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FOREWORD

ELECTRICITY is the greatest force known to
mankind.

ELECTRICITY is leaping ahead at an unbeliev-
able rate. It is moving into practically every part
of the world and has bhecome the most important
factor in modern civilization. Practically every
month the Kilowatt hour demand sets a new high
—it has been doing this for the past 25 vears.
ELECTRICITY, even though it is one of Amer-
ica’s youngest industries, already employs directly
and indirectly over 3 million people.

All of our marvelous developments in Radio, Tele-
vision, Flectronics, Radar, etc., employ electrical
power and the principles of Electricity. It is truly
one of the world’s greatest industries.

- Because of the tremendous opportunity in the
field of Electricity, there have been many books
written on the subject. Most treat with one specific
phase of Electricity. This set of hooks — Coyne
Practical Applied LElectricity (of which this volume
you now read is an integral part)—covers the en-
tire field.

This set is NEW. Tt includes the very latest
methods and explanations of Electrical installation,
operation and maintenance.

COYNE PRACTICAL APPLIED
ELECTRICITY WRITTEN BY A STAFF OF
EXPERTS

Most Electrical publications are written by one
man and can therefore only cover his own specific
knowledge of a subject. COYNE PRACTICAL
APPLIED ELECTRICITY, however, represents




FOREWORD

the combined efforts of the entire Coyne Electrical
School Teaching Staff and the assistance of other
authorities on the subject. These men have a wide
field and teaching experience and practical knowl-
edge in electricity.and its allied branches.

HOW THIS SET WAS DEVELOPED
In submitting any material for these books these
experts kept two things in mind —1. MAKE IT
SIMPLE ENOUGH FOR THE “BEGINNER"—
2. MAKE IT COMPLETE, PRACTICAL and
VALUABLE FOR THE “OLD TIMER”. All
material that was submitted for these books by any
individual was then rewritten by an editorial group
so that added explanations for the benefit of clar-

ity and easier understanding could be included.

You will note that in some places in this set we
have explained and shown illustrations of the earlier
types of Electrical equipment. We had a definite
purpose in doing this, namely, that many of the
earlier types of equipment are easier to understand.
The basic principles of these earlier machines are
the same as the modern equipment of today. Mod-
ern equipment has not materially changed in prin-
ciple—it is merely refined and modernized. We have
found that it is to these early beginnings we find
it advisable to turn to get a more complete under-
standing of the present advanced types of electrical
apparatus.

Coyne Practical Applied Electricity can pay you
big dividends every day “on the job”. However, if
you only use the set occasionally when you MUST
BE SURE bhefore going ahead on a job—the set

. will pay for itself many times over.

Coyne Practical Applied Electricity is to an
electrician what a set of complete law books is to
a lawyer or a set of medical books is to a doctor.
Regardless of whether a lawyer or a doctor is “just
starting out” or is an “old timer” and has been
practicing his profession for many years he has
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many occasions to refer to his reference books.
Many doctors and lawyers spend thousands of dol-
lars on complete sets of reference books—they find
it a very wise investment.

In ELECTRICITY the need for good reference
books is just as great. So, when you make a pur-
chase of this set you are not just buying a set of
books—you are making an investment in your fu-
ture that can pay dividends all your life.
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HOW TO USE
THIS SET OF BOOKS

-- . . . .
Coyne DPractical Applied Electricity will be of
use and value to you in exact proportion to the
time and energy vou spend in studying and using it.

A Reference Set of this kind is used in two
distinct ways,

FIRST, it is used by the fellow who wishes to
make Electricity his future work and uses this Ref-
erence Set as a home training course.

SECOND, it is especially valuable to the man
who wishes to use it strictly as a Reference Set.
This includes electricians, mechanics or anyone
working at any trade who wishes to have a set of
books so that he can refer to them for information
in lulectrical problems at any time.

You. of course, know into which group you fall
and this article will outline how to properly use
this Set to get the most value for your own per-
sonal benefit.

How To Use This Set As A Home Training
’ Course In Electricity

The most important advice I can give the fellow
who wishes to study our set as a home training
course in Electricity is to start from the begin-
ning in Volume I, and continue in order through
the other 6 volumes. Don’t make the mistake of
jumping from one subject to another or taking a
portion of one volume and then reverting back to
another. Study the set as it has been written and
yvou'll get the most out of it.

Volume 1 is one of the most important of the
entire Set. Every good course of training must have
a good foundation. Qur first volume is the founda-
tion of our course and is designed to explain in
simple language terms and expressions, laws and




How To Use Thig Set of Books

rules of Electricity, upon which any of the big instal-
lations, maintenance and service jobs are based.
So, become thoroughly familiar with the subjects
covered in the first volume and you will be able to
master each additional subject as you proceed.

One of the improvements we made in this set
was to add “review” questions throughout the
books. You will find these questions in most cases
at the end of a chapter. They are provided so “be-
ginners” or “old timers” can check their progress
and knowledge of particular subjects. Our main
purpose in including the “review’” questions is to
provide the reader with a “yardstick” by which he
can check his knowledge of each subject. This fea-
ture is a decided improvement in home study ma-
terial. '

Improved Method of Indexing

One of the features desired in any good electrical
set is a good indexing system. Without it, any set
doesn’t ntean much because a fellow cannot find
out what he wants to know without spending a lot
of time. When we planned this set of books we
made sure it had the most modern system of in-
dexing. Here is how these books are indexed. First,
you will note at the front of all books that we have
a TABLE OF CONTENTS. This outlines in a
general way what the book covers. Then, at the
back of each individual volume we have an INDEX
of each specific subject covered in that volume:

In addition, we have a MASTER REFERENCE
INDEX at the back of this volume. This is an in-
dex that lists ALL of the specific electrical & radio
subjects in ALL of the volumes. This MASTER
REFERENCE INDEX tells you the name of the
electrical subject, the volume it 1s to be found in
and where it can be found in that volume. This
modern 3 way method of indexing gives you the
opportunity to locate any subject covered in these
books quickly and accurately.

For the special benefit of the fellow desiring to
learn Electricity at home, we have prepared a great
number of diagrams and illustrations. Refer to these
pictures and diagrams in our books regularly.
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How To Use This Set of Books

How To Use Coyne Practical Applied Electricity
Strictly As A Reference Set

The man who is interested in using these hooks
mainly for reference purposes will use it in a little
different way than the fellow who is trying to learn
Electricity as a trade. Some of the types of fellows
who usc this set strictly for reference purposes are:
home owners, electricians or mechanics, garage
owners or workers, hardware store owners, farmers
or anyone who has an occasional use for electrical
knowledge. Those types of fellows should use this
set in the following manner.

Use The Master Index To Locate
Electrical Subjects

1f some particular type of electrical problem pre-
sents itself, refer immediately to the Master Refer-
ence Index in this volume — it will give you the
section and volume of this set in which the subject
1s covered.

Then, turn to that section and carefully read the
instructions outlined. Also read any other sections
of the set mentioned in the article. As an example,
in checking over some information on electric mo-
tors, some reference might be made to an electrical
law of principles contained in Volume 1 of the Set.
In order to thoroughly understand the procedure to
follow in working out the electrical problem, you
should refer to Volume 1 and get a better under-
standing of the electrical law on principles involved.

Thousands of men use this Set in their daily
problems, both on the job and around the home
as well. If you follow the instructions outlined you
will be able to locate any information you may
want at any time on your own electrical problems.

And here’s a very important point. Although
this set of books starts in Volume 1 and proceeds
through the other 6 volumes in order, it makes an
ideal home study course—nevertheless, any individ-
ual book in the series is independent of the others and




can be studied separately. As an example, Volume
3 covers D.C. motors and equipment. If a man
wanted to get some information on D.C. machines
only he could find it completely covered in this
volume and it would not be essential to refer to any
other volume of the set unless he wanted some
additional information on some other electrical
principle that would have a bearing on his problem.

This feature is especially beneficial to the “old
timer” who plans to use the set mainly for field
reference purposes.

We believe, however, that the entire set of 7 vol-
umes should be read completely by both the “begin-
ner” or the expert. In this way you get the greatest
benefit from the set. In doing so the experienced
Electrician will be able to get very valuable informa-
tion on subjects that he may have thought he was
familiar with, bhut in reality he was not thoroughly
posted on a particular subject.



ELECTRiCITY. AND HOW IT BEHAYVES

Among all the ideas about what electricity is and
how it acts there is one theory that will help us a
great deal in understanding all electrical devices,
even those of radio and electrochemistry. To ex-
plain this theory we may start by considering a
molecule. A molecule is the smallest particle of any
given substance. For example, a molecule of salt
is the smalest particle of salt which may exist and
still remain salt. If we further divide a molecule of
salt we no longer have salt, but have one atom of
the element sodium and one atom of the element
chlorine.

"Of the elements there are ninety-two in all,
among them being sodium and chlorine along with
such familiar things as iron and such unfamiliar
ones as protoactinium. These elements combine in
various ways to make up all known substances.
Water, as you probably know, consists of two atoms
of the element hydrogen and one atom of the ele-
ment oxygen.

Every atom is believed to include in its makeup
a central part, often called the proton, and around
this central part one or more electrons. The central
part of the atom remains fixed in its position, but
under certain conditions some electrons may be-
come separated from the atoms and wander loose
or become associated with other atoms.

The electrons are considered to be particles of
electricity itself. When electrons move through the
body ofa substance, as through a copper wire, we
have moving electricity or the electric current.
Application of sufficient electrical force will cause
electrons to leave the substance and travel through
the surrounding space. This is what happens in
radio tubes, in television tubes, in X-ray tubes, and
in fluorescent lamps.

Na one has yet seen an electron. ]t has been
said that an electron in an atom would be compar
able in size to a fly in a cathedral. The atom, in
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Electricity, and How It Behaves

turn, is far smaller than a molecule. And a mole-
cule may be of such size that eighty million of them
side by side would extend for one inch, and of such
weight that ten million, million of them would
weigh about five millionths of a millionth of an
ounce. From this you see that an electron is almost
unbelievably small.

—

Fig. 5. Large D. C. generator. It is rated as follows, 2000 Kw..
250 V., 8000 1. After carefully reading the pages on" units and
symbols, you should easily understand this rating.

Even more important than knowing what elec-
tricity really is, is to know how it can be controlled,
how to select, install and maintain electrical equip-
ment, and what to do when things go wrong. Then
you can handle machinery as big as the generator
of Fig. 5. It is important to learn enough about the
rules and laws governing the behavior of electricity
so that you may think for yourself in any emerg-

2
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Electricity, and How It Behaves

ency. This does not mean that you need study
electrical engineering, for that involves higher
mathematics and other sciences, but it does mean
that you should be thoroughly conversant with prac-
tical electricity or applied electricity.

WHAT ELECTRICITY WILL DO

Before getting on with our classification of elec-
trical apparatus and devices there are two facts
about electricity that should be understood.

To begin with, energy may exist in many differ-
ent forms such as mechanical energy, chemical
energy, electrical energy, heat energy, light energy,
physical energy, etc. According to a basic law,
these different types of energy cannot be created,
nor can they be destroyed; however, they may be
readily converted from one form to another.

First: at least ninety-nine per cent of all useful
applications of electricity require that the electricity
be in motion. Electricity standing still is no more
useful, so far as doing work is concerned, than is a
stationary belt between a steam engine and a ma-
chine which is to be driven. Electricity in motion
is called the electric current. If you knew all there
is to know about the behavior of moving electricity
you could stop right here and get a job at fifty or a
hundred or more thousands of dollars a year—for
you would know more than anyone else who ever
has lived.

Second: electricity in motion, or the electric cur-
rent, provides the most effective means ever dis-
covered for carrying energy from one place to an-
other, and of changing one form of energy to an-
other form of energy. To make this statement
clearer we should know the meaning of energy.

Energy enables you to shovel coal. Energy is the
ability to do work. The physical energy you put
to use when shoveling coal is converted to energy
of motion. The whirling fly-wheel of a steam engine
or a, gasoline engine contains energy of motion,
which we may call mechanical energy. Any and
every moving object contains this kind of energy.

3




‘Elecfricify. and How It Behaves

The stone throwh by a small boy contains energy
of motion, which will do the work of breaking
a window.

Heat is another form of energy. As you well
know, heat will do many kinds of work. In Fig. 6
heat from burning coal does the work of changing
water into steam, and expansion of the steam runs
the steam engine to produce energy of motion.
This energy of motion is carried by the belt to the.

’

——
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Fig. 6. Sketch showing how heat energy of coal is chahged into
mechanical energy by the engine, then to electrical energy

by the gencrator, and into heat and light again by the lamp.

electric generator, which converts this mechanical
energy into electrical energy. The énergy which is
in the moving electricity is changed in the lamp to
a great deal of heat energy and also to quite a bit
of the energy which is light.

Light is a form of energy because it will produce
electric current in a photo-voltaic cell, will regulate
flow of electricity through a phototube, will change
the rate at which electricity may flow through a
piece of selenium, and will do the work cf producing
a latent image on the photographic film in your
camera.

: 4




Electricity, and How It Behaves

The dry cell in your flash lamp and the storage
battery in your automobile contain chemical energy.
When chemical changes take place in the flash lamp
cell or the automobile battery these changes pro-
duce the energy which is electric current. This
moving electricity will produce heat and light in the
flash lamp or in an automobile headlamp, will pro-
duce motion in an automobile starting motor, will
produce sparks at the spark plugs in the automobile
engine, and will produce sound from the auto horn.

Sound is a form of energy, because sound waves
really are vibratory movements of air or other sub-
stances through which sound travels. Any motion
requires energy. .

One of the most important and interesting kinds
of energy is radiant energy which travels through
a complete vacuum even better than through air,
and which will travel through other gases, liquids,
and even through solids. It is radiant energy, or
radiation, which is responsible for the transmission
of radio signals, for X-rays, for the radiant heat that
comes to the earth from the sun through 93 million
miles of empty space.-

By the use of suitable apparatus any form of en-
ergy may be converted to electrical energy. Me-
chanical motion, heat, light, chemical energy, sound,
and radiation—all are capable of producing an
electric current.

The energy of the electric current, or of electricity
in motion, may be converted to any other form
of energy—mechanical motion, heat, light, chemical
energy, sound, or radiation. It is just a matter of
using appropriate apparatus. '

Now we are commencing to get at the reasons
why electricity in motion is the greatest and most
important force in the world. It is the universal
means for changing one kind of energy into other
kinds. It is the only means by which we may trans-

5
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Electricity, and How It Behaves

mit power in large quantities from where it is
cheaply or conveniently produced to somewhere
else, hundreds of miles away, where the power may
be u'segi to advantage.

ELECTRICAL CONDUCTORS

Many of the electrons in a piece of copper are
easily separated from the atoms. That is, the appli-
cation of a relatively small amount of electrical force
will cause great quantities of electrons to separate
from the atoms and move through the copper. Since
movement of electrons means that we have an elec-
tric current, we are saying that it takes but little
electrical force to produce a large electric current in
copper. The same electrical force applied to silver
will cause slightly greater quantities of electrons to
break away from atoms and move through the sil-
ver. The same force applied to hard steel will cause
movement of only about one twenty-fifth as many
electrons as would be moved in copper, or would
produce a current only one twenty-fifth as great.

Here is a list showing the relative numbers of
electrons which will be moved by a given electrical
force in a number of metals and in graphite. Of

course, this list shows also the relative rates of cur-
rent flow in these substances. .

Silver e 1,058 Lead .ooreeees 84
Copper ceceeereenee. 1,000 Nickel silver ... 52
Gold e 706 Steel, hard ....... 38
Aluminum .......... 610 Cast dron .......... 20
ZINC oeercmeeecmecennnae 295 Mercury ............ 17
Nickel ... 172 Nichrome ........ 17
Platinum ............ 157 Graphite ............ 2%
Steel, soft .............. 108 '

As you quite likely know, the electrical force
about which we are talking is measured in a unit
called the volt. It takes an electrical force or pres-

6
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sure of 100 to 120 volts to drive electricity through
an ordinary household incandescent lamp at a rate
which causes the lamp to light with normal brilli-
ancy. Each small dry cell in an electric flash lamp
is capable of delivering a force or difference in pres-
sure of 1% volts. Each cell of an automobile storage
battery is capable of delivering a force of 2 volts,
and in the usual three-cell battery there is available
a total force of 6 volts.

Any substance in which an electrical force or
electrical difference in pressure will separate rela-
tively large quantities of electrons from the atoms,
and cause the electrons to move in a steady flow
through the substances, is called an electrical con-
ductor. Not only all the metals in our list, but all
other metals are conductors. Some, like copper and
aluminum, are good conductors—meaning that they
permit flow of many electrons or of a large current
with relatively little force. Others, like soft steel,
are fair conductors. Still others. like Nichrome, are
very poor conductors and are used where we wish
deliberately to hinder or resist the flow of electric
current.

Copper is by far the most important electrical
conductor, both because of the ease with which it
permits flow of current and because of its abundance
and low cost. 'Next in industrial importance comes
aluminum, and third is steel. Steel frequently is
used not only in electric wires, but also where it
"already forms part of a structure or framework in
which it is desired to carry the electric current.
Some liquids are excellent conductors, notably
water in which has been mixed any kind of salt or
any acid. ‘

INSULATORS

If two copper wires or other conductors should
touch each other while carrying electric currents,
electricity from one conductor would pass into the
other and thus would escape from the path which
we desire to have it follow through the first con-
ductor.




Electricity, and How It Behaves

To prevent the escape of electric current from
conductors ‘into other conductors or into human.
bodies, all current-carrying conductors should be
surrounded and isolated or supported by materials
which are not conductors. Any material which is
not a conductor is called a non-conductor or an
insulator.

Insulators or insulating materials include all sub-
stances in which it is very difficult to cause a flow
of current with any electrical force which may be
applied. Among the insulators which are most use-

ful in electrical work are the following: .
Porcelain Paper
Glass Cotton
Mica Linen
Bakelite and similar Silk

.compounds Various oils

Hard rubber Various waxes
Soft rubber- Air

In an insulating material it is possible for an elec-
trical force to drive many of the electrons a little
way out of their normal positions in the atoms, but
nearly all the electrons still remain bound to their
atoms and will return to their normal positions the
instant the electrical force is removed. In an in-
sulator it is impossible to free more than a very
few electrons from the atoms, or to produce more
than the most minute trace of electric current.

Supposing the insulating material were a sheet
of glass about 3§ inch thick. Depending on the
kind or grade of glass, no appreciable current would

8
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flow through it until you had raised the pressure to
somewhere between 300,000 and 1,500,000 volts, or to
between three thousand and fifteen thousand times
the pressure needed in an incandescent lamp. At that
terrific pressure the glass would puncture, the elec-
tric pressure would force a hole right through the
glass. Then current would flow through the air
in the hole, because it takes a force of only about
10,000 volts to force electricity through 34 inch of
air.

Instead of the sheet of glass supposing you were
"to use a small cube of glass measuring 3% inch on
one side. The opposition of that piece of glass to
flow of current through it would be a thousand
million, million, million times as great as the oppo-
sition of a piece of copper of the same size. The
rate of current flow through the glass would be
correspondingly smaller than through the copper,
and, as you will agree, could be called infinitesimal.

Every insulating material mentioned in the pre-
ceding list has millions and millions of times the
opposition or resistance to flow of current that is
offered by any of the metals, by graphite, or by
conductive liquids. Were it not for this fortunate
fact we would have no more success in keeping
electricity within the paths which we wish it to
follow than would a plumber with water if he
had no pipes or other devices to confine the water.

AN ELECTRICAL SYSTEM

We started out to talk about a classification into
which might be fitted the parts of any electrical in-
stallation, but had to wander rather far afield in
getting ready to understand our classification. How-
ever, we finally are ready to go ahead.

To begin with we must have available some form
of energy. In the case of the dry cell or some other
type of “primary” cell or battery, the original
energy comes from nothing electrical. Even with
the cells and batteries the original energy is not
electrical but is chemical. The source of energy

9
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may be mechanical motion, heat, light, sound, or
radiation. Having the original source of energy we
may proceed to the electrical groups, which are
as follows:

Group 1. Devices which change the original non-
electrical energy into moving electricity or into
electric current. Here we shall have electric gener-
ators or dynamos like that of Fig. 7, also storage
batteries, thermocouples, photovoltaic cells, and
piezo-electric crystals.

t

Fig. 7. Photo of a large generator, which produces its voltage by

induction. B
r

Group 2. 'Electrical wiring. This group includes
all the conductors which ‘carry the moving elec-
tricity from place to place, also the insulators which
prevent the escape of electricity from the conduc-
tors. In outdoor and long-distance systems this
group would include the transmission and distri-
bution lines.

Group 3. Controlling mechanisms; chiefly hand-
operated and automatic electric switches of many
kinds.

Group 4. Devices which alter the rate of flow,

10
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the difference of pressure, or some other character-
istic of the moving electricity. This group includes
transformers, converters, inverters, motor-genera-
tors and other apparatus with which we shall be-
come well acquainted.

Group 5. Meters or measuring instruments for
indicating, and sometimes for making records of,
the conditions existing in all parts of the electrical
system.

Group 6. Apparatus for changing the energy of the
moving electricity into some other form of energy
which we wish to use. This is a big group. In it
we shall find motors, like that of Fig. 8, electro-
magnets, storage batteries, electrochemical vats,
electric arcs, electric furnaces, various inductors or
coils, electrical resistors, many varieties of lamps,
radiating systems for radio transmitters, electrical
discharge devices, and many other parts which are
of importance in certain lines of work. All these
devices use the electric current to produce mechan-
ical motion, heat, light,  sound, chemical changes,
or radiation.

A TYPICAL SYSTEM

To learn how our classification will work out
when applied to an actual electrical system let’s
examine the electrical parts used on an automobile.
We select the auto-electric system because you
probably are more familiar with the starter, lamps,
horn and ignition for an automobile.

Fig. 9 shows the auto-electrical parts which we
shall consider first. The initial source of energy
is the automobile engine which produces mechanical
motion. From here we may go on with our classi-
fication according to the numbered groups as pre-
viously listed. Corresponding numbers are on Fig.9.

Group 1. The generator receives mechanical
energy of motion from the engine through a belt,
and changes this mechanical energy into electrical
energy. Compare this with our original definition
of group 1.

Group 2. Electric current flows to the battery

11
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through a copper wire covered with insulation, and
from the battery flows through the steel of the auto-
mobile chassis back to the generator.

Group 3. The cutout is an automatic electrical
switch which, when the generator has attained
speed sufficient to force electricity through the bat-
tery, connects the internal parts of the generator
to the wire going to the battery. The cutout is our
controlling mechanism.

Fig..8. Type 1-28/56-6500 HP 107/53-6600 Volt Form M Induction
b Motor with changing switch installed in the 60 in. Universal Plate
Mills, Illinois Steel Company, Gary, Indiana.

«~t Uroup 4. In the system ot Fig. Y the generatwu:
is designed and automatically regulated to produce
just the right amount of force and other charac-
teristics in the electric current so that this current
will produce the desired chemical changes inside the
battery. Consequently, in this part of the auto-
electric system we -require no additional devices
for changing the kind of current ‘which is being
produced.

Group 5. The ammeter is our measuring instru-
ment which indicates the rate at which electricity
moves through the generator and ‘battery.

12
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Group 6. Flow of electric current through the
battery produces chemical changes in the plates and
liquid inside the battery. Energy is stored in the
battery in the form of chemical changes, and later
on this chemcial energy will be changed back into
electric current for operating the starting motor,
for producing sparks at the spark plugs, for light-
ing the lamps, and for blowing the horn.

In the system of Fig. 9 we started out with
mechanical energy taken from the engine and
ended with chemical energy stored in the battery.
Probably you already knew that a storage battery
does not store electricity in the form of electricity,
but simply undergoes internal changes during the
“charging” process which enable the battery later
on to produce electric current while it is “dis-
charging.”

ENGINE.
(MECHANICAL
ENERGY.)

) 6 BATTERY.

i (CHEMICAL| —*
I

t

)

ENERGY.).

Fig 9 A Portion of the Auto-electric System.

AN ELECTRIC CIRCUIT

The electrical parts and wires in Fig. 9 make up
what we call an electric circuit. Fig. 10 is a sim-
plified diagram o# this circuit in which the parts are
represented by “symbols” rather than by pictures.
These, and other standard and universally recog-
nized symbols, make it easy for anyone to quickly
draw correct electrical diagrams that are under-
stood by everyone else in the business.

An electric circuit is the complete conductive path

through which-flows, or may flow, an electric cur-
rent. ’

\
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A circuit always must include at least the
four things which we now shall list. £
L]

CONDUCTOR. 2 "~ (GO} AMMETER
— cuTouT 3 —+ |
t BATTERY 6 —

GENERATOR. |
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Fig. 16. Simplified Diagram of the Auto-clectric System.

First. The circuit must include a source of cur-
rent, meaning that there must be a generator or
some other device which uses some kind of non-
electrical energy and which produces a flow of elec-
tricity or an electric current. Maybe it should be
mentioned that the reason we do not have a gen-
erator or similar apparatus in every house lighted
by electricity is that the circuit starts from outside
the house.

Second. The circuit must include one or more de-
vices which will change electrical energy into some
other form of energy such as chemical energy, heat,
light, mechanical motion, and so on. It might be
natural to argue that one could connect a single
length of wire from one terminal of a battery to the
other terminal and thus let current flow without
going through anything which produces some other
form of energy. But current flowing through that
wire would heat the wire, and the wire itself would
be a device which changes the electrical energy into
the energy which is heat. »

Even ‘though the heat from the wire might be
wasted, it still would be produced. We may waste
any kind of energy, but cannot destroy it. The
only thing that can happen to one kind of energy
is to change to some other kind. That is a funda-
mental law of nature. :

Third. The electric circuit must include a2 con-
tinuous conductor or a succession of joined conduc-
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tors through which eclectricity may flow from the
source of cgrrent to the devices which use the cur-
rent to produce some other form of energy.

Fourth. The electric circuit must include also
a continuous conductive path from the device which
uses clectric current back to the part which pro-
duces the current. Since everything consists of
molecules and atoms, and all atoms contain elec-
trons, everything is full of electricity (electrons) to
begin with. All we can do is pump them around
a circuit. You cannot continue pulling electrons out
of the wires inside a generator without letting re-
placement electrons re-enter the generator, nor can
you continue pushing electrons into a battery or
anything else without letting an equal number move
out and back to the source. Fig. 11 shows a cir-
cuit which includes a generator, a switch, a motor,
and the necessary conductors. :

SWITCh

Fig. 11. Complete electric circuit. The current flows over the top wire
from the generator to the motor, then back along the lower
wire to the generator.

The idea of having a complete electric circuit,
out and back, is much the same as having to have
a complete and unbroken belt between a steam
engine and a machine to be driven. If the belt can-
not come back from the machine to the engine
flywheel or pulley it won’t long continue to move
out from the engine to the machine. If you cut
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either side of the belt you will prevent transfer
of energy from the engine to the machine. It makes
no difference which side of the belt you cut. Just
as truly you will prevent transfer of electrical
energy from a source of current to a consuming
device if-you open either side of the circuit. It
makes no difference which side. Many hopeful
“electricians” have tried to beat this rule, but none
have succeeded.

MORE ELECTRIC CURRENTS

Let’s go on to Fig. 12 where we have represented -
most of the remaining parts of the automobile elec-
trical system. Now we shall assume that the en-
gine and generator are idle, and that the cutout
has acted to open the circuit between generator
and battery. This leaves chemical energy in the
battery as our original source of non-electrical
energy. Now for our six groups.

__¢HSWITCH-3 WIRES-2
BUTTON-3
SWITCH-3
AMMETER —+25 COIL-4 !
™ HORN
SWITCH=-3—~ . PLUG-6. )

A 0
@ BATTERY.| | N ________ 3
1
]
:\snmms MOTOR-6 ! e oT T
-

Fig. 12. More Parts of the Auto-electric System.

Group 1. The battery is not only the source of
chemical energy, but is also the device which
changes this energy into electric current.

Group 2. The battery is connected through
wires and through the metal of the automobile
framework to the lamps, the horn, the starting
motor, and the ignition coil. The coil, in turn,
is connected to the spark plugs. This is our wiring,

Group 3. Our controlling mechanisms include the
lighting switch, the horn button, the starting
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switch, and the ignition switch.

Group 4. The maximum difference in pressure (in
volts) which the battery can develop is not enough
to force electricity across the air gaps in the spark
plugs and produce the intensely hot arc that ignites
the mixture of gasoline and air in the cylinders.
Consequently, we must employ the ignition coil, a
device which uses current at the electrical pressure
supplied by the battery and furnishes a pressure
sufficient to force electricity across the spark plug
gaps. The ignition coil is a kind of electrical trans-
former which converts the 6 volt pressure we have
available into a pressure of 10,000 volts or more,
suitable for the job to be done.

Group 5. The ammeter which previously we
have used to indicate the rate at which electricity
flows through the generator-battery circuit is now
used to indicate the rate at which electricity flows
through the battery and the lamps, the horn, and
the ignition coil. In actual practice we probably
would not carry horn current through the ammeter.
The rate of current flow through the starting motor
is so great that it would ruin this small ammeter,
so the starting current is not carried through the
meter. '

Group 6. The apparatus which changes energy
of the moving electricity into other forms of energy
includes (1) the lamps which produce the energy
which is light, (2) the horn which produces the
energy which is sound, (3) the spark plugs which
produce the energy of heat, and (4) the starting
motor which produces the energy of mechanical
motion.

In the whole automobile electrical system (Figs.
9 and 12) we commenced with mechanical energy
of motion from the engine, changed it to electrical
energy in the generator, then to chemical energy in
the battery, then changed this chemical energy into
light, sound, heat, and more mechanical energy or
motion. All electrical systems are like that, just

17




7

Electrical' Current

changing one kind of energy into other kinds which
suit our needs.

QUANTITIES OF ELECTRICITY
Quantities of potatoes are measured by the bushel,

quantities of water may be measured by the gallon
or by the cubic foot, and for everything else there

. are various units in which their quantities may be

measured. Quantities of electricity are measured by
the coulomb. A coulomb is just as definite a quan-
tity of electricity as is a cubic foot a quantity of
water.

Fig 13. A “Voltammeter” Which Measures Quantities of Electricity.

We might define the coulomb by stating the num-
ber of electrons in a coulomb, but rather than get
into figures running into uncountable billions of
electrons we define a coulomb by stating what it
will do. In Fig. 13 the jar at the left contains two
copper plates immersed in a solution of silver
nitrate, with the plates connected to a battery
which will cause a flow of electricity. When one
coulomb of electricity flows through the solution
from one plate to the other this much electricity
will take out of the solution and deposit on one
of the plates about 1/25000 ounce of silver. Whether
this quantity of electricity passed in a second, an
hour or a month, it still would take w1th it and
deposit the same amount of silver.

Except in the eletroplating of metals and similar
jobs we seldom need talk about quantities of elec-
tricity such as might be measured in coulombs,
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but an understanding of the coulomb as a unit of
quantity makes it easier to understand the real
meaning of electric current and how current is
measured.

ELECTRIC CURRENT .

In order to turn a water wheel so that it will fur-
nish a desired amount of driving power it is neces-
sary that water flow over or through the wheel at
a rate of some certain number of cubic feet (or
gallons) per second. We may define the rate of
water flow as so many cubic feet per second. Just
as the rate of flow of water is measured in so
many cubic feet per second, so is.the electric cur-
rent measured in so many coulombs per second.

In order to light the ordinary “60-watt” electrit
lamp bulb to normal brilliancy electricity must flow
through the filament in the bulb at a rate of about
one-half coulomb per second. To keep a household
flatiron normally hot the electricity must flow
through the flatiron at a rate of about eight to nine
coulombs per second. To run a small fan the elec-
tricity must flow through the fan motor at about
four-tenths coulomb per second. In none of these
cases are we talking about the speed or velocity
with which the electricity or the electrons pass
‘through the lamp, flatiron or fan. We are talking
about rates of flow in the sense that certain quanti-
ties of electrictiy pass through the part in a given
period of time.

When electricity flows at a rate of one coulomb
per second we say that it flows at a rate of one
ampere. This unit of flow (really one coulomb per
second) was named the ampere to honor Andre
Marie Ampere, a French physicist and scientific
writer who lived in the early part of the last cen-
tury. We should remember that the ampere means
a rate of flow of electricity.

Instead of saying that the electric lamp requires
a flow of one-half coulomb per second we say it
requires a flow of one-half ampere. Similarly, the
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flatiron takes a flow of eight to nine amperes, and
the fan motor takes about four-tenths ampere.

" 0C. AM:ETER \\\\

\\\\\\\\\\
3

Fig. 14. An Ammeter for Measuring Electric Current Flow.

Rates of flow in amperes are measured and indicated
by- an instrument called the ammeter, such as pic-
tured in Fig. 14. Fig. 15 illustrates how this and
other types of meters are used in practical work.

" AMPERE-HOUR, ANOTHER QUANTITY

A coulomb of electricity is a very small quantity,
and that unit is too small for convenient use in
many kinds of electrical measurements. A more
convenient quantity, and one more often used, is
the ampere-hour. One ampere-hour of electr1c1ty
is the quantity that would flow when the rate is one
ampere and the flow continues steadily for one hour.
The ampere-hour is a unit- much used in storage
baftery work, electroplating, and similar electro-
chemical processes.
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There are 3,600 seconds in one hour. One coulomb
of electricity passes during each second when the
rate is one ampere. Therefore, in 3,600 seconds the
total quantity will be 3,600 coulombs, and we find
that one ampere-hour is equal to 3,600 coulombs of
electricity.

Fig. 15. Using Meters To Test the Operation of an Electric Motor.

ELECTROMOTIVE FORCE

We have learned that all substances are made up
of molecules and atoms, and that all atoms contain
clectrons, which are negative electricity. Conse-
quently, all substances are full of electricity all the
time. But in a wire or other conductor there is no
particular tendency for the electricity to move, and
form an electric current, until some force is applied
to the electrons. Forces which move or tend to
move electricity arise from mechanical energy of
motion, from chemical energy which alters chemical
makeup of substances, from light energy, or other
forms of energy as these forms are changed into
electrical energy.

One of the commonest examples of changing
chemical energy into electrical energy is the stor-
age battery used in automobiles. The chemical
conditions in a ‘“charged” battery are repre-
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sented by one of the diagrams in Fig. 16, which
shows the active materials or the materials which
undergo changes. The positive plate material is
oxygen and lead, the negative plate material is lead
alone, and the liquid in which they are immersed

Posimive Puate. Liguip NegaTive Puate

Oxyeen

HyoroGEn
",

NN

Sucenun. XX Sutpror N
\ N\
N \\

CHARGED.

PosiTive PLate Liguio Negative PLate

OxvGen. OxYGEN

DiSCHARGED

Fig. 16. Chemical Changes in a Lead-acid Storage Battery Cell

consists of oxygen, hydrogen and sulphur (sul-
phuric acid). These chemicals do not like to remain
in the combinations shown. They are under a strain,
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and may be thought of as containing pent up chem-
ical energy.

The chemical energy in the charged battery can
accomplish nothing until we connect the positive
and negative plates to an external circuit in which
electricity may flow. Then things commence to
happen inside the battery as the chemical energy
changes into electrical energy. As shown in the
diagram marked “discharged,” the oxygen from
the positive plate goes into the liquid. The sul-
phur that was in the liquid splits up, part going
into the positive plate and part into the negative
plate. So long as these chemical changes continue,
the chemical energy changes into electrical energy
and changes into a force that causes electricity to
move through the battery and around the external
circuit.

If we keep the circuit connected to the battery
tor long enough, both plates will contain lead and
sulphur (sulphate of lead) and the liquid will con-
sist of two parts-of oxygen and one of hydrogen,
which form water. If electricity is forced to flow
through the battery in a reversed direction, oxyge.
will leave the liquid and rejoin the lead in the posi-
tive plate, and sulphur will leave both plates and
go into the liquid. Then the battery has been
re-charged, again contains pent up chemical energy,
and is again ready to change this energy into elec-
trical energy.

We have examined one method of producing a
force which will move electricity or which will pro-
duce an electric current. Later we shall examine a
method which changes mechanical motion into a
force that causes electricity to move.

The forces produced when some other form of
energy is changed into electrical energy act with
reference to the electricity as do the pressure dif-
ferences that are applied to- water in a hydraulic
system. Just as hydraulic differences of pressure
tend to cause flow of water, so do differences of
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electrical pressure tend to cause flow of electricity.
An electrical pressure différence or force that moves
or tends to move electricity, and form a current,
is called an electromotive force. The abbreviation
for electromotive force is emf. We generally speak
of such a force as an “ee-em-eff”, pronouncing the
letters of the abbreviation rather than using the full
name.

Devices such as batteries and generators in which
some other form of energy changes to electromotive
force are called energy sources, since they are the
source of the force or energy which causes current
to flow. They are not sources of electricity but only
of energy in the electrical form, because they pro-
duce no electricity but merely place electricity in
motion. '

The electromotive force produced in a battery,
generator or other current source is measured in a
unit called the volt, named in honor of Count Volta,

| an Ttalian physicist who lived about 200 years ago.
The volt is a measure of the difference in elec-
tric pressure or electric force, much as the unit
called pounds per square inch is a measure of water
pressure, steam pressure, and other pressures or
forces. A dry cell produces an emf of about 14
volts, a storage battery cell produces an emf of
about 2 1/10 volts, and electric generators or dyna-
mos produce emf’s from a few volts up to thousands
of volts, depending on the construction of the gen-
erator. '

ELECTRICAL RESISTANCE

We have said before that the electric current con-
sists of moving electrons which have been tempo-
rarily separated from-atoms and which travel among
the atoms as they progress through the conductor.

/ Movement of the negative electrons through a con-
ductor is opposed not only by the attractions ex- N
isting between them and the positive parts of the
atoms, but by constant collisions of the moving
electrons with other electrons and with the atoms.

o
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The degree of opposition to electron flow depends
largely on the structure of the conductor—in other
words on the kind of material of which the con-
ductor is made.

The opposition of a conductive material to flow
of currept acts in many ways as does the opposi-
tion of piping to flow of water through it. Water
flows less freely through a pipe that is rough or
corroded on the inside than through an otherwise
similar pipe that is smooth and clean. This effect
is similar to that of different materials in electri-
cal conductors. For instance, electricity flows much
less freely through a steel wire than through a
copper wire of the same size and length.

There is no simple unit in which we may de-
fine or measure the opposition to flow of water
through pipes. We would have to say that a given
difference in pressure in pounds per square inch
causes a flow of so many cubic feet per second or
minutes. But the opposition of a conductor to flow
of electricity through it is measured in a simple unit
called the ohm. Like other electrical units this one
is named after a man, in this case after Georg
Simon Ohm, a German scientist, who lived long
ago. .

Opposition to flow of electricity is called electrical
resistance. One ohm of resistance is that resistance
which permits electricity to flow at a rate of one
ampere when the force causing the flow is one
volt. The resistance of the filament of a lighted
60-watt electric lamp is about 220 ohms. The resist-
ance is only one ohm in about 390 feet of the size
of copper wire most often used in the electrical
wiring for houses. The resistance of materials
used for electrical insulators runs into billions of
ohms. ¢ '

It is quite apparent that the greater the resistance
of a conductor or of an entire circuit to flow of cur-
rent through it, the less current will flow with a
given applied voltage, or the more voltage will be
needed to maintain a given rate of flow. When we
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say that a resistance of one ohm permits a current
of one ampere with a difference in pressure of one
volt, we say also that a difference in pressure of one
volt causes a flow of one ampere through a re-
sistance of one ohm, and that a current of one am-
pere will flow through a resistance of one ohm when
the difference in pressure is one volt. This simple
relationship between the units of resistance, pres-
sure and current is going to make it very easy to
solve all manner of electrical problems.

TERMINAL VOLTAGE

We have learned that an energy source, such as a
battery or generator, produces electromotive force
measured in volts, by changing chemical or mechan-
ical energy into electrical energy. Batteries, genera-
tors, and other kinds of energy sources have within *
themselves various kinds of electrical conductors
which form a path through which electricity may
flow through the source itself. Were there no con-
ductive path through a source, electricity could not
be moved around and around the circuit consisting
of the outside connections and the source itself.
Like all conductors, those inside a source have more
or less electrical resistance. Part of the electro-
motive force is used ‘up in sending the current
through this internal resistance of the source, and
only the remainder is available for sending current
through the external connections or the external
circuit. .

The portion of the generated emf that is available
at the terminal connections of a source, and which
may be used for sending current through the ex-
ternal circuit, is called the terminal voltage of the
source. The number of volts available from a source
should not be called emf, but should be called the
terminal voltage, if we wish to distinguish between
the total force or pressure difference produced and
that which remains for use outside the source. All
electrical pressures differences, wherever they exist,
may be measured in volts,
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DROP IN VOLTAGE

Consider the water circuit of Fig." 17. In this
circuit there is a water pump which changes
mechanical energy from its driving belt into the
energy contained in moving water, and which fur-
nishes the difference in pressure required to keep
water moving around the circuit. At one point there
is a pipe coil containing a good many feet of pipe.
At several points are gauges which indicate water
pressures in pounds per square inch. Water is
assumed to flow in the direction of the arrows. In
common with the electrical current, it always flows
from a point of higher pressure to a point of lower
pressure,

Fig. 17. Water Circuit In Which There Are Drops of Pressure.

It is certain that all pressure difference available
from the pump must be used in sending water
around the circuit, for there is no pressure at the
inlet side of the pump. It is quite apparent, too,
that all the pressure available from the pump won’t
be used up at any one place in the water circuit, but
will be used in accordance with the oppositions
to flow encountered by the water as it moves around
the piping.

The gauge at A will show a pressure almost as
high as the total available from the pump, because
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it takes but little force or pressure to get water
from the pamp to A. It takes some force or pres-
sure to send water through the pipe from A to B,
so the gauge at B shows a pressure a little lower
than the one at A. The pressure at A must be
enough to drive water from here all the rest of the
way around the circuit and back to the pump, but
the pressure at B need be only enough to drive
water from this point back to the pump.

The coil in Fig. 17 is made of a long length -
of rather small pipe. It takes quite a bit of our
available pressure to send water through all this
pipe, so the pressure remaining at C will be con-
siderably less than we had at B. The pressure
remaining at C must be enough to send water from
here back to the pump, but no more. At D, the
pump inlet, the pressure is zero.
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Fig. 18. Electric Circuit In Which There Are Drops of Potential and
Differences of Potential.

Fig. 18 represents an electric circuit quite simi-
lar to the water circuit of Fig. 17. In this electric
circuit there is a battery from which, after using
part of the emf to overcome resistance within the
battery, there remains a pressure of six volts at one
of the terminals. The pressure at the other bat-
tery terminal is zero, just as pressure is zero at
the point where water returns to the pump in the
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water circuit. Therefore, the difference in pressure
between the terminals is six volts.

The entire six volts is used up between A and D
in the electric circuit, for we start out with six
volts and end up with no volts. But, as with the
water circuit, all the pressure is not used up in
sending electricity through any one part of the
circuit, but rather it is used as required to over-
come the resistance in various parts of the circuit.
The greater the resistance in any section of the elec-
tric circuit the more pressure must be used up in
that section to force electricity through its re-
sistance.

In Fig. 18 we assume that it takes only one volt
of pressure to overcome the resistance of the wire
from A to B, but that in the long length of wire in
the coil it is necessary to use up four volts of pres-
sure, which is the difference between the pressures
at B and C. The remaining one volt of pressure
sends electricity through the wire from C back to
the battery.

The pressure in any electric circuit undergoes
1 continual drop as we progress around the circuit
and use up the pressure in overcommg resistance
of different sections. The pressure is greatest at
one side of the source and is least at the other side.

DIFFERENCE IN PRESSURE

It is the difference between the pressures at two
points in a circuit which causes current to flow
from one point to the other. In Fig. 18 it is the
entire pressure difference of the battery that causes
current to flow through the entire circuit from A to
D. Current flows from A to B because the pressure
at A is higher than at B, it flows from B to C be-
cause the pressure at B is higher than at C, and
from C to D because the pressure at C is higher
than at D.

To determine the difference in electrical pressure
between two points in a circuit, it is first of all nec-
essary to establish a reference point.
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Unless otherwise specified, the negative terminal
of any D.C. source is regarded as the reference
point, and the difference in pressure hetween this
terminal and any other point in the circuit is called
the voltage of that point.
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Thus point “d” in Fig. A is marked 8.2 in Fig.
C, whereas point "“h” is marked .2, for the last
figure indicates that point “h” has a pressure that
1s 8.0 volts below point “d”.
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Pressure differences are measured in volts. The
measurement of the number of volts pressure differ-
ence between two points may be made with an
instrument called a voltmeter. Fig. 20 shows how

VOLTAGE

When electromotive forces, pressure differences,
or pressure drops are measured in volts or in multi-
ples or fractions of volts, the number of volts often
is spoken of as the voltage. For instance, someone
might ask about the voltage of a generator, mean-
ing the pressure difference available for the external
circuit, or they might ask about the voltage across
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a coil or other part of a circuit, meaning the pres-
sure difference across that one part.

In the language of electricity, which we now are

learning, each word and term has an exact and pre-

cise meaning when used correctly. However, you
will find that electrical men are sometimes rather
careless in their use of these words, speaking of
the emf across something like a coil instead of
speaking of the pressure difference.
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Fig. 20. Using a Voltmeter To Measure Potential Differences.

ELECTRIC POLARITY

One terminal of a source has, at any one instant,
a pressure higher than the other terminal. The one
of higher pressure is called the positive terminal,
and the one of lower potential is called the negative
terminal. This statement is based upon the assump-
tion that the flow of current in an ‘electrical circuit
consists of the motion of free positive charges. Since
the positive pole of the source repels these charges,
and the negative pole attracts them, the direction of
current flow, which is defined as the movement of
free positive charges must always be from positive
to negative. Positive terminals may be indicated by
the plus sign (+) and negative terminals by the
minus sign (—), as has been done with the source
terminals in Fig. 20. Positive is also indicated by the
letter P or the abbreviation POS, and negative by
the letter N or by NEG.

.

31

.
}

|

_




Difference in Pressure

Voltmeters and other meters have one terminal
marked positive and the other negative. In order
that the meter may read correctly its positive termi-
nal must be connected to the point of higher pres-
sure and its negative terminal to the one of lower
pressure.

Because of pressure drops and differences in a
circuit one point will have a pressure higher than
another point. The point of higher pressure is posi-
tive with reference to the other one, which is nega-
tive with reference to the first point. In Fig. 20
the pressure becomes lower and lower as we pro-
gress from A to D. Then point A is positive with
reference to B, and B is negative with reference
to A. But because the pressure at B is higher than
at C, point B is positive with reference to C while
being negative with reference to A.

The words positive and negative, as just used,
_describe the polarity of points in an electric circuit
with reference to other points in the same circuit.

The whole mass of the earth or the ground us-
ually is considered as having zero pressure or no
pressure at all. Then we may speak of anything
whose pressure is higher than that of the earth as
being positive, and of anything whose pressure is
less than that of the earth as being negative. You
may wonder how we can have a pressure less than
zero, but this is explained by remembering that the
earth’s pressure. is only arbitrarily taken as zero,
just as one certain point on the thermometer is
arbitrarily considered zero. We may have pres-
sures lower than the earth’s zero pressure just as we
may have temperatures lower than zero on the
thermometer. In electrical terminology, the term
potential is often used in the same sense as the word
pressure is here applied; thus the “difference in
pressure” in volts and the “difference in potential”
in volts mean one and the same thing. For purposes
of simplification, the word pressure has been em-
ployed in the foregoing material.
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Resistance of Conductors

'RESISTANCE OF CONDUCTORS

Several times it has been mentioned that the re-
sistance of a conductor depends largely on the kind
of material in the conductor. When talking about
electron flow in conductors we listed a number of
materials in the order of the freedom with which
electrons pass through them. From our later dis-
cussion of resistance it is evident that the material
(silver) permitting the freest flow of current must
have the least resistance, and that materials per-
mitting smaller rates of flow when a given differ-
ence in pressure is applied to them, must have
higher resistances.

The resistance in ohms of a conductor is-affected
by other things as well as by its material. Here
are the factors which determine resistance:

1. The material of which the conductor is made.

2. The length of the conductor. If a certain kind
of conductor is made twice as long, its resistance
will be exactly doubled, since it is twice as hard
10 force a given current through twice the original

Lewstn In Feev
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Oricinar RESISTANCE -

Twice Tue ResisTasce
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Twice Cross Secrion. Har Tee Resistance

a =

HaLe Cross Section- Twce Twe Resistance

Fig. 21. Effect of Length and Cross Sectional Area On Resistance of
Conductors.

length. See Fig. 21. . Halving the length of the
conductor will drop its resistance to half the origi-
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!

nal value. Resistance varies directly with the length
of a tonductor that is of umform size and material
throughout,

3. The cross sectibnal area of the conductor, The
cross sectional area is the area of the flat surface
left on the end of a conductor when it is cut straight
through from side to side. Changes of cross sec-
tion in the same length of conductor are shown
in Fig. 21. If the cross sectional area is doubled
the resistance is cut in half. It is easier for elec-
tricity to flow through a large conductor, just as
it is easier for water to flow through a larger pipe.
If the cross sectional area is halved the resistance
is doubled. It is harder to forcc water through a
small pipe than a large one, and harder to force
electricity through a small conductor than through
1 larger one.

4, The temperature of the conductor. In all pure
metals, and in most mixtures or alloys of metals,
the resistance increase as the temperature rises. The
resistance of a copper wire is about 9 per cent
greater at 70° F. than at 32°, and at 150° is about
27 per cent higher than at 32°. Each different metal
has a different rate at which its resistance changes
with changes of temperature. An alloy called man-
ganin, much used to provide resistance in electrical
instruments, changes its resistance less than one-
hundredth” as much as does copper for the same
change of temperature. Liquids which have been
made conductive, such as those used in storage bat-
teries, have less and less resistance as their temper-
ature rises through normal ranges. The resistances
of carbon and graphite become less as their temper-
ature rises. In order to specify resistances with
accuracy we should know and mention the tempera-
ture of the conductor. When no temperature is
mentioned it generally is assumed to be 68° Fah-
renheit, which is 20° centigrade.

CONDUCTANCE '
The conductance of a conductor is a measure of
the ease with which it permits current to pass
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through it, as opposed to resistance which is a
measure of the opposition to current flow. The unit
of conductance is the mho, which is ohm spelled
backward. The conductance in mhos is equal to
the reciprocal of the resistance in ohms. The re-
ciprocal of a number is 1,divided by that number.
Thus, the reciprocal of 10 is 1/10. If the resistance
of a conductor is 10 ohms its conductance is 1/10
mho.

Nearly all our practical calculations are made
with resistance measured in ohms. Conductances
in mhos are seldom used.

ELECTRICAL SYMBOLS

When we wish to show the wiring connections
and the parts included in an electric circuit or part
of a circuit, it is not necessary to draw pictures
of the parts, Conductors and various electrical
devices are shown by symbols which represent these
parts in a general way and which are understood

Ceve. Barreny Of Ceuls GENERATONR.
(DinecT Current)
Wires Crossing- Not Jowep Wines Joineo.

Resistance Ow ApsusTasLe RESISTORS

ResisTon. Or RHEOSTATS,
- —J—=

: L
Laups Pusu Burton Switcw. KniFge Switen.

Fig 22 Symbols Used In Electrical Wiring Diagrams.

by all men working in the electrical industries.

Several standard symbols are shown by Fig. 22,
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The cell represents a single dry cell or a single
cell of any other type which produces electromotive
force from chemical action. Several cells together
form a battery. The number of cell symbols drawn
to represent the battery may or may not correspond
to the number of cells actually in the battery to be
shown. The long line of the cell symbol represents
the positive terminal and the short line the negative
teirminal.

The generator symbol is marked “direct current”
because it represents the kind of generator which
causes electricity to flow always in the same di-
rection around a circuit. This is the kind of flow
we have been considering and shall continue to
study until taking up the subject of alternating
current later on. Alternating current is a surg-
ing back and forth of electricity in the conductors,
moving one direction for a brief period and then in
the opposite direction for an equal period of time,

Wires which cross over each other without being
joined together or in electrical contact may be
shown in any of three ways. Electricity cannot
flow from one to the other of wires which are not
in actual contact, or which are separated by in-
sulation as indicated in these symbols. If two or
more wires are in direct contact so that current
may flow from one to the other at the point of
contact, we show the joining by means of a small
dot at the junction. .

If a large amount of resistance is concentrated
into a small space; as by winding much wire into
a compact coil, we may call the unit a resistance
or a resistor. The symbol for such concentrated
resistance is a zig-zag line. Many resistors are
so constructed that a brush or other movable con-
tact point may be slid along the resistance wire,.
thus including between the contact and one end of
the wire moi2 or less resistance or more or less of
the total length of the wire. Such an arrange-
ment provides an adjustable amount of resistance
for use in a circuit to limit the flow of current. An
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adjustable resistor ;nay be called a rfeostat. The
arrowhead in the symbols represents the movable
or sliding contact point.

Switches, as you doubtless know, are devices in
which metallic conductors may be conveniently
brought together so that current may flow through
them and through a connected circuit, or which may
be separated so that they have between them the
insulation of air, which prevents flow of current.
A push button switch is of the type -used for door
bells. A knife switch opens and closes with a mo-
tion like moving the blade of a jack knife. The
knife switch for which a symbol is shown has two
blades, that simultaneously opens or closes two
conductive current paths.

Fig. 23 is a diagram of an electric circuit show-
ing how simple and easily understood are the con-
nections and the paths for current when we use
symbols to represent the electrical devices. Refer
to the symbols of Fig. 22 and see how many of them
you can identify in Fig. 23. Fig. 23 shows two
coils whose symbols are not included in Fig. 22.

ol

Fig 23. Wiring Diagram In Which Symbols Are Used.
SERIES CONNECTIONS
Fig. 24 shows two circuits. Each contains a gen-
erator, a switch, a resistor, and two lamps. If the
generator were running and the switch closed, cur-
rent from one side of the generator would have
to pass successively through each of the other parts
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t
'

before coming back to the generator. Furthermore,
every bit of current that goes through the generator

Fig. 24. Series Circuits.

must go also through every other part of the circuit.
The current cannot divide at any point. All the
current that flows in any one part of the circuit
must flow also in every other part.

&

40R 40R <

Fig. 25. Four 40-ohm Lamps Connected In Series.

Any circuit in which all the current flowing in
any one part must flow also through each other
part is called a series circuit. When parts are so
connected that all the current through one of them
must pass also through the other these parts are
connected in series. It makes no difference in what
order the parts come, if they all carry the same
current they are in series.

There are three things about series connections
that we should understand. '

1 38



Series Connections

1. The current in amperes is the same in all
parts connected in series, If the flow is five am-
peres in any one part it must be five amperes in
every other part.

2. The total résistance in ohms of all the parts
connected in series is equal to the sum of their
separate resistance in ohms. In Fig. 25 we have four
lamps in series. Each lamp has a resistance of 40
ohms. Neglecting the very small resistance of
the connecting wires, the total resistance of this
circuit is 4 x 40, or is 160 ohms.

3. The total difference in pressure in volts which
is supplied to the parts in series, as from a current

vM

() o
A A A

260F EOE

Fig. 26. Five 50-volt Lamps Connected In Serles.

source, must equal the sum of the pressure differ-
ences or pressure drops across the separate parts
in the circuit. This became apparent when study-
ing Fig. 18. In Fig. 26 we have five lamps, across
each of which a voltmeter would show a pressure
difference of 50 volts. Neglecting the small pres-
sure drops in the short wire connections, the sum
of these voltage or pressure differences is 250 volts,

which is the total difference in pressure that must

be supplied by the generator.
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RELATION OF CURRENT, VOLTAGE
AND RESISTANCE

A simple practical electrical circuit will consist of:

1. A source of energy—generator, battery, etc.

2. A load—lamps, motor, etc.

3. A means of control—switch or variable re-
sistance.

4. Necessary conductors or wires.

Example:
. ) ; (ALL0AD.
CoNTROL ' / ~
- WiRE.
il
SouRcCE.

Current designated by this sign (I) is needed to
operate any piece of electrical equipment and the
rate of flow of current in the circuit supplying such
equipment will depend on the voltage (E) applied
to the circuit and the resistance (R) of the circuit.

In a D.C. circuit having a constant resistance an

increase in voltage causes an increase in current—
see “A”.

Likewise .a decrease in voltage causes a decrease
in current—see “B”.

Generalizing “A” and “B”"— o
1. What causes current to flow in this circuit
when the switch is closed?
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2. What effect is produced when voltage is ap-
plied to a closed circuit?
3. What factors change?

4. How did they vary with respect to each other?

5. Can we draw any conclusions?

6. Can we generalize the relation?

In a D.C. Circuit having constant resistance the
current will vary in direct proportion to the voltage
—see swing illustration below.

When E Goes Ur
I Goes Upr.

WHeEN E Goes Down
I Goes Down.

7
DirecT RevLaTion.

In a D.C. circuit having a constant voltage an
increase in total resistance causes a decrease in
current—see “C”,

A decrease in total resistance permits an increase
in current—see “D”.

Generalizing C and D—

1. Which factor is constant?

2. Which is the cause?

3. Which is the effect?

4. What were the quantities that changed?
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Relation of Current, Yoltage and Resistance

’ 5. How did they vary with respect to each other
—up or down?

6. What conclusions can we draw?

7. Can we generalize the relation?

®

C 1:%:%:41

In a constant voltage D.C. circuit the current will
vary inversely proportional to the resistance—this
is illustrated graphically by this seesaw relation.

® 2 _

_E.
I=§='5=61I

When resistance (R) goes up the current (I) goes
down . .. in like manner when (R) goes down then

(I) goes up.

WHen 1 Goes Ue
R Goes Down.

WHen R Goes Ue
I Goes Down.

|

Inverse RevLATiON,

Can we generalize both these statements? 7
Now combining A-B-C-D we have what is

known as Ohm'’s law, here is how it reads. The
\
\
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Ohms Law
current in any D.C. circuit is directly proportional
to the Voltage (E) and inversely proportional to
the resistance (R).

OHM'S LAW

Ohm’s law is a rule that helps to solve more

different kinds of electrical problems than any other
one rule or law that we can learn. .The law says
that if the pressure difference across a circuit or
any part of a circuit is doubled, the current will
double, and that half the pressure difference will
produce half the current. In other words, the cur-
rent in amperes increases and decreases directly
with increase and decrease of the. pressure differ-
ence in volts. Ohm’s law says further that dou-
bling the resistance will permit only half as much
current to flow, and that halving the resistance will
permit as much current to flow. This means thaf®
the current increases proportionately to every de-
crease of resistance, and that the current decreases
proportionately to any increase of resistance. This
statement assuimes the applied voltage to remain
constant.

4 Vours tO Vours

2 Owus 2 Owus
8 Vours 8 Vours

-‘—‘ﬂ"-‘—slvw‘.‘mm o 2-“35-"—‘%/\~M/\MMN\AWM)——-

2 Owus 4 Ouus

Fig 27 Relations Between Amperes, Volts ind Ohms.

At A in Fig. 27 we measure a pressure difference
of 4 volts across a resistance of 2 ohms. The cur-
rent through the resistor will be 2 amperes. At B
the pressure difference has been raised to 10 volts,
two and one-half times as much as at A, and the
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current through the resistor now is 5 amperes,
which is two and one-half times the original current
through the same amount of resistance.

At C in Fig. 27 the pressure difference across a
2-ohm resistance measures 8 volts. The current is
4 amperes. At D the resistance has been increased
to 4 ohms, twice as much as at C, and now we have
a current of only 2 amperes with the same pressure
difference. Doubling the resistance has cut the cur-
rent to half.

The easiest way to remember Ohm’s law is to say
that the number of amperes of current is equal to
the number of volts pressure difference divided by
the number of ohms resistance, or simply that
amperes are equal to volts divided by ohms. When
one quantity is to be divided by another we often
write.them as a fraction. For example, the fraction
14 means that 1 is to be divided into 2 equal parts,
and the fraction 6/3 means that 6 is to be divided
into 3 equal parts. Ohm's law written with a
fraction appears thus:

volts v pressure difference
or Current = -
ohms resistance

Amperes =

" Instead of using the words for amperes, volts and
ohms, or for current, pressure difference and re-
sistance, we generally use letter symbols. For cur-
rent in amperes we use the capital letter I, which
you may think of as standing for intensity of current.
For pressure difference in volts we use the letter E,
which stands for electromotive force. For resist-
ance in ohms we use the letter R, which stands
for resistance. With these letter symbols we may
rewrite Ohm’s law thus:

Ohm’s law shows the relation between amperes,
volts and ohms in any part of a circuit, or, of course,
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in a complete circuit. If we use the numbers of
amperes, volts and ohms of Fig. 27 instead of the
corresponding letters in the formula I = E/R we
will have for A 2 = 4/2, and for B 5 = 10/2,
and for C 4 = 8/2, and for D 2 = 8/4, all of
which work out correctly.

The great usefulness of Ohm’s law arises from
the fact that if we do not know the current but
know only the resistance and the pressure difference
we merely divide the volts of pressure difference
by the ohms of resistance to find the unknown cur-
rent in amperes.

In Fig. 28 we have a battery furnishing 10 volts
pressure difference (E) to a lamp whose resistance
(R) is 5 ohms, and we wish to know the current

Oy _
4

I1OE
Fig. 28. A 10-volt Battery Supplying Current To a 5-ohm Lamp,

in amperes. We use the known pressure difference
and known resistance in Ohm’s law thus:

E 10
I = — = — = 2 amperes
R 5
In all these simple problems we shall ignore the
resistance of the connecting wires. Even were we
to have as much as ten feet of ordinary copper wire
the resistance of the wire would be only about 1/40
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ohm, which. would have negligible effect on our figures.
Now that the relationships between current, dif-
ference in pressure, and resistance have been es-
tablished, we shall begin to substitute the term “dif-
ference in potential” for “difference in pressure” in
order to acquaint you with use of the word. Remem-
ber that you may substitute the word “pressure”
for “potential” in any practical electrical situation,
as both terms mean virtually the same thing. The
only advantage of using the term potential lies in
the fact that it is widely used in electrical literature.
Probably you know that any formula such as
I = E/R which involves three quantities may be .
changed around to show any one of the quantities
when we know the other two. We already have
learned how to find the current in amperes when we
know the potential difference in volts and the re-
sistance in ohms, but how about learning the poten-
tial difference from known current and resistance,
and how about learning the resistance’ when we
know only the current and the potential difference?

Using letter symbols for the. three quantities we
may write Ohm’s law for unknown potential differ-
ence as follows:

E = IR, which means volts — amperes X ohms

A — Y

I0R

: / \ ' 121
[ LI
L

Fig. 29. A Toaster for Which the Potential Difference Is To Be
Calculated.

You may easily prove to yourself that this form
of the law is a correct one by substituting for volts,
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amperes and ohms the corresponding numbers from
Fig. 27, and you will find that the formula always
works out.

In Fig. 29 we have represented an electric toaster
whose resistance is 10 ohms, and with an ammeter
we measure the current as 12 amperes. What is
the potential difference in volts that will cause 12
amperes of current to flow through 10 ohms of re-
sistance? All we need do is place the known
values in Ohm’s law, thus:

= IR = 12 X 10 = 120 volts

ey}

In Fig. 30 we have an electric oven in whose
heater coils the resistance is 2 ohms, and we

2R

F=Y

€? ‘——C

o
- I

|4 \J

Fig. 30. An Oven of Known Resistance, Taking a Known Current, for
Which the Potential Difference Is To Be Calculated.
measure the current as 55 amperes. It is easy to

find the potential difference in volts.

E = IR = 55X 2 = 110 volts

Just as we changed Ohm’s law around to give
the value of an unknown potential difference, so
we may change it again to show an unknown resist-
ance in ohms when we know the potential differ-
ence in volts across the resistance and know the
current in amperes flowing through the resistance.
Here is the third form of Ohm’'s law:
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E ‘ volts
R= — or Ohms = ———
I amperes

Again you may prove that this form of the law

‘works out by substituting in it the numbers of

ohms, volts and amperes of Fig. 27.

\

Fig. 31. An Electromagnet for Which the Potential Difference and
Current Are Measured, and of Which the Resistance Is To Be Learned.

Fig. 31 shows a powerful magnet or electromag-
net used for lifting parts made of iron or steel. An
ammeter shows that a current of 20 amperes flows
through the coils inside the magnet when the ap-
plied potential difference is shown by a voltmeter
to be 80 volts. To find the resistance in ohms of
the magnet coils we use the measured quantities in
Ohm’s law for resistance.

E . 80
R= — = — = 4 ohms
I 20

USING OHM’S LAW

Current voltage and resistance are the three most
important things that we have to consider in prac-
tical work with the gréat majority of electrical
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devices and the wiring that connects them together.
Electricity flows only through conductors, and all
conductors have resistance. Therefore, every part
in every electrical circuit has resistance. The cir-
cuit of Fig. 32 includes a generator, an ammeter,
a switch, a rheostat, a lamp, and the connecting
wires. There are various amounts of resistance in
every one of these parts.

The ammeter of Fig. 32 shows the current flow-
ing through the meter. Since this is a series cir-
cuit we know .that the current in every other
part is the same as that in the ammeter. The
voltmeter is connected across the terminals of the
generator, so it shows the potential difference
across these terminals and across the entire ex-
ternal circuit. The voltmeter might be connected
across the rheostat, the lamp, the ammeter, the
switch, or any of the wires—and then would show
the potential difference across each of these parts.
In every circuit in which electricity is flowing we
have a current which is forced to flow through
resistances by the potential differences in the
circuit. An understanding of Ohm’s law means
an understanding of all the relations between cur-
rent, voltage and resistance, and an understand-
ing of the electrical behavior of every common
type of circuit.

An understanding of Ohm’s law does not mean
merely the ability to say that “amperes equal volts
divided by ohms,” and to repeat the other forms
of the law for volts and ohms, but means under-
standing of how these rules work out in prac-
tice. Supposing that the rheostat of Tig.
32 were enclosed within a box with only the oper-
ating handle showing, and that you wanted to know
which way to move the handle to increase the re-
sistance. If you understand the relations between
resistance and current as shown by Ohm’s law you
will know that the ammeter in this circuit will show
less current when you move the handle to increase
the resistance. You will know also that with the
voltmeter connected across the rheostat the voltage
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will increase when you move the handle ,in the

direction that increases the :resistance of the
rheostat.

Here is a little table showing what happens to
cach of the three elements—current, voltage, and
resistance—-~when one of them is kept at the same
value and_ another is. made more or less. In each
part of the table is written the form of Ohm’s law
that gives the answer shown there.

CURRENT . POTENTIAL RESISTANCE
. DIFFERENCE :
Amperes Volts Ohms
SAME "~ MORE MORE
E =1IR R = E/I
SAME LESS LESS
E = IR R = E/I
MORE . SAME LESS
I =E/R R = E/I
LESS SAME MORE
I =E/R R = E/I
MORE ] MORE SAME
I = E/R E = IR
LESS LESS SAME
I = E/R E = IR

Fig. 32. A Typical Electric Circuit.

In this table we have the answers to the problem
about moving the rheostat handle. On the first
line of the table we find that more resistance means
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more potential difference in volts is required if
the current is to remain the same, and on the fourth
line we find that more resistance means less cur-
rent in amperes if the voltage remains the same.
The formula R = E/I answers the questions be-
cause if in it you use different values of volts (E)
with the same value of amperes (I), you will
find out what happens to resistance. If you try
different values of amperes (I) with the same
value for volts (E) you again will find out what
happens to resistance under these conditions.

Supposing vou know that a certain e]ectri)ca]
device must have a current of six amperes to oper-
ate correctly, but an ammeter shows the current
to be eight amperes. You can reduce the current
by changing either the potential difference in volts
or the resistance in ochms. The table shows that
less current will flow with more resistance and the
same voltage, or with less voltage and the same
resistance. Ohm’s law will answer thousands of

. electrical questions.

When Ohm first explained his law for the rela-
tions of current, potential difference and resistance
he did not write something like I = E/R, but he
stated that current varies directly with potential
difference, and inversely with resistance, that po-
tential difference varies as the product of current
and resistance, and that resistance varies directly
with potential difference and inversely with current.
This is just a short way of saying all that is shown
by our table. The three formulas by which we show
Ohm’s law are merely convenient ways for work-

ing our problems which involve certain numbers of -

amperes, volts and ohms.

One of the easiest ways to remember all three
formulas for Ohm’s law is to remember this ar-
rangement of the letter symbols,

_E
IXR
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Supposing you want to know the value of E or
volts. Cover the E with the tip of your finger
and you see only I X R, which means that multi-
plying the number of amperes (I) by the number
of ohms (R) will give the number of volts. If
you want to know the number of amperes just
cover up I, the symbol for amperes, and you see
E over R, which means to divide the number of
volts by the number of ohms. If you want to find
the number of ohms, cover up R, the symbol for
ohms, and you see E over I, which means to divide
the number of volts by the number of amperes.

It is necessary to understand the relations be-
tween current, potential difference and resistance
“as shown in the table, but this requires no memoriz-
: ing, only a little reasoning for each case. For in-
stance, you can read the first line of the table thus:

With the SAME current there will be MORE po-
tential difference with MORE resistance. All you
need do to figure this out for yourself is to re-
flect that it certainly is going to take more potential
difference or more force to send the same current
through more resistance. Stated in another way,
if you have the same current and observe that more
potential difference is needed to maintain this cur-
rent, it is certain that the resistance must have
increased, because it takes more force to get the
~ same current through more resistance,

AN

. Just as we have analyzed the meaning of the first
line of the table, so you should check over each
of the other lines for yourself. You will find that
the conclusions are just common sense in each
case, that they merely state what you already know
about the behavior of current, voltage and re-

/sistancc. ’

. PARALLEL CONNECTIONS

Fig. 33 shows a water circuit in which all the
water flowing through the pump P flows also’
through the water wheel or water motor WW and
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through every other part of the circuit. The gauge
G indicates the pressure available from the pump

Fig. 33, Water Circuit With Its Parts In Series.

or the source of pressure. Fig. 34 shows an elec-
tric circuit which is similar to the water circuit
of Fig. 33. All the current that flows through the

Fig. 34, Electric Circuit With Its Parts In Series.

generator G in the electric circuit flows also through
the lamp L and through every other part of this
circuit. A voltmeter VM indicated the electrical
pressure difference or the potential difference avail-
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able from the generator. These two circuits, as
yvou will recognize, are series circuits.

In the series electric circuit we have .the same
current in all parts. The total resistance of the
circuit is equal to the sum of the resistance in its
parts The total potential difference from the source
must equal the sum of the potential differences
across the parts of the series circuit. These are
the rules for a series circuit, as we learned pre-
viously.

In Fig. 35 we have added a second water wheel
WW?2 to our water circuit. Both sides of each
water wheel are connected directly to the pump
through pipes. The two wheels are in parallel with

@ Pressure Gause.

Water Wheew
N8.2.

Water Wreer
LA

[ —

Fig. 35. Water Circuit With Two Water Wheels In Parallel.

each other. Fig., 36 shows an electric circuit like
that of Fig. 34 except that we have added a second
lamp L2 and have connected both sides of this lamp
directly to the generator through wires. The two "
lamps are connected together in parallel.

A parallel connection of two or more parts may
be defined as,a connection with which the total
current divides, part going through each of the
units. If we consider each separate unit in a par-
allel connection all by itself, Ohm’s law will tell
us all the relations between current. potential dif-
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ference and resistance in that unit or in that
“branch” of the parallel system. .

R\ Voot MeTen

Lignt | Lignt 2

Gengnaton.

Fig. 36. Electric Circuit With Two Lamps In Parallel.

The first thing to note about a parallel connec-
tion is that the potential difference across all the
units or across all the branches is the same. In
Fig. 35 the pressure difference from the water pump
is applied equally to both water wheels, since both
are connected directly to the pump. In Fig. 36 the
potential difference from the generator is applied to
both the lamps, because both lamps are connected
directly to the generator. When two wires come
together, as do the two from the tops of the lamps
and the other two from the bottoms of the lamps
in Fig. 36, there can be only one potential at each
junction. We cannot have two different potentials
or voltages at the same point in a conductor or in
a junction of conductors. Then, if the potentials on
each side of the lamps are alike, there can be only
one potential difference, and this potential differ-
ence acts across each of the lamps.

30 Vours.
al 8 c|

4 Onus 3 Omus. 12 Onus.

/ 6 Vours

Fig 37. Three Resistances Connected In Parallel.

When we know the potential difference across all
the parts connected in parallel, and know the re-,
sistance of each part, it is a simple matter to de-
termine the current in each part. All we need to
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do is use Ohm’s law which says I = E/R. As an
example, consider the parts shown in a parallel con-
nection by Fig. 37. The potential at the top of
‘the diagram is 30 volts, at the bottom is 6 volts,
so the potential difference across A, B and C must
be 24 volts. A voltmeter connected across any one
of these units would read 24 volts.

The resistances of the units of Fig. 37 are marked
in the diagram. Knowing the potential difference
(E) and the resistance (R) for each unit allows
finding the currents for each unit as follows:

Unit A I =E/R = 24/4 = 6 amperes
Unit B I =E/R = 24/3 = 8 amperes
Unit C I = E/R = .24/12 = 2 amperes

The total current for the units of Fig. 37 must be
the sum of the separate currents, or must be
6 4+ 8 + 2 amperes, which makes a total of 16
amperes.

Now let’s consider the three units of Fig. 37 as a

- group. For the entire group we know that the
potential difference is 24 volts, which is the same
as the potential difference for each unit. We have
figured out that the total current is 16 amperes for
the group of parts. Now, what is the effective
resistance of the entire group of units, or what
would be the resistance of a single unit equiva-
lent to the three?

As is usual when having to solve an electrical
problem we call on Ohm’s law. We wish to learn
the effective resistance, so must use the formula for
resistance or use R = E/I. Let’s put our known
potential difference (E) and our known total cur-
rent (I) into this formula.

R = E/I = 24/16 = 1Y% ohms, the equiv-
alent resistance. :

Supposing that we do not know the potential
difference, but know only the resistance of several
units connected in parallel and wish to know their’
equivalent or effective resistance considered as a
group. All we need do is select any voltage, prefer-
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ably a number of volts into which each of the num-
bers of ohms resistance will easily divide. For
the resistance of Fig. 37 we might select 72 volts.
Then we figure out the separate currents for 72
volts instead of 24 volts and find that they will be
18, 24 and 6 amperes. The total current then is the
sum. 18 4 24 4 6. or is 48 amperes. Finally we
use Ohm's law to find the effective resistance, this
way,

R= E/I = 72/48 = 1% ohms.

This is an easy way to figure out the effective
resistance of any number of resistances connected
in parallel; just select any voltage, calculate the
currents, and use the total number of amperes and
the selected number of volts in Ohm’s law for re-
sistance, R = E/I, and you will have the equivalent
number of ohms.

The rule usually used in cases like this says that
the sum of the reciprocals of the separate resist-
ances equals the reciprocal of the equivalent resist-
ance. The reciprocal of any number is 1 divided
by that number. To apply this rule to the example
of Fig. 37 we would have to add the reciprocals
of the resistances.

1 1 1
_t+ — 4+ — =7
4 3 12

To add fractions they first must be changed to
equal fractions all having the same denominator, or
the same number below the line. Our present frac-
tions may be changed so that. all have 12 for the
denominator, thus,

3 4 11
4 12 3 12 . 12 12
Then we may carry out the addition.
3 4 1 8
12 12 12 12
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Here we find that 8/12 is the reciprocal of the
resistance. The reciprocal of any fraction is that
fraction inverted or turned upside down. Then the
reciprocal of 8/12 is 12/8, and 12/8 is equal to 14,
which is the equivalent resistance in ohms.

 Fig. 38 shows another example of resistance in
parallel. It would be a good idea if, before looking
at the answer which will be given, you work out
the equivalent resistance for yourself, either by
selecting any convenient voltage and using Ohm’s
law to find currents and then the resistance or else
by using the reciprocals of the separate resistances.

© swgeg

Fig. 38. Resistances In Parallel for Which the Equivalent Resistance
Is To Be Calculated.

The reciprocals of the numbers of ohms are,
' 1 1 1 1 1

15 20 4 1

To simplify the last fraction, 1 over 14, we may
actually divide 1 by 14, which gives us 4. To
change 4 into a fraction we may write it as 4/1,.so0
instead of working with 1 over ¥4 we may sub-
stitute 4 over 1, to which it is equal. For the next
step we may change all the fractions so that they
have 20 for a denominator and add them, thus,

20 4 1 5 80 110
-+ — + — + — + — = —
20 20 20 20 20 20

Since 110/20 is the reciprocal of the resistance

we must invert this fraction to get 20/110 as the
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number of ohms. This fraction 20/110 should be
sxmpllﬁed to 2/11, which is the equivalent resistance
in ohms of the five parallel resistances.

Fig. 39 shows four lamps connected in parallel,
each lamp having a resistance of 40 ohms. When
all the parallel resistances are alike their equiva-
lent resistance is equal to the resistance of one unit
divided by the number of units. In Fig. 39 the
equivalent resistance must be equal to 40 ohms
(resistance of one lamp) divided by 4 (the number
of lamps), or must be equal to 10 ohms,

+

@ © B ©

ya

Fig. 39. Equal Resistances In Parallel.

In practice many problems will arise which re-
quire the calculation of total resistance of two
resistances in parallel, and there is a most con-
venient formula for computations of this type. If
one resistance is called R; and the other R,, the
total resistance Rr may be found from the formula

Ri X R,

R'r = —_—
R, +R,

Note that this formula merely indicates that we
must take the product of the two resistors and
divide this value by the sum of the two resistors.
By repeated application of the same formula, the
total resistance of any number of parallel resistances
may easily be determined.

Below is an example of how the “product over
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sum” method which shows how the formula may
be repeated to find the total resistance of a network
of conductors having any number of parallel paths.
The solving of a network having three parallel re-
sistors requires two steps; the first takes any two
resistors and, by the product over sum method,
finds the equivalent resistance of this pair; the
second step takes this equivalent resistance and
combines it with the remaining resistor as indicated
in the example given below.

. R, Ro
— sn Zizn
Ry Ro 4 %12 48
Ry = PR > = 244 =16 o3 A Rr =34
Adding to Example No. 1: '
— R3 R1 R2
6 _n_ 4 N 12 n

We found the equivalent resistance to R; and R,

in parallel to be 3 , so we can use 3 as R; in
relation to Ry and indicate as follows:

Rs R,
— 6 N 3N
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The equivalent R can be indicated:

21

R+ for the network =2 f1

In wiring diagrams such as apply to the elec-
trical equipment in buildings you often will find
lamp circuits as shown in Fig. 40. At A there are
12 lamps in series, which requires only a single wire
or conductor running from lamp to lamp. At B the
12 lamps are connected in parallel, which requires
two wires or conductors so that both sides of each
lamp may be connected directly to the source of
current.

- There are three important facts to keep in mind
about parallel conections. Here they are:

The current for the parallel group is equal to
the sum of the currents in the several units.

The potential difference is the same across all

units in the parallel group.

The equivalent resistance of the parallel group
always is less than the smallest separate resistance.

Networks that have a relatively complicated ap-
pearance may be solved without too much difficulty
if a logical procedure is employed. The example
below shows how this may be done. Note that in

this type of problem the network is solved a step °

at a time, starting at the end of the circuit and
working back toward the source.
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TO FIND R OF A NETWORK

Find equivalent R for R; and Rs, which are in

series with each other.

10 A 6N
— MWWy
Re 3 Ko
—_— Rs
- 40 4L
R,
70

a4_n

Equivalent R=60 440 = 101

Find equivalent R for R3 and R4, which are in

series with each other.

10 N
Rq IS Eq. R for
—— R5 Rl & R2
—_ 40 n 101
= R,
TN
Equivalent R=3n 4701 = 10 L
Find equivalent R for Ry, Ry, R3, Ry.
10 1
—/VWW :
Re Eq. R for Eq. R for
. R5 R3 & R4 Rl&'. R2
b 40 N 1on 1on
10 n
Equivalent R = —5 or 5N
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'Find equivalent R for Ry, Rs, Rs, Ry R

10 N
Eq. R-
Re "~ Lfor Ry, Ry,
—— Rs Rs, R4 =
pr— son 5N
Equivalent R = 35—?;_—1-8— = 2#‘??_ = 45N

Find equivalent R for Ry, Ry, Ry, Ry, R; and Re.

10 L
AVWWWY Eq.R
Rg ) for Ry, Ry,
R3 Ry, Rs =
= : 4.5 N
-
Equivalent R = 10451 =145 n
. Eq. Ry
= 14.5 L

Final R for entire network = 14.5 1L

SOURCES CONNECTED IN SERIES

Two water pumps are connected end to end or in
series for the water circuit of Fig. 41. With the
pumps connected this way it is plain that the rate
of water flow, in gallons per minute, must be the
same through both pumps. One pump adds to the
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pressure developed by the other one. If we as-
sume that water comes to the inlet of the lower

%ﬁz@m

A

Fig. 40. Diagram for Lamps Connected In Series and In Parallel.

pump with zero pressure, and that this pump is
capable of producing a difference in pressure of
50 pounds per square inch, water will issue from
the lower pump and pass to th\e inlet side of the

Fig 41 Water Circuit With Two Pumps Connected In Series.

upper pump at this pressure. If the upper pump
is capable of producing a difference in pressure of
50 pounds per square inch, this pressure will be
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added to that already existing at the pump inlet,
and from the upper pump water will issue with a
pressure of 100 pounds per square inch.

@ Sor

' 1985 cooe

Fig. 42. Electric Circuit With Two Generators Connected In Series.

Fig. 42 shows an electric circuit with two gen-
eratqrs connected in series. As in all series cir-
cuits, current is the same in all parts, including
the generators. The generators are capable of
applying a difference in potential of 100 volts each
to current flowing through them. Just as with
the water circuit of Fig. 41, the electric poten-

| Y
W

Fig. 43. Sources In Series Add Their Potentials.

tial differences will add together and the total
for the two generators will be 200 volts.
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Fig. 43 shows three dry cells connected in se-
ries and furnishing current to a lamp. Each dry
cell produces a potential difference of 1% volts,
so the three in series produce a potential difference
of 3 X 14, or 4% volts for the battery of cells.

With sources connected in series, their potential
differences add, but the current can be no more than
that through one of the sources. It is not necessary
that sources in series provide equal potential differ-
ences. If a 110-volt generator and a 10-volt gen-
erator are connected together in series they will
furnish a total potential difference of 120 volts.
But, and this is important, the current taken from
the two generators in series must be no greater than
safely may be taken from either of the generators
alone. If one generator alone is capable of de-
livering 15 amperes of current, and the other alone
is capable of delivering only 3 amperes, then the
maximum current from the two in series may be
no more than 3 amperes. A greater current will
overheat and seriously damage the generator hav-
ing the smaller current capacity.

SOURCES CONNECTED IN PARALLEL

Assume we have taken the two water pumps
which were connected in series in Fig 41 and have
re-connected them in parallel. Each pump still is
capable of furnishing a pressure difference of 50
pounds per square inch when pumping water at the
rate of 100 gallons per minute. If each unit pumps
this 100 gallons per minute, the combined flow from
the two together passes into the common outlet
pipe and makes 200 gallons per minute.

The total difference in pressure from the two
pumps in parallel, as they deliver water to the
tank circuit, will be equal only to the difference
in pressure of one pump. The pressures from
the two pumps come together in the common
pipe connected to their outléts. If the pressure
in this common pipe were any greater than that at

the pump outlets, we would have the impossi-
4
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ble condition of a high pressure and a low pressure
existing at the same point in the water circuit.

Fig. 45 shows two electric generators connected
in parallel. Each generator is capable of delivering
50 amperes flow at a difference in pressure of 100
volts. Just as with the parallel water pumps, the
current from these parallel generators will add
together to make a total flow of 100 amperes, but
the potential difference applied to the external
circuit will be only that of one generator, or only

100 volts.
§}?IOOI

100E

. -
100E 100€
S0t 301

Fig. 45. Electric Circuit With Two Generators In Parallel.

In Fig. 46 we have four dry cells connected to-
gether in parallel. The potential difference applied
to the resistor will be that of one dry cell, or will
be 134 volts. However, the current which may be
sent through the resistor will be four times the
current that could be taken from one dry cell. The
maximum current from one dry cell ordinarily is
considered to be one-quarter ampere, so the four
cells in parallel would furnish a maximum of one
ampere.

With sources connected together in parallel the
combined potential difference will be the same as
that from one of the sources alone, but the com-
bined current will be as great as the sum of the
currents which might be taken from all the sources.

When sources are connected together in parallel
they all must have the same potential difference
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or voltage. If one of the water pumps in Fig. 44
produced a pressure difference of 100 pounds and
the other a pressure difference of 50 pounds, the
higher pressure would force water backward

. 1
Fig. 4. Sources In Parallel Add Thelr Currents.

through the pump of lower pressure. If you were
to connect a 100-volt generator and a 50-volt gen-
erator in parallel, the 100-volt unit would send
current in a reverse direction through the 50-volt
unit. Connecting a 2-volt storage battery and a
1%-volt dry cell in parallel would send current
backward through the dry cell.

Provided that sources in parallel have the same
voltage they need not have the same current capac-
ity. You might connect in parallel a large and a
small storage cell, because regardless of size all

" storage cells of a given type provide the same

voltage. Each cell would furnish to the external
circuit its proportionate share of the total current,
and neither cell would force current backward
through the other one,.

74 POWER AND ENERGY

When first commencing to study electricity and
the electric current we became. acquainted with the
word energy, and found that energy means the
ability to do work. - At that time we did not talk
about the real meaning of work as the word is used
in a mechanical or technical sense. This we must
do before we can understand the meaning of elec-
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trical power and power measurements.

A common definition says that mechanical work
is done when any kind of energy is used to produce
motion in a body formerly stationary, or to increase
the rate of motion of a body, or to slow down its
rate of motion. For example, vou use muscular
energy when you lift a stone from the floor onto a
bench, and you do work. Were the stone too heavy
for you to lift you would have done no mechanical
work no matter how hard you tried, for you would
have caused neither motion nor change of the rate
of motion in the stone. This latter statement shows
how different may be the everyday and the techni-
cal uses of a ward. Most people would say that you
might do a lot of work in trying to lift a stone too
heavy to move but the engineer would say that you
had done no mechanical work.

The most generally used unit of work is the
foot-pound. One foot-pound of work is done when
a mass (which us usually call a weight) of one
pound is lifted one foot against the force of gravity.
The total amount of work done is equal to the
number of feet of motion multiplied by the number
of pounds moved. If the stone we talked about had
a mass (which is usually called a weight) of one
through a distance of five feet you would have done
20 times 5, or 100 foot-pounds of work.

Whether you did all the moving of the stone at
one time or whether you lifted it through one foot
during each hour for five hours the amount of work
would have been the same, because work involves
only the mass moved and the distance through
which it is moved. Time doesn’t enter into the
matter of mechanical work.

MECHANICAL POWER

Power is the rate of doing work. Supposing you
lifted the 20-pound stone through the distance of
five feet in one second. You would have done 100
foot-pounds of work in one second, and would have
worked at a rate of 100 foot-pounds per second.

69




\

Power and Energy

Your power rate would have been 100 foot-pounds
per second. Power involves work and time. One
of the units in which power may be measured is
“foot-pounds per second”. Power is equal to the
total amour:t of work divided by the time taken to
do the work. It is assumed that the work is being
done at a uniform or constant rate, at least during
the period of time measured.

Instead of taking one second to lift the stone
supposing you took two seconds. Then your power
rate would be 100 foot-pounds per two seconds, or
only 50 foot-pounds per second. Taking twice as
much time means half the power when the work is
the same. If you took four seconds to lift the weight

the power rate would be 100 foot-pounds per four
seconds, or only 25 foot-pounds per second.

The foot-pound per second is a unit too small to
be used in practise. Mechanical power most often
is measured in the unit called a horsepower. One
horsepower is the power rate corresponding to 550
foot-pounds per second. Since there are 60 seconds
in a minute, one horsepower corresponds also to
550 times 60, or to 33,000 foot-pounds per minute.

An electric power at the rate of one horsepower
would be capable of raising a weight of 33,000
pounds through a distance of one foot in one
minute, At the same rate of one horsepower the
motor would lift during one minute any number of
pounds through a distance such that the pounds
times the number of feet equalled 33,000.

ELECTRIC POWER

In order that the electric motor might continue
working at the rate of one horsepower we would
have to send electric current through the motor at a
certain number of amperes when the pressure dif-
ference across the motor terminals was some certain
number of volts. The number of amperes and the
number of volts would have to be such that multi-
plied together they would equal 746. We now need
a unit of electric power to describe this product of
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amperes and'volts. Ordinarily we use a unit called
the watt. One watt is the power produced by a cur-
rent of one ampere when the pressure difference is
one volt. We could-use for our unit of electric
power the volt-ampere, meaning the product of
volts and amperes which produce the power. The
volt-ampere actually is used as a unit of power in
some cases, which we shall investigate later on.

The total number of watts of power is equal to
the number of amperes of current multiplied by the
number of volts pressure difference, both with ref-
erence to the device in which power is being pro-
duced. In a preceding paragraph we said that the
number of amperes times the number of volts must
be 746 to produce one horsepower. Then we may
say that 746 watts of electric power is equivalent
to one mechanical horsepower.

The symbol for electric power in watts is W. We
may use this power symbol together with E for

volts and I for amperes to make a power formula,
thus,

W = EXI
Power in watts = volts X amperes.

With this formula we may learn the number of
watts of power when we know the number of volts
pressure difference and the number of amperes cur-
rent. With two more formulas we may learn the
number of volts when knowing watts and amperes,
and the number of amperes when knowing watts
and volts. Here are the formulas:

W watts
E= — Volts =
1 amperes
w watts
I = — Amperes =
E volts

Here are three typical problems in which we use
the three formulas relating to power in watts:
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With an ameter in series you find that an electric
flatiron is carrying 6 amperes while a voltmeter
shows that the voltage difference across the connec-
tions to the iron is 120 volts. We may us the
formula W = ExI to find the power in watts being
used to heat the iron.

W =EXI W = 120 X 6 = 720 watts

Supposing you use an ammeter to measure the
current in a lamp as 1% or 1.5 amperes and find
that the lamp is marked as requiring 150 watts.
What is the voltage difference at the lamp terminals.
To find the number of volts we use the formula,
E = W/L -

W 150
E = = = 100 volts
I 1.5 :

In this example you are assuming that the lamp
actually is using power at the rate of 150 watts. Of
course, if the actual power is more or less than the
rating of the lamp the number of volts shown by
the formula will not be exactly correct.

If the 150-watt lamp were marked with its operat-
ing voltage you could use the formua I= W/E to
find the normal current in amperes for this lamp.
Say that the lamp is marked as requiring 120 volts.
The formula would be used thus:

A 150

I = = = — = 114 amperes
E 120 % P

POWER AND HEAT

When an electric current is forced to flow in a
resistance, such as in the resistance of the heating
element of an electric range, the rate at which heat
is produced depends on the current in amperes and
the resistance in ohms. The rate of heat production
depends also on the power being used in the re-
sistance, this power being measured in watts. The
relation between power in watts, current in,
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amperes, and pressure difference in volts for elec-
trical devices in which there is heating is an impor-
tant one, and we find that we frequently need a
formula which will give the number of watts of
power when we know the current and the resistance.

Our first power formula says that W = E X I,
or, Watts = volts X amperes,

Ohm’s law for pressure difference says that
E =1 X R, or, Volts = amperes X ohms,

Instead of using “volts” in the power formula
let’s use the equivalent of volts, which, from Ohm’s
law, we know to be “amperes x ohms”. Making this
substitution gives a new power formula, like this:

Watts = amperes X ohms X amperes
or IXRXI

~ In this power formula we have only amperes and

ohms, we have gotten rid of the volts. Let’s use the
formula to learn the power in watts being used in
a resistance of 10 ohms when the current is 5
amperes.

Watts = IXRXI = 5X 10X 5 = 250 watts

Instead of writing this formula as I X R X I, we
might write it as IXX I X R, which would give the
same result. When we multiply a quantity by itself,
as I X I, we usually say that the quantity is squared.
Instead of writing I X I we would write I?, which
means the same thing. Then our new power
formula becomes W = I?R.

You will find as we proceed with our study of
electrical apparatus that this formula, W = IR, is
one of the most useful in our whole collection. It
always will tell us the number of watts of power
used in producing heat in a resistance.

ELECTRIC ENERGY.

The total available energy which may be changed
into work, or which will do work, must be a
measure of the total amount of work that can be
done with that particular source of energy, such as
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a battery for example. If less than the total avail-
able energy does work, then the amount of energy
actually used must correspond to the amount of
work actually done. Energy and work are so closely
'related that we use the same units of measurement
for both. For instance, the foot-pound is a unit of
work and also is a unit of energy which may do
work.

The foot-pound is a unit of mechanical energy or
work. The foot-pound per second and the horse-
power are units of mechanical power. We already
have become acquainted with a unit for electric
power, the watt, but so far we have no unit in which
to measure electric energy.

Our unit of mechanical energy or work, the foot-
pound, measures a total quantity of work, such as
the work done in lifting the 20-pound stone onto
the bench. The foot-pound does not measure a rate
of working, or a power rate, but measures a definite
quantity of work. To have a unit of electrical energy
or work we must have one that represents some
total quantity and not a rate of working. Such a
unit is the watt-hour.

One watt-hour of electric energy is the quantity
of energy used with a power rate of one watt when
this rate continues for one hour. That is, the watt-
hours of energy are equal to the number of watts
multiplied by the number of hours during which
power is used at this rate. A 60-watt electric lamp
uses energy at the rate of 60 watts so long as it is
lighted to normal brilliancy. But the total quantity
of energy used by the lamp depends also on the
total length of time it remains lighted. If the 60-
watt lamp is kept lighted for 10 hours it will have
used 60 x 10, or 600 watt-hours of electric energy.

Just as we use the kilowatt instead of the watt
for measuring large powers, so we use the kilowatt-
hour, abbreviated kwhr, for measuring large quanti-
ties of electric energy. Most bills for electric light
and power are rendered in kilowatt-hours. It is the
total quantity of energy that you use that is the
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maeTorR
GENERATOR

Fig. B. 200 volt generator supplying 4000 W machine.

FIELD PROBLEMS
Suppose on sonte future job you have a case as in
IFig. 8. Yonr generator supplies 200 volts to a 4000
watt machine. Tow much current will the machine
nse, or what shiould an amimeter read, if connected
m this circuit?

W =10 1, or 4000+ 200=20 amperes.
i . = 5
| 5

| g O’; - 6

Fig. 9. Generator supplying § amps w a 600 watt lamp. What is
the generator voltage?

The next day you have another problem as i
Fig. 9. You have a special lamp of 600 watts, and

75




Power and Energy

an ammeter in its circuit shows the lamp is using
5 amperes. What is the voltage of the circuit to
which the lamp is connected?
Here we use the third formula.
W +I=E, or 600=+5=120 volts.
The three watts law formulas can also be simpli-
fied for use in the following manner:

W

I1XE

Then by covering the one you wish to find the
value of, the remaining ones indicate what to do.

There are also two other very convenient for-
mulas for finding the power in watts, when we do
not know both the amperes and volts, but may
know either the amperes and ohms, or the volts
and ohms of the circuit or device. They are as

" follows:

PXR=W
In which;—  E'¥R=W

I* equals amperes squared, or multiplied by itself.
E?* equals volts squared, or multiplied by itself.
R equals resistance in ohms.

-In the first case if we have a circuit of 5 ohms re-
sistance and in which a current of 10 amperes is flow-
ing, we square the current first and then multiply
by resistance, or 10X10=100, and 100X 5—=500
watts. :

Or if in another circuit you found a device of 20
ohms resistance connected to a line of 200 volts.
You could very easily find its power in watts by
using the formula E*+R=W, or 200X 200=40,000,
and 40,000+20=2000 W or 2 KW.

To prove that all three of the formulas for finding
power in watts are always dependable, try them all
on the same circuit, where current pressure and re-
sistance are all known.

In Fig. 10, a generator of 440 volts supplies 22
amperes of current to a device of 20 ohms resistance.

Using the first formula, or IXE=W, we find that
IX 12 is 22X440 or 9680 watts.
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Using the second formula or 12 X R = W. we
find that I2 X R is 22 X 22 X 20 or 9680 watts.
Using the third formula or B = R=\W, we find
’ 440 X 440
that E2 +~ R=———  or 9680 watts.
20

“OTOR

GENERATOR

Fig. 10. 440 volt motor supplying 22 amperes to a device of 20 ohms
resistance. Check all three of watts law formulas carefully
on this circuit.

So we see that we can depend on any one of thesc
formulas that is most convenient to use for anv
problem.

You are not expected to menorize all these for-
mulas at once. But practice using them frequently,
on every practical electrical problem you can find,

and soon they will be easy to use and remember.
LINE DROP

In electrical work we often hear the term Line
Drop used. This refers to the voltage required to
force the current through the line resistance alone.
This becomes a very important item to consider
on long transmission lines. or feeders of consid-
erable length to lights and motors. If we have too
much voltage drop in the line. we of course will
not get enough voltage at the device operating at
the end of the line.

The line drop in voltsis proportional to the load
carrted, in amperes, and to the resistance of the
wires, or

Ed = X R.
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In which:—
Ed. equals line drop in volts.
I equals current in amperes, flowing through
line.
R equals line resistance. »

~

Fig. 11. Water pressure tank and pipe line to water turbine. Note
drop in pressure in the pipe line, by readings of the two gauges.
In Fig. 11, we have a water pressure tar;k, and

pipe line. While the water is flowing through the

pipe, it creates friction or resistance. Some pres-
sure is required to overcome this resistance in the
pipe and maintain a given flow

I0E

LAMP

Fig. 12. Gdenerator, lamp and mete; connected for testing ‘‘voltage
drop” and proving Ohms Law Formulas. . This_is typical o1
problems encountered by the head electrician in the field.

The gauge on the pipe near the tank, shows 100
Ibs. pressure, but the one at the end of the pipe only
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shows 90 Ibs. pressure. So 10 Ibs. pressure was used
to force the water through the pipe resistance, and
90 Ibs. used to force it through the water wheel.

In Fig. 12 is shown a generator producing 130
volts, and sending current of 5 amperes over a line
of 4 ohms total resistance, to a lamp which requires
5 amperes at 110 volts to operate it.

You will note there is a difference of 20 volts be-
tween the reading of the voltmeter at the generator
and the one at the lamp. This shows a line drop of
20 volts.

An ammeter near the generator shows five amp-
eres flow to the lamp, and one at the lamp shows
5 amperes flow from the lamp back to the generator.

So if there are 5 amperes flowing through each
side of the line, and each line wire has 2 ohms resist-
ance, then by using the formula IXR=Id, we have
5X2 or 10 volts drop in each wire, or 20 volts total
line drop. ’

Voltmeters connected as at (A) and (B) would
each show 10 volts drop.

So in this case we have 20 volts used to force the 5
amperes of load current through the line resistance,
and 110 volts used to force the current through the
lamp resistance. Or a total of 130 volts required at
the generator.

LINE LOSS

This term refers to the power consumed by the
line, and which goes into heat along the line. It is
usually expressed in watts.

This is found with our regular Watts Law for-
mulas, but using only the voltage drop in the line
itself, to multiply by the current.

In the problem shown in Fig. 12,.the line loss is
IXEd=W, or 5X20=100 watts.

Such problems as this are frequently encountered
by the practical man when installing or inspecting
wires feeding lamps or motors. And the man who
knows these simple rules and formulas, is the man
who is most valuable to his employer, and bound to
advance most rapidly to the better jobs and salaries.
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POLARITY OF CONNECTIONS

All sources which are connected together in se-
ries or in parallel must have their positive and nega-
tive terminals connected together in such a way
that all of them act to send current in the same
direction through the external circuit. With a se-
ries connection of sources the positive terminal of
one source is commected to the negative terminal
of the one following, as shown by the “Correct” dia-
gram in Fig. 47. If one or more of the units are
reversed, as in the “Wrong” diagram, the poten-
tial of the reversed unit will oppose or buck the
potentials of the other units. If the units have
equal potentials each one that is reversed will
cancel the effect of one that is correctly connected.
If the units of Fig. 47 were 2-volt storage battery
cells the three conected right would deliver a total
of 6 volts, but with one reversed the total ex-
ternal potential difference would be only 2 volts,
because two of the cells cancel each other. This
has puzzled many men who have assembled a stor-
age battery with one cell reversed.

1D G © S

Commecy

[—0 © o D1 D (S,

Wrone.

Fig. 47. Polarities of Sources Connected In Series.

Fig. 48 showg three sources connected together
in parallel. One diagram shows the right method
of connection, with which all three units send cur-
rent the same way to the external circuit. In the
.wrong connection one urfit is reversed. Then the
current from this unit circulates as shown through
the other units instead of going to the external
circuit. Because of the low internal resistance of
sources, such an incorrect parallel connection will

3
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cause immense currents to circulate, and the units
quickly will overheat and be ruined. In a parallel
connection of sources all positive terminals must be
connected together and all negative terminals must
be connected together.

& [ ) ® ® [S)
[~) & © e o &
S |
Cornect. ' Wrone

Fig. 48. Polarities of Sources Connected In Parallel.

COMBINED SERIES AND PARALLEL
CONNECTIONS

Fig. 49 shows six cells. Three are connected in
series to make one group, and the other three are
connected in series to make a second group. If
these are dry cells furnishing 1% volts each, the
total voltage of each group will be 414 volts, but
the current from the group should be no more than

HO—=C0

Fig. 49. Six Dry Cells Connected In Serles-parallel.

from a single cell. The two groups of Fig. 49 are
connected together in parallel. The voltage of
sources in parallel is the same as that from one
source, so here we still have only 4% volts. But
a parallel connection permits a current equal to the
sum of the currents from the sources so connected.
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»
This means that the current from the arrangement
of Fig. 49 may be twice the current from one
group, or twice the current from one cell.

When units are connected in series to form
groups, and the groups connected in parallel,
the combination is called series-parallel connection.
The overall voltage is that of one of the series
groups and the overall current is the sum of the
currents from the groups.

In Fig. 50 the six cells have been re-connected
with pairs in parallel. Two cells in parallel will de-
liver the same voltage as one cell, but twice the
current. The three parallel groups are connected
together in series. Sources in series will deliver
a total voltage equal to the sum of the separate
voltages, so here we have three¢ times the voltage
of one cell. But sources in series will deliver a
current only as great as that from a single source.
Each source in the series connection is a two-cell
group whose current is twice that of a single cell,
so the curent from the entire combination is only
twice that from a single cell.

]
el

Fig. 50. Six Dry Cells Connected In Parallel-series.

Cells or other sources connected in series to form
a group must be considered as though the group
were a single source when it comes to making the

b

82




T

Combined Series and Parallel Connections

parallel connection. It would not do to have three
cells in one series group to provide 414 volts, and
six cells in the other series graup to provide 9 volts.
This violates the rule that the voltages must be
.the same for sources connected together in parallel.
The voltages of all series groups must be made alike
by using the same number of similar cells in each
group.

ELECTRICITY IN MOTION

In the preceding pages we have discussed the
behavior of electricity in motion or of the electric
current, and have studied most of the important
rules and laws which tell just what will happen
when electricity flows in a circuit. The subject
of the electric current was given first consideration
because nearly all practical and useful electric de-
vices and machines depend for their action on flow
of current in them; also because an understanding
of how this flow, takes place will make it easier to
understand everything which is to follow.

We have dealt primarily with the action of direct
current, which is a current flowing always in one
direction around a circuit, but when we come to
study alternating current you will find that every-
thing learned about direct current will help in that
field, too.

In the following section we shall learn some-
thing about how chemical changes produce an elec-
tric current, and how things may be turned around
to produce useful chemical changes from a flow
of current. f ,
VOLTAGE DROPS AROUND A D.C. CIRCUIT

_Consider the following facts concerning a series
circuit:

A. The current (I) has only one path.

B. Currentin amperes will be the same in all parts.

C. The voltage drops will add to equal the source
voltage.

). RT will equal the sum of all resistors added
together.
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.Example No. 1:

Ry =Ri+Re+Ry=4n 4 6n420=120
Ry =121

R

Egqacross Riy=IXR=1X4=41L1
Eg4across Ro=IX R=1X6=061
Egqacross Rg3=IXR=1X2=2E
The total E = the sum 12 E
Source Voltage 12
. The sum of the voltage drops = Applied Voltage.

Example No. 2:
Ry =Ri+R:+Rz+Ry =4n43n 420430 =
1ZA Ry =121

®

3N

Ri
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E across Ri=IXR=2%X4=8E
Ejacross Ruo=IXR=2X3=6E
Ejactoss Ry=IXR=2%X2=4E
Eqacross Ry=IXR=2%X3=6E
Total Egq =ZE—
Source E = 24 E

Questions Example No. 2:

1. What is the rate of current flow in R;, Ra,
R;, Ry?

2. What is the rate of current flow in the battery?

3. What is the drop in voltage from a to b,
btoc ctod dtoe?

4. What is the drop in voltage from a to b,
atoc atod, atoe? .

5. Does the sum of the voltage drops equal the
voltage drop from a to e?

6. What is the value of the rise in voltage from
e to a.
What is this voltage called? (Terminal volt-
age)—(Not EMF)

7. Does the sum of the voltage drops across Ry,
R., R3, Ry = Source E?

8. Can we conclude that this V\Ollld be true in
all cases?

9. What general statement can we make con-
cerning this relation?

Summarizing

Kirchoff's Voltage Law:
The sum of the voltage drops around a D.C. cir-
cuit will equal the source or applied voltage.

DISTRIBUTION OF CURRENT IN

PARALLEL CIRCUITS

Consider the following facts concerning parallel
circuits:

A. Current has two or more paths.

B. IT will be the sum of all currents.

C. Equal voltage will he apphe(l to all paths

jomed to the same two points.
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Example No. 1

P Note: I applied to each path is the same
C linm =Eo12 _
IinR, = R="6 — 21
IinR, =5 =12 = 41

et
A
o

3
IinR3=—E=12—2 — 61

12E.

Special Notice—
Current flows in all paths but it flows at highest
rate in the path of lowest resistance,

Questions:

1. What is the current flow from a to bh?

Doces current divided at point Ih?

\What is the current m the path of Ry?

What is the current in the path of Ru?

What is the current in the path of Ry?

6. Does the summ of these currents equal the
current flowing from a to h?

7. Doces the current flowing toward point b
cqual the sum of the current flowing away
from that point? _

8. Does the sum of the currents in Ry, R, and
Ry equal the current flowing from ¢ to d?

TR

9. Daoes the sum of the currents flowing toward
- point ¢ cqual the current flowing away from

-

C:
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10. Would the same be true in all parallel cir-

cuits?
11. What conclusions can be reached?
Summarizing

Kirchoff’s Current Law:

The sum of the currents flowing toward any point
in a network will equal the sum of the currents
flowing away from the same point.

ELECTRICITY AND CHEMICAL ACTION

The fact that chemical action will produce a
direct current of electricity was accidentally dis-
covered in 1785 by Luigi Galvani, an Italian pro-
fessor of physiology, while dissecting a frog. He
touched the frog to a piece of iron and noticed that
one of the legs twitched, just as your leg would
do when traversed by an electric current. While
~ trying to explain what really happened in the frog
leg, Volta, after whom the volt is named, devised
an arrangement of alternate pieces of two different
metals separated by paper moistened in water and
acid. This “voltaic pile” produced a continuous
flow of electricity.

CSOTP;A;’ R § I NC
1 - STRIP
S + Pl

DILYTED
[SULZHURIC
AClp

Fig. 52. The Simplest Type of Voltaic Cell for Producing a Current.

The simplest “voltaic cell” consists of a strip of
copper and a strip of zinc immersed in a solution
of sulphuric acid and water as in Fig. 52. The metals

87

-«

3




i
)
\
|

Cells = ©

are called elements or plates, and the liquid it
called the electrolyte. An electrolyte is a mixture
with water of any substance which permit the
liquid to act as a conductor for electricity. The
substances used are salts, acids or alkalies.

PRIMARY AND SECONDARY CELLS

If the elements of the cell in Fig. 52 are con-
nected to an external circuit, current will flow

" through this circuit from the copper element to the

zinc element. The copper has become positive
with reference to the zinc, which is negative. At
the same time the zinc will commence dissolving
into the acid electrolyte and be destroyed. Hydro-
gen gas will separate from the acid and collect-as
bubbles on the copper. The gas is an insulator,
and after a short time will so cover the copper as
to prevent further flow of current.

All practical cells which produce current by de-
struction of a metal have zinc or some compound
of zinc for one of their elements, and the zinc ele-
ment always is negative. In all these cells the zinc
is gradually dissolved or eaten away, but nothing
happens to the other element, which is positive. In
all cells there is a pronounced tendency for gas to
collect on the positive element and to retard or
prevent flow of current. This action of the gas
is called polarization of the cell. Most of the dif-
ferences between various types of cells are due to
the different methods of removing the gas or
of depolarizing the cell so that it may continue to
furnish current. When nearly all of the zinc has
been eaten away, or when there is practically no
 more hydrogen to separate from the electrolyte,

the useful life of the cell is ended.

An electric cell which produces an emf and a flow
of current while its elements and electrolyte un-
dergo changes which render them no longer useful
is called a primary cell.

When discussing Fig. 16 we talked about a cell
in which the chemical changes may be reversed by

t



Cells

sending through the cell a current in a direction
the opposite of that which the cell furnishes to an
external circuit. There the elements or plates and
the electrolyte are restored to their original con-
dition and the cell again is ready to provide an
emf and current flow. Such a reversible cell is
. called a secondary cell to distinguish it from a pri-
mary cell. Secondary cells usually are called
storage cells, and two or more connected together
are a storage battery. Fig. 53 illustrates a number

of large storage batteries used for furnishing cur-
rent in telephone work.

CELL CURRENT AND VOLTAGE

The emf and potential difference produced by any
voltaic cell, primary or secondary, depends entirely
on the materials in the plates and in the electro-
lyte and not at all on the size or construction. A
cell the size of your little finger would furnish
just the same potential difference as any cell in the
batteries of Fig. 53, provided both contained the
same kinds of elements and electrolyte.

The current that may be taken from a voltaic
cell as a source depends on the the emf of the cell,
on the internal resistance of the cell and the re-
sistance of the connected circuit, and on the degree
to which polarization increases the internal resist-
ance and thus cuts down the current. Current flow
from a cell follows Ohm’s law, I = E/R, just as
does current in every other circuit containing an
emf and resistance.

The total quantity of current that may be taken
from any voltaic cell before the cell becomes dis-
charged depends on the quantities of active chemi-
cal materials in the plates and the electrolyte. Since
more material means a bigger cell or battery, it fol-
lows that the bigger the cell or battery the more
electricity it will deliver. The quantity of electricity
delivered might be measured in coulombs, but
nearly always is measured in ampere-hours. The
quantity actually is measured as the number of
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ampere-hours that are deliveréd before the terminal
voltage or potential difference drops to some speci-
fied value.

TWO-FLUID CELLS

The most practical way of preventing excessive
polarization is to provide in the electrolyte, or
mixed with the electrolyte, some substance which
will furnish a plentiful supply of oxygen. The
oxygen combines with the hydrogen to form water
which remains harmlessly in the electrolyte space.
Several types of cells accomplish such depolariza-
tion by using two different fluids or liquids.

One of the earliest two-fluid cells is the Daniell
cell of Fig. 54. Inside the glass jar is a copper
cylinder on one side of which is a copper basket in
which are placed crystals of copper sulphate or
“blue vitriol”. Inside the copper is a jar made of
porous earthenware and around the outside of the
copper is a solution of copper sulphate in water.
Inside the porous jar is a piece of zinc with which
has been mixed mercury. This amalgamated zinc
is immersed in a water solution of zinc sulphate.

Fig. 54 A Daniell Two-fluid Cell With Liquids Separated By a
Porous Cup.

The porous jar keeps the two liquids separate, but
allows electricity to pass through the liquid-filled
pores.

N
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A less costly type of Daniell cell is the gravity
cell of Fig. 55. The copper sulphate solution is much
heavier than the solution of zinc sulphate, so the
zinc sulphate solution floats on top of the copper
sulphate and they remain’separated. In the copper
sulphate solution at the bottom is placed a star-
shaped arrangement of copper strips, and in the
zinc-sulphate at the top is suspended a “crow-foot”
of amalgamated zinc.

LT il
|||. M I
e

Fig. 55. Gravity Cell In Which the Lighter Liquid Floats Above the
Heavier One.

Either type of Daniell cell furnishes a potential
difference which remains almost constant at 1.08
volts. In order that the materials shall not dete-
riorate too rapidly these cells must be used in cir-
cuits where there is a continual small flow of cur-
rent, hence these types may be called closed-circuit
cells. These and other varieties of two-fluid cells are
no longer commonly used, having been displaced by
dry cells'by the Edison primary cell, and by power
furnished by lines which now enter most buildings
to furnish electric light and power from central
stations.
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EDISON PRIMARY CELL
The only primary cell of present-day importance
using liquid electrolyte in jars is the Edison type, "

called also the Edison-Lalande cell, illustrated by
Fig. 56. This cell is much used for telephone work,

Fig. 56. The Edison Primary Cell.

i

for railway signals as installed in Fig. 57, for many
other kinds of signal systems, alarms, beacons, elec-
tric clocks, and for any small current requirements
such as for operating electric time stamps and sim-

ilar devices.
There are three plates. The two outer ones, made

of zinc and mercury, are connected together and to
the negative terminal. The center plate (positive)
contains copper oxide, the oxide furnishing oxygen
for dépolarizing action. This plate is covered with a
thin layer of metallic copper to provide good con-
ductivity. The liquid electrolyte is a 20 per cent
solution of sodium hydroxide (caustic soda) in
water. The liquid is covered with a layer of mineral
oil which prevents evaporation of the electrolyte
and prevents air from reaching and combining with
the caustic. :
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The Edison primary cell has a potential of 0.95
volt when no current is flowing. When current
flows the potential difference drops to between 0.6
and 0.7 volt. Various sizes of cells will {urnish cur-
rents of from one to six amperes intermittently, or
from 0.6 to four amperes continuously. The total
discharge ability varies from 75 to 1,000 ampere-
hours in the several sizes.

Fig. 57. Edison Primary Cells In a Railway Signal Tower.

When the cell has been used enough to dissolve
the zinc to the limit of practical discharge a thin
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section, called an indicator panel, at the bottom of
the zinc element will break through as shown in
Fig. 58. The panel at the left has been eaten partly
through, and the one at the right has completely
-dlsappeared indicating complete exhaustion. Small
sizes of cells may be discarded when exhausted, but
in all the larger sizes it is economical to renew the
plates and electrolyte, and put in fresh oil. These
supplies are obtainable from the manufacturers or
from electrical supply stores.

]

Fig. 58. Zinc Elements of Edison Primary Cell, Illustrating Indicator
Panels Which Show When Cell Is Exhnuted

To renew a cell the old plates are taken out of the
cell cover and thrown away, the liquid is emptied
out and the jar washed clean. The new elements
are held in the cover with the original nuts and
washers. The jar is partly filled with clean water,
then the caustic soda is added slowly while con--
stantly stirring the liquid with a clean stick or-a
glass rod. The solution must be handled very care-
fully, as it will burn the flesh and clothing if spilled
on them. The liquid level then is brought up to
the correct point by adding more water.

If the cell is to be used on open-circuit work,
where there is not a continual flow of current, a piece
of copper wire should be connected between positive
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and negative terminals and left in place for a couple

of minutes after the plates are immersed in the hot

solution. The wire then must be removed. The elec-

trolyte level should be kept within 34 inch of the
top of the jar by adding water to replace any

evaporation. After adding water the electrolyte

should be stirred to mix it.

DRY CELLS

From the standpoint of general usefulness the
dry cell is the most important of the primary cells,
since millions are made and sold every year. Fig. 59
shows the external appearance and internal con-
struction of the usual form of dry cell. The cell is
contained within a cylinder or can of zinc which is
the active negative element and which forms the
negative terminal when connections are made by
contact with other conductors, or to which may be
fastened some style of screw or clip terminal for
wire connections. Around the outside of the zinc
is a cardboard cover which is the insulator for the
cell.
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Fig. 59. The Outside and the Internal Construction of a Dry Cell.

The positive element of the cell is a rod of car-
bon, on top of which is a brass cap to which may be
fastened a screw or clip terminal when such a con-
nection is used. Surrounding the carbon rod is a
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mixture of black oxide or manganese and powdered
carbon. The black oxide furnishes oxygen for de-
polarizing and the carbon provides good electrical
conductivity. The positive carbon rod and the sur-
rounding conductive mixture are insulated from the
negative zinc cup by a 