-
quired voltage varies directly with the change in resistance.

If you will examine the equation for voltage (E) closely, you will note that E
isthe product of two quantities, I and R. If either of these quantities remains
constant, the voltage E changesin direct proportionto the change in the other
quantity. Suppose I =.25 ampere and R = 3 ohms. The voltage then equals
.25 x 3 or .75 volts. Compare this withthe first problem on this page. Note
that halving the current reduced the required voltage exactly in half.
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Ohm's Law For Finding Resistance

There is still another important form of the basic Ohm's Law. It isused when
theresistance R is the unknown quantity and current Iandvoltage E are known.
This formulais usedto determine the amount of resistance that is present in
a circuit when a given amount of current is being driven through a circuit by
a known amount of voltage. It is also usedto determine the value of resistance
requiredto limit the current to a known value when a voltage of aknown value
is applied.

OHM'S LAW RELATES CURRENT, VOLTAGE AND RESISTANCE

VOLTMETER
{(measure

(measures Amperes

The formula shows that R variesin direct proportion to E and inversely with
I. If E increases and I is constant, R must increase. I« E is constant and I
increases, R must be less; if Eis constant and Idecreases, R must increase.
In other words, R changes inthe same direction as E, but inthe opposite di-
rection to I.

Assume Eto be 3 volts and the flashlight bulbfilament to be rated at . 15 am-
pere. What isthe operating resistance of the filament ? Solving for R = 3/.15
= 20 ohms. Consider this case: E remains at 3 volts, but now we use a bulb
whose filament requires . 3 ampere for proper operation. What is its resis-
tance? Solving R = 3/.3 = 10 ohms. Note that with the voltage constant,
doubling the current required a reduction of the resistance to one-half the
original value. This is the inverse proportion relationship. Let's double the
voltage and keepthe current constant at . 3 ampere. ThenR = 6/. 3 = 20 ohms.
Doubling the voltage withthe current constant required atwo-fold increase in
resistance. This is the direct proportion relationship,

Try solving this problem: E = 150 volts and I = 20 milliamperes (20 milliam-
peres = .02 ampere). What is the value of R? Is your answer 7500 ohms?
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Electrical Power and the Watt

When a voltage forces current to flow through a resistance, it does so against
the opposition of the resistance. Overcomingthe resistance of the circuituses
up electrical energy. We can compare this to pushing a large box across the
floor. In this case, the opposition is the friction of the floor to the box. This
friction causes a certain amount of heat to be produced, with the heat repre-
senting a loss, or wasted energy. In a simple electrical circuit containing a
battery, conductor, lamp, and switch, there will be an electrical loss in the
form of heat throughout the circuit. For all practical purposes, however, the
heat loss everywhere but in the lamp is insignificant. In the lamp, the fila-
ment glows white hot, and radiates light. The rate at which electrical energy
is consumed or used up is called electrical power, designated by the letter P.

PUTTING ELECTRICITY TO WORK

P (watts) = | (amperes) < E (volts)

The unit of electrical power

radio
transmitte

amp consumes
1 watt of

soldering iron.

75 watts

radio receiver

20 watts

The unitusedto express electrical power is the watt, named after James Watt,
the inventor of the steam engine. Using our electrical standards, we can say
that 1watt of electrical energy is used up forcing 1 ampere of current through
a circuitunder the influence of 1 volt. It isimportant to remember that power
represents the rate of doing work, and not the amount of work done. A man
can do as much work as a steamshovel, but in far more time -- hence, a man
has far less power. Electrical power is equal to the amount of current in a
circuit times the voltage applied to the circuit (P =I X E), and is measured
in watts. To compare electrical to mechanical power, we use the figure 746
watts (electrical horsepower). This amount of electrical power willdo as much
work as a mechanical device capable of performing 550 foot-pounds of work
per second (1 mechanical horsepower).
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Power Formulas

Being able to determine the power conditions in an electrical system is very
important. It underlies the selection of the correct component to do a job,
as well as recognizing if the operating conditions are right or wrong. Three
related equations enable the calculation of electrical