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Presenting the Man Béhind These Books:

H. C. Lewis
President of Coyne

By R. A. SNYDER
Manager, Reference Encyclopedia Division
Coyne Electrical and Radio School

ACK of every institution stands a man.

The set of Electrical Reference Books
which you now have before you deserves to
rank as an institution, for it has been the
means of guiding thousands of men to a better,
broader future.

And the man back of this remarkable set
of books is in many ways as unique and out-
standing as the books themselves.

H. C. Lewis is a man’s man: big, powerful,
tireless. Yet underneath his dynamic exterior
burns a flame of understanding and sympathy
for the other fellow. He knows what it means
to be ambitious, to overcome obstacles, to keep
fighting when the odds are against you. I
know these things about this man due to a
very close association with him during the past
fifteen years. :

It was only natural that H. C. Lewis should
become a trainer of men.

Starting life without any advantages, he
achieved success in the business world. But
he wanted something more: an opportunity for
Service. So, twenty-five years ago he associ-
ated himself with the Coyne Electrical School,
pioneer residence school of practical electricity.
Under this tireless guidance it grew to rank as
one of the leading trade schools of America.

WHY THE COYNE ELECTRICAL
ENCYCLOPEDIA WAS DEVELOPED

Mr. Lewis realized that many fellows could
not get away to spend the time necessary to
take resident shop training.

He decided to do the next best thing—
TO PUT INTO BOOK FORM THE
MATERIAL TAUGHT IN THE COYNE
SHOPS.

Several years were spent in preparing and
assembling the material necessary to do the

. /'H

N,

/
o=

H. C. LEWIS, President
COYNE ELECTRICAL SCHOOL

joo—THE RESULT WAS THE COYNE
REFERENCE SET.

The material in this set is written around
our practical course of training, IN THE
SAME ORDER THAT our training IS
GIVEN TO OUR STUDENTS RIGHT
HERE IN OUR TRAINING SHOPS.

It starts off with the simple fundamentals
of Electricity, then gradually leads into the
more advanced work so that by taking it in
the order it is written YOU WILL COVER
THE ENTIRE ELECTRICAL FIELD.

Then, in addition to being a Course of In-
struction, it is carefully indexed so it can readly
be used as a reference set and any subject can
be quickly located.

For instance, if any subject should come up
that should stump you, you can refer to the
index and immediately locate the subject and
find the solution to your problem.

I am sure after you examine this set
thoroughly you will appreciate how valuable
this set will be to you all through your life.
It represents the work of a man who has de-
voted most of his life to helping thousands of
men realize success in Electricity and Radio.
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OUR ELECTRIFIED WORLD

USES AND APPLICATIONS OF ELECTRICITY OFFER
GREAT OPPORTUNITIES FOR TRAINED MEN

What would happen were we suddenly deprived
of electric power? Dr. Steinmetz answered when he
said “that if we were to remove the electric wires
from the world today our civilization would look
like a sieve”.

We would lose the central station industry which
employs a third of a million men in the generation
and distribution of electric power and light. No
longer would there be high-tension transmission
lines bringing electric power from giant hydro-
electric stations to industries located hundreds of
miles away. The big factories would have to
leave their present locations, where they are close
to markets and ample supplies of skilled labor, and
would move back close to coal mines and rivers,
so that-they might get power from steam engines
and water wheels.

WORLD PROGRESS DEPENDS ON
ELECTRICITY

There would be no electrochemical industries and
no electrometallurgy. This would mean that alu-
minum again would be so costly as to be used only
for jewelry. Newspapers and magazines could have
no electrotyped plates for quantity runs at high
speed. There would be no plentiful and cheap sup-
plies of dozens of chemicals which have become
necessities in our modern world.

More than one-third of all those who have been
employed in new industries developed within the
last fifty years never would have been needed, for
that is the proportion of new businesses which have
resulted from electricity during this period. Taking
the country as a whole, one worker in every five
now makes a living in work which is dependent on
electricity.

In a world without electricity, automobiles would
go back to the days of “hot tube” ignition, hand
cranking, and acetylene lighting. All our trucks and
tractors would go along with the automobiles.

We would have no Diesel-powered, electric light-
ed, air conditioned streamliners, because their
power transmission and control, lighting, and air
conditioning all depend on electricity. There would
be no electric locomotives hauling heavy trains over
mountain grades, and into the cities without smoke
and cinders. The steam trains that remained
would have to slow down, because there would be
no electric block signals or automatic electric train
control, and no telegraph or telephone to flash or-
ders and warnings which insure our present safety.

All our communications would have to be by
letters and messengers. The telegraphic message
and reply, which take less than an hour, the tele-

GIANTS OF INDUSTRY—Mammoth electrical generating
equipment of this type is needed to supply power for
our ELECTRIFIED WORLD.

phone conversation which is completed in minutes,
these would be replaced by the methods which take
days or weeks.

ELECTRICITY PROVIDES WORK FOR
MILLIONS

Instead of getting news by radio, even while the
events are taking place, we would wait for news-
papers to collect information carried to them by
train and ship. We would read not news, but his-
tory. There would be no teleautograph to bring.
newspaper pictures across a continent in a matter
of minutes. No operator in a central office could
sit at a teletypesetter and cause type to be set
simultaneously in the plants of a half dozen or more
newspapers. No one could write a message on a
teletypewriter in one city while that message ap-
peared as fast as written under the eyes of those in
many distant cities.

With the disappearance of radio for entertain-
ment, news and education, would go our public ad-
dress systems. To hear a speaker or singer you
then would go to a hall, and if they had strong
lungs they might be heard with varying degrees of
clarity by only a few hundreds of closely packed
listeners. Now, with the help of a microphone,
amplifiers and loud speakers, the words or song
come clearly to everyone in a gathering of a hun-
dred thousand or more.
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The Bagnell Dam in Missouri. This immense power dam is located on the Osage River, with a capacity of 200,000 hp.
The dam is 148 feet high and 2,543 feet long. Hydro-electric power plants provide cheap power and can be found
in almost every part of the country.

Television would be not only “just around the
corner,” as we used to say, but still would exist
only as an inventors’ dream. Television struggled
along as the reproduction of flickering shadows for
twenty-five years until electric phototubes gave it
a lift. It still remained crude, cumbersome, and
generally unsatisfactory until it became wholly
electrical instead of partly electrical and partly
mechanical,

When night would come to our world without
electricity it really would be dark. Even the streets
of the cities would be enveloped in blackness except
for the occasional gas lamp, and in the outlying
districts we would remember to take along our oil
lantern when going for a walk. Homes, stores,
shops and theatres would be lighted with kerosene
lamps unless fortunate enough to be near a source
of natural or artificial gas. There would be no
motion pictures, not even the silent variety, for the
movies always have depended on electric light, and
now depend on electrical recording and reproduc-
tion of sound.

Surgeons in hospitals would have no X-rays to
tell them in advance just what to look for. They
would work by gas light. The cures made with the
help of ultra-violet and infra-red rays never would
have been known. Physicians would lose the help
of electro-therapy in the treatment and cure of
disease.

We would have no automatic temperature con-
trols for stokers, oil burners and gas burners for
indoor heating, would have no motors or controls
for air conditioning. There wouldn’t even be an
electric fan. We would wash clothes with a scrub-
bing board and a hand wringer instead of with the
electric washing machine. The house would get
cleaned up with a broom and dust pan or a carpet
sweeper instead of with the vacuum cleaner. There
wouldn’t be an electric flatiron, let alone such con-
veniences as an automatic toaster, electric food
mixer, sewing machine, and a long string of other
household appliances. Nowadays, during a normal
year, the sales of such electric conveniences for
homes run well over a million separate units, not
counting radios or lamps. During the same normal
year farms are connected to the new “high lines”
at the rate of 500 new customers a day. )

With electricity we can do more things in a day
than our grandparents could do in a week. Who
said something about “the good old days”?

AN ELECTRIFIED WORLD

Every branch of commerce and industry, all our
transportation and communication, our amuse-
ments, our home life, everything, during the past
fifty years has become electrified. The trained elec-
trical worker is needed and wanted everywhere.
Walk for a mile through any commercial and in-
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dustrial district.
businesses that require electrical men in manufac-
turing, repairing, servicing, maintenance, or some
other department of their activities. Compare the
need for electrical experts with the need for any
other single trade or profession.

Electricity is the open road to all thg great in-
dustries—radio, television, automobiles, aircraft,
telephony, illumination, electrochemistry, the power
and light industry, and to a greater or less extent
every kind of manufacturing. Without a thorough
knowledge of electricity you severely handicap your-
self in any line, and rule yourself out of many of
those which are most attractive and profitable.
Electricity is incomparably one of the greatest of
all fields for opportunity and advancement.

Let’s consider, as just one example of what elec-
tricity does in the newest fields, its jobs in an air-
plane. The engine is started by an electric motor
and continues to run because of electric ignition.
Radio shows the course to be followed and provides
two-way communication between flight crew and
ground stations. Interior communication is with
electric telephones. Automatic electric signals warn
the crew of trouble or failure in any part of the
power plant or the flight controls. Electric instru-
ments show power plant speeds, temperatures and
all other operating conditions. Electric heating in-
sures operation under the worst weather conditions
of the instruments which show air speed, rate of
climb, and altitude. Electric pumps and controls

Steel mills depend on electricity for production. This
photo shows general view of runout table from finish-
ing mill. Each 12-inch table roller is driven by a G. E.
shunt-wound D. C. motor.

Note the proportion of all the

General interior view of a 297,000 hp. electric power
station. Photo shows 300-ton section of vertical syn-
chronous waterwheel generator being lowered into
stationery armature. America leads the entire world
in the generation and distribution of electrical power.

prevent icing under those same weather conditions.
The propellor pitch is controlled electrically. Flaps,
tabs and landing gear are electrically operated and
controlled. Navigation lights, running lights, cock-
pit and cabin lights, and all other lighting is elec-
trical.

LEARNING ELECTRICITY

By this time you may wonder just how we are
going to proceed in learning about this all-embrac-
ing field of electricity. Where should we start in
gaining a clear and orderly understanding of elec-
tricity, the thousands of jobs it performs, and the
mass of apparatus and machines which are elec-
trical?

It is quite plain that we should fit everything into
some understandable pattern. Otherwise we could
not classify and arrange the knowledge we are
about to gain, and be able to call upon it whenever
it is needed later on.

The material in this Electrical Reference and
Instruction Encyclopedia is prepared to give the
reader the clearest possible explanation of the sub-
ject. The material was written around our shop
training course, and each electrical subject is treated
so that it will be readily understood by a “beginner”
or “old timer.” The basic thought we kept in mind
at all times in writing these books was—make the
instructions and explanations simple and easy to
understand. We believe that any ambitious man
who is interested in a future in electricity, and
will do his part in studying and using this set,
will enjoy and profit from every page of this en-
cyclopedia.
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HOW TO USE THIS REFERENCE SET

This Electrical Reference Encyclopedia will be
of use and value to you in exact proportion to the
time and energy you spend in studying and using it.

As I explained on the previous page, 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 trade and uses this Reference
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 Electrical problems at any time.

You, of course, know into which group you fall
and in this article I explain how to properly use this
Reference Set to get the most value for your own
personal benefit.

HOW TO USE THE ENCYCLOPEDIA AS
A HOME TRAINING COURSE IN
ELECTRICITY

The most important advice I can give for the
fellow who wishes to study our Encyclopedia as a
home training course in Electricity is to start from
the beginning in Volume 1, and continue in order to
Volume 2 and 3. Don’t make the mistake of jump-
ng from one subject to another or taking a portion
of Volume 3 and then reverting back to Volume 2,
etc. Study the set as it has been written and you'll
get the most out of it.

Volume 1 is one of the most important of the en-
tire Reference Set. Every good course of training
must have a good foundation. Our first volume is
the foundation of our course and is designed to ex-
plain the simple terms and expressions, laws and
rules of Electricity, upon which any of the big in-
stallations, maintenance and service jobs are based.
So, become thoroughly familiar with the subjects
covered in this first volume and you will be able to
master each additional subject 4s you proceed.

Here’s the way you study this set. You take one
section at a time and study it carefully. Then go
back for a re-check and see whether you fully un-
derstand this section. The best way to do this is to
have some scratch paper handy and put down the
heading of each of the subjects covered in the sec-
tion. Then under this heading write these words:

WHAT—
WHERE—
HOW—

Then answer these questions on each of the
articles. As an example, paragraph 8 on page 29 of
Volume 1 is given to an explanation of Condensers.
After you have finished this entire section, you
would ask yourself, first —WHAT are Condensers,
second—WHERE are they used, third—HOW are
they used. You see in this way, you have a constant
check on your knowledge of the subject, and the
same procedure should be followed in checking on
every subject covered in our home training course.

Above all, do not rush through any part of the
home training course in order to cover a large

amount at one time. You should, read it slowly and
in this way you will gain a thorough understanding
as you read and think it out.

For the especial benefit of the fellow trying to
learn Electricity at home, we have prepared a great
number of diagrams and illustrations. These will
help you get a better understanding of certain de-
vices and principles. These are numbered and ar-
ranged as conveniently as possible so that it will be
easy to refer to as you study the individual subjects.
Remember, the old adage, “One Picture tells the
story of ten thousand words,” and refer to these
pictures, diagrams in our Reference Encyclopedia
regularly.

Now let me repeat again, if you are using this
Reference Encyclopedia to learn Electricity, re-
member these important things. ONE—start at the
beginning and continue through the reference set
as it has been written. TWOQO—read it slowly and
make constant use of the diagrams and illustra-
tions. THREE—refer back after completing each
section for a re-check, answering the questions—
WIjAT—WHERE—AN D HOW is the equipment
used.

HOW TO USE THE COYNE ELECTRICAL
ENCYCLOPEDIA STRICTLY AS A
REFERENCE SET

The man who is interested in using the Reference
Encyclopedia simply for reference purposes will
use it in a little different way than the fellow who
is trying to learn Electricity as a trade by home
study. Some of the types of fellows who use this
set strictly for reference purposes are: home own-
ers, ‘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 the Reference
Encyclopedia in the following manner.

USE THE MASTER INDEX IN VOLUME 1
TO LOCATE ELECTRICAL SUBJECTS

If some particular type of electrical problem pre-
sents itself, refer immediately to Master Index in
Volume 1. Find out where the instruction on this
subject of electricity is covered in the Reference
Encyclopedia. Then, turn to that section and care-
fully read the instructions outlined. Also read any
other sections of the set mentioned in the article
especially devoted to these subjects. As an ex-
ample, in checking over some information on elec-
tric motors, some reference might be made to an
electrical law of principles contained in Volume 1
of the Reference Set. In order to thoroughly under-
stand the procedure to follow in working out the
electrical problem, you should refer to Volume 1
and get a thorough understanding of the electrical
law of principles referred to. The purpose in doing
this is to get as much information as possible con-
cerning the electrical problem at hand.

The man who uses the Coyne Encyclopedia
strictly as a Reference Set should also make con-
stant use of the diagrams and illustrations. An-
other part that we would like to call to your atten-




———— e —— e

How to Use This Reference Set . VII

tion is the fact that in the Reference Set we use
many sub-headings and article numbers so that the
reader can find what he is after quickly. Certain
important words, common terms and rules are also

set out in larger type. This is for the benefit of the -

reader in getting the highlights of each subject and
is particularly valuable on emergency repair jobs
where speed is an important factor.

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

TRY TO READ THE ENTIRE REFERENCE
ENCYCLOPEDIA IF AT ALL POSSIBLE

Of course, even though you may use the reference
Encyclopedia strictly for reference purposes, it
would be a good idea to try to go through the entire
set to improve your knowledge of all branches of
electricity. Naturally, the more jou read about

electricity, the more you will learn. If you can
set aside a few hours each week to go through the
Encyclopedia systematically from one end to the
other it will certainly be time well spent. The way
the material is presented makes it extremely inter-
esting, and even though it may cover some subjects
upon which you are already well versed, neverthe-
less the Reference Encyclopedia should give you
some additional ideas on these subjects which is
bound to help you. -

In the above explanations we have given you a
general idea of the correct way to use this Refer-
ence Set for your own personal benefit. Every per-
son has a different way of studying and we merely
submit these suggestions because they have been
found to prove most helpful to many thousands of
men in the past. If used properly and regularly,
this Encyclopedia can be one of the most valuable
sets of books you’ve ever purchased in your life.
It will save money for you and make money for
you directly in porportion to the amount of time
you spend in studying it and using it in the future.
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ADVANCED TYPES OF EQUIPMENT.

FIELD.

OU will note that in some places in this Reference Set we have explained and shown illustrations
of some of the earlier types of Electrical equipment.

WE HAVE A DEFINITE REASON FOR DOING THIS, namely, that many of the earlier
units are much easier to understand. An important point to keep in mind is that the BASIC PRIN-
CIPLES of these earlier machines are the same as those of the modern equipment of today.

Modern equipment has not materially changed in principle—IT IS MERELY REFINED AND
MODERNIZED. It is from the earlier basic theories and simple beginnings that the complicated
mechanisms of today have been developed. IT IS TO THESE EARLY BEGINNINGS WE MUST
OFTEN TURN IN ORDER TO GET A FULL UNDERSTANDING OF THE PRESENT

In the early days many of the parts and mechanism of Electrical equipment were visible
whereas today much of it is not. However, the PRINCIPLES OF THE EARLY EQUIPMENT
ARE SIMILAR TO THOSE OF MODERN ELECTRICAL APPARATUS.

SO IN VARIOUS PLACES IN THIS SET, WE SHOW YOU SOME OF THIS EARLIER
EQUIPMENT BECAUSE ITS CONSTRUCTION IS SIMPLER AND EASIER TO UNDERSTAND
AS YOU STUDY THE MODERN EQUIPMENT. THEN FROM THESE EARLIER TYPES OF
EQUIPMENT WE CARRY YOU ON TO THE VERY LATEST DEVELOPMENTS IN THE




Photo, courtesy of Walter Bates Steel Corp.

Fig. 12. High voltage transmission line. Note the two smaller wires on the very top of the tower. These are to
protect the line from lightning, and are “grounded” through the tower.
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HE purpose of this directory is to aid the reader in locating complete information on any branch
of Electricity or Radio. As an example: If you wish to do some general studying on the subject of
Armatures you could refer to this directory and find that all phases of Armature and Stator Wind-

ing is COMPLETELY covered between pages 277-340 of this Reference Set.

Likewise, if you were in-

terested in doing some general reference work on DIRECT CURRENT POWER AND MACHINES you
could refer to this directory and find all phases of the subject covered between page 341 and 448.

This Directory differs from the MASTER INDEX (starting on the following page) in this one

respect.

The MASTER INDEX is like a classified telephone directory telling you where EACH

specific subject is covered. The Directory tells you on the other hand where each branch of Elec-
tricity (as a whole) is covered in the REFERENCE SET. We furnish BOTH these methods of INDEX-
ING our set for your convenience in locating the information you want QUICKLY.

ELECTRICITY AND HOW IT BEHAVES...... 7-65

Static and Dynamic Electricity—Electrical
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Parallel Circuits—Electric Cells and Batteries—
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DIRECT CURRENT POWER
AND MACHINES
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ation of D. C. Generators—Three-Wire D. C.
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Switchboards and Switch-Gear—Meters—Motors.

ALTERNATING CURRENT, PRINCIPLES
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—Field Excitation—Voltage Regulations—Op-
cration and Paralleling—Phasing Out and Syn-
chronizing—Transformer Design Data—A. C.
Motors; Types, Construction, Characteristics—
Power Factor Correction—Selection and Load-
ing of A. C. Motors—Power Factor Problems.

POWER GENERATION, TRANSMISSION
AND DISTRIBUTION
Generating Stations — Location, Prime Mov-
ers, Boilers, Turbines—Electric Power Trans-
mission—Cables, Conductors, Insulators, Poles,

Towers — Line Calculations — Erection and
Maintenance — Lightning Arresters — Distribu-
tion Systems—Substations—Layout and Opera-
tion—Circuit Breakers, Oil Switches, A. C. Re-
lays—Inspection and Maintenance.

ELECTRIC STORAGE BATTERIES........ 773-811

Construction of Plates, Separators, Containers
—Electrolyte—Battery Tests—Charging—Bat-
tery Troubles and Remedies—Shop Equip-
ment—Edison Nickel-Iron Cells, Servicing.

ELECTRIC WELDING ................. 811 to 812A
Welding Paver—The Welding Arc—Arc Char-
acteristics—Arc Length—Welding Cable Ter-
minals—General Welding Instruments—Strik-
ing the Arc.

OIL BURNERS.............ccc..evvtt.oe... ..812B-812N
Oil Burner, Gas Burner and Stoker Controls—
Thermostats—Differentials, Bonnet and Duct
Themostat Control Voltages—Motors, Oil
Burner Ignition—Variations in Control Systems
Gas Burner Controls—Pressure Regulators—

Automatic Coal Stokers—Trouble Shooting
Heating Control Troubles—Household Ap-
pliances.

AUTOMOTIVE ELECTRICITY (Vol. III)...813-880
Principles — Ignition Systems — Timing—Dis-
tributors—Starters—Generators: Voltage Regu-
lation, Field Protection, Maintenance—General
Trouble Shooting on Complete Wiring.

DIESEL ENGINE OPERATION AND
MAINTENANCE .........c..ciiiiiiinnnnn.. 881-951

Full and Semi-Diesels—Spark Ignition Type
Oil Engines—Fuel Injection Systems—Fuel
Combustion—Air-cooled Radial Diesels.

ELECTRIC RERIGERATION AND
AIR CONDITIONING ........cccvuvvunn.. 953-1047

Systems and Cycles—Compressors, Condens-
ers, Evaporators Expansion Valves—Control
Switches—Refrigerants — Refrigeration Servic-
ing—Motor Troubles—Air Conditioning Princi-
ples—Installation and Testing.

RADIO AND TELEVISION............... 1049-1218

Radio Waves—Signalling and Modulation—An-
tennas, Gounds, Lead-ins—Symbols—Vacuum
Tubes—Receiving Circuits—Automatic Tuning
—All Wave Receivers—Frequency Modulation
—Auto Radios—Public Address Systems—
Sound Pictures — Cathode Ray — Television;
Scanning, Pick-up—Radio Interference.

AVIATION RADIO—RECORDING
ELECTRONICS ..........ciiviiininnnnn. 1218-1258
Aircraft Batteries — Generators — Equipment
—Basic Tests—Antenna — Recording—Cutting
Head—Constant Velocity—Motors and Drives
—Monitoring—Accessories—Electronics—Heat
Measurement and Control—Pratical Applica-
tions—Experimental Electronics.
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ELECTRICITY, AND HOW IT BEHAVES

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 of a 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.

No one has yet seen an electron. It has been
said that an electron in an atom would be compar
able in size to a fly in a cathedral. The atom, in
turn, as 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.

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. Itis important to learn enough about the
rules and laws governing the behavior of electricity
so that you may think for yourself in any emerg-
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.

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

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-
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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.
The stone thrown 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. producé energy of motion.
This energy of motion is carried by the belt to the

electric generator, which converts this mechanical
energy into electrical energy. The energy 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 of producing
a latent image on the photographic film in your
camera.

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
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produce heat 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-
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 used 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 vereecevenee 1,058 Lead .veeceenene 84
Copper  .eeeecececoeenns 1,000 Nickel silver ... 52
Gold e 706 Steel, hard ........ 38
Aluminum ........ 610 Cast iron ........ 20
Y41 295 Mercury ... 17
Nickel e 172 Nichrome .......... 17
Platinum ............. 157  Graphite ... 2y
Steel, soft ..cceeeeuenee 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-
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 114 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 pressure will separate relatively large
quantities of electrons from the atoms and cause
the electrons to move in a steady flow through the
substances is called an electrical conductor. 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.

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
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not a.conductor is called a non-conductor or an
insulator. 05 - o

Insulators or msulatmg materlals include all sub-
stances in which it is very difficult to cause a flow
of current with any electrical force which may be
apphed Among the insulators which are rr;g§t 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 R

In an insulating 'miaterial it is possible for an elec-
trical force to drive many of the electrons a little
ways out of their normal positions in the atoms, but

nearly all the electrors’ 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.

Were you to connect conductors: to a source of

electric pressure or force and place the other ends
of these conductors on opposite sides of a sheet of
insulating material you might gradually increase
the force which tries to drive electricity through
the insulating material, or to cause a steady move-
ment of electrons through the material. That is,
you- might apply a greater and greater number of
volts of pressure to the insulator.

Supposing the insulating material were a sheet
of glass about 34 inch thick. Depending on the
kind or grade of glass, no appreciable current would
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 3% inch of
air,” 5 ° G

Inéfead of the sheet of glass supposmg you were
to use a small cube of glass measurmg 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
oftered 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 gells and batteries the original energy is not
electrical but is chemical. The source of energy
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.

(3

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

Group 2. Electrical wiring. This group includes
ali’ 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 sw1tches of many
kinds.

Group 4. Devices which alter the rate of flow,
the difference of pressure, or some other character-
istic of the moving electricity. This group includes
transformers, converters, inverters, motor-genera-
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tors like that of Fig 8, and other apparatus with

which we shall become well acquainted.

. Group 5. Meters or measuring instruments for
indicating, and sometimes for making records-of,
the conditions existing in all parts of the electrigal
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, electromagnets, storage
batteries, electrochemical vats, electric. arcs, elgc-
tric furnaces, various inductors or coils, electrical
resistors, many varieties of lamps, radxat_mg systems,
for radio transmitters, electrical discharge. deviqqs
and many other parts which are of importance.in
certain lines of work. All these devices use the elec-
tric current to produce mechanical motion, heat
light, sound, chemical changes, or radxatlon =

A TYPICAL SYSTEM . e

To learn how our classification will work out
when applied to an actual electrxcal system let’s
examine the electrxcal parts used on an automobile.
We select the auto electric system because you
probably are more familiar with the starter, lamps,
horn and 1gmtxon 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. mecha(mca!
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 throgh a belt,
and changes this mechanical energy into electrical

el

&

energy. - Compare this with our original deﬁmtxon
of group 1. .

Group 2. Electric current ﬁows to the battery
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, )

Group 4. In the system of Fig. 9 the generator
is designed and automagtically regulated to produce
just the right amoupt 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 currfent 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.

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

Fig. 8. It this machine 18 rated at 500' Kw., how many horse pt'w"ver is this equal to?
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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)

(CHEMICAL [ —*

1 6 anrsnv.}
I

N ENERGY.)

1

Fig 9 A Portion of the Auto-slectric System.

I Im=
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 of 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. A circuit always must include at least the
four things which we now shall list.

AMMETER 5
——(a

T BATTERY

}
=
GENERATOR. | l
L __CONNECTION_TO FRAMEWORK.2 _|

Fig. 16. Simplified Diagram of the Auto-electric System.

CONOUCTOR, 2 el
—= CUTOUT 3

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. o

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 a con-
tinuous conductor or a succession of joined conduc-
tors through which electricity may flow from the
source of current 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 electric 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.

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

a5 SWITCH-3 WIRES-2

& BUTTON-3

= SWITCH-3

AMMETER

SWITCH-3
S

: \STARTING MOTOR-6

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
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
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.

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 with it and
deposit the same amount of silver.

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

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,
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-
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sary that water flow over or through the wheel at
4 -‘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” electric
lamp bulb to normal brilliancy electricity must flow
through the filament in the bulb at a rate of abéut
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
flatiron takes a flow of eight to nine amperes, and
the fan motor takes about four-tenths ampere.

Fig. 14. An A for M

ing 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.

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

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 electricity
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
battery work, electroplating, and similar electro-

chemiical processes.

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.

ELECTROMOTIVE FORCE

We have learned that all substances-are made up
of molecules and atoms, and that all atoms contain
electrons, which are negative electricity. Conse-
quentlly, 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-
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
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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,
and may be thought of as containing pent up chem-
ical energy.

Negative Puate

Positive  Puate. Liawio.
.

Oxvaen.

7 HvoRroGEN.

LN

e e e, e e —————

CrarGED.

- __Positve Puare Liquio

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

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
for 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, oxygen

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
electrical pressure tend to cause flow of electricity.
An electrical pressure difference 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 Italian 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 114
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-
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.
The degree of opposition to electron flow depends
largely on the structure of the conductor—in other
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words on the kind of material of which the con-
ductor is made.

The opposition of a conductive material to flow
of current 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
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 términal 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,

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 Thers 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 pump 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.

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
water circuit. Therefore, the difference in pressure
between the terminals is six volts.
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Fig. 18. Electric Circult In Which There Are Drops of Potential and
Differences of Potential.

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
a 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.
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Fig. 19. Voltmeter for Measuring Potential Differences In Volts.

Pressure differences are measured in volts. The
measurement of the number of volts pressure differ-
ence between two points may be made with an
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Fig. 20. Using a Voltmeter To Measure Potential Differences.

instrument called a voltmeter. One type of volt-
meter is illustrated in Fig. 19. Fig. 20 shows how
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a voltmeter might be used to measure potential dif-
ference in volts by connecting wires from the termi-
nals of the voltmeter to the two points whose poten-
tial difference is to be measured. You will recog-
nize that the pressure difference between two points
is exactly the same thing as the drop in voltage
between those points.

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
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.

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 termi-
nal, and the one of lower potential is called the
negative terminal. Positive terminals may be indi-
cated 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 indi-
cated by the letter P or the abbreviation POS, and
negative by the letter N or by NEG.

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.

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
tu force a given current through twice the original
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Fig. 21. Effect of Length and Cross Sectional Area On Resistance of
nductors.

length. See Fig. 21. Halving the length of the
conductor will drop its resistance to half the origi-
nal value. Resistance varies directly with the length
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of a conductor that is of uniform size and material
throughout. '

3. The cross sectional 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 force water through a
-small pipe than a large one, and harder to force
electricity through a small conductor than through
a 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
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
mbho.

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

by all men working in the electrical industries.
Several standard symbols are shown by Fig. 22
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Fig 22 Symbol: Used In Electrical Wiring Diagrams.

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
terminal.

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 i5 a zig-zag line. Many resistors are
so constructed. that a brush or other movable con-
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tact point may be slid along the resistance wire,
thus including between the contact and one end of
the wire more 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
adjustable resistor may be called a rheostat. 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,

5999
s

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

Fig. 24. Series Circuits.

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

- part is called a series circuit.

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.

Any circuit in which all the current flowing in
any one part must flow also through each other
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. 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 respect.

2. The total resistance 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

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

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

-
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Fig. 28. Five 50-volt Lamps Connected In Serfes.
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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.

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 that
the current increases proportionately to every de-
crease of resistance, and that the current decreases
proportionately to any increase of resistance. This
statement assures the applied voltage to remain
constant.

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
current through the resistor now is 5 amperes,
which is two and one-half times the original current
through the same amount of resistance.
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Fig 21. Relations Between Amperes, Voits and Obms.

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
% 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 pressure difference

Amperes = or Current =

ohms resistance

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,
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
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Fig. 25. A 10-voit Battery Supplying Curreat Te a S-chm Lamp.
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in amperes. We use the known pressure difference
and known resistance in Ohm’s law thus:

E 10

I8 oo B — =

R 5

In all these simple problems we shall ignb’r'"é 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
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:

2 amperes

E = IR, which means volts = amperes X ohms

You may easily prove to yourself that this form
of the law is a correct one by substituting for volts,
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

I0R

@ B
L .-

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

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:

E= IR = 12X 10 = 120 wolts

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

It is easy to

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 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

Fig. 31. An Electromagnet for Which the Potential Difference and
Current Are Measured, and of Which the Resistance Is Tao Be Learned.
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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 great majority of electrical
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 Fig.
32 were enclosed within a hox 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
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
each 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 i
LESS LESS SAME
I = E/R E = IR

Fig. 32. A Typical Electric Circuit.
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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
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 you know what a certain electrical
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 ohms. 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

- I X R

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.

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-
sistance, s

i

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
through every other part of the circuit. The gauge
G indicates the pressure available from the pump
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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
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-
able from the generator. There two circuits, as
you 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
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must equal the sum of the potential differences
across the parts of the series circuit. These are

*

Fig. 34. Electric Circult With Its Parts In Series.

the rules for a series circuit, as we learned pre-
viously.

In Fig. 35 we have added a second water wheel
WW2 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
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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.

Lignt | Liont 2

GENERATOR.

Fig. 38. Electric Clrcuit With Two Lamps 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 ralations between current, potential dif-
ference and resistance in that unit or in that
“branch” of the parallel system.

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.

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
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. -

30 Vouts.
A -] (:1

4 Onus 3 Onms. 12 Ouwns.

l il

6 Vours

Fig 3. Three Resistances Connected In Parallel.

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 + 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
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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 =
alent resistance.

1Y% ohms; the equiv-

~.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-
-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 -}- 24 }- 6, or is 48 emperes. 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
fesistance 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
— + — + — = ?
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. Qur present frac-
tions ‘may be changed so that all have 12 for the
denominator, thus,

13 1 4 1
4 12 3 12 12 12
Then we may carry out the addition.
3 4 1 8
_—t — F — = —
12 12 12 12

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 115,
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.

©

Fig. 38. Resistances In Paralle] for Which the Equival Resist
Is To Be Calculated.

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

1 5 20 4 14,

To simplify the last fraction, 1 over 4, we may
actually divide 1 by 14, which gives us 4 To
change 4 into a fraction we may write it as 4/1, so
instead of working with 1 over 14 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
number of ohms. This fraction 20/110 should be
simplified to 2/11, which is the equivalent resistance
in chms 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 ochms.
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Fig. 39. Equal Resistances In Parallel.

- In practice many problems will arise which re-
quire the calculation of total resistance of two

e o —— — —
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resxstances in parallel, and there i 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

R; X R, ‘

R'r = e —
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 resxst’ances
may easily be determined.

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’oiily a single wire
or conductor running from lamp to lamp. At B the
12 lamps are connected in parallel, which requires
twa wires or conductors so that both sides of each
lamp may be connected directly to the source of
current.

"Theére 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 separdte resistance.

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
pressure developed by the other onme. If we as-
sume that water comes to the inlet of the lower

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 the inlet side of the
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
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.

Fig 41 Water Circuit With Two Pumps Connected In Series.

Fig. 42 shows an electric circuit with two gen-
erators connected. in series. As in all series cir-
cuits, current is the same in all parts, including
the generators. The generators are capable of
applymg,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-
tial differences will add togcther and the total
for the two generators will be 200 volts.
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Fig. 40. Diagram for Lamips Connected In Serles and In Parallel.
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Fig. €2. Electric Circuit With Two Generators Connected In Series.

Fig. 43 shows three dry cells connected in se-
ries and furnishing current to a lamp. Each dry
cell produces a potential difference of 114 volts,
so the three in series produce a potential difference
of 3 X 134, or 4% volts for the battery of cells.

Fig. 43. Sources In Serles Add Thelr Potentials.

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

In Fig. 44 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 outlets. If the pressure
in this common ‘pipe were any greater than that at
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Fig. 44. Water Circuit With Twe Pumps Cannected In Parallel.
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the pump outlets, we would have the impossi-
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.
q? 1001
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Fig. 45. Electric CMI 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.

AL

Fig. 46. Sources In Parallel Add Their Currents.

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
“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

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
114-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.

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 connected to the negative terminal
of the one following, as shown by the “Right” 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.
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Fig. €1. Polarities of Sources Conmected In Series.

Fig. 48 shows three sources connected together
in parellel. 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 unit 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
cause immense currents to circulate, and the units
quickly will overheat and be ruined. In a parallel
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connection of sources all positive terminals must he
connected together and all negative terminals must
be connected together.
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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 134 volts each, the
total voltage of each group will be 414 volts, but
the current from the group should be no more than
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 414 volts. But
a parallel connection permits a current equal to the
sum of the currents from the sources so connected.
This means that the current from the arrangement
of Fig. 499 may be twice the cusrrent from one
group, or twice the current from one cell.

=

Fig. 49. Sin Dry Cel,l_:;m"(_:onnected In Series-parallel.

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. ong,.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. The current and volt-
age from the arrangement of Fig. 50 is just the
same as from the arrangement of Fig. 49.

)

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

When cells are connected together in parallel
to form groups, and the groups are connected in
series, as in Fig. 50, the arrangement is called a
parallel-series connection. The overall voltage is
the sum of the voltages of the groups, and the
overall current is equal to the current from one
group.

Either series-parallel or parallel-series connec-
tions will increase both voltage and current over
that obtainable from a single unit. Which kind of
connection is used depends on which may be more
conveniently made.

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
parallel connection. In Fig. 51 there are three
cells in one series group to provide 414 volts, and

Fig. 51 Uncquai Voltages of Groups Connected In Parallel.

six cells in the other series group 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. - e - o7
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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.

oo et > < G -

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.

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
are called elements or plates, and the liquid is
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.

COPPER
STRIP
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L

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

PRIMARY AND SECONDARY CELLS

- o0 G
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
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



32 Cells

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
ampere-hours that are delivered 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 53. Storage Batterlea Which Furnish Electric Power for a Telephone System.
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The porous jar keeps the two liquids separate, but
allows electricity to pass through the liquid-filled
pores.

Fig. S4 A Daniell Two-fluid Ceil With Liquids Separated By a
° Porou;u Cup.

A less costly type of D:;miell 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. '

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

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.

EDISON PRIMARY CELL

The only primary cell of present-day importance
using liquid electrolyte in jars is the Edison type,

o

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

ey
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Fig. 56. The Edison Primary Cell.

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.

Fig. 57.

Edison Primary Cells In a Railway Signal Tower.

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)
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contains copper oxide, the oxide furnishing oxygen
for depolarizing 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.

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 cell will furnish 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.

When the cell has been used enough to dissolve
the zinc to the limit of practical discharge a thin
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
disappeared, 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 Exhnuated

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
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 addmg 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
can be 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
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 layer of porous pulp paper
or blotting paper which lines the zinc. The electro-
lyte is a solution of sal ammoniac in water, which
saturates the mixture and the paper liner. The top
of the mixture around the carbon rod is covered
with sand or other porous material and is sealed
with a hard insulating compound. The largest size
of the so-called “dry” cell actually contains about
3.4 fluid ounces of water.

The largest dry cell is 2% inches in diameter and
6 inches high, the No. 6 size, and the smallest is
7/16 inch in diameter and 11/16 inches high, the
size N. There are many intermediate sizes. Re-
gardless of size, one dry cell furnishes a potential
of 124 volts when delivering no current or a very
small current, and smaller voltages as the current
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increases. A cell in good condition will show from
1.50 volts for the larger sizes down to 1.47 volts for
the smallest size when a voltmeter is connected
across the cell terminals. The testing voltmeter
must be of a high-resistance type, which means it
has a high resistance of its own and consequently
takes little current. Dry cells never should be tested
with an ammeter or any other instrument of low
resistance which allows flow of a larger current
than the cell is designed to deliver,

When a dry cell has been discharged to the limit
of its useful life its voltage will have dropped to
between 0.75 and 1.1 while a normal current is flow-
ing from it. This “end voltage” depends on the class
of cell tested. The large No. 6 cells should show
(.85 volt if of industrial types, 0.93 volt if of general
purpose type, -and 1.08 volt if of telephone type.
Flashlamp cells are discharged when they show
0.75 to 0.90 volt while delivering normal current.
Hearing aid cells are discharged at 1.0 volt, and
radio batteries are discharged when they drop to
between 1.0 and 1.1 volts per cell.

Radio batteries consist of a number of dry cells
assembled in a case and connected togehter in series
to furnish various total voltages. Fig. 60 shows at
the left a battery assembled with a special form of
flat cells which save space and at the right an other-
wise similar battery made up from cylindrical cells.
The series connection shows up clearly in the right-
hand picture. Here the left-hand terminal is the
negative terminal. From here to the middle terminal
there are 15 cells in series, providing 22%4 volts at
14 volts per cell. From the middle to the right-
hand terminal there are 15 more cells, providing an
additional 2214 volts. Consequently, between the
left-hand terminal and middle terminal, or from the
middle to the right-hand terminal we may obtaair
2214 volts, and from the left-hand to the right-hand

terminals may obtain 45 volts. Radio batteries in

" standard types may contain as many as 60 cells, to

provide 90 volts. All the internal series connections
are soldered or welded.

Dry cells deteriorate even if not used. A good
cell may be kept idle or stored for about a year
before deterioration is at all serious. Of a number
of cells stored, five or six per cent will show a
noticeable drop in voltage at the end of six months.
Deterioration will be much worse if the cells are
stored where it is damp, or where the temperature
is very high. When the voltage of a dry cell has
dropped, the internal resistance has increased to a
high value. Therefore, one low-voltage cell used in
a series or parallel group with other good cells will
greatly reduce the voltage or current from the
‘whole group. A badly discharged dry cell often will
show bulges or wet spots on the cardboard cover
where the zinc has been eaten nearly or entirely
through.

AIR-CELL BATTERY

The air-cell battery or air-depolarized battery is
a type designed for radio use. The negative element
is zinc. The positive element is a rod of porous
carbon which extends through the cell cover to the
outside of the battery so that oxygen from the out-
side air may enter through the pores of the carbor
to effect depolarization. The electrolyte is a solu-
tion of caustic soda in water.

Each air cell furnishes a potential difference of
1.25 volts while delivering its normal current. The
cell potential will drop gradually to about 1.15
volts at the end of its useful life. The air cell cannot
be recharged nor can its elements be renewed. The
only care required during the life of such a battery

~ is to periodically add clean water through a filler

Fig. 60. Internal Construction of Two Types of Radia “B" Batteries.
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opening to keep the electrolyte level at the correct
point.

STORAGE CELLS AND STORAGE
BATTERIES

Storage battery cells may be of the type using
plates of lead and lead peroxide with an electrolyte
of diluted sulphuric acid. This is called the lead-
acid type. Another type uses plate materials of
iron and nickel with a caustic electrolyte. This is
the Edison storage battery or the nickel-iron-alka-
line storage battery. Both of these types of storage
batteries will be examined in detail during a later
seetion of our work.

ELECTROLYTE CELLS

At the left-hand side of Fig. 61 we have a plate
of zinc and another of carbon immersed in an elec-
trolyte and connected through an external resistor.
This voltaic cell will produce an emf or voltage and
current will flow through the external circuit from
the carbon to the zinc while ﬂowmg inside the cell
from zinc to carbon. We call the zinc the negative
plate or element and the carbon the positive plate
or element, these polarities referring to the poten-
tials applied to the external circuit. Zinc dissolves
from the negative plate and combines with other
chemicals in the electrolyte.
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Fig. 61. Current Flow In Voltaic and Electrolytic Cells.

At the right-hand side of Fig. 61 we have a cell
with the same elements and with an electrolyte
containing zinc in the form of zinc sulphate. If
direct current is sent from an external source so
that the current flows from carbon to zinc through
the electrolyte, zinc will leave the electrolyte and
will be deposited as pure metallic zinc on the plate
or element toward which the current flows. This is
an electrolytic cell and the action in the cell is called
electrolysis. ¢

When talking about electrolytic cells we speak
of the elements or plates as the electrodes. The
electrode through which current enters the cell and
passes into the electrolyte is called the anode. The
one through which current leaves the electrolyte
and the cell is called the cathode. The anode is con-
nected to the positive side of the external current
source and the cathode to the negative side of the
source.

When one ounce of zinc has been dissolved from
the negative plate in the voltaic cell the cell will
have delivered a total quantity of 23.24 ampere-
hours of electricity. If the same quantity of 23.24
ampere-hours of electricity is put through the elec-
trolytic cell there will be deposited one ounce of zinc
on the cathode from an electrolyte which contains
zinc in some chemical form. The accompanying
table lists the number of ampere-hours required to
either dissolve or deposit one ounce of various
common metals, depending on the direction of cur-
rent flow.

AMPERE-HOURS PER OUNCE OF METAL
DEPOSITED OR DISSOLVED IN CELLS

Gold ... 3.85 Copper - eeeeee. 23.90
Silver e 7.05 Tungsten ..ccceeee-e.. 24.80
Lead e 7.33 Nickel e 25.90
Cadmium ... 13.53 Iron (27.20
T (129 T (40.83

e ~(25.6 Chromium ......... 43.80
Platinum .o 15.57 Aluminum ... 84.50
Zine e --23.24

Where two values are shown the quantity de-
pends on the chemical form of the metal.

Electrolysis may be defined as the separation or
addition of chemicals in an electrolyte, and the dis-
solving of metals from the anode and depositing of
metals on the cathode, or at least the production of
certain gases at the electrodes, when current flows.
With many metals the process will work either
way, the metal may be either dissolved or deposited,
but with some metals, including nickel, iron and
cobalt, the process can result in depositing the
metals.

ELECTROPLATING

One of the most useful applications of electrolysis
is in the plating of certain metals over other base
metals to provide decorative effects, to provide pro-
tection against rust and corrosion, to provide a
wear-resisting surface, or even for the building up
and replacement of worn surfaces. Most electro-
plating is done with chromium, gold, silver, nickel,
brass, copper, chromium and zinc although some
such work is done also with platinum, tin, cobalt,
iron and lead. As an example, a very thin plating
of chromium provides a surface harder than the
hardest steel, which protects the base metal, will
reduce wear, lessen friction, and at the same time
provide a fine appearance.

As shown by Fig. 62, the object to be plated is
made the cathode in an electrolyte containing in
some chemical compound the metal which is to be
plated onto the buse material. Anodes are used on
both sides of or all around the cathode so that elec-
tricity may flow from all directions to the article



Electroplating 37

being plated and cause an even deposit of the plated
metal.
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Fig. 62. Principle of Eectroplating.

The exact chemicals, currents, voltages, tempera-
tures and general procedure vary not only with the
kind of metal being plated but with- the ideas of
those in charge of the shop. For example, nickel
plating often is done with an electrolyte containing
nickel sulphate or nickel ammonium sulphate, to
which may be added ammonium sulphate to in-
crease the conductivity, some acid to help keep the
anode rough, and something like glue or glucose
to make the plating extra bright.

When plating with gold we obtain the effect
called red gold by adding copper cyanide or copper
acetate to the electrolyte, obtain white gold by
adding some nickel cyanide, and obtain green gold
by adding silver cyanides.

The anodes may be of some material, such as car-
bon, which is not affected by the electrolytic action,
whereupon all the plated metal must come from the
electrolyte and chemicals containing this metal
must be added to the liquid at intervals. In other
cases the anode is made of the metal to be plated, as
in Fig. 63. Here, in plating with copper, the anode
is of copper. Then copper dissolves from the anode
into the electrolyte while being deposited from the
electrolyte onto the cathode. The object of the
operator is to get metal dissolved into the bath
(electrolyte) as fast as it plates out. As the anode
metal dissolves, it generates an emf just as dissolv-
ing a metal generates an emf in a voltaic cell. Under
ideal conditions this generated emf would equal the
emf consumed in depositing metal on the cathode,
so the external source would need to provide only
enough voltage to overcome the resistance in the
cell and the connections.
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Fig. 6. Plating With Anodes of the Metal Being Plated.

Used tin cans are detinned by making them the
anode in an electrolytic cell having a caustic soda

electrolyte. The tin is recovered as it plates out
of the solution, while the iron of the old cans is left
in a pure state.

A variety of electroplating called electroforming
is used for making the electrotypes used in printing
and engraving, also for making the dies or stamps
for reproducing phonograph records. The original
phonograph recording, which is in wax, is covered
with a layer of conductive graphite and then elec-
troplated with copper. The shell of hard copper thus
formed is used as a master plate on which are made
a number of copies by another depositing of metal
in ‘an electrolytic cell. These copies are used for
stamping or molding the records to be sold. Similar
processes are used for coating cheap plaster images
with copper so that they look like bronze statues,
for plating baby shoes which are to be preserved,
and even for plating of such delicate things as
flowers and plants.

ELECTROLYSIS OF WATER AND OF SALT

Water consists chemically of two parts by volume
of the gas hydrogen and one part of the gas oxygen.
With an electrolysis cell, whose principle is shown
by Fig. 64, it is possible, by decomposing water, to
produce these two gases in the relative volumes
mentioned. A little caustic soda is added to the
water to make it conductive. When direct current
flows as shown by the diagram, hydrogen bubbles
up from the cathode and oxygen at the anode. The
water disappedrs, but the caustic soda remains. The
electrodes usually are made of nickel-plated iron.
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Fig. 84. Eloctrolysis of Water, Producing the Gases Hydregem and
gen.

The hydrogen thus produced is used in combina-
tion with the oxygen in the process of oxy-hydrogen
welding, for the manufacture of ammonia and of
wood alcohol, for help in separating metals from
their oxides, for the making of cooking fats from
various oils, and for inflating balloons and dirigible
airships. The oxygen is used for welding in the
oxy-acetylene process, and in great amounts for
dozens of chemical processes and medicinal uses.

When a water solution of sodium chloride, ordi-
nary salt, is decomposed in an electrolytic cell it is
possible to obtain a whole variety of some of the
most important chemicals used in commerce and
industry as well as in the home. We obtain caustic
soda for use in making soaps, as a cleaning agent,
and in various electrolytes. We obtain chlorine for
use in bleaching of cloth, paper and other materials,
for use as a disinfectant and for purification of city,
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drinking water, for use in medicine and in photog-
raphy, and for use in certain processes of extracting
metals from their ores. We obtain sodium chlorate
which is used in the manufacture of dyes, medicines,
and explosives. Finally, we obtain hydrogen, whose
uses already have been mentioned.

ELECTROLYTIC REFINING

In the processes of electrolytic refining of metals
we start out with an alloy or mixture of metals
which is used as the anode in a cell. The principal
metal to be recovered dissolves into the electrolyte,
as do also all other metals which are less “noble”.
By a noble metal we mean one that resists corro-
sion, a form of chemical decomposition. Platinum,
gold and iridium are examples of highly noble metals,
because they remain unaffected by most acids and
other chemicals. Zinc and iron are not noble metals,
they are base metals, because they are easily at-
tacked by many chemicals. The electrolyte, current,
voltage, temperature and the general operating con-
ditions are such that the principal metal and those
less noble pass into the electrolyte, while all those
more noble remain in the anode.

The principal metal to be recovered is deposited
in a pure state on the cathode of the cell. The less
noble metals remain in the glectrolyte where they
sink to form the “mud”. About nine-tenths of all
the refined copper is produced electrolytically. Gold,
silver and arsenic are recovered in the same process.
Cell circuits are operated at about 200 volts and
12,000 amperes. The cathode builds up from an
original weight of about 10 pounds to 200 pounds
with addition of copper to it. Total copper refining
capacity before recent expansions was about
1,600,000 tons a year, which, for the electrolytic ac-
tion alone would take a current of about 250,000
amperes at 200 volts flowing day and night every
day if all the work were done in one spot.

In refining at the United States mints the bullion
(alloy for the anodes) consists of about 50 to 60
per cent silver and base metals, 30 to 35 per cent
gold, and 10 to 15 per cent copper. The electrolyte
is made with nitric acid and silver nitrate. Silver
crystals are deposited on the cathodes, from which
they are scraped off. From the remains of the
anodes is recovered gold which is 80 to 90 per cent
pure. This is sent to the gold refinery where the
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Fig. 65. Cell for Electrolytic Refining of Silver.

gold is purified and where such valuable metals
as platinum and palladium are recovered at the
same time.

One style of electrolytic refining cell is shown by
Fig. 65 where the cathodes are marked C and the
anodes A. The anodes are encased in cloth bags
which catch the slime that contains gold. The
cathodes are of stainless steel, from which the de-
posited silver is scraped mechanically into trays.

ELECTROLYTIC FURNACE

Fig. 66 shows the action of an electrolytic cell
which is at the same time a furnace, and with which
is produced aluminum. Electrolytic furnaces are
also used for the production of magnesium, sodium,
calcium, cerium and beryllium. Some of these
names may sound strange, but the substances are
of great practical usefulness. For instance, steel
alloyed with beryllium has such strength, toughness
and other valuable properties that the results are
almost unbelievabe.
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Fig. 68. Electrolytic Furnace for Producing Metallic Aluminum,

The ore of aluminum is called bauxite, which oc-
curs ‘naturally in earthy masses and in small rock-
like grains. The bauxite is treated in another kind
of electric furnace to produce alumina, which is
aluminum and oxygen. This alumina is added on
top of the electrolyte in the electrolytic furnace.
The electrolyte is cryolite, a substance of icy or
waxlike appearance coming from Greenland, and
containing aluminum, sodium and fluorine. The
current that causes the electrolysis keeps the tem-
perature of the bath at about 1,800° F., which is the
reason for calling this a furnace.

The anodes through which current enters the cell
are blocks of carbon. The cathode is the molten
aluminum itself which settles to the bottom of the
cell, and the carbon lining which is encased by steel.

All voltaic cells produce direct current and all
electrolytic cells require the flow of direct current.
These two fields are by far the most important
present uses of direct current. The other great fields
of electricty require the use of alternating current,
with which we now shall prepare to get acquainted.
As the first step in this preparation we shall study
magnetism and electromagnetism in the following
section. It is the combination of magnetism and the
electric current that is the foundation of all alternat-
ing-current applications and "also of some direct-
current applications which we still have to in-
vestigate.
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MAGNETISM AND ELECTROMAGNETISM

A magnet is a piece of iron or steel which has the
ability to attract and hold other pieces of iron and
steel, and which is attracted and held in certain
positions by another magnet. Doubtless you have
used a toy magnet to pick up nails and similar
articles. Magnets are put to practical use in mag-
netic tack hammers which hold the steel tack to be
driven, in magnetized screw drivers which will
hold a screw, in the compass which points north
and south because it is attracted by the earth which
itself is a huge magnet, and in many other ways.

NATURAL MAGNETS were first found in
Magnesia, a country in Asia Minor, about 600 B. C,,
and for this reason were called magnetic or mag-
nets. (See Fig. 67.)

Fig. 67. Sketch of natural magnet or lodestone.

These first magnets were just lumps of iron ore
or oxide, which were found to have the power of
attracting small pieces of iron. Later it was also
discovered that if an oblong piece of this material
was suspended by a thread, it would always turn
to a position with its length north and south. If
moved or turned, the same end would always go
back to point north. So its end which pointed north
was called the North seeking or North end, and
the other end the south seeking or south end. It
was used in this manner as a crude compass and
often called “Lodestone,” meaning leading stone.

ARTIFICIAL MAGNETS are made of steel
and iron, in various forms. Common tvpes are the
straight bar and horseshoe forms. (See Fig. 67A and
67B.) These are usually much more powerful than
the natural magnets or lodestones.

Artificial magnets can be made by properly strok-
ing a bar of steel with a lodestone or some other
magnet, or by passing electric current through a
coil around the bar. In fact we find that a piece
of iron often becomes magnetized, just lying near
a strong magnet. This last method is called In-
duced Magnetism.

If a small bar of soft iron is held near to, but not
touching a strong magnet, as in Fig. 68, the small
bar will be found to have magnetism also, and
attract nails or other iron objects. But as soon as
it is taken away from the permanent magnet, it will

Fig. 6TA. Common bar magnet.
Fig. 67B. Hor:e'llloo magnets with :‘hepm" across poles.

lose its charge.

This is an example of induced
magnetism. :

Fig. 68. Th all bar fron attracting the nails, cbtains its mag-
= ne&nﬁw I.nduetzn Im.bohgmrthhrn

MAGNET POLES

All magnets®whether natural or artificial, usually
have their strongest pull or effects at tHeir ends.
These ends or points of stronger attraction are
called Poles.

Ordinary magnets usually have at least two poles,
called north and south, because of their attraction
for the north and south poles of the earth.

If we dip a bar magnet in a pile of iron filings
or tacks, we find it will attract them most at its
ends, and not much in the middle. (See Fig. 69.)

ATTRACTION AND REPULSION

If we take two magnets and suspend them so
they can turn freely until they come to rest with
their north poles pointing north, and south poles
pointing south, then we know that their ends which
point north are alike, as well as the two which point
south.

Now if we mark these magnets and bring the two
north poles together, we find they will try to push
apart, or repel each other. The two south poles
will do the same if we bring them near each other.
But if we bring a north pole of one magnet near the
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south pole of the other they will try to draw to-
gether or attract each other.

This proves one of the most important principles
or rules of magnetism often called the first law of
magnetism, as follows: Like Poles Always Repel
and Unlike Poles Attract Each Other. This law
should be remembered as it is the basis of opera-
tion of many electrical machines and devices.

Prove it for yourself with magnets, at your first
opportunity, so you will remember it better.

Fig. 69. Shketch of bar magnet showing how iron filings are attracted
almost entirely at its ends or poles.

EARTH’S MAGNETISM

We have learned that the north pole of one mag-
net attracts the south pole of another magnet, and
that the south pole of one attracts the north pole of
the other. We know also ‘that the north pole of the
compass points toward the geographic nerth on the
earth. Since the north pole of the compass must be
pointing toward the south pole of the magnet which
is attracting it (the earth), the earth’s south mag-
netic pole must be near its north geographic pole.
This is shown by Fig. 70.

‘Fig. 70. Sketch showing earth’s tic field and poles. Note that the
H magnetic poles do not exactly arign.with the geographical poles.

The earth’s magnet poles are not exactly at its
sgeographic poles or are not exactly at the ends of
the earth’s axis. Consequently, the magnetic com-
pass does-not point to the true geographic north
and south. Aviators, marines and surveyors make
-sutitable allowances for the difference between mag-

netic north and geographic. north. The difference
varies at various places.

LINES OF FORCE

Magnets do not have to be touching each other,
but will exert their force of attraction or repulsion
through a distance of several inches of air in many
experiments.

If we place a magnet under a piece of glass or
paper which is covered with iron filings, and tap or

jar it, the filings will arrange themselves as shown
in Figs. 71A and 71B.

Fig. 71-A. Iron filings on a paper over a bar magnet, show shape of
lines of force around the magnet, (Left).
Fig. 71-B. Filings over end of magnet. (Right).

This gives us some idea of the shape and direc-
tion of the lines of force acting around a magnet.

For practical purposes it is assumed that all mag-
nets have what are called Lines of Force acting
around and through them, and in the direction indi-
cated in Fig. 72,

These magnetic lines are of course invisible to
the eye, and cannot be felt, but we can easily prove
that the force is there by its effect on a compass
needle. By moving a small compass around a large
magnet we can determine the direction of the lines
of force at various points. They always travel
through the compass needle from its south to north
pole, so it will always turn to such a position that its
north pole indicates the direction the lines are trav-
eling. It is well to remember this, as a compass can
often be used to determine the direction of magnetic
lines of force in testing various electrical machines.

MAGNETIC FIELD AND CIRCUIT

The lines of force around a magnet are called
Magnetic Flux, and the area they occupy is called
the Field of the magnet.

The strong, useful field of an ordinary magnet
may extend from a few inches to several feet around
it, but with sensitive instruments we find this field
extends great distances, almost indefinitely, but
becomes rapidly weaker as we go farther from the
magnet.

In Fig. 72, note that the lines of force through the
bar or Internal path, are from the south to north
pole, and outside the magnet through the External
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path, are from the north to south pole. This is a
very important fact to remember.
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Fig. 72. Sketch of magnetic field, showing direction of lines, inside and
outside the magnet.

We can also get further proof of the shape of this
magnetic field by floating a magnetized needle in a
cork, over a bar magnet as in Fig. 73.

If started at various points in the field the needle
will travel the lines as indicated.

The path of lines of force around and through a
magnet is often called the Magnetic Circuit.

Fig. 73. Floating a needle in a cork, in water over a magnet, to show
shape of lines of force.

ACTION OF MAGNETIC FIELDS

When two magnets are placed with unlike poles
near each other as in Fig. 74, we find that their lines
of force combine in one common path through them
both as shown by the dotted lines.

These lines then seem to try to shorten th-"~ path
still more by drawing the magnets togethc., thus
their attraction for each other.

It may be well to consider magnetic lines of force
as similar in some ways to stretched rubber bands,
revolving like endless belts, and continually trying
to contract or shorten themselves.

This will help to get a practical understanding
of many important effects and principles of mag-
netism, without going into lengthy and detailed
theory.

If we place two magnets with their like poles
near each other as in Fig. 75, we find their fields
will not join, as the lines of force are coming in

opposite directions. Therefore they crowd apart in
separate paths between the ends of the poles, and
loc d 10d sy w7 pdiin zien
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Fig. 4. T bar magnets with unlike poles near each other, and
® we attracting. Note how their fields join. ¥

the magnets push apart or repel each other to avoid
this conflict or crowding of the opposing fields.

P74
Fig. 75. Two bar magnets with like poles near each other and repelling.
ﬂlote how their fields oppose. i

PROPERTIES OF MAGNETIC MATERIALS

Soft iron is very easily magnetized, but does not
hold its charge long. In fact it loses most of its
magnetism as soon as the magnetizing force is re-
moved.

Hard steel is much more difficult to magnetize,
but when once charged it holds its magnetism much
longer.

A good steel magnet may hold a strong charge
for many years. Such magnets are called Perma-
nent Magnets.

Materials that hold a charge well are said to have
high Retentivity, meaning retaining power.

Therefore steel has high retentivity and soft iron
is low in retentivity. In order to- understand how
magnets become charged, and why seme will hold
a charge better than others, let us briefly consider
the molecular theory of magnetism. We know that
all matter is made up of very small particles called
molecules, and these molecules consist of atoms and
electrons.

Each molecule has a polarity of its-own, or might
be considered as a tiny magnet. In a bar of iron
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or steel that is not magnetized, it seems that these
molecules arrange themselves in little groups with
their unlike poles together, forming little closed
magnetic circuits as in Fig. 76.

Fig. 76. Simple lk.tdl showing the

t of molecules
mthed&rdlnn.

This view, of course, shows the molecules many
times larger in proportion to the bar, than they
really are.

Now when lines of force are passed through the
bar, from some other strong magnet, causing it to
become magnetized, the little molecules seem to line
up with this flux, so their north poles all point one

way and all south poles the other way. (See Fig.
77.)

Fig. 71. Molecules lined up, in a fully magnetized bar.

In soft iron this change is effected very easily,
and as we have already said it can be easily mag-
netized. But the molecules of iron also shift back
to their natural position easily, so it quickly loses
its magnetism.

With hard steel the molecules do not shift so
easily, so it is harder to magnetize, but once charged
the molecules do not shift back to their normal
position so easily, and it holds its magnetism much
better, as stated before.

When charging or making permanent steel mag-
nets, tapping or vibrating the bar slightly seems to
help speed the process. On the other hand if a
permanent magnet that has been charged, is struck
or bumped about roughly it will lose a lot of its
strength, as the jarring seems to shift the molecules.
Therefore, permanent magnets should be handled
carefully.

The magnetism of a bar can also be destroyed
by heating it to a cherry red. This is one method
of De-Magnetizing,

If a magnet is placed in a reversing flux or field
from some source, so its charge or polarity is rapidly
reversed, the rapid shifting of the molecules sets up
heat. This is called Hysteresis loss. Naturally this
effect is much less noticeable in soft iron than in
hard steel, as the molecules shift easier and with
less friction and heat, in the soft iron.

MAGNETIC AND NON-MAGNETIC
MATERIALS

Iron and steel are the only materials having such
magnetic properties as allow making them into
useful magnets. That is, only iron and steel can be
magnetized strongly enough to make them useful
in magnetic circuits. Nickel and cobalt are weakly
magnetic, but not enough so to be useful for mak-
ing magnets, especially in view of the fact that
these metals are much more costly than iron or
steel.

Other metals mixed with iron or steel to make
various “alloys” change the magnetic properties.
Using half iron and half cobalt makes an alloy more
easily magnetized than the purest iron. Chromium
and nickel mixed into iron to make stainless steel
will produce an alloy hat cannot be magnetized, but
using straight chromium to make another type
of stainless steel produces one that is magnetic.

Using small quantities of chromium, tungsten,
cobalt, aluminum or nickel to alloy the steel pro-
duces magnets which not only are very strong
but which retain their magnetism with but little
loss over long periods of time, thus making excel-
lent permanent magnets. Among the most gen-
erally used permanent magnets are those of the
Alnico alloys containing aluminum and nickel
along with the iron. These are stronger and
more permanent than the older cobalt magnets
which, in turn, are better than the still older
types using tungsten and chromium.

Among the metals which are entirely non-mag-
netic or which cannot be magnetized when used alone
are copper, aluminum and manganese. Yet when
these three are mixed in certain proportions to
make Heusler’s alloys the result is a metal about
one-third as good as cast iron for a magnet. Tin
is another non-magnetic metal, yet an alloy of cop-
per, tin and manganese is slightly magnetic.

When we wish to use steel for its strength, yet
wish to have the metal non-magnetic, we make
allows containing small quantities of copper, nickel,
chromium and manganese. Steel thus alloyed to
be non-magnetic is called paramagnetic.

Antimony and bismuth act very peculiarly. The
stronger the magnetic field in which these metals
are placed the fewer lines of force travel through
the antimony or bismuth. These metals are said
to be diamagnetic.

All materials which have not been mentioned in
the preceding paragraphs are wholly non-mag-
netic. They canot be magnetized and they have
not the slightest effect on a magnetic field in which
they are placed. The non-magnetic materials in-
clude air and all other gases, all the liquids, all
metals not already mentioned, and all other solid
substances such as glass, wood, paper and so on.
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PERMEABILITY AND RELUCTANCE

Experiments prove that magnetic lines of force
will pass through iron and steel, or magnetic mate-
rials much easier than through air, wood and brass,
or non-magnetic materials of any kind. So iron and
steel form a good path for magnetic flux, and are
said to have high Permeability, and low Reluctance.
The term reluctance means the same to magnetic
flux as resistance means to electric current.

Fig. 1A & B. Sketches showing how knes of force can be distorted
and made to follow thaoe:sier path through the small

If we place a small bar of soft iron in the field of
a larger magnet as in Fig. 78A or near the ends of
two magnets as in Fig. 78B, in both cases the lines
of force will largely choose the easier path through
the iron as shown. This can be proven by sprinkling
iron filings on a glass over such a group of magnets
and iron. This not only proves that iron is of lower
reluctance than air, but also that magnetic flux will
choose the easiest path available.

Good soft iron has only about 1/2000th part as
high reluctance as air. For this reason we construct
many magnets in the form of a horseshoe, which
brings the poles closer together, greatly reducing
the air gap reluctance and increasing the strength
and life of the magnet. (See Fig. 79A and 79B.)

L__ |

Fig. 9A. Horseshoe magnets have a much shorter flux path through
alr from pole to pole.

Fig. 79B. Double magnet constructed in horseshoe shape, also to
shorten its air gap.

In Fig. 79B, the bar joining the two magnets to-

iron “keeper” across the ends of horseshoe magnets
as in Fig. 80, when they are not in use, to provide a
complete closed circuit of magnetic material and
eliminate the air gap reluctance. This will greatly
increase the life of the magnet.

PULLING STRENGTH

Horseshoe shaped magnets having unlike poles
near each other, have a much greater lifting power
when in contact ‘with an iron surface, than the one
end of a bar magnet does. This is because the
horseshoe type has so much better complete path
of low reluctance for its lines of force, and the field
will be much more dense, and stronger. (Compare
Figs. 80 and 81.)

Fig. 80. Horseshoe magnet with keeper bar across its poles to decrease
air gap when not in use.

In Fig. 81, the lines must pass a considerable dis-
tance through air, which greatly weakens them. In
Fig. 80, the lines can travel entirely within a closed
iron path or circuit of much lower reluctance, and
give a much stronger pull.

A good horseshoe magnet weighing one pound,
should lift about 25 pounds of soft iron.
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Fig. 81. Bar magnet attracting a piece of iron. Note the long path
through air, whldl'the es of force must taks.

EFFECTS OF AIR GAPS

As air is of such high reluctance it is very im-
portant to reduce the air gaps as much as possible
in all magnetic circuits where we wish to obtain
the greatest possible strength of flux or pull.

If two magnets are placed as in Fig. 82A, and
their pull measured, and then they are moved far-
ther apart as in Fig. 82B, we find that the small
increase in the distance or air gap makes a great
reduction in their pull. If the distance is doubled,
the pull is decreased to about !4 of what it was.

gether is called a yoke. We often place a soft
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Fig. 82.-A. & B. Doubling the dis I
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If the distance is tripled, the pull decreases to
about 1/9 of what it was.

If of the other hand we reduce the distance to %%
its otiginal amount, the pull will increase to 4 times
the original pull.

So we get another very important law of mag-
netism as follows:

‘ ;The. force exerted between two magnets varies
inversely with the square of the distance between
them,

If we change the strength of the magnets we find
their combined pull will vary with the Product of
Their Separate Strengths.

MAGNETIC SHIELDS

While iron is a good conductor of magnetic flux,
and air is a very poor one, we do not have any
known material that will insulate or stop magnetic
lines of force. They will pass through any mate-
rial. But we can shield magnetic flux from certain
spaces or objects, by leading it around through an
easier path. As before mentioned the line of force
will largely choose the easiest path. So if we ar-
~ range a shield of iron around a device as in Fig. 83,
we can distort the flux around, and prevent most of

it from entering the shielded area.
L g B

Fig. 83. Iron shield to deflect lines of force away from Iinstrument
or device (A).

Quite often the magnetic field of some large gen-
erator or electric machine may affect the operation
of a meter or some delicate device located near it.
So you should remember how to shield such instru-
ments. Many meters are equipped with iron cases
to shield their working parts in this manner.

Sometimes in our work with magnets we find
evidence of more than two poles, or points of at-
traction at other places along the magnet besides
at its main poles. Such poles are called Consequent
Poles, and are formed by adjoining sections being
oppositely magnetized so the fluxes oppose. Very
weak.magnets may sometimes develop consequent
poles. (See Fig. 84.)
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Fig. 84. Consequent poles in a bar magnet.
If a long magnetized bar is broken into several

pieces, each piece will take on separate north and
south poles. (See Fig. 85.)
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Fig. 85. Bar magnet broken into several !E:cel. Note each piece takes
on separate poles in this case.

Two or more separate magnets with their like
poles grouped together will in many cases give more
strength than a single magnet the size of the group.
Such a magnet is called a Compound Magnet. (See
Figs. 86A and 86B.)
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COMPASS TEST

When using a compass to test the polarity of
magnets, or the direction of flux on motors or gen-
erators, it is well to first test the compass by letting
it come to rest in the earth’s magnetism, away from
the device to be tested. Compass needles some-
times have their polarity reversed by the influence
of strong magnets around which they are used. But
the end of the needle that points north is always
the north pole, and the one which will point in the
direction of flux travel.

This may seem confusing because we know un-
like poles attract, and might wonder how the north
pole of the compass would point to the north pole
of the earth. But remember that the magnetic pole
of the earth which is near its north geographical
pole, is in reality a south magnetic pole. This was
illustrated in Fig. 70.

ELECTROMAGNETISM

We have become familiar with the behavior of
the electric’ current in electric circuits and have
learned how magnetic lines of force act in a mag-
netic circuit. Now we are going to learn how to
produce magnetic lines of force and magnetic fields
by using an electric current, or how to produce
the kind of a magnet called an electromagnet.

For several hundred years the early scientific
experimenters knew something about the elec-
tric current and something about magnets and mag-
netism. Yet it was only a little more than 100
years ago that our modern electrical industry and
science got its real start when it was found pos-
sible to produce a magnet with an electric current
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and then to produce electric current from mag-
netism. The first “strong” electromagnet was
made in 1830. It would lift nine pounds. Later
that year Joseph Henry, a famous American physi-
cist, made an electromagnet that would lift more
than 700 pounds, and in 1831 made one that would
lift nearly a ton.

The fundamental fact on which depends all our
uses of electromagnetism is that magnetic lines of
force appear around a conductor when current
flows in that conductor. That is, we may use elec-
tric current to produce a magnetic field around
a wire.

The strength of this magnetic field around a wire
depends on the amount of current flowing, and can
be varied at will by controlling the current flow.

The direction of the line’s rotation depends on

the direction of current through the wire; reversing
if we reverse the current.
., If we pass a stiff wire which is carrying current,
vertically through a piece of paper, as in Fig. 87,
and sprinkle iron filings on the paper, they will
arrange themselves in a pattern as shown.

Fig. 87. Electro. ic lines sh

by iron filings around a conductor.

If we remove the filings and place several small
compass needles on a cardboard around the wire,
they will point in a circle as shown in Fig. 88. These
experiments prove the existence of this invisible
magnetic force, and-also show the circular shape of
the field around the wire. The north poles (black
ends) of the compass needles also show the direc-

Fig. 88. Small

needles showing shape and direction of lines
around a conductor,

tion the lines of force travel. If the current flow
is stopped, the needles wil} all point north, but as
soon as current is again started they will point in
a circle once more.

DIRECTION OF LINES AROUND
CONDUCTORS

Note the direction of current in the wire in Fig.
88, and the direction the needles point. If we change
the leads at the battery, and thereby reverse the
direction of current through the wire, the needles
will at once reverse their direction also. This proves
that the field reverses with the current.

We can see from this that if we know the direc-
tion of current in any wire, we can determine the
direction of the lines of force around it. Or if we
know the direction of flux, we can find the direction
of current. ’

A single compass needle is all that is required
to tell the direction of flux. See Fig. 89.

Fig. 89. Convenient compass test for direction of flux around conductors.
Note carefully the direction of current and flux of
each end of the wire.

Here we have a bent piece of stiff wire connected
to a battery by other wires. The current in the left
end is flowing away from us, and if we place a com-
pass under the wire it points to the left. If we move
the compass above the wire it points to the right.

This proves that when current is flowing away
from you in a wire, the lines of force are revolving
Clockwise, as the hands of a clock turn.

When we try the compass on the right end of the
loop where the current flows toward us, we find it
points opposite to what it did on the left end.

This proves that when current flows toward you

. in a wire, the lines of force revolve counter clock-

wise. See the lines of force indicated by the dotted
lines. Study this rule over carefully and start prac-
tising it at every opportunity en actual electric cir-
cuits, because it will be very useful later in your
work on power machines and circuits.

RIGHT HAND RULE FOR DIRECTION
OF FLUX
Another simple rule by which you can determine
the direction of current, or flux of wires, is called the
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‘“Right hand rule”. Grasp the wire with the right
hand, with thumb pointing in the direction of cur-
rent flow, and your fingers will point in direction of
flux around the wire. See Figs. 90A and 90B.)

Fig. 89. “Right hand rule” for direction of flux arcund d

This rule should be memorized by practice.

Of course in the case of a bare, uninsulated wire
it is not necessary to touch or actually grasp it to
use this rule. After a little practice you can use
it very well by just holding your hand near the
wire in a position to grasp it, and with thumb in
direction of current, your finger tips will indicate
the direction of flux.

MAGNETIC FORCES BETWEEN PARALLEL
WIRES

If we run two wires parallel to each other, close
together, and both carrying current in opposite
directions, we find their lines of force being in oppo-
site directions tend to crowd apart, and actually
make the wires repel each other. See Fig. 91A.

In Fig. 91B, are shown two flexible wires sus-
pended close together, yet loosely and free to move.
When a rather heavy current is passed through
them in the direction shown by the arrows, they will
crowd apart quite noticeably. The dotted lines show
where they would hang normally when no current
is flowing. .
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Fig. 91. This sketch shows the repulsion d. parallel wires, carrying
current in opposite directions.

If we run two wires parallel to each other, close
together, and both carrying current in the same di-
rection, we find that their lines of force tend to join
together in one common field around both wires, as
in Figs. 92A and 92B,

When wires are close together in this manner,

the combined path around the two is shorter than
the two separate paths around each. Then by join-

Fig. 2. When parallel wires carry current in the same direction, their
" flux tends to draw them together

ing each other, the lines avoid going in opposite
directions in the small space between the wires.
This flux around the two wires tends to pull them
together, as the lines of force are always trying to
shorten their path, as we learned before.

In Fig. 92B, we again have the two suspended
parallel wires, this time carrying current in the
same direction, and we find they now draw toward
each other.

This magnetic force exerted between wires often
becomes very great in the heavy windings of large
power machinery, especially in case of excessive
currents during overloads or short circuits. So we
find their coils are often specially braced to prevent
them moving due to this stress.

STRONG FIELDS AROUND COILS

We can make excellent use of this tendency of
magnetic flux, to join in a stronger common field
around two or more wires, to create some very pow-
erful electro-magnetic fields.

One of the best ways to do this is to wind a coil
of insulated wire as shown in Fig. 93A.
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Fig. 93-A. The lines of force around the turns of a cofl join together,
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We can easily see that all turns of such a coil
are carrying current in the same direction on all
sides of the coil. If we split such a coil from end to
end, as shown in Fig. 93B, we can then see how the
flux of all the turns will unite in a common field
through the center of the coil and back around the
outside.
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SOLENOIDS

Such a coil of a single layer is called a Helix.
Coils for creating strong electro-magnetic fields, are
often wound with many layers of insulated wire on
a spool of brass or fibre, or some other non-mag-
netic material. Such coils are called Solenoids. See
Fig. 94. .

By referring to both Figs. 93 and 94, we see that
all the lines of force travel one way through the
center of the coils in a very dense field, and back
the other way outside the coil. Thus a solenoid has
north and south poles just as a bar magnet does.

Now if we place an iron core inside of a solenoid
the field will at once become much stronger, as the
iron offers a much better path for the lines of force
than air does. When we start to insert the core in a
solenoid that has current flowing in it, we find it
exerts a strong pull on the core, tending to draw
it into the coil. This seems to be an effort of the
lines of force to draw the iron into the most dense
flux. which is inside the coil.

Fig. 84. Solenoid, or coil wound on a non-m tic tube. Note the
direction of the lines, and polarity of solenoid.

A solenoid will give a strong and fairly uniform
pull for about half its own length. This is the most
effective distance. Solenoids with movable cores
attached to levers, or handles of switches and con-
trollers, are used considerably on electrical equip-
ment. These are called plunger magnets.

ELECTRO-MAGNETS

While an iron core is inside a coil and current is
flowing, we find the iron becomes strongly mag-
netized due to the very dense field in which it is lo-
cated. But if the core is soft it loses practically all
its magnetism as soon as the current is turned off.

Such a coil and core are called an Electro-Magnet.
Or in other words an Electro-Magnet is a core of
soft iron, wound with a coi} of insulated wire.

Electro-magnets are the ones used in bells, buz-
zers, relays, lifting magnets, and electric motors and
generators. They can be made extremely powerful.
and have the advantage of being magnetized or
demagnetized at will, by turning the coil current on
or off.

The lifting magnet in Fig. 95 is an example of a
huge electro-magnet. With the current turned on
it is lowered to the iron it is to lift, often raising
tons of metal at one time. Then when we want it
to drop the iron the current is simply turned off.

Attraction and repulsion is the same with elec-
tro-magnets as with permanent magnets. That is,
unlike poles of two electro-magnets attract each
other and their like poles repel each other. This
rule holds also when one of the magnets is an elec-
tro-magnet and the other a permanent magnet. The
same rule holds when one of the elements is a sole-
noid or when there are two solenoids. he fact of
the matter is that the actions of permanent mag-
nets, solenoids, and electro-magnets are alike in
every way. It makes no difference whether a mag-
netic field is produced by a permanent magnet or
by an electric current, the behavior of the field
or the flux is just the same in either case.

Fig. 95. Electro-magnet used for handling irom and steel. This magnet
huan:nmberofcoﬂnhddeluhmarm.

CONSTRUCTION OF SIMPLE ELECTRO-
MAGNETS. RESIDUAL MAGNETISM.

Electro-magnets for various tests or handy uses,
can be easily made by winding a few turns of insu-
lated wire around any soft iron core, and connecting
the coil ends to a dry cell or storage battery. Even
a nail or small bolt will do, and will prove quite a
strong magnet when wound with 50 to 100 turns of
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No. 24 to 30 wire, and used with a dry cell. But
you will note that as soon as the coil is disconnected,
or the battery current turned off, the core will lose
practically all its noticeable magnetic strength, as
far as any attraction is concerned. However, in
reality there is almost always a very feeble charge
left in the core for a while after the current stops
flowing. This charge remaining or residing in the
core is called Residual Magnetism. The softer iron
the core is made of, the less residual magnetism it
will retain. Residual magnetism plays a very im-
portant part in the operation of many electric gen-
erators, as will be found later.

Permanent magnets can be made by placing a
piece of hard steel in a coil for a time, with the cur-
rent turned on. Then when the current is turned
off, the hard steel being of higher retentivity than
diron, retains considerable of its charge as residual
magnetism.

Powerful electro-magnets are often used to charge
permanent magnets, by holding or rubbing the mag-
net to be charged on the poles of the electro-magnet.
See Fig. 96.

A good charging magnet of this type for charging
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Fig. 96. Powerful electro-magnet for charging permanent magnets. The
horseshoe magnet is in position to be charged and
its poles will be as shown.

magneto magnets, can be made of two round cores
of soft iron about 3x6 inches, wound with 500 turns
of No. 14 wire on each. They should have a soft
iron bar 1x3x8 inches bolted to their bottom ends,
and square pieces 1x3x3 inches on their top ends.
Such a magnet can be used on a 6-volt storage bat
tery, and is often very handy in a garage or elec-
trical repair shop.

95. POLARITY OF ELECTRO-MAGNETS

It is very important to be able to determine the
polarity of solenoids and electro-magnets. A com-
pass will, of course, show the north pole by the
attraction of its tail or south pole. But if we know
the direction of winding of a coil, and the direction
current passes through it, we can quickly find the
correct polarity with a simple rule. This rule is
called the Right Hand Rule for Electro-Magnets.

Grasp the coil with your right hand, with the
fingers pointing around the coil in the same direc-

tion current is flowing in the wire, and your thumb
will point to the north pole of the magnet. See
Fig. 97.

Fig. 97. Right hand rule for determining polarity of electro-magnet.

Every electrical man should know this rule, as
there are many uses for it in practical work. Prac-
tice it until you can use it easily.

It can also be used to find the direction of current
flow if you know the polarity of the magnet. In
such a case we again grasp the coil with the right
hand, thumb pointing to north pole, and the fingers
will point in direction of current flow around the
coil.

We already know that the flux around a wire will
reverse if we reverse the current flow. This is
equally true then of the flux around a coil or group
of wires. So we can reverse the polarity of a sol-
enoid or electro-magnet at will, merely by reversing

the current supply wires to it.
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Fig. 98. Electro-magnet with demagnetizing coil for destroying residual
magnetism.

Some special electro-magnets are wound with a
separate demagnetizing coil, in addition to the main
coil.

This may be a smaller coil, wound in the reverse
direction to the main coil, so if connected just for
an instant, after main coil is turned off, it will just
destroy the residual magnetism that might other-
wise remain. See Fig. 98.

If when switch (A) opens the main circuit at
(B), it is momentarily closed to (C), it will create
a reverse flux to more quickly demagnetize the core.

It is also possible to wind a coil on a core so it
will create no magnetism in the core. See Fig. 99.

Here the coil has been wound with two wires, and
their ends connected together. The current flows
through an equal number of turns in each direction,
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so practically no magnetism will be set up in the
core. Non-magnetic coils of this type are often used
in meter construction. i

TiT

Fig. 93. Non-magnetic winding. One half of the turns oppose the other
half, so the core does not become magnetized.

THE MAGNET CIRCUIT

A magnetic circuit includes tthe entire path
around which flow the magnetic lines of force, just
as the electric circuit includes th eentire path
through which the current flows. Just as an elec-
tric circuit must include a source of electromotive
force which causes current to flo wso must the mag-
netic circit uinclude a source of the force that causes
magnetic lines to move around the circuit. In a
magnetic circuit this source is a permanent magnet
or an electromagnet. Just as there is resistance
or opposition to flow of electric current in its circuit
so there is oposition to flow of magnetic lines of
force in the steel and other parts of the magnetic
circuit.

Magnetic circuits are illustrated in Figs. 78 to 81.
Note that in each case we show the complete path
followed by ilie lines of force or the flux, sometimes
through stecl or iron and sometimes through air.
In each of these illustrations we might replace the
permanent magnet with an electromagnet and still
have the same form of magnetic circuit. In para-
graphs which follow we shall deal with some of the
laws relating to the force, the flux, and the mag-
netic oposition in magnetic circuits. You will find
that the rule and laws are similar in many ways to
those for the electric circuit.

UNITS, SATURATION AND STRENGTH OF
ELECTRO-MAGNETS

The strength of an electro-magnet depends on
the number of turns in its coil, and the amperes or
amount of current flowing through them, or as we
say the Ampere-Turns.

The Ampere-Turns are the product obtained,
when the amperes are multiplied by the number of
turns.

A coil of 100 turns, carrying 2 amperes, has 200
ampere-turns. (Abbreviated I.N.)

Another coil of 400 turns carrying % ampere, has
200 amnpere-turns.

We say therefore that the number of ampere
turns, determines the Magneto-Motive-Force. (Ab-
breviated M.M.F.) Ampere-turns measure also the
magnetizing force.

The greater the M.M.F. or number of ampere-
turns we apply to a given core, the stronger magnet
it becomes, up to certain limits.

As we go on increasing the ampere-turns and
strength of a magnet, the lines of force in its core
become more and more dense and numerous. After
we reach a certain point in flux density, we find a
further considerable increase of ampere turns of
the coil, does not cause much increase of flux in the
core, as we have apparently reached its practical
limit in the number of lines it can carry. This is
called the Saturation-Point.

Good magnetic iron or steel can carry about
100,000 lines per square inch, before reaching the
practical saturation point. Therefore, if we wish
to make electro-magnets requiring more than
100,000 lines of force, we should use a core larger
than 1 square inch cross sectional area. Fifteen am-
pere-turns per inch of core length, on a closed core
of 1 square inch area, will produce approximately
100,000 lines of force.

The chart in Fig. 100, showing the lines of force
per square inch, produced in soft iron by various
numbers of ampere-turns, may often be very useful
to you.

To read the chart select any number of ampere
turns at the bottom line and run up the vertical
lines to the curve, then to the left edge, and
read nuniber of lines. Thus 5 ampere turns gives
about 67,000 lines per square inch. 10 ampere turns
gives 90,000 lines. 12 ampere turns about 95,000
lines, etc.

It is interesting to note how the factors in a mag-
netic circuit can be closely compared to those of
an electric circuit. In the electric circuit, we have
pressure or Electro-Motive-Force, Current and
Resistance. In the magnetic circuit we have Mag-
neto-Motive-Force, Flux and Reluctance. And in
the electric circuit we have the units volt, ampere
and ohm, while in the magnetic circuit we have the
Ampere-Turn, Lines of Force, and Rel.

The Rel is a name often used for the unit of re-
luctance. Its symbol is R

One rel is the amount of reluctance offered by
a prism of air or non-magnetic material, 1 inch
square and 3.19 inches long. We know that iron
is much lower reluctance than air, and it takes a
bar of mild steel or wrought iron 1 inch square and
460 feet long to have a reluctance of 1 rel. Cast
iron is somewhat higher reluctance, and .a bar | inch
square and 50.7 feet long has 1 rel reluctance.

.One ampere turn can set up one line of force in
a reluctance of 1 rel.
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Fig. 100. Curve showing number of lines of force that can be sot up in
soft sheet iron, with various numbers of ampere turns.

PRACTICAL ELECTRO-MAGNET
CALCULATIONS

To calculate the total flux or lines of force in a
magnetic circuit we can use the following formulas:

M

¢ = ——
R
In which:
¢ equalsflux in lines of force.
M equals MMF in ampere turns.
R equals reluctance in rels.
FFor example, if we have 1200 ampere turns
M.M.F,, on a magnetic circuit of .03 rel, what
would be the total flux?

1200
¢ = —, or Flux = or 40,000 lines.

R 03

In order to be able to calculate the reluctance of
a magnetic circuit, we must know the Reluctivities
of common magnetic and non-magnetic materials.

Non-magnetic materials all have a reluctivity of
about .313 rel, per inch cube.

Mild steel or wrought iron usually has a reluc-
tivity of about .00018 rel, per inch cube, and cast
iron .00164 rel per inch cube, under favorable con-
ditions. But of course, the values vary somewhat
with the density of the flux used in the metals.

Knowing these values, the reluctance of a core
can be found as follows:—

v X L
A

In which:
‘R equals rels.
v equals reluctivity of core per inch cube.
L equals length of core in inches.
A equals cross sectional area of core in square
inches.
If you wish to make a magnet using a wrought
iron core 2x2x8 inches, what would the core reluc-
tance be?

v X L 00018 %8
R = » or R = ———— or .00036 rel.
4

If the same magnet has an air gap of about
2x2x1 inches, what would the total reluctance of
the circuit be, including the core and air?

v X L 313%x1”

,or R = = 07825 rel.
4

'R:

reluctance of air core.

Then .00036 plus .07825 — .07861 rel reluctance of
total circuit.

If you wind 1000 turns of wire on this core, and
pass 5 amperes of current through the coil, how
much flux will be set up?

5 amps X 1000 turns equals 5000 ampere turns
or LLN., and LN. also equals M or MMF.
Then from our formula for determining flux:

, or flux = or 63,605 lines.

R 07861

LIFTING POWER

The pulling or lifting power of a magnet de-
pends on the flux density in lines per square inch,
and the area of the poles in square inches. Then
to determine the actual lift in pounds we use the
figure 72,134,000, which is a “constant,” determined
by test of the ratio of lines to lbs.

¢=

From this we get the very useful formula:
Area X (Flux Density)?

72,134,000

(Note, the flux density is to be squared or multi-
plied by itself.)

If a magnet has a pole area of 4 square inches
and a flux density of 100,000 lines per square inch,
what would be its lifting power?

4 X 100,000*

72,134.000

So we find that a good magnet should lift over
138 pounds per square inch of pole surface.

We can usually depend on a lift of over 100
pounds per square inch even though the magnet
is only working at a density of 90,000 lines per
square inch. This, of course, means the lift obtain-
able when both poles of the magnet are actually in
good contact with the iron to be lifted.

You have now learned how to use the units Am-
pere-turn, lines of force, and rel, to calculate flux
and pull of magnets by simplified formulas.

Pounds Pull =

Lbs. = or 554.5 + pounds.

C. G, S. UNITS

It may be well to mention here another set of
units used in some cases instead of those above
mentioned.

These are the Gilbert, Maxwell, and Oersted.

The Gilbert is a unit of M.M.F., similar to the
ampere-turn, but one ampere-turn is larger, and
equal to 1.257 Gilbert.
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The Maxwell is a unit of flux, equal to one
line of force.

The Oersted is a unit of reluctance, and is the
reluctance of 1 cubic centimeter of air or non-mag-
netic material.

This second set of magnetic units are from the
C.G.S. (Centimeter, gram, second) system of units,
and can be used for practically the same purpose
as the ampere-turn, line of force, and rél. They
merely differ slightly in size, the same as the centi-
meter and the inch are both units of measurement,
only of different sizes.

The practical man will probably find the ampere-
turn, lines of force, and rel, much easier units to
use, because they deal with square inches instead
of centimeters, and the ampere-turn is so easily
understood, as a unit of M.M.F. The other units
are merely mentioned and explained here, so if
you see or hear them used from time to time you
will understand their meaning.

Direct current is best for operation of Electro-
magnets, as its steady flow gives a much stronger
pull per ampere-turn, than alternating current.

However, many A. C. magnets are used on motor
controllers, relays, circuit breakers, etc.

MAGNET WINDING AND REPAIRS

In making electro-magnets the core should be of
good soft iron, and covered with one or more lay-
ers of oiled paper or varnished cloth insulation.
This will prevent the wires of the first layer of

" winding from becoming grounded or shorted to the
core, if their insulation should become damaged.

Some sort of end rings should be provided to
hold the ends of the winding layers in place. Hard
fibre is commonly used for this purpose. See Fig.
101, which shows a sectional view of an electro-
magnet.

Some magnet coils are wound with thin insula-
tion between each layer of wire, and some are
wound without it. It is not absolutely necessary to
have the turns of each layer perfectly flat and even,
as they are in machine wound coils, to make a good

Fig. 101. Sectional view of electro-magnet, showing core, insulation and

magnet. But they should be wound as smooth and
compact as possible.

Magnet wires, with insulation of cotton, silk,
enamel, or combinations of cotton-enamel or silk-
enamel, are used for winding electro-magnets.
Enamel is excellent electrical insulation, takes up
the least space in the coil, and carries heat to the
outside of coil very well. Therefore it is ideal for
many forms of compact coils, of fine wires. But the
cotton or silk covered wires are easier to handle
and wind, as they stand the mechanical abuse
better.

When winding a magnet coil with very fine wires
which are easily broken, it is well to splice a piece
of heavy flexible wire to the fine wire, for both
starting and finishing leads of the coil. The piece
of heavier wire used in starting the coil should
be long enough to make several turns around the
core, to take all strain off the fine wire in case of
a pull on this end wire. Then wind the fine wire
over the “lead in” wire, and when the coil is finished
attach another piece of heavy wire, and wrap it
several times around the coil, to take any possible
strain on this outer “lead” wire. Any splices made
in the coil should be carefully done, well cleaned,
and soldered, so they will not heat up, arc or burn
open, after the coil is finished and in service. A
layer of tape or varnished cloth should be put over
the outside of the coil to protect the wires from
damage.

When repairing and rewinding magnet coils from
motors, controllers, relays, or any electrical equip-
ment, be careful to replace the same number of
turns and same size of wire as you remove. Other-
wise the repaired coil may overheat or not have the
proper strength.

If the wire removed is coarse, the turns can
usually be carefully counted. If it is very fine and
perhaps many thousands of turns, it can be accur-
ately weighed, and the same amount by weight,
replaced.

The size of the wire used for the repair should
be carefully compared with that removed, by use
of a wire gauge or micrometer.

The same grade of insulation should be used
also, because if thicker insulation is used it may be
difficult to get the full number of turns back on the
coil, or it may overheat, due to the different heat
carrying ability of the changed insulation.

TESTING COILS FOR FAULTS

It is very simple to test any ordinary magnet coil
for “open circuits,” “grounded circuits” or “short
circuits,” commonly referred to as opens, shorts,
and grounds.

A test lamp or battery and buzzer can be used for
most of these tests.

See Figs. 102-A, B and C.



52 Magnet Testing

In Fig. 102-A, the coil has a break or “open,” and
a battery and test lamp or buzzer connected to its
ends, will not operate, as current cannot pass
through. If the coil was good and not of too high
resistance, the lamp or buzzer should operate. In
testing coils of very high resistance, a high voltage
magneto and bell are often used instead of the bat-
tery and lamp. '

In Fig. 102-B, the insulation of one turn of the
coil has become damaged, and allows the wire to
touch the core. This is called a “ground.”

With one wire of the lamp and battery circuit
connected to the core, and the other connected to
either coil wire, the lamp will light, showing that
some part of the coil touches the core and completes
the circuit. If there were no grounds and the insu-
lation of the entire coil was good, no light could
be obtained with this connection, to one coil lead
and the core.

il ia Yol

Fig. 102. Methods of testing colls for faults.

In Fig. 16-C, the coil has developed two grounds
at different places, thus “shorting” out part of the
turns, as the current will flow from X to X1 through
the core, instead of around the turns of wire. With
the battery and lamp connected as shown this would
usually cause the lamp to burn a little brighter than
when connected to a good coil. If a good coil of
the same type and size is available, a comparative
test should be made.

Some of the turns being cut out by the “sho”
reduces the coils resistance, and more current will
flow through the lamp. In some cases a low read-
ing ammeter is used instead of the lamp, to make
a more accurate test.

Short circuits may also occur by defective insu-
lation between two or more layers of winding, al-
lowing the turns to come together and possihly
sliorting out two or more layers, thus greatly weak-
ening the coil and causing overheating.

Figs. 103 to 106 show several types of electro-
magnets.

Note carefully the windings and direction of cur-
rent flow in each of these magnets, and check the
polarity of each with your right hand rule. This
will be excellent practice and help you to remem-
ber this valuable rule.

The two coils on the double magnet in Fig. 103
are wound in opposite directions to create unlike
poles together at the lifting ends. This is very
important and necessary, or otherwise the magnet
would have like poles, and not nearly as strong

attraction or pull. The coils of the telephone re-
ceiver and bell, in Fig. 105, are also wound op-
positely for the same reason.

e &

Fig 103. Plunger type magnet at left. Shell type magnet at right.

" Those in the motors in Fig. 106 are wound
opposite to create unlike poles adjacent. to allow
a complete magnetic circuit fromn one ta the other.
Note carefully the path of the flux in each ca-c.

If you have carefully studied this section on mu-
netism and electro-magnetism. vou have gain.
some very valuable knowledge of one of the .
important subjects of electricity.

You will undoubtedly find many definite uses for
this knowledge from now on, and it will be a great
help in understanding electrical machines of prac-
tically all kinds.

il{

Fig. 104. Double and single electr t:
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Fig. 105. Sketches showing use of electro-magnets in telephone receiver
and door bell.
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Fig. 106-A. Flux path in a simple early type of motor. Fig. 106-B. Note the several flux paths in this modern 4 pole motor frame and poles.
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ELECTROMAGNETIC INDUCTION

Whenever a wire or other conductor is moved in
a magnetic field so that the conductor cuts across
the lines of force there is an electromotive force
produced in that conductor. If a conductor remains
stationary and the magnetic field moves so that its
lines cut across the conductor an electromotive
force is produced in the conductor. This action of
producing or “inducing” electromotive force by
movement between a conductor and a magnetic
field is called electromagnetic induction.

Without electromagnetic induction we would
have no electric generators and would be reduced
to using batteries for all the current we need.
Much of our need for current would disappear,
because without electromagnetic induction we
would have no electric motors, no transformers,
and none of the dozens of other devices on which
our present electrical industry depends.

GENERATING ELECTRIC PRESSURE
BY INDUCTION

If we move a piece of wire through magnetic
lines of force as in Fig. 107, so the wire cuts across
the path of the flux, a voltage will be induced in
this wire. Faraday first made this discovery in
1831.

If we connect a sensitive voltmeter to this wire,
thus tompleting the circuit, the needle will indi-
cate a flow of current every time the wire is moved
across the lines of force. This induction, of course,

only generates electrical pressure or voltage in the
wire. and no current will flow unless the circuit is
complete as shown in Fig. 107. So it is possible to

Fig. 107. When a wire is moved through magnetic flux, voltage is
generated in the wire.

generate voltage in a wire, without producing any

current, if the circuit is open.

In fact we never do generate current, but instead
we generate or set up the pressure, and the pres-
sure causes current flow if the circuit is completed.
But it is quite common to use either the term
induced voltage, or induced current. This is all
right and sometimes simpler to state, if we simply
remember that current always results from the
production of pressure first, and only when the cir-
cuit’ is closed.
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DIRECTION OF INDUCED PRESSURE
AND CURRENT

Referring again to our experiment in Fig. 1, if
we move the wire up through the flux the meter
needle reads to the left of zero, which is in the
center of the scale. If we move the wire down
through the flux, the needle reads to the right. If
we move the wire rapidly up and down, the needle
will swing back and forth, to left and right of the
zero mark. This proves that the direction of the
induced pressure and resulting current flow, de-
pends on the direction of movement through the
vragnetic field, and that we can reverse the voltage
and current, merely by reversing the direction of
movement of the wire.

A simple rule to determine the direction of the
voltage induced, when the direction of the lines of
force and movement of the conductor are known,
is as-follows:

Consider the lines of force as similar to moving
rubber belts, and the wire as a pulley free to re-
volve when it is pushed against the belts. (See
Fig. 108.)

Assume_(A) and (B) to be the ends of wires
to be moved. (A) is moving upwards against lines
of force traveling to the right. Then its imaginary
rotation would be clockwise as indicated by the
arrows around it, and this will be the direction the
lines of force will revolve around the conductor

from its own induced current. Then remembering -

our rule from the section on electro-magnetism, we
know that clockwise flux indicates current flowing
away from us.

Fig. 108. Sketch of conductors moving through flux, as in a simple
generator. Note dir in of induced p! e,

Wire (B) is moving down against the lines of
force, so if it were to be revolved by them it would
turn counter clockwise. As this would be the di-
rection of flux around the wire from its induced
current, it indicates current would flow toward us.

Another rule that is very convenient, is the right
hand rule for induced voltage, as follows:

Hold the thumb, forefinger and remaining fingers
of the right hand, at right angles to each other.
Then let the forefinger point in the direction of
flux travel, the thumb in direction of movement of
the wire, and remaining fingers will point in the
driection of the induced pressure. (See Fig. 109.)

In the illustration the flux moves to the left, the
wire moves up, and the current in the wire would

be flowing toward you, as indicated by the three
remaining fingers.

Practice this rule, as you will find a great
deal of use for it on the job, in working with motors,
generators, etc.

AMOUNT OF PRESSURE GENERATED DE-
PENDS ON SPEED AT WHICH LINES
ARE CUT

Referring back again to Fig. 107, if we hold the
wire still, even though in the magnetic field. ne

T osition”of fmgers Wi liretion ot Bt and wine mvimect """
pressure will be generated. Or if we move the
wire to right or left, parallel to the path of the flux,
no pressure will be produced. So we find that the
wire must cut across the flux path to generate
voltage, or as we often say it must be “Cutting”
the lines of force.

The faster we move the wire through the mag-
netic freld, or the stronger the field and greater the
number of lines of force, the farther the meter
needle moves.

So the amount of pressure or voltage produced by
electro-magnetic induction, depends on the speed
with which lines of force are cut, or the number
of lines cut per second.

A very important rule to remember is that one
conductor cutting 100,000,000 lines of force per
second will produce 1 volt pressure.

This probably seems to be an enormous number
of lines to cut to produce one volt, but we do no'
actually have to use one magnet with that many
lines of force, as we can speed up the movement
of the conductor in an actual generator, so fast that
it will pass many magnet poles per second.

We can also add the voltage of several wires
together by connecting them in series in the form
of coils. (See Fig. 110A and 110B.

Here we have three separate wires all of which
are moved upwards through the flux at once, and
we find an equal amount of pressure is induced in
each, all in the same direction. Then when we
connect them all in series as shown, so their volt-
ages will all add up in the same direction in the
circuit, our meter reads three times as much voltage
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as it did with one wire. Generator coils are often
made with many hundreds of turns so connected,
thus obtaining very high voltage.

SIMPLE GENERATOR PRINCIPLES

In Fig. 111A and 111B are shown single turn .

coils A, B, C, D, arranged to be revolved in the
field of permanent magnets. The ends of the coils
are attached to metal slip rings which are fastened
to the shaft, and revolving with it. This gives a
connection from the moving coils to the lamp cir-
cuits by means of metal or carbon brushes rubbing
on the slip rings.

Fig. 110-A. Using several wires connected in series to obtain higher
induced voltage.
Fig. 116-B. .Coll of several turns, as used in generators.

Assume that the coil A, B, C, D in Fig. 111A re-
volves to the right, or clockwise. The wire A. B,
will be moving upward through the flux, and the
induced pressure will be in the direction indicated
by the arrow on it.

Wire C, D, is moving downward, and its induced
pressure will be in the reverse direction, but will
join with, and add to that of wire A, B, as they
are connected in series in the loop. Note that the
current flows to the nearest collector ring, and out
along the lower wire to the lamp, returning on the
upper wire to the farthest collector ring and the
coil.

Fig. 111-A. Simple electric generator of o:'n linlle' wire loop, in the flux
net.

Fig. 111-B. Hare the coll has ovolved oae-hail tura farther than fn (A).

In Fig. 111B is shown the same coil after it has

turned one-half revolution farther, and now wire

A, B, is moving downward instead of up as before.
Therefore, its pressure and current are reversed.
The wire C, D, is now in position where A, B was
before, and its pressure is also reversed. This time
we find that the current flows out to the farthest
collector ring, and over the top wire to the lamp,
returning on the lower wire.

ALTERNATING CURRENT AND DIRECT
CURRENT

So we see that as the conductors of such a sim-
ple generator revolve, passing first a north pole and
then a south, their current is rapidly . reversed.
Therefore we call the current it produces alternat-
ing current, abbreviated A. C.

If we wish to obtain direct current (D. C.), we
must use a commutator or sort of rotary switch,
to reverse the coil leads to the brushes as the coil
moves around. All common generators produce
A. C. in their windings, so we must convert it in
this manner if we wish to have D. C. in the ex-
ternal circuit. (See Fig. 112-A and B.)

Fig. 112-A and B. Single loop generators with simple
producing direct current. Note current continues in same
direction through the lamp, at both positions of the coil.

Here again we have a revolving loop. In Fig.
112A the wire A, B is moving up, and its current is
flowing away from us, and that of C. D. toward us.
The coil ends are connected to two bars or segments
of a simple commutator, each wire to its own sepa-
rate bar. With the coil in this position, the cur-
rent flows out at the right hand brush, through the
lamp to the left, and re-enters the coil at the left
brush.

In Fig. 6B, the coil has moved one-half turn to the
right, and wire A, B is now moving down, and its
current is reversed. However, the commutator
bar to which it is connected has also moved aroun:
with the wire, so we find the current still lows in
the same direction in the external circuit through
the lamp.

INDUCTION COILS

Now did you think of this?

If moving a wire through lines of force will in-
duce pressure in the wire, why wouldn’t it also
generate pressure if the wire was stationary, and
the flux moved back and forth across it?
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That is exactly what will happen. (See Fig. 113.)

Here we move the magnet up and down, causing
the lines of force to cut across the wire which is
stationary, and again we find that the meter needle
swings back and forth. This proves that pressure
is generated whenever lines of force are cut by a
wire, no matter which one it is that moves.

You also know that every wire carrying current
has flux around it.

Now if we place one wire which is carrying cur-
rent, parallel and near to another wire, its flux
will encircle the wire that has no current. (See

Fig. 114A and B.

2\

Fig. 113. Induction experiment, moving the magnet and its field instead
s of tholﬁn.

When we close the switch the current starts to
flow in wire “B,” building up its magnetic field
around it. In building up, these lines seem to
expand outward from the wire, cutting across wire
“C,” and the meter will show a momentary deflec-
tion when the switch is closed.

After the flux has been established the meter
needle drops back to zero, and remains there as
long as the current in wire “B” does not change.
This shows that no induction takes place unless
the current is changing, causmg the flux to expand
or contract and cut across the wire.

When we open the switch interrupting the cur-
rent flow, and allowing the flux to collapse around
wire “B,” the meter needle reads in the opposite

F.,lu-A d B. Sketch nhowh.hwlndcﬂmh!;u co between
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direction to what it did before. Then it drops back
to zero once more after the flux has died down.

If we open and close the switch rapidly, causing
a continual variation in current and flux of wire
“B,” the meter needle will swing back and forth,
showing that we are inducing alternating current
in wire “C.” This is the principle on which induc-
tion coils and power transformers operate.

If we arrange two coils as in Fig. 115, we find the
induction between them much greater than with
the single straight wires, because of the stronger
field set up around coil A, and the greater number
of turns in coil “B” which are cut by the flux. The
meter will now give a much stronger reading when
the switch is opened and closed.

In Fig. 115, coil A, which is said to be excited or
energized by the battery, is called the “Primary.”
Coil “B,” in which the voltage is induced by the
flux of the primary, is called the “Secondary.

Fig. 115. Induction between two coils. A is the “primary cml" in which
exciting current flows. B is the ‘“secondary coil’”’ in which
current is being induced.

TRANSFORMERS

Two coils or windings on a single magnetic core
form a transpormer. With a transformer we may
take a large alternating current at low voltage and
change it into a small current at high voltage, or
may take the small alternating current at high volt-
age and change it into a large current at low
voltage. This ability of the transformer makes it
possible to use generators which produce moder-
ately large alternating currents at moderately high
voltages, and to change over to a very high volt-
age and proportionately small current in the trans-
mission lines.

Do you wonder why we want smaller currents
in our transmission lines? It is because the power
required just for forcing the electricity to flow
against the resistance of the lines varies with the
square of the current. Twice as much current
means four times as much power just to overcome
resistance, while half as much current means only
one-fourth as much power to overcome resistance.
Then when we drop the current to one-tenth its
original value by using a transformer we have
cut the power loss due to resistance to one one-
hundredth what it might have been.

With such a cut in the effect of line resistance
on power loss we are enabled to use smaller wires
containing less copper for our long-distance trans-
mission lines. he cost of large copper wires and the
difficulty of handling and supporting their great
weight in large sizes make it uneconomical to trans-
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mit direct current more than a mile or two, yet by
using alternating current with transformers it is
economically possible to have transmission lines
hundreds of miles long.

The elementary princpie of a transformer is
shown by Fig. 116. Here we have two windings on
opposite sides of a ring-like core made of iron.
Actually it is more common practice to wind one
coil around the outside of the door and to have
both of them on one part of the iron core. Later on
we shall study all types of transformers and their
uses,
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Fig. 116. Core and windings of a simple transformer.

The source of alternating current and voltage is
connected to the primary winding of the rtans-
former. he secondary winding is connected to the
circuit in which there is to be a higher voltage and

smaller current or else a larger current and smallér’
voltage than in the primary. If there are more turns™
on the secondary than on the primary wmdmg the
secondary voltage will be higher than that in the
primary and by the same proportion as the number
of turns. The secondary current then will be pro-
portionately smaller than the primary current, With"
fewer turns on the secondary than on the primary
the secondary voltage will be proportionately lower
than that in the primary, and the secondary current-
will be that much larger. Alternating current is.
continually changing, continually increasing and
decreasing in value. Every change of alternating.
current in the primary winding of the transformer
produces a similar change of flux in the core. Every:
change of flux in the core, and every corresponding
movement of magnetic field around the core, pro-
duces a similarly changing movement of magnetic,
field around the core, produces a similarly changing .
electromotive force in the secondary winding and.
causes an alternating current. to flow in the circuit
which is connected to the _secondary. ,

In discussing the action of the transformer we
have mentioned electric power and loss of power.
As you well realize, the production, transmission
and use of power represent much of the practice
of electricity. In the following section we shall talk
about power, what it really means, and how it is
measured.
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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-
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 f motion. For example, you 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 word. 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.

POWER AND ENERGY

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 (weight) of 20 pounds and you lifted it
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-poiinds per second.
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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 amount 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 wouldt 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 practice. Mechanical power most often
is measured in the unit called a horsepower. One
horsepower is the power rate corresponding to 530
foot-pounds per second. Since there are 60 seconds
in a minute, oné¢ 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
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. hen we may say
that 746 watts of electric power is equivalent to one
mechanical horsepower.
~"The symbol for electric power in watts is P. We

may use this power symbol together with E for

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

WP =

Power in watts =

EXI
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 = —m8—
i amperes
w watts
I = — Amperes =
E volts

Here are three typical problems in which we use
the three formulas relating to power in watts:

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

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:

w 150

I = = = — =

E 120

E =

114, amperes

POWER AND HEAT

When an electrci 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-
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sistance, this power being measured in watts. The
relation between  power in watts, current in
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 IX 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. = I2 or W = I*R,

You will find as we proceed with our study of
electrical apparatus that this formula, W = I®R, 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 is 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
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 fact-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 measure a definite
quantity of work. o 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 Tamp
uses power 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
basis on which the power company bills you. You
are billed not only for the rate at which you use
volts and amperes to produce power in watts, but
for the combination of such power rates and the
times durnig which you use them. In other words
you are billed for the total quantity of work or for
the total energy used, which may be measured in
kilowatt-hours.

Now we have nearly finished our study of basic
electrical principles, the principles on which will be
built the success of all your future practical work in
the eectrical field. Before getting into the actual
work of installation, care and repair of electrical
equipment w havee just one more matter to investi-
gate. That is the subject of what happens when
more or less than the normal quantity of electricity
exists in a body which is electrically “charged”.
That is to be our subject for the following section.
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CHARGES OF ELECTRICITY

Imagine that you have a sheet of mica, glass, hard
rubber or some other insulating material and that
on cach side of the insulating material are metal
plates. The metal plates are insulated from each
other Ly the material between them. If you were
to connect the metal plates to the two terminals
of a battery or other source of d-c: potential there
would be a momentary flow of current from the
positive side of the battery to one plate and an
equal flow of current from the other plate to the
negatlve side of the battery. The flow of current
would exist for only an instant, then would stop.
No current could continue to ﬂow because there is
insylation between the metal plates.

If the battery were disconnected from the metal
plates and then reconnected to them in the same
manner as before there would be no momentary
flow of current provided the plates had remained
completely insulated from all electrical conductors
while the battery was disconnected. It is evident
that the first connection of the battery produced
some ‘change in the insulating material between
the’ plates which enabled them to oppose flow of
current during the second test.

When first studying electricity we learned that
all substances consist of atoms which contain
electrons, and that electrons are particles of nega-
tive electricity. When a potential difference is
applied to conductors separated 'by insulation, as
to. the metal plates just discussed, the potential
difference causes negative electrons to flow from
one side of the potential source to one of the con-
ductors or metal plates. These negative electrons
pass to the side of the insulator in contact with the
plate, and that side of the insulator becomes more
negative. An equal quantity of electrons leaves the
opposite side of the insulator and passes through
the other metal plate to the other side of the poten-
tial source. This loss of negative electrons leaves
this side of the insulator more positive than before.

When an insulating material is used in the man-
ner described it is called a dielectric. The side of
the dielectric connected to the positive terminal
of the battery acquires a positive charge of elec-
tricity—meaning that it loses some negative elec-
‘trons and becomes more positive. The side of the
dielectric connected to the negative terminal of the
source becomes negatively charged, meaning that
it has more than the normal number of electrons.
Since the dielectric is an insulator, through which
electricity or electrons cannot flow, the unbalanced
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condition will persist on the surfaces of the dielectric
when the battery or other source is disconnected,
and would persist were the dielectric removed from
between the plates so long as the dielectric comes
in contact with no conductors.

An electric potential, or a difference of potential,
means simply that there are more electrons at one
place than at another, or that one place has more
than its normal number of electrons, or that another
has fewer than its normal number.

Any difterence of potential is measured in volts.
Connecting the battery to the plates and the dielec-
tric produced a difference of potential on opposite
sides of the dielectric, equal to the difference of
potential furnished by the battery. Consequently,
when you connect the battery to the plates a second
time the battery potential is opposed by a potential
equally great on the dielectric. The positive ter-
minal of the battery is connected to the side of the
dielectric having a positive charge and the negative
terminal of the battery to the side having a negative
charge. The potential difference of these charges is
equal to that of the battery, so no current flows.

CAPACITANCE AND CAPACITORS

Conductors separated by insulation or a dielec-
tric, and having a difference of potential, have the
ability to produce electric charges on the dielectric.
This ability to receive and hold electric charges is
called capacitance or may be called electrostatic
capacity. A device which contains conductive plates
and insulating dielectric arranged especially for re-
ceiving electric charges is called a capacitor or an
electrostatic condenser.

The capacitance of a capacitor is measured in ac-
cordance with the quantity of electricity (electrons)
which may be added to one side and taken off the
other side of the dielectric. If a potential difference
of one volt causes one coulomb of electricity to flow
into a capacitor the capacitance is one farad. If we
made a capacitor with mica only as thick as the
paper in thsi page, and used a snigle square sheet,
our capacitor would have to measure more than a
mile along each side to have a capacitance of one
farad. A unit so large as the farad is impractical for
ordinary capacitors, so we use the microfarad which
is equal to one one-millionth of a farad.

The capacitance varies with the kind of dielectric,
and the effect of the kind of dielectric on capacitance
is called the dielectric constant of the material. The
dielectric constant of air is 1.0, while that of waxed
paper, as one example, is from 2.5 to 4.0. This
means that a capacitor with waxed paper dielectric
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will have a capacitance 2.5 to 4.0 times as great as
an otherwise similar one having air for its dielectric.
Dielectric constants of most insulating materials
range from 1.5 to 8.0,

- With a given knid of dielectric, capacitance be-

comes less in direct proportion as the dielectric is
made thicker, and becomes more in direct propor-
tion as the area of dielectric in contact with the
plates is made greater. Many capacitors which are

to withstand voltages of only a few hundred have

dielectrics of several sheets of thin waxed paper.
For high voltages the dielectric usually is sheets
of mica.

If a capacitor is connected in a direct-current cir-

" cuit there will be a momentary flow of curreat as

the capacitor takes tischarge, then the current will
stop because the dielectric is an insulator.

If a capacitor is connected in an alternating-
current circuit the flow in amperes will be reduced
but some current will continue to flow. The greater
the capacxtance of the capacitor the larger will be
the remaining current. This rather peculiar action
is due to the fact that alternating current merely
surges back and forth in a circuit, moving first one
direction and then the other. The alternating cur-
rent may flow in one direction until it charges the
capacitor in that direction, then may flow in the
opposite direction as the capacitor discharges and is
recharged in the opposite direction or opposite
polarity.

ELECTROSTATIC FIELDS

Just as there is a magnetic field and magnetic
lines of force around a magnet so there is an elec-
trostatic field and electrostatic lines of force around
an insulating material or dielectric material which
is electrically charged. The electrostatic field may
be represented by lines between electrostatic poles
just as the magnetic field is represented by lines
between magnetic poles. Electrostatic lines issue
from the positive electrostatic pole and retum to
the negative electrostatic pole.

The positively charged end of a d1e1ectr1c may be
called its positive pole, and the negatively charged
end its negative pole. Unlike electrostatic poles, one
positive and the other? negatxve attract each other
just as do unlike magnetic poles. Like electrostatic
poles or like charges, repel each other—which again
is similar to the behavior of magnetic poles.

The greater the dielectric constant of a substance
the more easily it carries electrostatic lines of force.
Consequently, when a material of high dielectric

. constant is placed within an electrostatic field this
material tends to draw into it some of the electro-
static lines which otherwise would travel through
the surrounding air, which is of lower dielectric
constant.

It is important to understand that the potential
difference between opposite sides of a charged die-
lectric may be very high and yet the quantity of
electricity which will flow to and from the dielectric
may be very small. As an example, many of the
capacitors used in radio have capacitances of only
a fraction of a microfarad, which means they will
charge with only a little electricity and then will
discharge a similarly small quantity. But these
capacitors may be charged to potentials of hun-
dreds of volts, or even thousands in transmitting
outfits. Many a radio man has received a stinging
shock from the high potential discharge from a
capacitor of fairly small physical size.

Electricity which exists as an excess or as a de-
ficiency on charged bodies such as dielectrics is at
rest or remains stationary except while the body
is bemg charged or discharged. This electricity
which is stationary is called static ‘electricity, and

when talking about its effects we use the word

electrostatic to distinguishe them from effects of
moving electricity, which is the electric current,

ELECTRIC CHARGES PRODUCED BY
FRICTION

If you rub a stick of sealing wax with wool, silk
or cotton cloth you actually rub some electrons off
the cloth and onto the wax. The sealing wax then
has extra negative electrons, so is negatively
charged. The cloth has lost negative electrons, so
remains positively charged. Now there are electro-
static fields around both the wax and the cloth, and
either will attract small bits of paper, thread and
other insulating or dielectric materials—just as
either pole of a magnet will attract pieces of iron
and steel. This experiment shows that electric
charges may result from friction when two insulat-
ing materials are rubbed together. Such frictional
charges of static electricity are harmful more often
than useful.

METHODS OF STATIC CONTROL AND
PROTECTION

Now that we have an idea of the general nature
of static electricity it will be well to consider some

.of the forms in which it is often encounteredin

every day life outside the laboratory. Also
some of the methods of controlling, or protecting
against it, because in some of the forms in which
it is produced by nature, and in our industries, :it
can be very harmful if not guarded against.

" For example, one of the most common occur-
rences of static in the home, is'when we walk across
a heavy carpet, and by rubbing or scuffing action
of our feet we collect a strong charge on; .our bodies,
from the rug. Then ‘when we come near to a
grounded radiator, or water pipe, or large metal
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object, a discharge takes place from our body to it,
in the form of a hot spark, sometimes from half inch
to an inch in length.

In many cases the only effects of this are the sur-
prising little shocks or rather humorous incidents
caused by it. But in some cases it becomes so bad it
is very objectionable, and even dangerous. For ex-
ample a person’s body so charged can unexpectedly
ignite a gas flame, or vapor over some explosive
cleaning fluid.

Where rugs are the source of objectionable static
it is sometimes necessary to weave a few fine wires
into the rug, or provide a metal strip at its edges,
and ground these by connecting them to a water or
steam pipe. Or it may be reduced by occasionally
dampening the rug a little.

EXPLOSIONS FROM STATIC

When handling any cleaning fluids of an explo-
sive nature, one should be very careful not to
rub the cloth too briskly, as this may produce
sparks and ignite the vapors. In dry cleaning
plants the various pots and machines should have
all parts connected together electrically, and thor-
oughly grounded with a ground wire.

Another common occurrence of static in a danger-
ous place is on large oil trucks. These trucks run-
ning on rubber tires over pavements on dry hot
days, collect surprising charges. To prevent the
danger of this accumulated charge sparking to the
operator’s hand or a can near a gasoline faucet, and
causing an explosion, these trucks should all carry
a grounding chain with one end attached to the
metal frame of the truck, and the other end dragging
on the ground or pavement. This equalizes the
charges, or lets them flow back to earth before they
build up to dangerous values.

Passenger busses are also equipped with such
ground chains or wires sometimes, to prevent the
passengers receiving a shock from static charges,
when stepping on or off the bus.

STATIC ON BELTS

High speed belts in factories and industrial plants
are often sources of surprising static charges. The
rapid movement of the belt through the air and over
the pulleys, will often build up charges that are
very likely to be harmful if not eliminated. In some
cases these charges from the belts will flash over
to electric motors or generators on which the belts
are running, and puncture the insulation of the
windings of these machines, causing leaks of the
power current through this damaged insulation,
which may burn out the machine.

A workman around such belts may get such a
shock from the static, that it will cause him to fall

Fig. 120. Sketch showing how static can be removed from a belt,
by use of either a metal comb or roller, and ground wire.

off a ladder, or to jump against some running ma-
chinery and be injured. These dangers can be
eliminated by placing a metal roller on the belt, or
a metal comb with sharp points near the belt, and
then connecting these combs or rollers to earth, or
a grounded pipe or metal framework, to carry away
the charges before they become so large. The
combs should be located from ¥4 to 4 inch from
the belt. The closer the better, as long as its teeth
do not touch the belt. (See Figure 120 which shows
both methods in use on a belt.)

Many serious fires and explosions of mysterious
source in various plants, could have been prevented
by a trained electrician with a knowledge of how
static is formed and how to guard against it.

So you see, even in this first little section on
static electricity alone, you are learning something
which may be of great value to you on the job.

LIGHTNING

Lightning is probably the most sensational mani-
festation of static electricity that we know of.

Lightning is the discharge of enormous charges
of static electricity accumulated on clouds. These
charges are formed by the air currents striking the
face of the clouds and causing condensation of the
vapor or moisture in them. Then these small
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particles of moisture are blown upward, carrying
negative charges to the top of the cloud, and leaving
the bottom positively charged. (See Figure 121.)

Or the reverse action may take place by heavy
condensation causing large drops of rain to fall
through part of a cloud. Thus one side of a cloud
may be charged positively and the other side nega-
tively, to enormous pressures of many millions of
volts difference in potential.

When such a cloud comes near enough to earth,
and its charge accumulates high enough, it will dis-
charge to earth with explosive violence. (See Figure
122,

The earth is assumed to be at zero potential. So
any cloud that becomes strongly charged will dis-
charge to earth if close enough. It is important
to remember that whenever one body is charged to
a higher potential or pressure than another, elec-
tricity tends to flow from the point of high potential
to the low. The direction of this flow is usually
assumed to be from positive to negative. It takes
place very easily through wires when they are pro-
vided. But it is hard for it to flow through air, and
requires very high pressure to force it to flash
through air, in the case of sparks or lightning.

Fig. 122. Photo of a brilliant lighting flash at night.

Very often a side of one cloud will carry a nega-
tive charge, and the nearest side of another cloud a
positive charge. When these charges become high
enough a discharge will take place between the two
clouds. (See Figue 123.)

FRANKLIN’S DISCOVERY

Benjamin Franklin with his kite and key experi-
ment, about 1752, discovered that lightning was
electricity, and would tend to follow the easiest
path, or over any conducting material to earth.

He actually obtained sparks from a key on his
kite line, to his fingers, and to ground. This led
to the invention of the lightning rod, as a protection
against lightning damage. :

We say lightning “strikes” various objects such
as trees, buildings, etc., because in its tendency to
follow the easiest path to ground it makes use of
such objects projecting upwards from the earth, as
part of its discharge circuit or path,
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Rain soaked trees, or trees with the natural sap in
them are of lower electrical resistance than air and
so are buildings of damp wood or masonry, or of
metal. And the taller these objects are above the
ground, the more likely they are to be struck by
lightning.

When lightning does strike such objects, its in-
tense heat vaporizes their moisture into steam, and
causes other gases of combustion that produce
explosive force. And this along with an electro-
static stress set up between the molecules of the
material itself, causes the destructive action of
lightning. This can be quite effectively prevented
by use of properly installed lightning rods. (See
Figue 125.

LIGHTNING RODS

These rods are made of copper or material that is
a good conductor of electricity. They should be
installed on the tops, or very highest points of
buildings or objects to be protected, and on all o
the various corners or projections that are separated
to any extent. These several rods are all connected
together by a heavy copper cable, and then one or
more ground cables of the same size, run from this
to the ground by the most direct path. In running
this ground cable, it should be as straight as pos-
sible, and if any turns or bends are made, they
should be rounded or gradual bends.

The grounded end should be buried several feet
in moist earth, or securely attached to a driven
ground rod or pipe, or buried metal plate. The tips
of lightning rods are usually sharply pointed, be-
cause it is easier for electricity to discharge to or
from a pointed electrode, than a blunt one. These
pointed rods, and heavy conductors of copper, form
a much easier path to ground for electricity than the
ordinary non-metal building does, and in some cases
actually drain the atmosphere of small charges,
before they become dangerously large. When a
direct bolt of lightning does strike a rod, it usually
flows through the cable to ground, doing a little or
no damage to the building, because the heavy
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Fig. 124. Large tree shattered hy lightning, showing the force and
power of heavy lightning discharges.

charge of electricity flows through the good metal
conductor without causing the terrific heat that it
does in passing through air, wood, and other higher
resistance materials.

Such rod systems have ben proven to be a great
protection, both by data collected on rodded and
unrodded buildings in different parts of the country,
and by actual tests in laboratories where several
million volts of artificial lightning have been pro-
duced and used on miniature buildings.

Tests also prove that rods of a given height, pro-
tect a certain cone shaped area around them as
shown in Fig. 126, The diameter of this area at
the base, is about three to four times the rod height.
Many of the large oil reservoirs in western states
are protected from lightning fires by installing tall
masts around their edges, and sometimes with
cables strung between the masts.

Electric power lines are often protected from
lightning by running an extra wire above them on
the peaks of the towers, and grounding it through
each tower.

.. More about protection of lines from lightning will
be covered later under lightning arresters.

.. But in this section we have covered ordinary
_Jlightning protection, the general nature of static,
and ' the methods of controlling it, in the places
where it is most commonly found, in our homes and
factories.

Fig. 125. Sketch of house equipped with lightning rods, to carry static
and lightning safely to earth.

Fig. 126. Tall lightning rod used to protect oil tanks from lightning
fires. The dotted lines show the area protected, and within
which lightning will not strike.

YOUR MENTAL TOOL KIT

Now we have arrived at the point where all the
principles and rules that you have studied will com-
mence working for you. The facts that you have
learned are working tools of the electrical expert
just as much as are his voltmeters, ammeters, wire
cutters, screw drivers, and all the other things of
more substantial form.

The mental tools that have been given to you in
all these pages—the tools that henceforth you will
carry in your head—are more.necessary and more
useful than the ones made of steel and brass and
bakelite that you use with your hands. The tools
you carry in your head get sharper and do better
work the more you use them. You never can lose
these tools unless you forget to use them. They
have stood up and proved their worth to electrical
men over and over again, in many cases for a hun-
dred years or more.

A man with an active mind and a good knowl-
edge of basic principles is far better off than one
with an empty mind and a trunk full of gadgets that
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he does not know how to use to best advantage. The
man with the knowledge may start years behind
the other ohe in practical experience, yet in an in-
credibly short time will catch and outstrip the other
fellow in earnings. What's more, the greater your
knowledge and understanding of what you are
doing the greater will be the pleasure and excite-
ment in doing electrical work.

If you feel that you have not remembered all of
the dozens of facts.that have been explained in pre-
ceding pages, don’t let that worry you. Most, if not
. all, of them are stored away somewhere in the back
of your mind. The day you need them on the job
they will come popping out to help. And even

though you don’t remember every detail, at least
you will remember that the point was covered in
your Reference Set, and all you need do is look
back to one of the sections and there you have it.

In our preliminary studies we have gone over
many very simple things relating to electricity, and
have encountered others which are not so simple.
In the job instructions which follow we shall com-
mence with the simplest kind of work—that of in-
stalling electric signals of various kinds. Such work
is not only profitable and interesting, but it brings
out many things with which it is essentail that you
have experience before tackling some of the bigger
jobs which come later. '
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SIGNAL SYSTEMS AND CIRCUIT WORK

Great Opportunities 'ln' Signal Field

The field of electric signalling is a very broad
one, covering everything from simple door bells and
call systems to elaborate burglar alarm, telephone
and railway signal systems.

Every year many millions of dollars are spent in
new installations and expansion in these branches,
creating new jobs for many more trained men
yearly. .

There are millions of homes with their door bell
systems and some of them with burglar alarm
equipment to be maintained, and thousands of new
. homes being built each year.

Hotels, office buildings, department stores, thea-
tres and hospitals have elaborate signal systems.
Banks, stores, and offices have their burglar alarm
systems. Fire and police departments also have
special signal networks.

Then there are the railroads with their block sig-
nals, crossing alarms and automatic train con-
trol equipment, to provide greater safety in the
operation of trains.

The telephone and telegraph field is one of the
largest branches of the electrical industry and em-
ploys many thousands of trained electrical men.
So you see the general field of signal work is far
greater than many people realize, and offers inter-
esting work at good pay in all parts of the country,
and also splendid opportunities for a business of
your own.

Many men entering electrical work overlook this
branch, thinking it is of small importaace because
of the small size of the equipment, and the low
voltage it uses.

This however is a great mistake, and signal wir-
ing and maintenance should not be overlooked jast
because one may be interested in wiring or power
work.

You may plan or hope to have a business of your
own some day. It requires but very little capital
to start a business in this line, and many of our
graduates are making good money specializing in
this work in a business of their own. Others, who
are working at some other line of electricity, do
alarm and bell wiring jobs as a side line, and make
extra money. Often in this way they gradually
build up a full time business of their own.

Signal work of any kind requires a good knowl-
edge of blue print reading and circuit tracing and
testing, and needs men who know definite methods
of wiring equipment from a print, and how to sys-
tematically “shoot trouble.”

Even though you may not specialize in signal
work, and no matter what line of electrical work
you follow, the principles of these signal systems
and the knowledge of circuit tracing and testing
this section gives you will be very necessary and
valuable.

The general electrician or foreman often encoun-
ters a job of installation or repair on some signal
system, even though his principal work is on power
equipment.

So make a very careful study of every part of
this section if you wish to qualify for success in
this branch of Electricity.
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" Sectional view of a house showing the wiring for doorbells, burglar alarm and telephone. These are three of the most common signal
conveniences in the home.

CALL AND SIGNAL SYSTEMS

In obtaining a knowledge of signal systems, we
have to deal with the equipment or devices used,
and also the circuits or methods of connection.

There are a number of very interesting devices
used in this work and you should become thor-
oughly acquainted with the operation, care, and
purpose of each. With this knowledge and a good
understanding of fundamental circuits you can lay
out and install most any common signal system.

The more common pieces of equipment are bat-
teries or transformers, switches of various types,
bells, buzzers, relays, drop relays, annunciators, etc.

The circujts are series or parallel, which you
already know something about, and “closed” and
“open” circuits, which will be explained later.

1. SIMPLE CALL BELL

One of the simplest of all signal systems, is the
ordinary door bell or call bell.

Such an installation requires an ordinary bel), a
dry cell, a switch, and a few pieces of wire as shown

in Figure 1.

Note how the three devices are connected to-
gether in a simple series circuit. One wire leads
from the positive terminal of the cell to the right-
hand bell terminal, one from the left bell terminal
to the switch, and one returning from the switch
to the negative cell terminal, thus completing the
electrical circuit when the switch is closed.

In an actual installation, of course, these wires
would be much longer, as the button would be
located at the door, and the dry cell and bell prob-
ably near together somewhere in a reir room of
the house.

Or this same system can be used for an office
call with the button located on a certain desk, and
the bell at another desk or office where a party is
to be called. The battery can be located at either
end of the circuit, equally well.

This circuit can also be used for a shop call, or
a burglar alarm or fire alarm, by replacing the push
button switch with a special door or window switch,
or thermal switch, all of which will be explained
later.
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So we find that this very simple system has a
variety of valuable uses.

Fig. 1. Materials and parts for a simple doorbell or call system. Note
how the dry cell, bell and button are connected.

2. USE OF PLANS AND SYMBOLS

When the equipment for any signal system is
pictured as in Fig. 1, it is of course easy to recog-
nize each part, and also to connect the wires as
shown. But we must have some form of plan or
sketch to do such work from, that can be made
quicker and cheaper than photographs. So we have
certain little marks or signs which we use to indi-
cate the different pieces of equipment in blue prints
or job plans and sketches. These marks are called
Symbols.

As practically all new electrical installations
now-a-days are made from prints or plans, the man
who knows these symbols and can read prints has
a great advantage over the untrained man who can-
not.

In Figure 2 is shown a simple sketch of the same
door bell system as in Figure 1.

This sketch uses the symbols for the various
parts, and can be quickly and easily made, and also
easily understood, with a little practice.

The part marked “A” is the symbol for a cell,
the long line representing the positive terminal at
which the current leaves, and the short line the
negative terminal. “B” is the symbol for the bell,
and “C” for the switch.

The heavy top line of the switch represents the
movable contact. The arrow underneath represents
the stationary contact. Note that the arrow does
not touch the upper part, showing that the switch
is open as it should be normally. Imagine that
you were to press down on this top part causing
it to touch the arrow and close the circuit. Current
would immediately start to flow from the positive

cell terminal to the bell, and back through the
switch to the negative side of the cell. The arrows
along the straight lines, representing wires, show
the direction of current flow.

In Reading any electrical diagram from now
on, practice Tracing Out the current flow in
this manner. First locate and recognize all the
parts by their symbols, and if there are any open
switches, imagine that you close them. Then start-
ing at the battery, trace the current flow along the
wires and through the devices, always returning to
the opposite side of the battery from the one at
which you started. Remember that unless you
have such a complete circuit no current will flow.

O
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Fig. 2. Sketch showing the connections and circuit of simpls doorbell
system.

3. COMMON DEVICES IN SIGNAL
CIRCUITS

Now let’s find out more about each of the devices
used in this simple system just covered, and also
others.

We can readily see that the principal parts which
we must have for any electric signal system are
a source of current supply, a means of control, and
a device to transform the electric energy into a
signal.

4. BATTERIES FOR CURRENT SUPPLY

Dry cells are very commonly used to supply cur-
rent to ordinary door bell and call systems of the
“open circuit” type, where current is only required
for occasional short intervals. Figure 3 shows two
dry cells. You are already familiar with the care
and operation of these cells from a previous section.
(Elementary Section 6, Article 68.) When two or
more cells are used they can be connected series
or parallel according to the voltage and current .
requirements of the signal device. These connec-
tions were also covered in a previous section on
Series and Parallel Circuits. Figure 4, however,
shows two groups of three cells each, one group
connected series, and the other parallel.

Dry cells should not be used in closed circuit
systems, except where the current requirements are
exceedingly small. »

Primary cells of the “gravity” type or the “Edi-
son” type are often used in closed circuit systems
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because they will stand the continuous current re-
quirements much better than dry cells. The opera-
tion and care of these cells were also covered in a
previous section.

Fig. 3. Two comm cells such as used extensively in signal systems.
= Omwl: cut n:yd?o show terminal strip attached to the zinc.

Storage batteries are often used in signal systems
where the current requirements are quite heavy.
Their care and charging will be covered later.

5. MOTOR GENERATORS FOR SIGNAL
SYSTEMS

In very large signal systems Motor-Generator sets
are often used to supply the necessary current.

These consist of a motor operated from the usual
110 or 220 volt current supply in a building, and
driving a generator which supplies from 2 to 30
volts D.C. to operate the signals. (See Figure 5.)

SERIES

PARALLEL

Fig. 4. Sketch sh met!aod of connec! groups of oells in
L series :‘r'h‘pannol, obtain mﬂn‘ voltage or -
= .Q, *“— current for varfous signals.

Storage batteries are often used with motor
generators, to supply current for short periods when
the motor-generator might be shut down.

Figure 6 shows a storage battery connected in
parallel with a D.C. generator so that the generator,
while operating, will keep the battery fully charged.
Then, when the generator is stopped for any reason,
the battery supplies the current to the signals. The
‘generator should be disconnected from the battery
when it i8 stopped, so the battery will not discharge
through the generator winding.

e

Fig. 5. Photo of low voltage mo‘or generator set and switchboard, used
for supplying energy to large signal systems.

6. BELL TRANSFORMERS

Bell Transformers are very commonly used
to supply current to ordinary door bell and
simple call systems. These transformers operate
from the 110 volt A.C. lighting circuits and reduce
the voltage to that required for the signal bells
or lamps.
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Fig. 6. Dhm of motor generator nnd storage battery connscted

tog dable energy supply to large signal ystems.

Figure 7 shows two common types of door bell
transformers.

A number of these transformers have three sec-
ondary wires, or “leads,” giving 6, 8, or 14 volts
with different connections. Others give still higher
voltages. Where higher voltage bells or lamps are
used, or where the line is long, the higher voltage
“leads” on the transformer should be used.

In Figure 8 is shown a sketch of the windings
and connections of a very common type of bell
transformer. The primary winding “P” consists of
about 1800 turns of No. 36 wire. The secondary
winding consists of 235 turns of No. 26 wire, and
has a “tap” or connection at the 100th turn. The
core legs are about )4 in. x 34 in. in size and 2%
in. long.

Transformers can only be used where there is
electric supply in the building, and only on A.C.
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They will not operate on direct current supply,
and in fact, will “burn out” quickly if connected
to a D.C. line.

Fig. 7. Two different types of low voltage bell
reduce the voltage of an A. C. lighting circult to §,
8, and 14 volts for operation of bells,

For special uses transformers are obtainable with
taps and a switch to vary the voltage in a number
of steps. One of this type is shown in Figure 9.

Several other types are shown in Figure 10.
Two of these, on the left, are mounted right on
covers of “outlet boxes” for convenience in install-
ing and attaching them to the lighting circuits,
which are run in conduit, or protective iron piping.
The other is built in a box with fuses.

1o Yot A.C. -
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¥ig. 8. Sketch showing windings and connections of a bell transformer.

All of the various sources of current supply above
mentioned are low voltage devices, usually furnish-
ing from 6 to 20 volts, as most bells and signal
lamps are made to opcrate at these low voltages.
Special bells are made, however, for 110 volt
operation. But a low voltage bell should never
be connected directly to a lighting circuit, as it
will immediately burn out, and possibly blow the
fuses or do other damage.

Certain types of signal systema using relays can-

not be operated satisfactorily with transformers, as
they require the continuous pull of D. C. on the
relay magnets. Batteries or motor generators are
required for such systems.

7. CURRENT SUPPLY TROUBLES

When signal systems fail to operate, the trouble
can very often be traced to a weak or dead battery,
burned out transformer, or blown fuse in the light-
ing circuit to which the transformer primary is
connected. Cells and batteries can be quickly and
easily tested right at their terminals with a bell or
buzzer, low reading voltmeter, or battery ammeter.

Fig. 9. Low wol transformer with “taps”
for ob wvarious voltages.

A transformer can be tested with a bell, buzzer or:
low voltage test lamp for the secondary test, or a
110 volt test lamp for the primary test.

When “shooting” trouble on any defective signal
system, you should never fail to check the source of
current supply first of all.

8. SIGNAL SWITCHES

Now that we know something of the different sources
of current supply for signal systems, let us consider
the means of control or switches used.

Referring again to Figure 2, the purpose of the
switch, as we have already mentioned, is to close
and open the circuit, and start or stop the current
flow, thus causing the bell to ring when desired.

Fig. 16. Three types of bell transformers which are bullt In the covers
of standard outlet boxes for conduit wiring.

This type of switch is called a Push Button
switch. Figure 11 shows the operating parts of
such a switch with the cover removed, and also the
assembled switch. The upper left part shows the
contact springs, mounted on an insulating base of
hard fibre. The short lower contact is called the
stationary one, and the longer upper spring is called
the movable contact,
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Fig. 11. View showing mb‘l’:d.bzutt.:nb:dn:wn switch; also completely

When assembled, the button, which is also of insu-
lating material, rests on the large spring and is held
in place by the cover, as shown in the lower part of
the figure. The springs are so shaped that they nor-
mally remain separated from 14 in. to !4 in., thus
keeping the circuit open. But when the button is
pressed it forces the movable spring down onto the
stationary one, closing the circuit and allowing current
to flow through the switch.

This type of push button switch is called an Open
Circuit Switch, because it is normally open.

These switches are made for low voltages only, and
should never be used for high voltage lighting circuits,
or heavy currents, as they may arc and overheat badly.

When connecting such a switch in a circuit, one
wire is attached to each of the screws which have the
washers under their heads. This fastens one wire to
each switch contact.

The two holes in the fibre base are for the wires
to pass through, and the switch is held in place by
the cover. The button is slipped in the hole in the
cover before placing the cover on the switch.
Some switches have metal covers that snap on,
while others have wood covers that screw on. In
addition to this common open circuit switch, we
have “closed circuit” and “double circuit” push but-
ton switches.

A Closed Circuit switch is one that has its
contacts normally closed, and some current flowing
through it all the time except when it is pressed
open.

Ww
Fi‘ 12. Double cxrcuh push button switch, showing clearly the ar-

g ‘nndpamwn.hnspect!obmnndcom
9. DOUBLE CIRCUIT SWITCHES

A Double Circuit switch is one that has both
a closed contact and an open contact, and when

pressed it breaks the closed circuit and closes the
open circuit.

In Figure 12 is shown a double circuit switch.
This switch is used in certain types of signal and
alarm systems, where we wish to open one circuit
and close another at the same time,

Referring to the figure, you will see that it has
a large movable contact, and one open contact un-
derneath, and ‘also a closed contact above . the
movable spring.

The top spring is called the closed contact be-
cause it is normally touching the movable strip,
keeping a circuit clesed through them until the
button is pressed. Tlien the movable spring leaves
the top one and. touches the bottom one, opening
one circuit and closing the other.

A—
O

Fig. 13. Connections for a double circuit switch to rate a signal
lamp and bell, ope

Figure 13 shows a double contact switch in use
in a signal circuit. Normally the lamp burns con-
tinually and the bell is silent until the switch is
pressed. Then the lamp goes out and the bell
rings. Trace the circuit to note carefully this
operation, and notice the symbol used to represent
the double circuit switch at “A”,

Fig. 14. Different type of double circuit switch, very convenient for
code signalling because of its ‘“key-like” construction.

It is quite important, in making a drawing of
these switches, to have the top contact closed or
touching the movable strip, and the bottom contact
or arrow should not be touching, in normal position.

Also remember that in all these switches the
movable part is a spring, so it goes back to normal
as soon as released.

In Figure 14 is another type of double circuit
switch, that has no cover, and is used for indoor
work such as desk call systems.
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Because of the shape of its spring and button,
it is very convenient to use as a signalling key for
certain code calls.

\Vith either of the double contact buttons shown,
we can remove the bottom contact or leave it un-
used, and then this switch will serve as a closed
circuit switch.
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Fig. 15. Two closed circuit switches connected with lamps for a return
call signal.

Figure 15 shows a sketch of two such switches
used with two lamps, as a signal system for two
parties to signal each other at a distance, by blink-
ing the lamps.

Such a circuit should use a transformer, storage
battery or gravity battery, because the continual
current flow through the lamps would soon exhaust
a dry cell. .

One definite advantage of such a closed circuit
signal system is the fact that any failure or defect,
due to a dead battery or broken wire, is more likely
to be noticed at once, than it is with an open circuit
system. This is often of great enough importance
to more than make up for the slight extra current
cost.

Push button switches can be obtained with orna-
mental covers as shown in Figure 16.

Fig. 16. Two types of ornamental covers for use with push button
switches.

10. DESK BLOCKS AND SPECIAL PUSH
BUTTON SWITCHES

For desk call systems a smaller push button
switch is. often required, so a number of them can
be located in one small block or panel.

Figure 17-A shows a desk block with five of these
small buttons, and marker plates to indicate which
call each button operates. Figure 17-B shows a
metal panel assembly of 10 switches, such as quite
commoniy used in office call systems.

In Figure 18 are shown several types of small

Shil Q’

Fig. 17-A. Push buttons arranged in a desk block for office signal

systems.
Fig. 17-B. Ten small push buttons with indicator tags, on a panel that
can be used for wall or desk mounting.

push buttons that can be mounted in desk blocks,
or in round holes drilled in a board or desk.

For hospitals, and certain other uses, a very con-
venient push button can be arranged on the end
of a flexible wire, so it can be laid on the pillow,
or moved around somewhat. A button of this type,
and also one to be clamped onto a bed or chair are
shown in Figure 19.

Fig. 18. Four different types of small push buttons for use in desk
blocks or panels.

11. BURGLAR ALARM SWITCHES. DOOR
AND WINDOW SPRINGS

In burglar alarm work we have special types
of switches called “Window Springs” and “Door
Springs.” Figure 20 shows three views of common
types of window springs which are made to fit in
the window casing. These switches can be ob-
tained in either open circuit or closed circuit
types. They are mounted in the window casing
in such a manner that when the window is
closed, its frame rubs on the projecting slide of
the switch and holds the switch open, so the bell
does not operate. When the window is opened and
its frame slides off the switch, the spring closes
the circuit and causes the bell to operate. Or the
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Fig. 19. Two types of push buttons commonly used in hospitals. The
one on the left for attachment to pillow cord; the one on the
right to be clamped to bed rail or chair arm.

reverse operation takes place where open circuit
switches are used.

Figure 21 shows two door spring switches. The
one at the left is a closed circuit switch, and the
one at the right is an open circuit type.

Fig. 20. Three different views of open and closed circuit window springs
used in burglar alarm systems.

These switches are installed in the door casing,
so that when the door is closed it holds the button
compressed, and when the door is opened, the spring
pushes the button out and closes or opens the
circuit as desired, causing alarm to operate. Win-
dow and door springs can be obtained in both closed
and open circuit types.

Fig. 21. Door sp s of open circuit and closed circuit types to be
mm';ﬁ in door casings for burglar alarms.

Two types of Door Trips are shown in Figure
22. This type of switch is to be mounted above the
door so that as it opens, the top of the door will
strike the suspended lever, causing the bell to
operate momentarily.

Fig. 2. Door trips to be mounted abeve a door, and ring a bell as the
door is opened.

12. KEY OR LOCK SWITCHES

In burglar alarm systems a lock switch is often
used so the owner can turn the system on at night
and off during the day, or enter the building with-
out tripping the alarm if he desires. These switches
can only be operated with a special key. Figure 23
shows two switches of this type.

Fig. 23. Burglar alarm lock switches, used to turn the system off during
e day or when the owner wishes to enter the
building without sounding alarm.

13. BURGLAR ALARM “TRAPS” .

Another type of switch, often called a burglar
alarm “Trap” is shown in Figure 24. This switch is
arranged to be operated by a string attached to the
woor, window, or device to be protected.

Some of these “traps” will cause the alarm to
operate if the lever is moved in either direction from
the “set’ position.

If the string is pulled it moves the lever in one
direction, making contact on that side. If thc string
is cut, it releases the lever and a spring moves it in
the opposite direction, making a contact on that
side,

14. FLOOR SWITCHES
Often it is desired to have a signal system that
can be operated from a concealed floor switch, under
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a carpet or rug. A switch of this type is shown in
Figure 25-A. Pressure on any part of this switch will
close a circuit through it, and operate a bell or other
signal. Figure 25-B shows a special burglar alarm
matting which is equipped with wires and contacts,
to cause a bell to ring when the mat is stepped on.

Flg. 24. B“r.l:trh:hl:;mmh:o';r .OI;d;::t;.h o:ooxnoperj::cd by a string
15. THERMAL OR HEAT SWITCHES

Another very interesting type of switch is the
Thermostat type. One of these is shown in Figure
26. This switch is caused to operate by changes
in temperature, and makes use of the different rates
of expansion of different materials when they are
heated. In the type shown here a strip of brass and
one of hard rubber or composition are riveted to-
gether. When heated, the rubber or composition
strip expands much faster than the brass, causing
the whole strip to warp or bend downwards and
close a circuit with the lower adjustable contact.
When the strip is allowed to cool the contraction
of the top strip causes the whole element to bend
upwards again, and break the connection with the
lower contact. If cooled beyond a certain point,
it will bend upward still farther and close another
circuit with the top adjustable contact.

Fig. 25-A. Floor switch for use under carpets, near tables or desks.
B. Burglar alarm mat to be placed under door mats or rugs,
to close a circuit when stepped upon.

These thermostatic switches are made in several
different styles, and are used in fire alarm systems,
or to indicate high or low temperature in ovens,
refrigerators, storage rooms and various places, by
operating a bell or signal when certain temperatures
are reached. Some of their applications will be
more fully described later.

So you see there are switches for almost every
need in signal work, but all are simply devices to
open or close a circuit.

Switches for special alarm or signal needs can
often be easily and quickly made from two or more
strips of light spring brass mounted on a piece of
wood or other insulation, and bent to the proper
shapes.

A few other types of switches are shown in Figure
27. Snap switches of the type used in lighting circuits
are sometimes used in signal circuits also.

16. SWITCH TROUBLES AND TESTS.

Some of the mysterious little troubles that cause,
failure of signal systems are often right at the switches,
and nothing more than a loose connection, or dirty or
burned contacts. Or possibly some small piece of insu-
lating material such as a bit of string or fuzz from
the wire insulation, or a bit of wood or sand, stuck
to one of the confacts. A sure way to test any switch
is to connect a dry cell and buzzer, or low voltage
lamp, directly across its terminals; and then press the
switch a number of times. If it does not operate
the lamp or buzzer every time it is pressed, its contacts
should be thoroughly cleaned with sandpaper, knife,
or fine file, and its terminals carefully tightened. Re-
member a very small object or amount of dirt offers
enough resistance to prevent current flow in low volt-
age circuits.

Fig. 26. Thermostatic switch which cl its tacts when heated
and Is used In fire alarm systems.

We have seen many an “old timer” or electrician
with considerable experience sweat and worry over
something of this same nature. But with a knowledge
of circuit principles, Ohms Law, and these simple defi-
nite tests, such troubles can be “cornered” and need
not be so mysterious to the man with training.

Now that you understand the common types of
switches or devices for controlling signal circuits, we
will take up the bells and devices for producing the
call or alarm.
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Fig. 26-B. Two sketches of thermostatic switch, showing the strip in

normal position in the upper view, and warped to close the contacts

in the lower view. Note how the circuit is completed through the
metal frame of this device.
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17. SIGNAL BELLS AND LAMPS

The purpose of any signal or alarm system, is
to call the attention of someone. To do this we can
use either an “audible” or “visible” signal, or quite
often a combination of both. By an audible signal,
we mean one that creates sound loud enough to be
heard by those whose attention is desired. Bells,
buzzers, and horns are used for this purpose. Visi-
ble signals are those that are to attract the eye,
such as lamps, or semaphores. The term ‘“sema-
phore” means a sort of moving flag or shutter.
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Fig. 21, Several different types of switches used in signal work. The
two above are called Lever Switches. In the center on the left is a
Multiple Key Switch; at the right double circuit Lever Switch.
Below are two Knife Blade Switches.

Visible signals as a rule can only be used where
they are in front of, or in line with the vision of
those whose attention is desired, and are most com-
monly used where an operator or attendant is
watching for them continually.

Electric bells are very commonly used in all
types of signal systems.

Their construction and operation is quite simple
and yet very interesting, and important to know.

18. VIBRATING BELLS.

There are several different types of bells, but the
Series Vibrating Bell is the most commonly used
of any. Figure 28 shows a good view of such a bell
with the cover removed, showing the coils and
‘parts. -

Examine this carefully and compare it with
Figure 29, which is a sketch of the same type of
bell, and shows the electrical circuit and operating
principle clearly. Note how easy it is to recognize
each part in the photo, from the simple symbols in
the sketch, and how the sketch really shows some

things more clearly than the actual photograph.
“A” and “A” are the bell terminals to which the
wires are fastened. “B” “B” are the cores and coils
or electro-magnets, which attract or operate the
armature “C”. “D” is a spring which supports
the armature and also pulls it back every time the
magnets release it. “E” is the end of the same
spring, on which is mounted a piece of special alloy
metal, which serves as a contact to close a circuit
with the adjustable screw contact “F”. These form
the Make and Break Contacts, and are very neces-
sary in the operation of the bell. “G” is the frame
of the bell, “H” is the hammer which is attached to
the armature, and strikes the gong “I”, when the
magnets attract the armature.

When a battery is connected to terminals “A”,
“A”, current at once starts to flow through the bell.
If the positive battery wire was attached to the
left terminal, current would flow up through the
armature, which, of course, is insulated from the
frame, then through the “make and break” con-
tacts, through the coils and back to the right hand
terminal and the battery. As soon as current flows
through the coils, the magnets attract the armature,

Fig. 28. View showing common vibrating bell with cover removed.
Note carefully the ti and arrang t of
coils, armature, and contacts.

causing the hammer to strike the gong, and also
opening the “make and break” contacts. This stops
the flow of current, demagnetizing the coils and
releasing the armature. As son as the armature
falls back and closes the contacts, the magnets pull
it away again. This is repeated rapidly as long as
current is supplied to the bell; thus it is called a
Vibrating Bell.

19. BELL TROUBLES .
Most of these bells have their coils wound for
6 to 10 volts, and should not be operated on much
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Fig. 29. Sketch sho electrical circuit and ti
vibrating bell. blerve very wvfu.lly th pnrtu of thh
diagram, and the explanation

higher voltage or the coils will overheat and burn
their insulation off, which destroys them.

Most vibrating bells are made for short periods
of operation only, and should not be allowed to
operate continuously for long periods, or the arc
at the contacts will heat and burn them. If these
contacts become badly burned or dirty, they should
he cleaned and brightened with a thin file. When
a vibrating bell refuses to operate the trouble can
usually be found at the contacts, or a loose termi-
nal nut. or poorly adjusted armature spring.

Fig 30. Heavy duty bell frnn. lnd parts. Note the extra heavy
carbon for and br the circuit at “A.”

\When the contacts are worn out, they can be re-
placed on the more expensive bells, but on the
cheaper bells it is difficult to remove them and the
bells can be discarded more economically, because
of their very low cost.

In the more expensive bells, the contact points
are faced with platinum, silver or special alloys
that resist corrosion and burning, as even a very
small amount of burned metal or dirt in these con-
tacts will prevent the operation of the bell.

In some vibrating bells” both terminals are
insulated from the frame by little fibre sleeves and
washers, and must be kept so.

If this insulation becomes defective the current
is shorted through the frame and the bell will not
operate. Other bells have only one terminal insu-
lated, and the other is intentionally grounded to the
frame, passing the current through the frame to
the armature, which in this case is also grounded
to the bell frame

Sometimes the hammer of a bell becomes bent so
it will not touch the gong, or rests too tightly
against it, stopping the proper operation of the bell:

Fig. 31. Ruggedly constructed heavy duty bell. Bells of this type are
often wound for 110-volt operation, and used where
a very loud signal is desired.

A good undersanding of the parts and operation
of these bells will enable anyone with a little
mechanical ability, to easily locate and repair their
most common troubles.

In Figure 31, is shown one of the larger types
of vibrating bells which are often wound for 110
volt operation.

Series vibrating bells will operate on either D. C.
or A. C. as it does not matter which way current
flows through them; the magnets will attract the
armature just the same. For this same reason, it
makes no difference which way a battery is con-
nected to these bells, as far as polarity is concerned.
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20. SINGLE STROKE BELLS

Sometimes it is desired to have a bell that will
give single taps each time the button is pressed,
instead of the continuous vibration.

Such a bell is called a Single Stroke Bell. Figure
32 shows a sketch of a bell of this type. The only
difference between this and a vibrating bell is that
it has no make and break contacts, and therefore
cannot vibrate. Each time the button is pressed
and current supplied to this bell, its hammer strikes
one tap on the gong. As long as the switch is kept
closed the magnets hold the hammer quietly against
the gong, after the first tap. When the switch is
opened the hammer drops back ready for the next
stroke.
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Fig. 32. Circuit diagram of a single stroke bell. Note that it doss not
have any “make and break” contacts.

These bells are very good for code calling, where
a certain number of distinct strokes are used for
each different call. They should be operated on
D. C, as alternating current will cause the hammer
to chatter slightly if held against the gong. This
is due to the regular variations in value of alter-
nating current.

21. COMBINATION BELLS .

There are also combination bells which are
arranged to be used either vibrating or single stroke.

Figure 33 shows a sketch of such a bell con-
nected to a battery and two switches, to be operated
either as a single stroke or vibrating bell as desired.
If button “A” is pressed, the current will flow
directly through the coils without having to pass
through the make and break contacts at “C”, and
the bell will operate single stroke. The arrows show
the path of current flow, during single stroke opera-
tion. If button “B” is pressed the current will flow
through the armature and make and break contacts,
and then to the coils, and the bell will vibrate be-
cause the magnets can now break the circuit rapidly
as they pull the contacts apart at “C”.

In emergencies or when a combination bell of this

type cannot be obtained conveniently, you can
easily convert an ordinary vibrating bell to single
stroke or combination operation, by attaching an
extra wire to the stationary contact of the breaker.
See Figure 34, and the extra wire “A”.

-Fig. 33. Connections for a combination bell to be used either single
stroke or vibrating. Trace this circuit carefully. .
There are several other types of bells that are
slightly different from the series vibrating type
with principles very similar, but they are little
used and can be easily understood with a little close
observation and a knowledge of general principles
covered here.

L
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Fig. 34. Sketch showing method of attaching an extra wire to the
stationary contact to convert an ordinary vibrating beil for
singls stroks or cembination eperatien.
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Another type of bell used extensively in tele-
phone work, and operated on alternating current,
will be taken up in a later section.

22, SIGNAL BUZZERS

In certain places such as hospitals and offices
where noise is undesirable, a bell is too loud, and
some device to give a softer note is needed.

For this purpose we have buzzers. These buzzers
are almost exactly the same in construction and
operation as the bells, except that the hammer and
gong are left off entirely. The vibration of the
smaller and lighter armature makes a sort of low
buzzing sound which is sufficient to attract the at-
tention of anyone near it. Figure 35 shows a com-
mon type of office buzzer enclosed in its metal case,
and Figure 36 shows a sketch of the electrical cir-
cuit and parts of this buzzer. Buzzers can be ob-
tained in different sizes, and some have an adjust-
ment screw on them to change the tone and volume
of sound. Figure 37 shows four buzzers of different
sizes.

Fig. 35. Common office type buzzer, very similar to a vibrating bell,
except that it has no hammer or gong.

23. “MUFFLING” OF BELLS

Sometimes when a buzzer is not available it is
desirable to partly silence a bell, without putting
it out of service entirely. This can be done by
plugging the back of the gong with paper, or by
removing the hammer ball, or bending it back so
it does not strike the gong.

24. CARE AND TESTS OF BELLS AND
BUZZERS

When any bell or buzzer fails to operate, a quick
test to find out whether the trouble is in the bell
or some other part of the circuit, can be made by
connecting a cell or battery of proper voltage
directly to the bell terminals.

If the bell does not operate then, be sure its
terminals are tight, and its armature free to move.
Clean the make and break contacts carefully with
a thin file, or fine sand paper, and you will probably
cure the trouble. If it still does not operate,
examine the coils and the wires leading to them
and, if necessary, test the coils as explained in
previous sections. Usually the trouble will be found

at the contacts, loose terminals, or armature ad-
justment.

25. SILENT SIGNALS ‘

In some places an entirely silent signal is desired,
and a visual indication is used instead of a bell or
buzzer.

For this purpose we have low voltage signal
lamps of various types. These can be obtained in
voltages from two to twenty, and with colored
bulbs, in white, red, blue, green, amber, etc. The
different colors can be used to indicate different
signals or to call different parties.

—

Fig. 36. Sketch showing coils and circuit of a buzzer of the type shown
in Fig. 35.

Some of these lamps can be obtained with minia-
ture threaded bases, to screw into small porcelain
sockets, and can be conveniently located most any-
where desired. Others are made in special sizes
and types, such as those used in telephone switch-
boards, etc.

When regular signal lamps are not available,
automobile lamps and flashlight lamps can often be
used to good advantage.

In many cases both a lamp and bell are used,
or a lamp in the daytime, and a bell at night to
arouse a sleeping person. -

Danger signals often use both a red lamp and a
bell. Railway crossing alarms are good examples
of this.

Lamps of proper size and voltage rating can
often be connected in parallel with a bell as in
Figure 39-A, or in series as in Figure 39-B.

Figure 40 shows a circuit which enables the caller
to use either the lamp or bell as desired.

Fig. 37. Four office buzzers of different sizes. Each size gives a signa!
of erent tone and y
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Fig. 35. Several types of low voltage lamps which can be used for
signal circuits.

26. MAGNETIC DOOR OPENERS

A device quite commonly used in connection with
door bells is a Magnetic Door Opener, shown in
Figure 41. These devices will unlock the door by
use of magnets, when a button inside is pressed.
They are particularly popular and useful in apart-
ment buildings where the door bell may call some-
one several floors above. Such buildings usually
have speaking tubes or telephones in connection
with the door bells, and after the bell is rung and
the party in the house finds out who is calling, they
can unlock the door if they wish to by merely press-
ing a button in their apartment. Thus they are a

Fig. 38-A. Panel and cord for silent hospital signal. The lamp is
located behind the glass ‘‘bulls-eye’” at the left.

great convenience and time saver. Figure 42 shows
a sketch of a magnetic door lock in connection with
a door bell system. Note how the same battery and
the center wire are used for both circuits. Many
worth while economies can be effected in wiring
signal systems, by such simple combinations of
circuits. A number of these will be shown a little
later in this section.
27. DROP RELAYS FOR CONSTANT
RINGING SIGNALS
In certain alarm and signal systems-it is often
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Fig. 39-A. Signal lamp connected in parallel with a bell so they both
operate at once.
Fig. 39-B. Signal lamps can also be connected ;in- urielﬂrhh bells if
they are of the proper reahtanu {
R T

Yol ke g "o

3

o£f

TeErirey

Fig. 40. Connections lor operating: either g beﬂ call or silent lamp
signal, as desired.
an advantage to have the bell: contmue to ring until
it is shut off by the person it is to call. For example
a burglar alarm in order” to give a Sure warnmg,
should not stop ringing if the burglar stepped in
through the windéow*amd: thén closed it quickly. To
provide continuous ringing of a bell once the switch
is closed, we use a device called a drop relay.
Figure 43 shows one of these devices,"and Figure
44 shows a sketch of the connections of a drop

Fig. 41. Magnetic door’ opener";'ﬁsed to uniock doors in apartment bouses
* or bulldings from a distance,' by the use of a
Button and low voltage circuit.
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relay with a bell, battery, and switch, ready to
operate. Trace each part of this circuit and examine
the parts of the device carefully, and its operation
will be easily understood.

Fig. @. Sketch showing counections for a door bell and magnetic
door opener.

\WWhen the switch is closed, current first flows
through the circuit as shown by the small arrows,
causing the coils to become magnetized and attract
the armature. This releases the contact spring
which flies up and closes the circuit with the sta-
tionary contact to the bell. Before being tripped,
the contact spring is held down by a hook on the
armature, which projects through a slot in the
spring. The button “B” extends through the cover
of the relay, and is used to push the contact spring
back in place, or reset it, and stop the bell ringing.

Fig. 4. Common of velay to tant in
ig. type d:p-.y pr;.vidom ringing

In tracing the bell operating circuit shown by
the large black arrows, we find the current flows
through the frame of the device from “C” to “D.”
The marks or little group of tapered lines at “C”
and “D” are symbols for Ground connections.
From this we see that a ground connection as used
in electrical work does not always have to be to
the earth. But instead a wire can be Grounded
to the metal frame of any electrical device, allowing
the current to flow through the frame, saving one
or more pieces of wire and simplifying connections
in many cases. It is a very common practice in low
voltage systems, and extensively used in telephone
and automobile wiring. So remember what that
symbol means whenever you see it from now on.
Another type of drop relay is shown in Figure 45,
and its circuit and connections with a bell "and
battery are shown in Fig. 46. .

Fig. . s‘:mmmdrdtmm.fw

This relay is a little different in construction
than the one in Figure 43, but it performs the same
function of causing the bell to ring constantly when
the relay is tripped. Trace this circuit carefully and
compare the terminals “C,” “D” and “E” with their
position on the relay in Figure 45, and this will
show you how to properly connect the device in
a circuit. '

Drop relays are used very extensively in burglar
alarms, and also in other forms of signals. Some
special bells are made with an extra release spring
and switch to make them ring constantly until re-
set. This is a sort of drop relay built right into the
hell.

T T o previiing estant rigstg ot cometruction,
28. RELAYS

Earlier in this section it was mentioned that a
closed circuit system is much more reliable than
an open circuit system, because any fault such as
a broken wire or dead battery would make itself
known at once by causing the signal to operate, So
closed circuit systems are much better for burglar
alarms, fire alarms, etc., where it is very important
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Fig. 46. This sketchllwwsthe dioddomnecdn.ldrw—rdnynﬂ
as shown in Fig. 45 to a bell battery and push button
for constant ringing signals.

not to have a fault in the system go unnoticed until
just when the signal is most needed.

We cannot, of course, connect a bell directly in
a closed circuit, or it would ring continually. So
we have an interesting device which can be con-
nected in the closed circuit, using very little cur-
rent, and making no noise until its circuit is dis-
turbed. Then it immediately gets busy and closes
a second circuit to the bell, causing it to ring.

This device is called a Relay. Its name gives
a good idea of its function. When it receives an

impulse or has its current interrupted, it passes on
an impulse of current to a bell or other device,
<imilar to the man in. a relay race who passes his
stick to the next man to carry on.

Fig. 47. Common Pony Rehy mrh as used ln burglar alarm and
telegraph sy the and parts,

and compare with description given.

A relay is in reality a Magnetically Operated
Switch. Figure 47 shows a common type of Pony
Relay, which is used extensively in alarm, signal.
and telegraph work.

- Examine this relay very closely. You will note
the Coils or electro magnets, which are to attract
the Armature or movable part of the switch. The
armature is the vertical metal piece set in pivot
hinges at the left end of the magnets. Then there
is a coil spring attached to it and having its other
end fastened to an adjusting screw to vary the

spring tension on the armature. This spring is to
pull the armature back each time the magnets re-
lease it. The large piece of brass with the curved
arch above the armature is called the Bridge, and
supports two adjustable bridge contacts. These
screw contacts have hollow tips, in which we can
place plugs of metal, hard rubber, or wood, ac-
cording to which contact we wish to use in the
circuit. Note that the armature tip also has small
points of good contact metal on each side where
it touches the bridge contacts.

BRIDGE CONTACY;
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Fig. 48. Diagram shwing the arrangement of the elsctrical circuits
and terminals of a Pony Relay.

29. RELAY TERMINALS AND
CONNECTIONS

The two connection posts or terminals on the
right end of the base in Fig. 47 connect to the coils.
And of the two on the upper left corner, the right-
hand one nearest the armature is connected to the
armature, and the left one connects to the bridge.
These connections are made under the relay base.
It is very important to remember which of these
terminals are for the coils, armature, and bridge.

Figure 48 is a sketch of this relay showing its
electrical parts and circuits from the opposite side
to the one shown in Figure 47. Compare this very
closely with the picture in Figure 47, and locate
the coils, armature, bridge, contacts, and terminals,
so you know the location of each and the operating
principle of the relay. Figure 49 shows another
relay of slightly different construction but same
general principle as Figure 47.
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Fig. 49. Anocther of Pony Relay similar to the one in Fig. 47, but
of tly different hanical th
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30. OPEN, CLOSED, AND DOUBLE
CIRCUIT RELAYS

' "Relays can be‘used in several dlfferent ways in
circuits, and according to their use they are called
Open Circuit, Closed Circuit, and Double Circuit
Relays.

To use a relay as an open c1rcu1t dev1ce we place
the metal tipped bridge contact screw on the left
side of the bridge arch, and the insulated contact

on the right, or the side away from the coils, as
in Fig. 50-A.

OPEN CiRcUIT
RELAY BRIDGE

CLOJED CIRCUIT
RELAY BRIDGE

DOUBLE CIRCUIT
RELAY BRIOGE

SATRA WIRE

Fig. 50. This sketch shows in detail the manner of arranging and
insulating relay bndgea for o] circuit, closed circuit,
double drcuf&pmhon.

For closed circuit operation we reverse them.
For double circuit use we fit both bridge screws
with metal tips, but remove one screw and insulate
it from the bridge arch, by enlarging the hole and
fitting it with an insulating sleeve, then replacing
the screw in this sleeve. Then we attach an extra
wire to this screw for the extra circuit. See Figs.
50-A, B, and C. With a drill to enlarge the hole in
the bridge, and piece of fibre or hard rubber, or
even hard wood, for the insulating sleeve, any
ordmary pony relay can be easﬂy changed to a
“double circuit relay in this manner in a few minutes.
This is a very important thmg to. remember, be-
cause some time you may not be ai)le to get a
double circuit relay, and it may be very handy to
know how to change over a single circuit relay in
‘this manner.

31. RELAYS USED IN BURGLAR ALARMS
Figure 51 shows a closed. circuit relay connected
up for operating a simple closed circuit burglar
alarm. Here we have used just the symbol for
the relay instead of a complete sketch. Note what
a time saver this symbol is, and practice making
a sketch of it until you are sure you can make it
any time, when lqylng out a plan for a system using
relays.
«Jirace out the circuit in Flgure 51 until you un-
d?;tand its. operation thoroughly. Note that cur-
will normally be flowing all the time in the
clo§éd circiit“A”. For this reason most relays of
this type have high resistance coils, wound with
many turns, of very fine wire, so they will not use
much currént from ‘the battery. Many of these

Fig. 51. C ions for d circuit relay used to operate a bell
in a simple bul(lar alarm system.

common relays have coils of 75 ohms, and they can

‘be ‘obtained -twith higher or lower resistance for

various uses. Recalling the use of Ohms law for-
mula, we find that if a 75 ohm relay is used in a
circuit with a 3 volt battery, only .04 ampere will
flow. Or as E+R=I, then 3+75=.04.

Many relays are made so sensitive and with such
high resistance coils, that .001 ampere or less will
operate them. But even with the small current
flow of .04 ampere, it will be best to use a gravity
cell, Edison cell, or storage battery, for the closed
circuit “A”, so the continuous current flow will not
exhaust it quickly.

As long as this system is not disturbed, the cur-
rent flowing in the closed circuit “A” and through
the relay coils, will hold the armature away from
the bridge contact, and the bell will remain silent.

But if a burglar disturbs the window or door to
which the closed circuit switch “C” is attached,
this will open the circuit and stop the current
through the relay coils, and they will release the
armature. Its spring will pull it against the bridge
contact and close the circuit to the bell giving the
alarm.

32. PROPER LOCATIONS OF PARTS FOR
DEPENDABLE CLOSED CIRCUIT
SYSTEMS

In installing such a system, the relay, bell, and
batteries would usually all be grouped close to-
gether, possibly all on one shelf, so the wires be-
tween them and in circuit “B,” would be short and

‘have little chance of being damaged. The wires

of circuit “A” would be the long ones running
through the building to the part to be protected.

If these wires should be cut or damaged, or this
battery go dead, the relay would immediately cause
the bell to'operate, calling attention to the fault.
While with an open circuit system the wiré could

‘be cut, or the battery dead, and the system out

of order, without any one knowing it, and thus fail
to operate when needed the most.

The battery in circuit “B” is not likely to go
dead so often, as there is very seldom any current
required from it. But it should be tested occa-
sionally’ to make sure it is in good condition. Any
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important alarm system should be tested daily, or
every evening, before being switched on for the
night. ’

In Figure 51, in the relay symbol, we only show
the one bridge contact which is in use.

When we desire to operate a bell or signal
sounder at a considerable distance, an open circuit
relay can be used to good advantage to save send-
ing the heavier current required by the bell over
the long line.

If we were to send the heavy current over the
long line, it would cause considerable voltage drop
and we would have to use larger, more expensive
wires, or higher voltage supply. But the relay cur-
rent being very small can be sent over the line
more economically, and the relay will act as a
switch at the far end of the line, to close a Local
circuit to the bell. See Figure 52.

This circuit uses an open circuit relay, and the
bridge contact on the side opposite to the one used
in Figure 51. This method of using a relay to
operate on a feeble impulse of current, and close

a circuit to a larger dévice requiring more current,

is one of their most common applications.
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Fig. 52. Connection diagram for an open circuit relay used to operate a
bell at a considerable distance from the push button.

33. USE OF RELAYS IN TELEGRAPH
SYSTEMS. GROUND CIRCUITS

Figure 53 shows two relays at opposite ends of
a line, and operating Sounders in local circuits, in
a simple telegraph system. The primary circuit
includes two line batteries, two key switches, and
two high resistance relay coils. The secondary cir-
cuits each consist of a local battery and sounder,
and include the relay armature and bridge contacts
as their switches. You will note that only one line
wire is used in the primary circuit, and the earth
is used for the other side of the circuit, by grounding
the batteries at each end as shown. This saves
considerable expense in line wire, and is quite com-
monly done in telegraph, telephone, and certain
classes of signal work.

If the ground connections are well made of buried
metal plates, or rods driven deep into moist soil,
the resistance of the earth is low enough so the
losses are not very high with such small currents.

Such ground circuits are not used to transmit
electric power in large amounts, however.

Both of the telegraph keys in this system have
extra switches that are normally kept closed when
the keys are idle. This allows a very small amount
of current to flow through the line and relay coils
continually, when the system is not in use.

This keeps the relays energized, and the local
sounder circuits closed also, through the relay
armatures and bridges. This may seem like a waste
of current, but the batteries, being of the closed
circuit type, stand this current drain very well and
do not cost much to renew when exhausted.

When an operator wishes to send a message,
he opens the auxiliary switch on his key, thus
opening all circuits. Then each tap of his key
sends a feeble impulse or very small current over
the line. causing the relays to operate and give
similar impulses, but of much heavier current, to
the sounders from their own local batteries.
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Fig. 53. Sketch of simple telegraph system shawini.line and ground
local battery

F—%—M']
" circuit for the relays and keys, and

circuits for the sounders.

The operator at the other end of course hears
the signals from his sounder. When the sending
operator finishes, he closes his key switch, and waits
for an answer. Then the other operator opens his
switch and uses his key to signal back. Sometimes
a number of such relays at various stations are all
connected to one line, so they all operate at once,
when any key is used.

Figure 54 shows a double circuit relay. In this
system, as long as the switch “A” is closed the
relay armature is attracted and closes a circuit
through the lamp, showing that the circuit is in
normal condition. But when switch “A” is opened
the relay armature is released, allowing the lamp
to go out and causing the bell to ring. :

These double circuit relays have many uses, some
of which will be shown a little later.
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Fig. 54. Diagram and jons for a double circuit relay to operate
a lamp when the system is undisturbed, and to ring a bell
wben the closed circuit is molested in any way.
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Fig. 54-B. Two additional types of relays used in various classes of
signal circuits.

34. RELAY TERMINAL TESTS

If you are ever in doubt as to the correct termi-
nals on a relay, a quick test with a dry cell and
two test wires will soon locate the coil terminals.
When the cell is connected to the coil wires the
armature will snap over toward the magnets. Con-
necting a cell and buzzer or small low voltage test
lamp, to the armature and bridge terminals, and
then moving the armature back and forth by hand,
will soon show which terminal connects to the
closed bridge contact and which to the open one,

35. ADJUSTMENT AND CARE OF RELAYS

Relays require careful adjustment to secure good
operation. The pivot screws supporting the arma-
ture and acting as its hinges, should be tight enough
to prevent excessive side play of the armature, but
not too tight or they will interfere with its free
movement. By turning one of these screws in, and
the otlicr one out, the contact points on the arma-
ture can be properly lined up with the bridge con-
tacts. The bridge contacts should be adjusted to
act also as stops for the armature. The contact
on the magnet side should be adjusted to allow
the armature to come very close to the core ends,
to reduce the air gap and strengthen the pull as
much as possible. It should not, however, allow
the armature to touch either core end, or it is likely
to stick, due to slight residual magnetism, even
after the coil current is turned off. Some relays
have thin brass or copper caps over the iron core
ends of the magnets, to prevent any possibility of
this sticking. The contact on the side away from
the magnets should be adjusted to allow the arma-
ture just enough swing to effectively break the
circuit at the other contact; but not too far, or it
will be very hard for the magnets to pull it back,
due to the increased air gap between the armature
and cores.

This would require more current to operate the
relay. Usually the gap or travel of the armature
contacts should be from 1/32 in. for breaking cir-
cuits at very low voltage and small currents, to 4
in. or 14 in. for slightly higher voltages and heavier
currents; as these have a tendency to arc more,
when the circuit is opened and the points must
separate farther to extinguish the arc quickly.

The armature spring should be adjusted just
tight enough to pull the armature away from the
magnets quickly when it is released, but not too
tight, or the magnet will not be able to pull up the
armature.

The contacts on both the armature and bridge
should be kept clean and occasionally polished with
a thin file or fine sandpaper, as the slight arcing
often burns and blackens them, greatly increasing
their resistance.

When contacts become too badly burned or dam-
aged to repair, they can easily be replaced with
new ones, obtained from the relay manufacturers.

Dust and dirt should be kept off from all parts,
and all terminal nuts should be kept tight. Cores
of magnets should be kept tight on keeper bar
support.

Occasionally, but not often, a relay coil may be-
come open, grounded, or shorted, or completely
burned out. Simple tests as given in the elemen-
tary section on electro-magnets will locate any such
faults. In addition to these pony relays, there are
numerous other types used in telephones, railway
signals, power plants, etc. Some of these differ in
mechanical construction and shape, from the ones
just described, but their general purpose and prin-
ciple are very much the same. So if you have a good
understanding of the relays in this section and
always remember that any relay is simply a mag-
netically operated switch, you should be able to
easily understand most any type. Some of the others
will be explained in later sections.

Fig. 55. Annunciators of these are used to indicate where various
¢ calls on .hnmits come from.
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36. ANNUNCIATORS

In alarm or signal systems where calls may come
from several different points, it is often necessary
to have some device to indicate which place the
signal comes from. For this purpose we use an
Annunciator. These devices indicate which circuit
is operated, by arrows or numbers which are
dropped into view by electro-magnets. Figure 55
shows two types of annunciators, and Figure 56
shows the electrical circuit of a 4 point annunciator.
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Fig. 56. Circuit dmgrnm of the connections for a four-drop annunciator.
Note that the drop number 3 has been operated.

Here for example we have four switches that may
be used for office calls, burglar alarms, or hotel
room calls. When any one of the switches is closed
current will flow through the respective annunciator
magnet, and on through the bell. When a magnet
is energized the armature is attracted, allowing the
weighted end of the arrow to fall off the catch, and
the arrow to fly up, as on magnet 3.

Fig. 57. This view sh the hanical comstruction of one type of
: annunciator drop. Nomhowdndrvphhe up by a
small hook on the end of the armature.

In Figure 57 are shown one of the magnets and
“number drops” of an annunciator. When this
magnet is energized, the armature is attracted and
releases the catch from the slot in the drop arm.
Gravity then causes the drop number to fall. An-
nunciators usually have a system of rods and hooks,
all attached to one lever, to push the drops back
in place after any of them are tripped. Some are
equipped with a strong electro-magnet to operate

this “reset” lever, from a switch on the annunciator
case, or a short distance away.

Figure 58 shows a back view of an annunciator,
and the magnets and reset mechanism.

]

Fig. 58. Photograph showing the inside plrct!l.-nd construction of two

common types of annun

Referring to Figure 56 again, note how one wire
from each magnet attaches to a common terminal
or wire leading to the bell. This is called a Com-
mon Return Wire, as it makes a common path for
current from any magnet to return to the battery.
This is the wire that should go to the bell, so all
coil circuits will operate the bell when they are
tripped. Some annunciators have the bell built in
them, and others do not.

37. ANNUNCIATOR CONNECTIONS AND
TERMINAL TESTS

When installing annunciators it is very impor-
tant to connect the proper wires to the separate
circuits, and to the bell. Sometimes the terminals
are marked with numbers on the box where they
enter, but when they are not marked, they can be
found by a simple test Using a dry cell or some
other source of current supply, and two test wires,
as in Figure 59-A, place one wire on one of the an-
nunciator terminals at the end of the row or group,
and hold it there while touching the other wire to
the remaining terminals in rotation If this causes
the drops to operate in proper rotation then mark
the wire to which your stationary test lead was
connected, as the common lead, and the rest accord-
ing to the numbers of the drops they each operate.
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\

If touching the free test lead to certain terminals
causes two or more drops to trip at once, the sta-
tionary lead is not on the common wire, and should
be tried on the terminal at the opposite end of the
row, because the common lead is usually at one
end or the other. Sometimes, however, it may be
somewhere else in the group.
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Fig. 5. Observe thesa test dlunmn very carefully wltl: the instruc-
tions given for | tor ter

By touching the test wires to adjacent terminals
two at a time, when two are found that cause only
one drop to operate, one of these leads should be
the common- return. In Figure 59-B, with the sta-
tionary test lead on wire No. 1, touching the other
test lead to wires No. 2, 4, and 5, should cause two
drops to fall each time, if they are reset before each
test. But when No. 3 is touched only one drop should
fall, as No. 3 is the common terminal. Then when
the stationary lead is placed on wire No. 3, and the
free lead touched to the others, each one should
cause one drop to operate.
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Fig. 60. Dmgnm nh connections of a dlm-drop annunciator in
an open nm‘l system. This annunicator uses a ballast
coil shovm at “A " and connected in parallel with the bell to allow
the proper amount of current to flow to operate the drops.

With annunciators that are equipped with a bell
or buzzer permanently connected, it is easier to
locate the common wire, as it is the only one that
will cause the bell to operate when the test battery
is applied. For example, when the test wires touch
two terminals and cause the bell to ring, one of
these terminals must be the common return lead.
Trying each one with another wire will quickly
show which oune operates the bell.

Some annunciators have a ballast coil connected

in parallel with the bell, as at “A” in Figure 60.

This coil carries part of the current when the bell
is of high resistance and not able to carry quite all
the current required to operate the drop magnets.
Figure 60 also shows a different symbol which is
often used for the annunciator in plans or diagrams.
Some large annunciators have a separate reset
magnet for each drop magnet, as in Figure 61-A
and B. In Figure “A” the reset coil has been oper-
ated, and has drawn the armature toward it, car-
rying the number on the disk out of view from
the annunciator window. In Figure 61-B the trip
coil has operated, drawing the armature toward it
and bringing the number on the disk into view,
in vertical position in the annunciator window.
(Window and case not shown in this sketch.)
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Fig. 61. Sketch llluotraﬁng arrangement of coils and number disks on
“electrical reset’”” annunciator.
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Figure 62 shows both sets of coils for a four
point annunciator and their connections. Each trip
coil can of course be operated separately, but when
the reset button is pressed all reset coils operate
at once, resetting all numbers that have been
tripped. '
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Fig. 62. Complete diagram of a four-drop annunciator using ‘‘electrical
reset” magnets.
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Hotels, hospitals, and steamships often have an-
nunciators with several hundred numbers each.
Elevators also use thousands of these devices.

38. LOCATING FAULTS IN
ANNUNCIATORS
When annunciators fail to operate, careful check-
ing and tightening of all terminals will usually
locate the trouble. If none of the drops operate,

and the supply battery to the system has been
tested and found O. K,, and all circuits are good up
to the annunciator, then the trouble is almost sure
to be in the common return wire, bell, or ballast
coil, if one is used. If only one drop fails, then its
own wire, coil, or mechanism is at fault, and care-
ful checking and testing with a dry cell and buzzer
should locate it.
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PLAN READING
AND
VARIOUS TYPES OF SIGNAL CIRCUITS

Now that you understand some of the more com-
mon devices used in signal circuits, you will want
to learn how they are arranged and connected in
the larger and more complete systems.

But first, in order to be able to more easily under-
stand and trace out these advanced circuits, we will
cover some of the more definite methods of plan
reading and circuit tracing.

Remember this is one of the most valuable things
any electrical man can know, and nothing will give
you any more confidence, or be of greater help to
your success on the job, than a good knowledge of
plan reading and circuit tracing. Once you have
learned the real system or “trick” of this, it is really
very enjoyable and satisfying to trace out almost
every circuit or blue print you come across, and
you will be surprised how much better understand-
ing you can get of any device or system in this way.

39. SYMBOLS USED IN SIGNAL DIAGRAMS.

The chart in Fig. 62-A gives a review of the
most common symbols used in the following dia-
grams and signal systems, and you should study
these carefully, so you will be able to recognize
them quickly when tracing any circuit. You will also
want to be able to quickly select and use the proper
symbol for any device, when laying out a plan for
a job.

40. METHOD OF TRACING CIRCUITS, OR

READING PRINTS.

In each of the following systems shown, make a
practice of first examining the plan in general, locat-
ing and recognizing all of the devices by their sym-
bols. Then get a general idea of the layout, number
and arrangement of separate circuits which may
be combined in the one system. Next start with
the primary or first operating circuit, and trace it
out carefully until you can imagine every step of
its operation clearly, then the next circuit, or the
one which is operated by the first, tracing its opera-
tion and so on until you are sure you thoroughly
understand the entire system.

At first this may seem like quite a job, but after
a little persistent practice you get the trick or
method of it, and then you can read most any plan
almost at a glance. The ability to do this will be

worth more in the field than any beginner can
realize, until he finds out what a great help it is
on the job, in any kind of electrical construction
work or “trouble shooting” and maintenance.

Don't forget that every principle and bit of prac-
tice you get in tracing signal circuits will also ap-
ply to practically any other kind of electrical work.

Also remember that most electrical wiring now-
adays is done from plans, and not by guesswork.
And when we have a difficult trouble shooting prob-
lem in a large machine or system, looking over the
plan furnished, or making a sketch of the wiring,
will often speed up the location of the trouble more
than anything else. The man who can do this and
save the most time is the man who gets the best
jobs.

Then too, as you carefully trace out and study
each of the following systems you will also be gain-
ing a knowledge of the principles and operation of
common signal, alarm, and call systems.
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signal diagrams and circuits. They should be memerized so yeu
can easily recegnize them when tracing amy diagram in the future.

SOUNDER




Section Two, Various Types of Call Systems 89

41. OPEN CIRCUIT SYSTEMS.

Fig. 63 shows an open circuit call or signal sys-
tem, in which any one of three switches will operate
the bell. Note that the switches are all connected
in parallel. Open Circuit Switches must always be
connected in parallel, if each one is to be able to
close the circuit. .

If open circuit switches were connected in series
they would all have to be closed at once, in order
to close the circuit. Make a sketch of this same cir-
cuit, but with the switches in series, and prove this
out for yourself, because it is very important, and
making a sketch will help you remember it.
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Fig. 63. Simple signal system using three buttons in paraliel, any one
of which will ring the bell.

Fig. 63 shows only three buttons in use, but any
number can be connected in this manner to operate
the same device. Such a circuit can be used for the
signals on street cars or busses, for an office call
where several different parties are to be able to call
one person, or for a simple burglar alarm system,
by connecting the window and door contacts of
open circuit type, to the bell and battery as shown.

42. SELECTIVE CALL CIRCUIT.

Fig. 64 shows a selective call system, in which
switch number 1 rings bells 1 and 2; and switches 2
and 3 both operate bell number 3.

Bells 1 and 2 are connected in parallel and both
controlled by button 1. Buttons 2 and 3 are con-
nected in parallel, and either one will operate bell
number 3.

The lower wire leading from the positive term-
inal of the battery to the stationary contacts of the
switches, can be called a Common Feeder Wire, as it
carries current to any of the buttons as they are
closed.
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Fig. 64. Selective call sy Button No. 1 will ring bells 1 and
2; buttons Nos. 2 and 3 will ring bell No. 3.

Trace this circuit carefully. When switch num-
ber 1 is closed, current will flow from the battery
through the switch, and then divide, part of it flow-

ing through each bell. A good rule to remember in
tracing such circuits is as follows: Electric current
will flow through all paths provided from positive
to negative of the source of pressure. It also tends
to follow the easiest path, or the greater amounts
of current will flow over the lower resistance paths.

In the case of Fig. 64, both bells being of equal
resistance, and the circuits to them about the same
length, the current will divide about equally.

The wire which leads from the left terminal of all
three bells, back to the negative battery terminal,
can be called a common return wire, as it serves tu
carry the current back to the battery, from any or
all of the bells. '

43. RETURN CALL SYSTEMS.

Fig. 65 shows a return call system using two bells
and two single contact buttons. This is called a
return call system because either party can signal
the other, or can answer a call by a return signal if
desired.

Button number 1 rings bell number 2, and button
number 2 rings bell number 1. When button num-
ber 1 is closed current flows as shown by the small
arrows, and the large arrows show the path of
current when button number 2 is pressed.

Note that three main wires or long wires are
used in this system.
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Fig. 65. Return call system. Button No. 1 will ring bell Ne. 2; buttes
No. 2 rings bell No. 1. )

In Fig. 66 is shown another method of connecting
a return call system, which causes both bells to
ring when either button is pressed.

This system uses two batteries, one at each end,
but it saves one main wire, using only two instead
of three, as in Fig. 65.

When button number 1 is pressed current flows
from battery number 1 as shown by the small ar-
rows, dividing through both bells. When button
number 2 is pressed, the current flows from battery
number 2 as shown by the large arrows, also
operating both bells.

In this system, if the line is very long the bell
nearest the button pressed, may ring a little the
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Fig. 66. Return call system using two battaries, theraby
saving one wire.
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loudest, because its circuit is shorter and lower
resistance. Trace this carefully in the sketch.

If the far bell does not ring loud enough, then
higher voltage batteries, or larger wires should be
used.

Fig. 67 shows a return call system, using double
circuit switches.

Here also, button number 1 rings bell number 2,
and button number 2 rings bell number 1.

When button number 1 is pressed the current
flow is shown by the small arrows, and the large
arrows show the path of current when number 2
is pressed. If both buttons should be pressed at
once neither bell would ring. Check this on the
diagram.

This system also uses three main wires.
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Fia. 67. Return call system using double circuit switches. Trace this
circuit carefully.

44. SAVING WIRES BY USE OF DOUBLE
CIRCUIT SWITCHES OR “GROUNDS".

Fig. 68 shows how double circuit switches can
be used to save considerable wire in connecting a
return call system.

By using two separate batteries and the double
circuit switches, one main wire can be eliminated
and the system operated with only two as shown.

When button number 1 is pressed, current
(shown by small arrows) flows from battery num-
ber 1, and operates bell number 2. When button
number 2 is pressed, current (shown by large ar-
rows) flows from battery number 2, and operates
bell number 1.

A

Fig. 88. Return call system l.howing how wires can be saved by the
use of double circuit switches, two separate batteries, and a ground
circuit.

When such a return call system is to be installed
where the bells are a long distance apart and it is
convenient to make good ground connections at
each end, we can eliminate still another wire, by
the use of ground connections as shown by dotted
lines at “X” and “X',” in Fig. 68. Then we do not
need wire “A”, current flowing through the ground
instead. Sometimes a piping system can be used
for these grounds, and no connection to earth is
needed.

Trace this circuit over very carefully, and be
sure you understand its operation, as it is often
very important to be able to save these extra wires,
where the line between bells is long.

45. CALL SYSTEM WITHOUT SWITCHES.

Fig. 69 shows a system of signaling that is often
very convenient for use on temporary construction
jobs, where workmen need to signal each other; or
in mines or mine shafts.
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Fig. 69. Mine signal or alarm circuit which uses no switches. The
bells are caused to ring by short circuiting wires “A’” and “B"

No switches are used in this system, and instead
wires “A” and “B” are bare or uninsulated, so any
metal object can be used to “short” them or connect
them together as shown by the dotted line at “C.”
Then if the wires “A” and “B” are strung tight
and parallel to each other, a few inches apart and
supported on insulators, a shovel, pick or piece of
wire or metal touching both wires anywhere be-
tween points “X” and “X'”, will cause both bells to
ring.

You may wonder at first why current does not
flow all the time in this circuit, as it is always
closed. Note how the batteries are connected posi-
tive to positive, or opposing each other, so if they
are of equal voltage no current can flow normally.
Of course if one battery was dead the other would
cause both bells to ring continuously.

When a circuit is made between the two wires
as at “C” the current starts to flow from both
batteries as shown by the arrows, up through the
connection “C” and then dividing through both
bells, and returning to both battery negatives.

Such a system as this can also be operated from
moving cars or elevators, by running the bare wires
along close to the track or in the shaft.

46. SELECTIVE AND MASTER CALLS.

Fig. 70 shows a selective call system, with a
master control, using one battery, three bells, and
three single circuit switches.

Button number 1 operates bell number 1. But-
ton number 2 operates bells number 2 and 3 in
series. And button number 3, which is called the
master button, operates all three bells in series.
Trace each circuit carefully.
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Fig. 70. Selective signal circuit. Check its operation carefully with
- the instructions.
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Another method of arranging a selective call sys-
tem with a Master Switch, is shown in Fig. 71. In
this system any one of the double circuit switches
1, 2, 3 or 4, will operate its respective bell of the
same number only, but the single circuit switch
number 5, will operate all bells when all the other
switches are in normal position.

When any one of the double switches is pressed,
its movable contact is disconnected from the upper,
or normally closed contact, so when the movable
contact touches the lower one, current can only
flow through its own bell, and not to any of the
others.
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Fig. 71, Selective call system with Master Switch. This is a type of
system very often used in executives' offices.

When button number 5 is pressed current flows
from the positive of the battery through this button,
then divides through the closed contacts of all the
other switches and to all bells. Trace this on the
sketch until you can clearly imagine this operation.

Note how the wire from the positive of the bat-
tery is again used as a Common Feeder for all
switches, and also the common return wire used
for all bells. Of course one separate wire is re-
quired feeding from each switch to its bell, if we
are to operate them separately at times, but a great
amount of wire can be saved by proper use of
Common Feeder and Common Return wires.

This is where a sketch or plan laid out in advance
h;%l‘_ps to. save materials.

47. CONNECTING VIBRATING BELLS FOR
' 'SERIES OPERATION.

"When several bells are to be operated in series
as in Fig. 70, or other systems for which they are
connected this way, they will usually not operate
very loudly or steadily without a special connection.
This is because they do not all vibrate evenly or
in synchronism, and the make and break contacts
of one bell will open the circuit just as another
closes for its power impulse. This results in rather
irregular and weak operation, and the greater the
number of bells in series, the worse it usually is.

This can be overcome by arranging one bell only
as a vibrator, and all the rest as single stroke bells.
This is done by shunting out the make and break
contacts of all bells except the one, as in Fig. 72.
Here the current will flow through the make and
break contacts of bell number 1 only, and on the
others it flows directly through the coils. Number

O O O

I

Fig. 72. This sketch shows the proper method of connecting vibrating
b in series, to secure best results.
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1 bell then acts as a Master Vibrator, making and
breaking the circuits for all the others, preventing
them from interrupting the circuit, and forcing them
to operate in synchronism.

A series connection of bells is often desirable
where they are all to be rung at once and are located
a long distance apart, as it saves considerable wire
in many cases.

48. ECONOMICAL BARN OR GARAGE
ALARM.

Fig. 73 shows a method of connecting a bell as
a combination single stroke and vibrator, and ob-
taining a closed circuit call or alarm system.

When we recall that a closed circuit system
usually requires a relay to operate the bell, we find
that this connection effects quite an economy by.
saving the cost of a relay.

Tracing the circuits we find that as long as the
switches are all .closed, the current will flow con-
tinuously as shown by the small arrows, through
the bell coils, then through the switches and back
to the battery. This keeps the coils energized and
holds the hammer quietly against the gong, after
the first single stroke when it is connected.

Fig. 73. Simple and ical barn or garage alarm of closed
circuit type.

Then when any one of the switches is opened,
the circuit is momentarily broken, allowing the
hammer to fall back and close the circuit again at
the make and break contacts of the bell.

The bell will then continue to vibrate, current
flowing as shown by the large arrows, until the
switch in the line is again closed. This is a very
good circuit to keep in mind when the dependa-
bility of a closed circuit system is desired, but must
be had at low cost.
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A bell with high resistance coils should be used,
to keep the amount of current flow small. A closed
circuit battery should also be used, as dry cells
would soon be exhausted by the constant current
flow.

This system makes a very good barn or garage
alarm, where long wires are to be run in the open,
between the protected buildings and the house.
Then if anyone attempts to cut these wires, the
alarm will operate just as though the window or
door switches of the building were disturbed and
opened.

49. OFFICE OR SHOP CALL SYSTEM.

- Fig. 74 shows a selective master control call
system that would be very convenient for an office
executive or shop or power plant superintendent,
to signal their various foremen or workmen. Any
one at a time can be called, by pressing the proper
double circuit switch, or all can be called at once
by pressing the single circuit master switch.

The small arrows show the path of current flow
when one of the double switches is operated, and
the large ones show the current flow to all bells
when the master switch is operated.
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Fig. 74. Another type of selective call system with Master Control.

At first glance this circuit does not look much
like the one in Fig. 71, does it? But look at it
again and compare the two closely, and you will
find they are exactly the same as far as parts and
operation are concerned. The only difference is in
the position or arrangement of these parts.

This comparison is made to show you that it
does not matter how or where the bells or switches
are to be located, as long as certain general prin-
ciples of connection are followed.

Note that in each of these sketches a common
feeder runs from the positive of the battery to all
the lower or open contacts of the switches. Another
common wire leads from the top of the master
switch to the top or closed contacts of all double
circuit switches. Then the individual bell wires
are each attached to the movable contacts of the
double switches in each case, and a common return
from the bells back to the battery.

These are the principle points to note and follow
in connecting up any such selective, master, call
system.

50. APARTMENT DOOR BELL AND
OPENER SYSTEMS.

Fig. 75 shows a door bell and magnetic door
opener system for a three apartment building.

This sketch is arranged a little differently to show
how the wires running up to the various floors can
all be grouped together and run in one conduit or
cable, and then branches taken off to each bell and
switch.
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Fig. 75. Combination doorbell and magnetic door-opener system. Nete
the use of certain wires as common “Fesder” and “Retura” wires.

Such a system is commonly used in connection
with speaking tubes and telephones in apartment
buildings, and could be extended to take in as many
more floors or apartments as desired, just following
the same scheme of connection as shown.

Any one of the buttons in the lower hall will
ring its own bell of the same number. Then if
the party is at home and wishes to admit the caller,
any one of the apartment buttons marked “A” will
operate the door lock.

Fig. 76 shows a similar system of apartment
building calls and door opener, including also a
buzzer at each apartment door, for parties within
the building to use when calling at any other apart-
ment, and without going down to the front door
buttons. Trace the circuit and operation carefully.

51. HOTEL OR OFFICE CALL SYSTEM
WITH ANNUNCIATOR.

Fig. 77 shows a selective, master call system
that could be used very well in an office or hotel
and many other places.

With this system a party at “A” can call any
one of the parties “B”, “C"”, or “D”, by pressing
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Fig. 76. Doorbell and dhr»op@r system, including separate local
buzzer circuits.

the proper buttons; or he can call them all at once
by pressing the master button.

The party called can also answer back or ack-
nowledge the call with their button, and the annun-
ciator and buzzer show the response to party “A”.

Or if “B”, “C”, or “D”, wish to signal “A” at
any time, the annunciator shows which one is

calling.
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Fig. 77. Selective signal circuit with Master Contrel, return call and
annunciator features. This is a very popular form of signal system.

52. SAVING WIRES BY SPECIAL GROUP
CONNECTION, and SEPARATE
BATTERIES.

Fig. 78 shows a method of connecting a large
number of bells and switches in an extensive call
system, and using separate batteries and a grouping
system to reduce the number of main wires.

Any one of the buttons will ring its correspond-
ing bell of the same letter. By the use of the
three separate batteries and Cross Grouping connec-
tion of the bells and switches, this can be done
with seven vertical line wires, while with one bat-
tery it would require thirteen wires.

53. CLOSED CIRCUIT BURGLAR ALARM
FOR TWO FLOORS OR APARTMENTS.

Fig. 79 shows a closed circuit burglar alarm sys-
tem for two apartments or floors of a building,
using an annunciator to indicate which floor the
intruder has eatered, and also a drop relay to keep

the bell ringing constantly until some one is aroused
and shuts it off.

Normally, when the system is in operation, cur-
rent flows continually in the two relay circuits as
shown by the small arrows. This keeps both relay
armatures attracted, and no current flows in the
annunciator, drop relay, or bell circuits.
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Fig. 78. “Group” method of connecting a large number of bells and
switches to secure independent operation of each, with the lsast
number of wires.

But as soon as any switch in either circuit “A”
or “B”, is disturbed, the relay current stops flowing,

- releasing the armature, and closing a circuit to

the drop relay as shown by the dotted arrows. This
trips the drop relay, starting the bell in operation.
The bell circuit is shown with large arrows.

A system of this type using several separate cir-
cuits gives one an excellent chance to practice step
by step tracing of each circuit, and the operation
of all parts of the system. Trace it carefully.

54, SPECIAL ARRANGEMENT OF
VIBRATING BELL FOR CONSTANT
RINGING.

Fig. 80 shows a rather novel method of arranging
a vibrating bell for a constant ringing alarm, with-
out the use of a drop switch or relay. This is done
by placing a piece of hard cardboard, fibre or hard
rubber, between the make and break contacts of
the bell. The spring tension of the armature should
hold it there normally, but if cardboard is used
it should not be too soft, or it may stick in place
when it is released.
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Fig. 79. Two section alarm system using & drop relay for
ringing, also an annunciator to show which section of the
the alarm was disturbed in.

constant
building

When one of the three open circuit alarm
switches is closed, current will flow directly through
the coils of the bell, attracting the armature and
releasing the cardboard.

This starts the bell ringing until the switch “A”
is opened. Swith “A” should be a lever switch or
snap switch.

This system of course does not give the positive
protection of a closed circuit system, or of one
using a relay, but is very good for an emergency
job, or one where the cost must be kept very low.
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Fig. 80. Simple method of arranging an ordinary vibrating bell to
secure t ringi featu &
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55. STICK RELAY CIRCUITS.

It is possible to connect an ordinary pony relay
in an alarm circuit, so that it will provide the ad-
vantage of constant ringing of the bell, without the
use of a drop relay. This is done by connecting the
relay to operate as a Stick Relay.

This term comes from the manner in which the
relay armature closes a circuit to the coil, and
causes the armature to stick and continue to feed
the coil until it is forced away, or its circuit broken
by another switch. (See Figure 81.)

This relay has its armature and bridge connected
in series with its coil and the battery. Imagine
you were to push the armature to the left with
your finger, until it touched the bridge contact.
What would happen? The armature would stick
there, because as soon as it touches the bridge con-
tact, it closes a circuit for current to flow through
the coil, which then becomes magnetized and holds
the armature.

Then to get the armature to go back to its normal
position it would be necessary to force it away, in
spite of the pull of the magnets, or to open the
closed circuit switch at “A”. This would stop the
current flow through the c¢oils, and allow the arma-
ture to release.
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Fig. 81. Diagram {llustrating the principle of a closed circuit stick relay.

Remember that to connect up a “stick relay,” its
armature and bridge must be connected so they
will close and hold a circuit through the coils when
the armature is attracted.

56. OPEN CIRCUIT STICK RELAYS.

Now let’s see how we connect this stick relay
in a simple open circuit, constant ringing alarm
or call system, as in Fig. 82.

Here again we notice that the armature and
bridge are in Series with the coils, and the bell is
connected in Parallel with the coils. These are the
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Fig. 82 Open circuit alarm system using a stick relay fo constant
ringing when alarm is tripped.
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two principle rules to follow in arranging such a
system.

The parallel group of open circuit switches is
connected in series with the battery and relay coil.

Normally there is no current flowing in any part
of this system, and the relay armature is n<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>