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How to Use This Reference Set

This reference set will be of use and value to you
in cxact proportion to the time and energy you
spend in studying and making use of it.

It is best when possible to study a little each day,
and preferably on the subjects covered that same
day in your department lectures and shop work.
Also if possible read ahead on the work to be cov-
cred the following day in the shops.

Do not rush through any part in order to cover a
large amount at one time. Instead, read it slowly
and try to gain a thorough understanding of it as
vou read and think it out.

Remember definite thinking and studying, or
mental effort, will develop vour mind the same as
physical exercise develops your muscles.

The more one studies and thinks along the lines
of his chosen work, the faster and easier he can
study, and also think of the right things to do when
out on the job.

We have prepared a great number of diagrams
and illustrations to help you get a better under-
standing of certain devices and principles. These
have been numbered and arranged as conveniently
as possible, so they will be easy to refer fo as you
study the sections describing them.

Refer to them freely and study them well, as they
are a great help to ix a permanent picture or im-
pression of certain important things in your
memory.

Each of the most important branches of the work,
has Dbeen covered in separate sections and given
proper titles to indicate what they contain. And
all of the subjects within these sections are given
sub-headings and article number in the larger type.
Certain mmportant words, terms, and rules are also
set out in large type.

PPay close attention to each sub-heading, as it
will help you center your mind and attention on
what 1s to be learned in those paragraphs. And
while it is not necessary to memorize each term or
law printed in the large type, it is well to read them
over several times to be sure you thoroughly under-
stand them.

The arrangement in sections and the sub-head-
ings above mentioned, and the carefully prepared
alphabetical index will also make it easy to find
what you want to look up when using the set for
future reference, to help you with problems from
your daily work on the job.

Here again, T want to remind vou, that the set
can be of great value to you if you use it as you
should. After graduation, never lay this set on a
shelf and forget it, even for one week. From the
day vou start your first electrical job, and just as
long as you still want to advance to a higher posi-
tion and salary, plan definitely to refer to it daily
or several times a week, to brush up on everything
possible in connection with your work.

This 1s the proper way to use a reference set, to
obtain its greatest value. It is also the way many
of the best engineers and electrical men in big posi-
tions today have reached their goal, many of them
without much previous schooling.

Any average student who does his shop work and
course thoroughly, and makes good use of his notes
and this reference set, can feel certain of his ability
to handle any kind of ordinary clectrical work, and
rapidly advance to the top, if he continues to use
and apply the knowledge he can obtain from all
three.

E. L. RICHARDS,
Shop Superintendent,
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ELEMENTARY ELECTRICITY

Sections One, Two, Three, Four and Five

Purpose of This Reference Set

This material has been prepared with great care
by the school, to provide for our students and grad-
uates a reference set that will he practical, brief,
and simple to study along with the shop course, and
convenient and dependable to refer to for help and
data on their work in the field.

It 1s prepared by the school Instructors, execu-
tive teaching staff, and Superintendent, all practical
men with wide experience in their various subjects
and work, and who thoroughly know the students’
problems, and needs while in the course, and their
needs out on the job afterwards. In this, we have
also been assisted by noted electrical engineers of
some of the greatest electrical concerns in  the
country.

The material is simply worded, non-technical,
and well illustrated with diagrams and photographs.
Fvery ambitious student will find it extremely in-
teresting and valuable, and easy to study.

The student should understand that this set is
Jot a necessary or compulsory part of the regular
course, and 1s not needed to complete the course.
The regular course of shop work and lectures is
entirely complete without 1t. And while it does not

cover exactly or in detail the same material as the
lectures, it does cover the same general subjects
arranged in about the same order as the shop
course.  And any student who will spend a few
minutes per day in study of the sections pertaining
to the work he is covering in the shop course, will
find it a great help in clearing up various points, by
presenting them from ditferent angles.

3v this study during the course, he will become
familiar with the location of the various subjects
and sections which will make it very easy to use
for reference on problems that arise in his work in
the field after graduation.

Another good reason to study this set along with
the course, is that your instructors in the shop
departments will then be able and glad to assist you
with any points in it that are not clear, and help
you compare it with your daily work in the shops.

A great amount of time and money have been
spent to make this reference set complete and prac-
tical, and we hope it will prove of great value to
every student while here, and later in the field.

H. C. LEWIS,

President.




-THE ELECTRICAL FIELD

USES AND APPLICATIONS OF ELECTRICITY, AND GREAT

OPPORTUNITIES FOR TRAINED MEN

The electrical industry is one of the greatest
in the world today. It is a comparatively young
industry, and it was only about 50 years ago that
we commenced to use electricity to any great ex-
tent. Yet today there are many billions of dollars
worth of electrical machinery and equipment in use
in this country alone, and new electrical equipment
is being manufactured at a rate of hundreds of mil-
lions of dollars worth per year.

In practically every country in the world, elec-
tricity is coming into greater use, at a rate so tre-
mendously fast, that it is impossible to predict the

extent and size of this great industry for even a few’

years ahead.

Every student of electricity should be vitally
interested in the great size of this industry, and the
various thousands of uses to which electricity is
being put today. It gives him certain assurance
that he has plenty of opportunities to “cash in” on
every bit of training he can obtain.

There are so many different branches of electrical
work today, that the trained man can choose almost
any kind he desires.

INDUSTRIAL POWER AND LIGHT

Industrial plants and factories all over the coun-
try use electric power by the millions of horse
power, and are over three-fourths electrified at
fraction of one horse-power to many thousands of
present. Electric motors, ranging from a small
horse-power each, turn the wheels of these great
factories and mills.

Almost every new plant that is built is completely
equipped with electric power machinery because it

is so much cleaner, quieter, safer, and more efficient
than any other power.

Electric lights by the millions brighten the mod-
ern factory to speed up the work, and make safer
and better conditions for employees.

Electric furnaces melt our finest steels and met-
als. Electric arc welders, spot welders and butt
welders replace riveting, bolting and casting in the
faster and better construction of our manufactured
metal products today. Electric enameling ovens and
heat treating furnaces are also coming more and more
into use, by the thousands of kilowatts each year.

Many thousands of men are required to install,
operate and maintain this power, lighting, and heat-
ing equipment in these shops and factories.

TRANSPORTATION

In transportation we find electricity used on a
vast scale. Electric street cars, elevated and sub-
way trains in our cities, and electric interurban lines
between towns are common. And the great rail-
way lines are electrifying more every year. Power-
ful, silent, electric locomotives and motors, pull
many trains over hundreds of miles of the most
difficult mountain railways, as well as the level runs.

Then there are the electric block signals on every
principal railway in the country, and the automatic
electric train control equipment now being installed
on many lines, to say nothing of the train lighting,
air conditioning and many other uses. Even on the
seas, we have great battle ships using as much as
180,000 horse-power of electric energy each, just to
drive their propellers. Merchant marine ships also
use hundreds of thousands of horse-power of elec-
trical machinery.

COMMUNICATION

Electricity operates our many millions of tele-
phones, making it possible to talk to our friends, or
conduct our business over a few miles, or across
the ocean, as we please. These and our vast tele-
graph systems require thousands more of electrical
men in pleasant, fascinating work, to install and
maintain them.

Then we have the radio industry, just another
branch of electricity, and while it is only a few years
old, we have millions and millions of radio sets
bringing education and entertainment to our homes
throughout the country today.

And now the new fields of auto radio, public ad-
dress, sound and television.

The demand for trained electrical service men in
these branches is enormous.

Many streets in the larger cities are electrically
lighted at night, almost as bright as day light.
Special electric lighting beautifies the outside of the
great skyscraper buildings. Electric signs with
thousands of lamps in each of the larger ones, flash
their advertisements in all colors.



ENTERTAINMENT

Our marvelous motion pictures of today, with
their great entertainment and educational value, are
made possible by electricity. Great electric lamps
of from 1,000 to 50,000 watts each, light the studios
for the photography. Electric projector machines
reproduce them in the theatres, and the beautiful
stage and theatre lighting effects add their part
electrically.

The talking movies are also electrical devices
. which are simple enough to those who have thor-
ough practical training in electricity and radio.

AUTOMOTIVE AND AVIATION
ELECTRICITY

Every one of our many millions of automobiles,
trucks and tractors, use electricity. It ignites the
gasoline, starts our cars, operates the lights, horn,
radio and other conveniences on the modern motor
cars. Electrical experts who can repair the trouble of
these electrical systems and their electrical units,
including the storage batteries, can draw good pay
or run a very profitable business of their own.

Aviation 1s another great field, requiring many
more trained electrical men each year, to take care
of the ignition equipment of these great airplane
engines. The landing and flying lights and elec-
trical instruments on the plane, the radio beacon
and communication equipment, air port lights and
route beacon lights, all require trained electrical
men in the finest kind of work.

HOME LIGHTING AND
CONVENIENCE DEVICES

In our homes electricity gives us plenty of clean,
convenient light, beautifying the home, and saving
our eves when we read and study, and actually
-giving us many more useful hours each day.

Then there are the electric fans, toasters, heaters,
vacuum cleaners, washers and ironers, refrigerators,
kkitchen utensils, and dozens of other electrical con-
venience devices saving time and eliminating drudg-
ery in the home. .

‘I'hese things are no longer limited to the eity
homes alone. Farm and rural electrification is one
of the fastest growing branches of this industry.
Hundreds of thousands of farms are electrified to-
dav, with their own private plants, or from lines of
the power companies. The modern farmer is begin-
ning to use electricity to save time and earn money
for him, just as the business man or factory owner
does in the cities.

So we see that electricity is rapidly becoming a
great part of our entire life and civilization. And it
is literally true as the late Dr. Steinmetz said, “that
if we were to remove the electric wires from the
world today, our civilization would look like a
sieve.”

Now, this brief review of some of the most im-
portant uses of electricity serves to show us what
a great industry it is, and what a variety of differ-
ent branches the trained man has to choose from.

GREAT OPPORTUNITIES
FOR TRAINED MEN

The field and uses of electricity increase at such
a rapid rate each year, that it requires approxi-
mately 60,000 additional men yearly, to install,
operate and maintain all this equipment.

This is several times as many men as Coyne
School and all of the leading colleges in the country
can train in electricity each year. Thus you can
readily see that for many years to come there is
certain to be a great demand for practically trained

~men.

So if you have carefully read and thought over
this brief description of the electrical industry, I
am sure you can see that there is no field of greater
opportunity for fascinating, steady work at good
payv, and with real opportunities for advancement.
Electricity ofters all these to the ambitious man,
who will study and train to become a qualified and
efficient electrical worker.

The following material in this reference set, has
been prepared in simple practical form, to make
easy the things about electricity that remain so
mysterious to the ordinary untrained man.

I Dbelieve every ambitious student who is not
afraid to study and do his part, and who takes pleas-
ure in adding to his practical knowledge of elec-
tricity, will enjoy his study of every page of this set.

And I can assure any student that when he has
properly completed his shop course in all depart-
ments at Coyne, and the material of this set, he will
have a splendid practical knowledge and training.
And he can feel very confident of his ability to
undertake and handle most any kind of electrical
installation, operation, or maintenance work, and
make a real success at electricity.

E. L. RICHARDS,
Shop Superintendent.
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ELEMENTARY ELECTRICITY

SECTION ONE

ARTICLE 1.

The very important purpose of this section is to
acquaint you with the general nature of electricity,
how electrical energy may be produced in commer-
cial form, and the fundamental laws and rules by
which we control electricity and its various useful
effects.

It is not necessary for the practical man to try
to obtain an exact definition of electricity, or exactly
what it is in terms of detailed scientific theory. Dut
is well to understand that we consider electricity to
be in and throughout everything. In fact all matter
is considered to be made up of electricity, or elec-

‘trons in continuous whirling motion. These clec-

trons compose the very atoms of matter, which
themselves are so small that we cannct see them
even with the most powerful microscopes.

So we find that electricity is a natural force or
element, present in all things, and we do not create
or produce it, but instead we have merely learned
how to generate electrical pressure to set the elec-
tricity in motion. '

2. FORMS OF ENERGY

In this way we transform some of our various
forms of energy into electrical activity or energy,
and use this electricity to carry and give up or
reproduce its energy wherever we want it in useful
forms, such as light, heat or power.

For example in Figure 1, we have the latent
energy of coal, which was stored in it ages ago by
the sun, given up by burning or combustion. This
burning of the coal produces heat energy. The heat
boils the water and changes it into steam under
pressure in the boiler, and from here we pipe it to
an engine.

Under control of proper valves, the steam ex-
pands in the engine cylinder pushing the piston,
turning the wheel and giving up its energy in the
form of useful mechanical power.

Then we use this power by means of a belt, to
drive a dynamo which generates electrical pressure
and sets electricity in motion in commercial form.
This electricity Hlows silently and incredibly swift
through little wires to the lamp, where it is again
changed into glowing incandescent heat or light.

So you see it is simply a cycle of transformation
of one kind of energy to another. And electricity
being so much cleaner, more convenient and effi-
cient is why it is preferred to all other forms of
heat, light or power. We can, of course, use water
power, wind power, and gas or oil engines as well
as steam, to drive our electric generators, and we
will take these up later.

3. STATIC AND DYNAMIC ELECTRICITY
Now before we go further in this phase or part
of our work, let us consider the two different forms
or conditions of electricity we have to deal with.
These two kinds of electricity as they are often
called, are Static and Dynamic electricity.

Static Electricity refers to electricity at rest, in
the form of charges, or not flowing in the usual
commercial form.

Dynamic Electricity is clectricity in motion, or
Howing through wires and devices in our usual
commercial form. This 1s by far the most common
in the work of the average electrical man, and Xvil]
be the kind the greater part ol this reference™set
deals with. Dut Static Electricity is quite often
encountered in our work also, and every thoroughly
trained man should have a general knowledge of
its nature, how it is produced, and how to control it.

4. STATIC EXPERIMENTS

One of the simplest examples of static electricity,
is the rubbing of amber with wool flannel, which
causes it to become charged and attract small bits
of paper, wood or pith,

This was discovered about 600 B. C. by a Greek.
The Greek word for amber heing Elektron, and
the Latin word Electrum, the name Electricity was
given to this charged effect.

It was about 22 centuries later, in 1600 A. D.
that Dr. Gilbert, an English physicist, discovered
that other materials such as glass, hard rubber,

sax, ete., would become chirged by rubbing with
silk, wool or fur. These will also attract bits of
paper, string, etc.

Try this by rubbing your comb or fountain pen
briskly on vour coat sleeve, and then bring it near
to very small bits of thin dry paper.

5. POSITIVE AND NEGATIVE CHARGES

We can probably best understand how this oc-
curs, if we refer briefly to the electron theory of
matter again. All matter is supposed to be made
up of atoms, consisting of a Positive nucleus or cen-
ter, and negative electrons whirling around this
positive nucleus.

In normal uncharged bodies of matter, these posi-
tive and negative forces are equal or balanced. And
when we briskly rub two unlike bodies together,
the theory is that some of the iree electrons of the
surface of one body are removed to the other. This
creates an unbalanced condition, with one body hav-
ing a shortage of negative electrons, and the other
an excess, The body with the shortage of negative
electrons, is said to he Positively charged, and the
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Fig. 1. Sketch showing how heat energy of coal is changed into mechanical energy by the engine, then to electrical energy by the
generator, and into heat and light again by the lamp.

‘one with the excess of negative electrons is Nega-
tively charged. So much for the theory by which
static charges occur or are produced.

We now see that we can set up opposite condi-
tions of charge on different bodies, and we call them
Positive and Negative. When we set up such a con-
dition, we say there is a difference of potential or
electrical pressure between them, and this pressure
tends to cause electricity to flow and balance them
up again.

Now, if we take a piece of amber which has been
negatively charged, and bring it into contact with
two suspended pith balls, as in Figure 2A, the pith
balls will both take on or absorb negative charges.
Objects of this nature will often take on a charge
from a short distance. This is called an Induced

charge.
6. STATIC REPULSION AND ATTRACTION
TION

Now, as soon as the two pith balls have been
given like charges, we note that they immediately

push apart or repel each other. And they will also
repel each other if both are positively charged, as
we can prove by giving them a positive charge from
a glass rod which has been rubbed with silk. But if
we charge one pith ball negatively from the amber,
and one positively from the glass, they will at once
draw together or attract each other. (See Fig. 2B.)

This proves one of our most important electrical
laws, as follows: Like Charges repel each other
and Unlike Charges attract.

This law of electricity should be memorized, as
it is very important, and many electrical devices
have their operating principles based on it.

7. STATIC MACHINE

A number of very interesting and valuable dem-
onstrations of this law, and the nature and effects
of static electricity, can be made with a static ma-
chine such as used in the elementary department of
vour shop course.

The static machine is shown in Figure 3. It is
simply a device to produce strong charges of static

/
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Fig. 2-A. Pith balls with like static charges repel each other.
Fig. 2-B. Two balls with unlike charges attract each other.

electricity, for various experiments and tests. With
it we can produce charges many times stronger
than by rubbing the amber, glass, or hard rubber
rods.

As you will note in Figure 3, the static machine
consists of one stationary glass disk, on the back
of which are fastened some tinfoil strips. To these
foil strips are attached little wire brushes, extended
around to touch a row of metal buttons, which are
placed around the edge of a rotating glass disk,
which is revolved close to the stationary one.

These little metal buttons or carriers, convey the
little charges collected, to the metal system of the
machine. When the rotating disk is driven at high
speed by means of a hand crank, belt and pul-
leys, a charge is gradually built up by what is called
induction, as the metal buttons are whirled rapidly
by the foil plates and little wire brushes. This
gradually builds up a positive charge on one of the
metal spheres or electrodes and a negative charge
- on the other.

It is possible to build up charges of such high
pressure or voltage, that a discharge in the form of
a spark will take place between the two electrodes.

Fig. 3. Static machine, for producing strong charges of static electricity.
When the disks are rotated rapidly a spark an inch or more
in length can be produced.

This discharge tends to equalize or again balance
the positive and negative charges.

Sometimes these machines can be made to pro-
duce sparks an inch or more in length, which repre-
sent charges of several thousand volts. But these
charges are not dangerous, because they are of such
small quantity, or actual amounts of electricity.

If we attach simple Leyden jar condensers to each
of the clectrodes of the static machine, we can get
it to store up or accumulate in them, much larger
amounts of electricity. Then when the discharge
occurs it will be a very hot snappy spark, and will
give quite a shock to anyone touching the terminals.

8. CONDENSERS

These condensers, which are used to store up
electricity in the form of static charges, are made in
many different shapes and sizes, but all on the same
principle. The Leyden jar type consists of an inner
and outer metal jar or cylinder of thin copper, brass,
or foil, separated by a glass jar. (See Figure 4.)

Fig. 4. Two types of Leyden jar condensers.

This provides two conducting surfaces of metal,
separated by an Insulator or Dieletric, in the form
of glass. (An insulator or dielectric is any mate-
rial which prevents the flow of electricity. These
will be explained later.)

When the terminals of a static machine or source
of electric charge are connected to the two metal
jars or elements, these will distribute a charge over
the surface area of the glass which they cover. Then
after the condenser has been so charged, we can
discharge it by connecting a wire from one metal
element to the other.

Condensers are often made with flat plates of foil
or metal, stacked and separated by flat plates of
glass, rubber or mica. Others are made of strips
of foil and paper rolled together.

The area of the active or charged surfaces of the
condenser, and the quality and thickness of the
glass or insulation, determines the amount or quan-
tity of charge it will take, or the volume of the
spark when it discharges. A good thing to remem-
ber about any condenser is that the charge resides
on the surfaces of the glass or dielectric, while it
is charged. The metal elements simply act as con-
ductors to distribute the charge over the surface
of the glass while charging, and to collect it when
discharging.
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This can be proved by charging a Leyden jar
condenser of the type with separable jars. Then
carefully remove the metal jars with one hand only,
and by inserting one hand inside the glass jar, and
drawing the other over its outer surface you can get
a discharge to your hand, in the form of small
sparks.

Condensers of other types and their uses for
power, radio and other purposes will be discussed
later.

9. 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 encountered in
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
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.

10. 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.

11. 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.

Fig. 5. Sketch showing how static can be removed from a belt,
by use of either a metal comb or roller, and ground wire.

A workman around such belts may get such a
shock from the static, that it will cause him to fall
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 5 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.

12. 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




12 Section One, Elementary Electricity

vapor or moisture in them. Then these small
particles of moisture are blown upward, carrying
negative charges to the top of the cloud, and leaving
the bottom positively charged. (See Figure 6.)

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.

Fig. 6. Wind striking the face of a cloud, carries vapor and electrical
charges to top of it.

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
7.)

The earth is assumed to be at zero potential. So
any cloud that becomes strongly charged will dis-
charge to earth il 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. 7. Photo of a brilliant lightning 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 Figure 8.)

13. 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.

Fig. 8. Lightning flashing from one cloud to another, when clouds
carry unlike charges.

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 itsel, causes the destructive action of
lightning. This can be quite effectively prevented
by use of properly installed lightning rods. (See
IFigure 10.)

14, 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 of
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.
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Fig. 9. Large tree shattered by lightning, showing the force and power
of heavy lightning discharge.

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
fows through the cable to ground, doing little or
no damage to the building, because the heavy
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 been 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 Figure 11. 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. (See Figure 12.)

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

But in this section we have covered ordinary
lightning 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. 10. Sketch of house equipped with lightning rods, to carry static
and lightning safely to earth,

You will have many uses for the principles
covered in this section, and they will help you to
better understand certain things that will come up
in your work in the field. Many of the hardest prob-
lems in “trouble shooting” on electrical systems,
are easily solved by the trained man who knows
these fundamental principles.

In the next section we will find out more about
Dynamic Electricity, or the kind of “juice” that
operates our motors, lights, etc.

Fig. 11. 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.
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Photo, courtesy of Walter Bates Steel Corp.

Fig. 12, High voltage transmission line. Note the two smaller wires on the very top af the tower. Thest are to protect the line
from lightning, and are ‘‘grounded” through the tower.
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SECTION TWO

DYNAMIC ELECTRICITY

As we have said before, Dynamic Electricity is
electricity in motion, or the kind that flows through
wires, lines, motors, lamps, etc. This is the kind,
or rather the condition of electricity we find most
useful, and from which we get our heat, light and
power.

So it is very important that we have a good under-
standing of dynamic electricity, and how it is pro-
duced, controlled and used.

We found that static electricity could be produced
by rubbing or friction of certain materials, and that
it could be accumulated or stored up in condensers
or on certain surfaces or bodies. Also that when it
discharges it usually takes the form of an arc or
spark. Although in some cases we caused these
discharges to flow to earth through wires.

So for the very short period during which an
accumulation of static is discharging or flowing, it
could be said to be dynamic.

But sources of static do not supply enough elec-
tricity or furnish it for long enough periods to be
of much use to us, so we do not produce dynamic
clectricity in this manner.

15. ELECTRIC CURRENT FLOW

Remember we do not Create electricity at all, but

merely set it in motion. When we say a generator
produces a flow of current in a wire, it is assumed
that it simply sets in motion some of the free elec-
trons already in the wire.

\_

Fig 1. Water pump supplying pressure to cause water to flow through
pipe and operate water wheel. The purpose of the pump here is
sirmuar to that of a battery or generator in an electrical circuit.

It is well to consider dynamic electricity as very
similar in many ways to water in a pipe line. Tor
example, we can have water in a closed pipe line,
and this water will have no movement, force or
power, unless a pump is used to set up the pressure.
(See Fig. 1.) In this illustration the pump (P) is
the source of pressure to set the water in motion,
and cause current to flow. The pump is driven by
belt (B) and develops pressure to force the water
through the pipe to the water wheel (WW). The
gauge (G) indicates the amount of pressure devel-
oped by the pump, and the valve (V) will start,
stop, and control the water flow.

Fig. 2. Dynamo supplying electric pressure to force current to flow
through the wires and lamp. No current will flow without
a source of pressure or voltage.

In Fig. 2 an electric generator or dynamo (G) is
shown producing electrical pressure to force cur-
rent to flow through the wires to operate the
lamp (L).

Here the volt meter (V.M.) indicates the amount
of pressure set up by the generator, and the switch
(S) will start or stop, the flow of current.

16. PRODUCING DYNAMIC ELECTRICITY

One of our first problems is to find out how to

develop electrical pressure to set electricity in
motion.

There are three methods of doing this, which are
all common, and should be kept in mind. They are
called the thermal method, chemical method, and
induction or mechanical method.

The induction methed is the basis of all our mod-
ern generators, and converts mechanical power into
electrical energy. This method is by far the most
commonly used of the three, but as both of the

others also have many practical uses, we will cover

them briefly first.
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17. THERMAL METHOD

To generate electricity by the Thermal Method,
we simply join the ends of two pieces of unlike metal
together and heat them at the joint. (See Fig. 3.)

The heat acts differently on the different metals,
and the activity it sets up within them will actually
cause a small current of electricity to flow through
the wires and meter attached, as shown in the figure.

We can use a piece of copper and one of iron for
this device, or better still a rod of bismuth, and one
of antimony.

These devices are called Thermo Couples. As
they are only capable of producing very small
amounts of electric current, and at very low pres-
sures, we do not use this method for generating elec-
tricity for light or power.

However as the amount of electric pressure pro-
duced by a certain thermocouple is proportional to
the amount of heat applied, these devices are very
useful for measuring temperatures of ovens, fur-

naces, etc.
W2
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Fig. 3. Heating the joint of two unlike metals, produces a small amount
of electric pressure and current flow through the meter in the circuit.
For this purpose a proper element or ‘“couple”
is enclosed in a non-combustible tube, so it can be
inserted right into the flames or heat of a furnace.
Wires connected to the “couple” are brought out
of the tube to a meter which can be adjusted and
marked to read the temperature direct, in degrees.

(See Fig. 4.)

18. CHEMICAL METHOD

The chemical method of producing electricity, is
one with which you are probably more familiar, as
this is the principle of our electric cells and batteries.

This source of electric supply is also very simple.
It is based on the action of chemical solutions on
various metals.

If we fill a jar with an acid solution, and immerse
in it a piece of zinc and one of copper, the acid will
immediately commence to act on these metals. And
because the intensity and nature of its action is dif-
ferent on the two unlike metals, we again have a
difference of electric pressure set up between the
copper and zinc elements. If we connect them to-
gether with wires, and place a meter or lamp in this
circuit, current will start to flow at once. (See Fig-
ure 5.)

REMOVABLE THERMO. COUPLE TIPS

e

éﬂ*;‘ i s
B i
1

Fig. 4. Portable pyrometer for measuring high temperatures in ovens
or furnaces, by use of ‘‘thermo couples.”

Various kinds of metals and acids can be used.
Even strong salt water will do with certain metals.
But a solution of sulphuric acid, and the copper and
zinc elements produce higher electric pressures than
many other combinations, and are more commonly
used.

Such devices are called Primary Cells, and a group
of them connected together is called an Electric
Battery.

Tt is interesting to know how the discovery of this
form of electric source came about.

In the 17th Century, an Italian scientist named
Galvani, discovered that frog legs would twitch and
react to sparks of static electricity.

In 1779 Alessandro Volta in performing some
experiments, accidentally discovered that pieces of
metal with an acid soaked cloth between them would
produce an electric spark.

He stacked up piles of metal disks, spaced with
wet pieces of cloth, and developed our first known
electric battery, from which he obtained quite strong
currents and small arcs. And we find that many of
our most important electrical devices of today, were
discovered or developed from some such simple ex-
periments. .

Nowadays we have not only the wet primary cell,
but also convenient dry cells, and large storage bat-
teries, using this principle.

)
ili»
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Fig. 5. Simple electric cell. Chemical action on the copper and zinc
strips produces electric pressure.
These devices are used by the millions, to supply
small amounts of electricity for various uses today.
Each type will be taken up thoroughly in a later
section on cells and batteries.
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19. MECHANICAL OR INDUCTION METHOD
The Mechanical Method of producing electricity

is also very simple in principle, and it is this method

that is used in all our great power plants today.

If we simply take a magnet as in Fig. 6, and
quickly move a piece of wire between its poles, the
wire will have an electric pressure induced in it.

Any magnet has between its poles a field of in-
visible lines of force. These are shown by the dotted
lines in the Figure.

Only about one hundred years ago, a man named
Michael Farady, discovered that moving a wire rap-
idly through these lines of force in a position to cut
across their path, would generate electricity in the
wire,

This can be proven by connecting a meter to the
ends of the moving wire, by means of other wires as
shown in Figure 6.

Fig. 6. Moving a wire through a magnet field induces pressure in the
wire, and causes current to flow in the meter circuit.

Every time the wire (A) is moved up or down,
through the magnetic field, the meter needle will in-
dicate a flow of current.

The direction of this induced current changes, as
we change the direction of movement of the wire.
The amount of electric pressure set up by this type
of device depends on the strength or density of the
magnetic lines of force, and the speed with which
the wire is moved through them.

Now if we were to mount a number of wires on
a revolving armature, and spin them rapidly, be-
tween powerful magnets, we can produce consider-

Fig. 7. Elementary type of armature A, with wires mounted on it to
revolve in a strong magnetic field from magnets M, M.

able amounts of dynamic electricity by this method.
(See Fig. 7.)

It is in just this manner that our great power
plant generators of thousands of horse power are
made.

We will take up in detail their principles of opera-
tion and construction in a later section.

CONDUCTORS AND INSULATORS

20. CONDUCTORS

Now that we know how electricity can be pro-
duced, we must consider how to get it from the gen-
erators or source of supply to the places and devices
where we wish to use it.

To do this we use proper electrical Conductors or
wires.

We have found that electricity will pass or flow
through some materials very easily while with others
it is very difficult to get electricity through them at
all. And we have good use for both.

In order to use electricity, we must be able to pro-
vide a good easy path for it to flow from the gener-
ators, to our lamps and motors which it is to operate.
We must also be able to confine it to these proper
paths, and prevent its wasteful or harmful leakage
where materials or persons might come in contact
with the wires.

The materials that carry electricity easily, we call
Conductors and use the best of them to carry it
where we want it to go.

21. INSULATORS

Those materials that tend to prevent the flow of
electricity or not allow it to pass through them, we
call Insulators, and use them to confine electricity
to the proper conductors, and to prevent it leaking
or flowing to other objects or places where we do
not want it.

No material that we know of is a perfect conduc-
tor or insulator of electricity, but some are much
better than others in each case. Both are so neces-
sary and important in the use and control of electri-
city that a few of the best of each are given in the
following lists :—

CONDUCTORS ' INSULATORS
Silver Glass
Copper Mica
Gold Porcelain
Aluminum Enamel
Zinc Rubber -
Bronze Wood (dry or oiled)
Platinum Bakelite
Nickel Fibre
Steel Paper (dry or oiled)
Iron Oil
Lead Waxes
German Silver Ailr
Mercury
Water (ordinary)
Carbon
Acids
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The conductors and insulators in this list are all
used to some extent in electrical machines and
devices.

Silver is one of the best conductors known, but
because of its very high cost, and certain mechan-
ical properties, it is not much used.

Copper is also an excellent conductor, and is by
far the most commonly used in all electric lines and
machines.

You will note that most of the conductors are
metals, although ordinary water with its usual im-
purities is a fair conductor, and acids are also.

All the insulators are non-metallic. Glass and
Mica are two of the best insulators, and rubber is
also excellent. Rubber is most commonly used
in insulating electric wires, because of its flexibility,
allowing them to bend freely without damaging the
insulation.

Fig. 8. Photo of a large generator, which produces its voltage by

induction.

22. INSULATED WIRES
A good example of a conductor and insulator
properly used together is the common rubber cov-
ered copper wire. The copper providing an excellent
path for the electric current to flow through, and the
rubber an excellent insulator to confine it to the
wire, and prevent its escape where the wire might
otherwise touch metal objects or earth. (See Fig. 9.)

Fig. 9. Sketch of insulated wire. The copper wire is covered with
rubber, and cotton braid.

23, ELECTRIC CIRCUITS

In order to use electricity with any device, we
must always provide a complete Circuit or path, for
the current to flow from the generator or source, to
the device using it, and then back again to the gen-
erator. (See Fig. 10.)

This endless path or circuit includes the coils or
windings inside the generator, the line wires from
the generator to the lamp, motor or other device,
and any switches or instruments that may be in the
circuit anywhere.

SWITCH

GENERATOR

Fig. 10. Complete electric circuit. The current flows over the top wire
from the generator to the motor, then back along the lower
wire to the generator.

Current will only flow when all parts of this circuit
are complete, all switches closed, and all wires con-
nected. To start or stop the flow of electricity and
the operation of the devices, we only need to close or
open the switches provided.

All line wires, switches, and coils within the ma-
chines are made of conducting material, usually
copper.

All these wires, coils, etc. must be insulated,
usually with rubber, cotton or oil, and sometimes
with air only, on certain parts.

So we can readily see the importance of a knowl-
edge of common conductors, insulators and circuits,
in the use and handling of electricity.

In later sections we will take up more of the exact
properties of various conductors and insulators, and,
various types of circuits.

24, EFFECTS OF DYNAMIC ELECTRICITY
How are we going to make use of this electricity
which we have learned how to produce and convey
from the generators to our electrical devices?
First we must know something about the useful
effects of electricity and how to obtain them. s
Dynamic electricity flowing through a circuit
from any generator or source, can produce four
valuable effects, if we know how to obtain them.
These are called the magnetic, heating, chemical
and physiological effects.

25, MAGNETIC EFFECT

Whenever electricity flows through any wire or
conductor, it sets up around that conductor a field
of whirling magnetic lines of force. These lines are
invisible and we cannot feel them. But we can prove

N
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they exist by placing a magnetic compass needle
near the wire. (See Fig. 11.)

As soon as current is started in the wire, the
needle will be deflected from its true North and
South position.

The direction and amount of movement of the
needle will depend on the direction and the amount
of current flowing.

For example, if we reverse the direction of cur-
rent in the wire, the compass will deflect in the op-
posite direction. If the current is increased or
decreased in the wire, the needle will increase or
decrease its amount of deflection accordingly.

This magnetic effect of dynamic electricity is of
the greatest importance, as it is the one that we use
in all generators, motors, and electro-magnets.

If we wind a coil of insulated wire around a core
of soft iron and pass an electric current through the
coil, the iron will become strongly magnetized at
once, from the magnetic lines set up around the
turns of wire.

Fig. 11. Showing a compass needle deflected from its porth and south
. position, by the magnetic flux around a wire carrying current.

These electro magnets have thousands of uses in
electric lifting magnets, relays, bells, controllers,
motors, generators, etc. We will make a very
thorough study of them and this magnetic effect of
electricity a little later.

A good demonstration that you can easily make of
.this useful effect of electricity, is to wind a few turns

*»f insulated wire around a nail, bolt, or screwdriver,
and connect the coil ends to a dry cell.

As soon as the circuit is closed the iron will be-
come magnetized and attract other nails, tacks, etc.

But as soon as the wire is disconnected from the cell,
the iron loses most of its magnetism.

The practical man can often find many small,
handy uses for this knowledge in his daily work.
26. HEATING EFFECT

Electric current flowing through a wire always
produces a certain amount of heat in that wire.

In copper wires of low resistance this heat may
not be noticeable, but if we overload them or cause
too much current to flow, even copper wires will be-
come hot and burn their insulation or possibly melt.

When we want to create heat from electricity, we.

apply high enough pressure to cause current to flow
through high resistance wires or coils, such as iron

or German silver wire. And because of their high
resistance, a moderate amount of current will cause
them to become red hot, or even white hot in some
cases.

Our electric toasters, flat irons, waffle irons, table
grills, portable heaters, electric ranges, ironers,
soldering irons, etc. are all examples of this method
of producing electric heat.

Large baking and enameling ovens, heat treating
furnaces, etc., in industrial plants, use this principle.

Fig. 12. Electric current flowing through filament wire in the lamp,
produces intense heat and light.

27. ELECTRIC LIGHT

The incandescent lamp operates on the same
principle.

Here we have a wire of tungsten metal, which is
high resistance, and will not melt at white heat.
This filament wire is enclosed in a glass bulb from
which the air has been drawn to prevent it burning.
Then current is forced through it in the right
amount to bring it to white hot or incandescent heat,
so it radiates light. (See Fig. 12.)

An electric arc produces heat and light on about
the same principle. In this case instead of using a
high resistance wire, we use voltage high enough to
force current through air and the gases formed by

Fig. 13. Electric Arc formed by current between carbon electrodes.

the arc. This mixture of air and gas is very high
resistance, and the current flowing in the form of an
arc produces the highest temperatures made by man.
(See Fig. 13.)

.
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Fig. 14. Ordinary electric flat iron,
devices using the heating effect of electricity.

Great furnaces of this type using carbon electrodes
from 12 inches to 30 inches in diameter, and 6 to
12 feet long, and thousands of amperes of elec-
tric current, melt tons of steel in our steel mills.

The arc was one of the first forms of electric light.
And many large arc lamps are in use today, for street
lights, flood lights, search lights, etc.

So we see that the heating effect of electricity is
also very important to know how to use.

Fig. 14 shows several devices which use electric
heat, produced by current flowing through high
resistance wires.

28. CHEMICAL EFFECT

When electricity is passed through various chem-
ical solutions it has the power to decompose them.
And if we immerse two pieces of metal in an acid
solution, and allow current to flow from one to the
other through the solution, it will carry away par-
ticles of the metal at which it enters the liquid and

Fig. 15. Small electro-plating outfit, consisting of gererator, rheostat
and plating vat.

glow heater, and toaster, all

deposit them on the other metal. This is the
method and effect used in electro-plating, and is
used very extensively in covering cheaper metal
objects with gold, silver, chromium, nickel, etc.

(See Fig. 15.)

This action is also called Electrolytic action, and
is used in the refining and purifying of some of our
metals.

Another example of the chemical effect of elec-
tricity is in the charging and discharging of our
storage batteries.

29. PHYSIOLOGICAL EFFECT

This effect of electricity is less commonly used
than those above mentioned, and it usually refers
to the effect of electricity on the human body.

We all know that if we touch live electric wires
we feel a shock, or the effect of electricity on our
nerves and muscles. If the voltage is low, this may
be only a mild and somewhat pleasant sensation.
If the voltage is high and from a heavy power wire,
the shock may be injurious or even fatal. So it is
best to always be very careful in handling electric
wires and equipment.

Doctors and hospitals use the shocking effects of
electricity, properly controlled, for very beneficial
treatments of certain body disorders and diseases.

They also use the heating effect and chemical
effect of electricity, by applying metal plates or elec-
trodes to various parts of the body, and passing
carefully controlled currents of either direct or al-
ternating curent, through affected parts of the body.

So this physiological effect of electricity is also
very important in its modern and proper use.
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ELEMENTARY ELECTRICITY

SECTION THREE
ELECTRIC UNITS AND SYMBOLS

In dealing with electricity, we must have definite
units to measure it and express it in certain quanti-
ties.

We have units of measurement for water, steam,
coal, money, groceries, etc. and we need them for
electricity, as it is as common and necessary today
as many of these other items.

We speak of water in pints, quarts, or gallons,
all of which are units of different sizes, and which
we easily understand because we are familiar with
the size and amount of each.

We speak of steam in pounds pressure, and de-
grees of heat. Coal is measured by the pound, or the
larger unit called the ton, money in dollars and
cents, groceries by the pound or dozen, etc.

So we can see that we need to have these definite
units of measurement to deal with all the things we
us in our daily life. And the man who intends to use
electricity, should know the units for its measure-
ment, those which measure its effects, and the
important factors in electrical circuits.

There are only a few of the more common units
needed by the practical man in ordinary work, and
they are easy and simple to use.

With these units you can determine the amount
of current flowing in a line, or through a motor or
lamp. Also the amount required to operate a given
machine or device, and its cost of operation as well.

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

It is not necessary to memorize all these units at
once, but you should study them carefully, to get a
good understanding af the meaning and use of each.
Then by practicing their use you will soon have
them fixed in your memory.

Of course we know that we cannot weigh or meas-
ure electricity as we do coal or water. So we meas-
ure its effects, and establish our units in this manner.,

30. ELECTRIC QUANTITY

The Coulomb is the practical small unit of electri-
cal quantity. We determine this quantity by the
chemical effect of electricity flowing through a de-
vice called a “voltameter.” (See Fig. 2.)

Fig. 2. Sketch of a ‘'voltameter,” or device for measuring electric
quantity by work done on a plating principle.

Here we have two pieces of copper immersed in a
solution of copper sulphate, and a battery connected
to them and passing current through the solution
from one electrode to the other. As you have al-
ready learned, this will cause some copper to leave
the positive plate and deposit on the negative plate.

Of course the more electricity we pass through
this device, the more copper it will deposit, or the
more work it will do. So by carefully weighing the
amount of copper transferred, we can set a certain
unit of electric quantity. This unit of one Coulomb
is the amount required to deposit .0003293 gram of
copper from one plate to the other. Or with silver,
to deposit .001118 gram, from a standard solution
of silver nitrate.

These are very small amounts and are odd figures,
and need not be remembered. But it serves to illus-
trate the method of measuring electrical quantity by
its effect or work done.

31. ELECTRIC CURRENT

The Ampere is our unit of electric current or rate
of flow. It is a unit you will use much more often
than the Coulomb.

An electric current of one ampere is flowing when
electricity passes through a circuit at the rate of one
Coulomb per second. So we see this unit considers
both quantity and time, and tells us just how fast the
current flows. Knowing the amount of current in
amperes gives us some idea how much work we
could expect it to do in a given time.
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For example we say a gallon of water 13 a unit of
quantity, and compares to a Coulomb of electricity.
But if we say water is flowing at the rate of so many
gallons per minute or per second, then we can get
an idea how much work it would do, or how much
we would get in an hour or a day at that rate.

We say a certain lamp uses 15 ampere, or that a
motor uses 50 amperes, which means that they re-
quire a continual rate of flow of those amounts of
current to operate them.

H+iLHmMI

Fig. 3. Portable ammeter, used to measure electric currents.

The current of any circuit or device can be meas-
ured with an ammeter such as shown in Fig. 3. The
practical man will have many occasions to use this
device and the unit Ampere in his electrical work.

32. ELECTRIC PRESSURE

The volt is our unit of electric pressure, and is
used to measure or express the amount of pressure
required to force a given current to flow.

As we have already learned, all electric wires or
conductors offer some resistance to the flow of cur-
rent. So we must have electric pressure to cause
current to flow in any circuit or device.

This pressure is often called Electro-Mctive-Force
(Abbreviated E. M. F.), and meaning the force that
moves electricity. It is also sometimes called Po-
tential.

So we say a certain battery produces 6 volts pres-
sure, or a generator produces 110 or 440 volts pres-
sure. Or that a power line has 220,000 volts poten-
tial or pressure. This gives us an idea of the
amount of electro-motive-force available. the same
as if we said a boiler produces 300 pounds of steam
pressure, or a pump 100 pounds of water pressure.

One volt is the exact amount of pressure required
to force one ampere of current through one Ohm of
resistance. The voltage of any machine or circuit
can be measured with a voltmeter. See Fig. 4,
which shows a photo cut of a voltmeter.

33. ELECTRICAL RESISTANCE

The Ohm is the standard unit of clectrical re-
sistance, by which we measure or compare the re-
sistance of any electrical circuit or device.

Remember every wire and device has some resis-
tance to current flow, as we have no perfect conduc-
tors. Naturally this resistance limits or controls
the flow of current, the same as friction in a pipe
or a partly closed valve, would limit and control
water or steam flow.

So it is very important that we know the unit to
measure and determine the resistance of electrical
circuits and machines.

The standard Ohm, is the resistance of a column
of mercury, 106.3 centimeters long and 1 square Mil-
limeter in cross sectional area. Or this is 41.85
inches long and about 1/25th inch in diameter. This
standard resistance is taken always at 32 degrees
Fahrenheit, or Zero degrees centigrade, because the
resistance is not the same at all temperatures.

34. FACTORS GOVERNING RESISTANCE

It is important to remember that the resistance of
any conductor depends on the kind of material, its
length, area, and temperature.

[For example we know that copper wires are of
much lower resistance than iron or steel wires. And
the longer a wire is, the greater will be its resistance.
The larger it is in cross section or area the lower
will be its resistance. And with all of our common
metals the resistance will increase slightly as their
temperature increases. Carbon and certain liquids
are exceptions to this rule, and their resistance gets
less as their temperature increases.

It is interesting and convenient to know that a
piece of No. 10 copper wire 1000 feet long has a
resistance of about one ohm. A No. 10 wire is about
1/10th of an inch in diameter.

C VOLTMETER |
R o
NN

Fig. 4. Portable voltmeter used to measure electric pressures or voltages.
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Number 14 wire such as commonly used in house
wiring, has about 2.5 ohims resistance per thousand
feet.

A piece of No. 30 copper wire 10 feet long has
about one ohm resistance, while a piece of No. 30
German Silver wire only 6.2 inches long will have
about one ohm resistance. Note carefully the diff-
erence in resistance of these various wires according
to their size, length and material, and it will help
you get a better understanding of how the wires and
their resistance will tend to control the current How.

A little later we will give a definite law or rule ex-
plaining this relation between current and resis-
tance.

The resistance of wires and materials can be
measured with an ohmmeter, and other instruments
which will be explained later.

35. SPECIFIC RESISTANCE is a term we use
to express and compare the resistance of various
materials. To do this we of course take pieces of the
same size of each material. Usually this piece is
one cubic centimeter in size, or sometimes one
cubic inch. The centimeter is about .4 of an inch.

The specific resistance of any metal or material
means the resistance to flow of electricity through
a centimeter cube of this material, from one side to
the opposite side.

The resistance of a piece of ordinary metal of this
size is usually a small fraction of one ohm, so is
expressed in Microhms, meaning millionths of an
ohm.

The following table gives the specific resistance of
some of our common materials. It is not necessary
to memorize these, but 1s well to observe and com-
pare the specific resistance of several of the mate-

rials familiar to vou. such as copper, aluminuni,
iron, mercury, etc.

In this manner you can get an idea of their com-
parative values as electrical conductors, and you
can always refer back to this table whenever you
need to know or use any of these values.

Specific resistance of various common materials,
at 0 degrees centigrade:

MATIERTALS

Specific resistance in Microhms.

Centimeter cube  Inch cube

Silver (Annealed) 1.49 .587
Copper (Annealed) ....... 1.59 627
Copper (Hard) .oooooeei 1.62 638
Gold 2.20
Aluminum ... 2.01
ZANC oo 5.38
Phosphor Bronze (Com-

mercial) 8.48 3.34
Bronze ... 17.80
Platinum (Annealed) ...... 8.98 3.54
Nickel (Commercial) ... 9.90
Steel (Soft) oo 11.80
Steel (Wire) ... 13.50
Steel (Hard) ..o 45.60
Iron (Pure) ... 8.85
Iron (Wrought) ... 13.80 5.45
Iron (Cast-soft) ..o 74.40
Lead .o 19.80
German Silver 33.10
German Silver Wire.._..... 20.90 8.24
Mercury .o 94.07
Water (Ordinary) ......... 1200. to 12,000.
Carbon oo 400. to 1150.00
Carbon (Arc¢) .eeceeeeces ceeeee 5100. to 7600.00

-

Fig. 5. If this machine is rated at 500 Kw., how many horse power is this squal to?
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36. THE MHO is the unit of conductance, and ex-
presses the conductivity of a wire, or the exact op-
posite of resistance. Its use will be explained later.

37. ELECTRIC POWER UNITS

The Watt is our unit of electric power. And this
is the unit by which we determine the amount of
heat, light, or power we can get from electricity. It
is also the unit by which we rate the power pro-
duced or consumed by many small electrical devices.

One Watt is the amount of power produced by
one ampere flowing under a pressure of one volt.

It requires 746 watts to make one horse power.
So we can see that the watt is too small a unit to
deal with our larger amounts of electric power. For
this use we have the Kilowatt, or 1000 watts. The
prefix “Kilo,” is used with many electric units at
times, and always means 1000.

One Kilowatt is equal to approximately 1.34 H. P.

The horse power is the power required to lift 33,-
000 pounds, one foot in one minute, or 550 pounds, 1
foot in one second. It is often referred to as 33,000
foot pounds per minute.

The Watt Hour is a commonly used unit, and
means the power used at the rate of one watt, for one
hour continuously.

The Kilowatt Hour is the larger and more com-
mon unit, and means the power used at the rate of
one kilowatt, for one hour. The kilowatt hour is
the unit used to buy and sell electric power, and
electricity is commonly sold for so many cents per
kilowatt hour.

For example, suppose you were asked to find the
cost of operation of a 10 H. P. motor for 50 hours,
with electricity costing 6 cents per kilowatt hour.

CELL

BATTERY (SEVERAL CELLS)
LAMP

GALVANOMETER
VOLTMETER

AMMETER
ELECTRO-MAGNET

D.C. GENERATOR

A.C. GENERATOR
RESISTANCE COIL

INDUCTANCE

PUSH BUTTON SWITCH
KNIFE SWITCH
CROSSED WIRES
JOINED WIRES

VARIABLE RESISTANCE OR RHEOSTAT

o
U
o

A

Fig. 5B. Some of the most common symbols used in electrical diagrams.
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If one H. P. is equal to 746 watts, then a 10 H. P.
motor will use 10x746 or 7460 watts. Then to change
this to kilowatts, we divide 7460 by 1000, or 7460
divided by 1000 equals 7.46 kilowatts.

For a period of 50 hours this would use a total of
50x7.46 or 373 kilowatt hours.

Then 373x.06 equals $22.38 total cost.

We have not considered the efficiency of the motor
in this problem as this will be taken up later.

38. SYMBOLS"

For each of these units, we have just learned, we
have a symbol or abbreviation which we use in
writing them in problems or specifications on the
job. These symbols are very easily learned and re-
membered with a little practice in using them, and
will save a great amount of time for the practical
electrician, the same as our abbreviations for other
commonly used terms, such as Ilb., oz, ft., in., qt.,
Jan,, Feb., Mar., etc.

Tyl

Fig. 6. This diagram shows the use of some of the symbols given
in Fig. 5B. How many can you recognize?

To make it more convenient to remember the
names of these important electrical units and their
symbols and also easy to refer to them for reminders,
we have arranged them all together in the following
group.

Read them over several times to help fix them in
your memory ;

Symbols Units Use

Q Coulomb Unit of electrical quantity.

I Ampere Unit of current flow.

E Volt Unit of electrical pressure.

R Ohm Unit of electrical resis-
tance.

G Mho Unit of electrical conduc-
tance.

w Watt Unit of electrical power.

Kw Kilowatt Larger unit of electrical
power.

KW. HR. Kilowatt- Unit of electrical power

Hour for a given time or unit

of electrical work.
H.P. Ilorsepower  Unit of mechanical power.

746 W. cquals 1 H. P.
1 KW. equals 1.34 H. P.

A few other commoen symbols used to represent
electrical devices in circuit diagrams, are shown in
Figure 5-B, so you will be able to recognize and
understand them in the sketches used from now on.

The units and symbols covered in this section
may seem somewhat dry at first, and are probably
less interesting than the work on machinery will be.
Remember, however, you will understand the ma-
chines much better if vou know these few practical
units and symbols well.

ELEMENTARY ELECTRICITY

SECTION FOUR

OCHMS LAW

Ohms lLaw is one of the most important laws of
electricity that the practical man can know, and yet
it is very simple. This law is named after a German
scientist, George Ohm, who in his experiments dis-
covered the definite relation between pressure, cur-
rent, and resistance in electrical circuits, and put it
in the form of a simple statement or rule.

When you obtain a thorough understanding of
Ohms Law, it will be much easier to understand the
operation of all electrical machines, and circuits.

You have already learned that in order to use elec-
tricity in any way we must have circuits, to carry it
from the generators to the machines or devices, and
also through the devices themselves.

In every live electrical circuit there are always
present the above mentioned three factors, pressure,
current and resistance. All circuits have some re-

sistance, and therefore, to cause current to flow
through them we must have pressure or electro-
motive-force.

38-A. EXPLANATION AND APPLICATION
OF OHMS LAW

According to Ohms Law the current in any D. C.
circuit is always directly proportional to the pres-
sure, and inversely proportional to the resistance.

The first part of this rule means that if we increase
or decrease the voltage or pressure applied, the cur-
rent will increase or decrease the same amount, if
the resistance remains constant.

For example if 100 volts will force 10 amperes
through the resistance of a certain circuit, 200 volts
would send 20 amperes through it, or 50 volts, 5 am-
peres, etc.
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The second part of the law means that if we in-
crease the resistance of a circuit, the current de-
creases, or if we decrease the resistance the current
will increase, if the voltage remains constant. Thus
the term “inverse proportion.”

For example, if we have a current of 10 amperes
flowing through a circuit of 30 ohms resistance, and
change the resistance to 60 ohms, then 5 amperes
will flow. Or if we change the resistance to 15 ohms,
20 amperes will flow.

39. CONTROL OF ELECTRICITY

The above shows us how to obtain any desired
current for a certain device or work, by regulating
the voltage of our generators, or the resistance of
the windings of the device.

And on this law or principle are based the major-
ity of ordinary electrical calculations made by the
practical man, so it is well worth a little reviewing
to get it thoroughly understood.

If we compare Ohms Law for electricity with the
principles of water flow in pipes, and use just com-
mon reasoning with it, as we do with other things
we are more familiar with, it should be easily under-
stood. (See Fig. 1.)

Here we have a pump driven by an engine, and
producing pressure which causes the water to flow.
The friction of the water moving through the pipe,
and the smaller section of pipe (A), and partly
closed valve (B), all offer resistance or opposition
to the flow of water. And the more we increase this
resistance by reducing the size of the pipe or valve
opening, the less water will flow. But if we increase
the pressure supplied by the pump, then more water
will flow.

Electrical circuits operate similarly. (See Fig. 2.)

Here we have a generator driven by an engine, and
producing electrical pressure or voltage which
causes the current to flow. The resistance of the
wires, the rheostat and lamp, all tend to oppose the
How of current, and if we use smaller wires or a
higher resistance lamp the current will decrease.

But if we speed up the generator and increase its
voltage the current would increase.

The voltmeter (V) and ammeter (A), in the elec-
trical circuit measure and show the pressure and the
current in volts and amperes, just as the pressure
gauge and flow meter in the water circuit measure
the pressure in pounds, and the flow in gallons per
minute.

40. CONVENIENT SIZE OF ELECTRIC
UNITS

Another very interesting fact is that one volt pres-
sure is just exactly enough to cause one ampere of
current to flow through one ohm of resistance.

This of course is not accidental, but is the way
those who developed these standard units made
them of convenient relative sizes. This greatly sim-
plifies all electrical work and calculations.

For example if one volt will force one ampere
through one ohm, then it is easy to see that two
volts would force two amperes through the same
resistance of one ohm. Or 4 volt would only force
14 ampere to flow through one ohm.

If one volt will force one ampere through one ohm,
then if we increase the resistance to two ohms a volt
could only force ¥5 ampere to flow. If we reduce

]
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Fig. 1. The amount of water flow in this system can be increased
by increasing the pump pressure. But it will decrease if we increase
the opposition of the valve, or small section of pipe.

Fig. 2. The electric current flow in this circuit will be increased if we increase the generator voltage, or decreased if we increase
the resistance of the wires, rheostat, or lamp.
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the resistance to 145 ohm, the one volt could force
two amperes to flow.

41. OHMS LAW FORMULAS
From this simple relationship between the size
of these units and the discovery of the effect of pres-
sure and resistance, we obtain the following formu-
las called Ohms Law Formulas.
E I
I = — £ = IXR, R= —-

I
In which:
I—current in amperes.
=pressure in volts.

R—resistance in ohms.

These are simply little abbreviated sets of instruc-
tions which tell us exactly how to proceed with cer-
tain electrical problems.

Remember that when any two factors are placed
one above the other and a line between, it means to
divide the upper one by the lower.

For example suppose you have to find the amount
of current that would flow through a lamp of 5 ohms
resistance when a pressure of ten volts is applied to
it. (See Fig. 3.)

, -
e

1

Fig. 3. Ten volt battery supplying current to a 5 ohm lamp. Can you
find how much current would flow, without an ammeter?

If you have an ammeter handy to connect in the
cirguit you can measure this current. But if no am-
meter is available you can calculate the current in
even less time, by the use of the first formula.

E 10

,or I =
R 5

This would apply equally well to a motor or de-

I =

or 2 amperes.

§ 10R
e \ 21
== (&)

vice of higher resistance and on higher voltage cir-
cuits. Whenever you know the voltage applied and
the resistance of a device, you can quickly determine
the amount of current that will flow through it.

Then suppose you were told that a certain electric
heater, as in Fig. 4, had a resistance of 10 ohms and
required 12 amperes to operate it. What voltage
should this device be operated on? This can be de-
termined by the use of the 2nd formula, E=IXR,
or E=12X10 or 120 volts.

551
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Fig. 5. The ammeter shows 55 amperes flowing through an oven of
2 ohms resistance. Ohms Law formula makes it easy to
determine the voltage of the line.

Or in another case, you have an electric oven
operating as in Fig. 5, and its resistance is known to
be 2 ohms. AAn ammeter in its circuit shows that a
current of 55 amperes is flowing. But you have no
voltmeter. The voltage of this circuit can be deter-
mined by the same formula as used in the heater,
E=IXR, or E=55X2 or 110 volts.

Now let us say you have a powerful electro mag-
net operating as in Fig. 6. A voltmeter shows 80
volts applied to it, and an ammeter shows 20 am-
peres flowing. How could you determine the resis-
tance of the magnet coils? The 3rd formula shows
exactly how to do this, as it says resistance can be
found by dividing the volts by amperes, or
80

20

E
R = or R = or 4 ohms

resistance in the coils.

Fig. 4. Electric heater of 10 ohms resistance draws 12 amperes. Can
you tell the voltage of the line?

Fig. 6. Electro-magnet and weters, showmng voltage and current
supplied to operate it.

e a
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So we see that whenever we know any two of the
three factors of any electrical circuit, we can easily
determine the other one, even without instruments,
by the use of these simple formulas.

42, SIMPLIFIED OHMS LAW FORMULA

A very simple way to remember all three of these

formulas in one is shown by the following figure:

E

IXR

All that is necessary is to cover the one you wish
to find and the remaining 2 factors show you what
to do, if you know their values. For example if you
know the current and resistance of a circuit and
wish to find the voltage, cover E and the parts still
shown indicate to multiply IXR. Or if you know
the voltage and resistance and wish to find the cur-
rent, cover I and do as indicated by the remaining
two or divide E by R.

WATTS LAW
43, We also need a law and formula to calculate
the amount of power of electrical circuits or devices.

You will recall that the watt is the unit of elec-
trical power.

To produce power we must have current flowing
under pressure. And one ampere flowing under a
pressure of one volt, will produce one watt of power.

From this relationship we get Watts Law or, the
power in watts in any D. C. circuit is equal to the
pressure in volts multiplied by the current in am-
peres.

And from this law we obtain the very useful
formulas:

IXE=W

W+E=I

W=+I=E
In which:—

I==current in amperes.
E=pressure in volts.
W=power in watts.
So if we want to determine the amount of power
used in a circuit in which we know the current and
pressure, we simply use the first formula.

~
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-

Fig. 7. How many watts does the lamp in this circuit use, according
to the simple rule on this page?

In Fig. 7 we have a generator producing 100 10
and supplying current to a lamp. An ammeter in
the circuit shows a current flow of 6 amperes. Find
the power used by the lamp.

IXE=W, or 6X100=600 watts.

Many electrical devices have their rated power in
watts and their operating voltage marked on them.
And in such cases if you wish to determine the
current such a device will use, apply the second
formula.
W +E==I.

44, FIELD PROBLEMS
Suppose on some future job you have a case as in
Fig. 8. Your generator supplies 200 volts to a 4000
watt machine. How much current will the machine
use, or what should an ammeter read, if connected
in this circuit?
W +E==1, or 4000+ 200=20 amperes.

Fig. 8. Using meters right on the job to test a motor, When you
know the rating of a machine in volts and amperes, it is easy to
determine with meters whether the machine is properly
loaded or not.

The next day you have another problem as in
Fig. 9. You have a special lamp of 600 watts, and
an ammeter in its circuit shows the lamp is using
5 amperes. What is the voltage of the circuit to
which the lamp is connected?

Here we use the third formula.

W +I=E, or 600+ 5=120 volts.

6low

Fig. 9. Generator supplying 5 amps to a 600 watt lamp. What is
the generator voltage?

The three watts law formulas can also be simpli-
fied for use in the following manner:

\Y

IXE
Then by covering the one you wish to find the
value of, the remaining ones indicate what to do.
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There are also two other very convenient for-
mulas for finding the power in watts, when we do
not know both the amperes and volts, but may
know either the amperes and ohms, or the volts
and ohms of the circuit or device. They are as
follows:

IPXR=W
E*+~R=W
In which:—

I®* equals amperes squared, or multiplied by itself.

E® equals volts squared, or multiplied by itself.

R equals resistance in ohms.

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

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

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

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

Using the first formula, or 1 X E=W, we find that
I X E is 22 X 440 or 9680 watts.

Using the second formula or I* X R = W, we
find that 1> X R is 22 X 22 X 20 or 9680 watts.

Using the third formula or E2 + R=W, we find
440 X 440

20

that E2 + R= or 9680 watts.

MOTOR
GENERATOR -

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

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

You are not expected to memorize all these for-
mulas at once. But practice using them frequently,
on every practical electrical problem you can find,
and soon they will be easy to use and remember.
45. LINE DROP

In electrical work we often hear the term Line
Drop used. This refers to the voltage used or re-

quired, just to force the current load through the
line resistance alone. And it becomes a very impor-
tant item to consider on long transmission lines, or
feeders of considerable length to lights and motors.
If we have too much voltage drop in the line, we of
course will not get enough pressure at the device
operating at the end of the line.

The line drop in volts is proportional to the load
carried, in amperes, and to the resistance of the
wires, or

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

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

pipe line. While the water is flowing through the

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

The gauge on the pipe near the tank, shows 100
Ibs. pressure, but the one at the end of the pipe only
shows 90 lbs. pressure. So 10 lbs. pressure was used
to force the water through the pipe resistance, and
90 1bs. used to force it through the water wheel.

T
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Fig. 12. Generator, lamp and meters connected for testing ‘‘voltage
drop” and proving Ohms Law Formulas, This is typical of
problems encountered by the head electrician in the field.

In Fig. 12, is shown a generator producing 130
volts pressure, and sending current of 5 amperes
over a line of 4 ohms total resistance, to a lamp
which requires 5 amperes at 110 volts to operate it.
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You will note there is a difference of 20 volts be-
tween the reading of the voltmeter at the generator
and the one at the lamp. This shows a line drop of
20 volts.

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

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

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

So in this case we have 20 volts used to force the 5
amperes of load current through the line resistance,
and 110 volts used to force the current through the

lamp resistance. Or a total of 130 volts required at
the generator.
46. LINE LOSS

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

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

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

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

ELEMENTARY ELECTRICITY

SECTION FIVE

SERIES AND PARALLEL CIRCUITS

As we have already learned, in order to use elec-
tricity in any device, we must have a complete path
or circuit for the current to flow from the generator
or source of supply, to the device, through it, and
back again to the source.

We call this a complete electrical circuit.

Where two or more devices are connected to the
same line or source of supply, there are different
methods of connecting them. They can be arranged
to form a Series circuit or a Parallel circuit, or in a
combination of series and parallel.

If you understand series and parallel circuits, it
will be easy to understand most any combination of
circuits.

47. A SERIES CIRCUIT IS ONE IN WHICH
THE CURRENT HAS ONLY ONE PATH

(See Fig. 1). Here is shown a generator and 4
lamps connected in series. The devices are conneced
one after the other along the wire or line, and the
same current must pass through them all. So the
current will be the same in all parts of a series cir-
cuit. This current is of course governed by the total
resistance of all the devices in the circuit, as well as
the voltage applied.

Suppose you wish to find the total resistance in
a series circuit such as Fig. 1. It is very simple.
To find the total resistance of a series circuit, add the
resistances of all the devices in the circuit.

In the case of Fig. 1, where there are 4 lamps of
40 ohms each, the total is 160 ohms.

So we can easily see that the greater number of
lamps or devices we put in a series circuit, the
greater the total resistance becomes, and the higher
the voltage which will be required to force a given
current through it.

Or if we do not increase the voltage, the current
will decrease for every additional lamp or device that
is added, because each one tends to make the circuit
or path longer, and resistance higher.

e
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Fig. 1. Four lamps connected in series to a generator. Total resistance
of lamp circuit 160 ohms.

48. APPLICATIONS OF SERIES CIRCUITS

Series circuits are often used for street lighting,
and such applications where a number of lamps or
devices of the same current requirements, are oper-
ated a considerable distance apart, and away from
the source of supply.

This effects quite a saving in copper and line costs,
as the total current flow is only that of any one de-
vice. Thus the wires can be kept smaller than with
parallel circuits. And only one continuous wire is
needed, instead of two to each device, as required
with a parallel system. (See Fig. 2A and Fig. 2B.)

One of the disadvantages of series circuits is that
we cannot conveniently control the devices separ-
ately.
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Fig. 2-A. Twelve lamps connected in series. Note that only one main
wire is needed.

In a series circuit the voltage applied to any de-
vice, is the same as the voltage drop across this de-
vice. And it will be a fraction of the total line volt-
age, and proportional to the resistance of the device,
also the total number of devices in the line. (See
Fig. 3.)

A voltmeter connected across the terminals of any
one of the lamps in this circuit will show 50 volts
drop. ,

The sum of the voltages of all lamps will be that
of the generator. Assuming of course that the line
resistance is not enough to be considered.

VM

SCRRCEN

260€ E)E}

TR

Fig. 3. Five 50 volt lamps in series. Voltmeter will show 50 volts
drop through any lamp, or 250 volts total.

49, A PARALLEL CIRCUIT IS ONE IN
WHICH THE CURRENT HAS TWO OR
MORE PATHS THROUGH WHICH IT
CAN FLOW

In such circuits the current from the generator or
source divides, and part flows through each of the
branches of the circuit according to their resistances.

(See Fig. 4.)

Here is shown a generator and four lamps con-
nected in parallel. Sometimes such a circuit is called

a multiple circuit.

Fig. 2-B. Twelve lamps connected in parallel, Two main wires are
needed for this circuit.

So if you hear a circuit called multiple or parallel,
remember they both mean the same.

In this circuit shown, the resistance of all lamps
is equal or 40 ohms each, so the current will divide
equally through them. Note how the arrows show
by their direction and size, the division and amounts
of current in the various parts of this circuit.

Fig. 4. Four lamps in parallel. Note how the current divides through
each path.

The current tends to flow from the positive or top
wire to the negative ar bottom wire, through every
path we give it. It is easy to see that as we connect
more devices in a parallel circuit, it makes more
paths or a larger total path of lower resistance, for
current to flow through. So every device added in
parallel causes more current to flow. If we were to
connect too many devices on such a circuit, the
amount of current required would be an overload
on the wires or generator. [t is very important there-
fore that we know how to calculate the total resis-
tance of parallel circuits, so we can properly regu-
late the current load by having the proper resistance.

50. RESISTANCE OF PARALLEL CIRCUITS

If the total resistance of a parallel connection gets
less as we add more paths, then we see we cannot get
the correct total resistance of all paths, by adding
their separate resistances.

To find the total resistance of a parallel circuit,
where all paths are of equal resistance, we divide
the resistance of one path by the number of paths.
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This is a very simple method but applies only to
paths of equal resistance.

To get the total resistance of the circuit in Fig. 4,
we divide 40 by 4, and our answer is 10 ohms.

Suppose you have a circuit with 10 lamps of 20
ohms each, connected in parallel. What is the total
resistance? The resistance of one path divided by

20
10

Many parallel circuits have devices of unequal re-
sistance, and to find the total resistance of such a
circuit we must use a different method, known as
the “Reciprocal” or conductance method.

This method uses the reciprocal of the resistance
values, which is the conductance of the path. You
will recall the term conductance and its unit “Mho,”
explained on earlier pages.

Adding more paths or devices to a parzllel circuit
decreases the total resistance, but it increases the
conductance. So if we find the reciprocal of the re-
sistance, which is the conductane of each path, and
add them all to get total conductance, then change
this back to its reciprocal, we will have the total
resistance.

The important thing to remember is that con-
ductance and resistance are opposite, and the reci-
procals of each other. As one increases in any circuit
the other decreases.

To find the total resistance of a parallel circuit,
with paths of unequal resistance, get the reciprocal
of each resistance and add them to get their sum or
the total conductance. Then take the reciprocal of
this which is the total resistance.

the number of paths, or equals 2 ohms.

Fig. 5. What is this? Invert or turn it up-side-down and see.
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To find the reciprocal of any whole number we
place the figure “one” above it with a line between
to make a fraction. For example, the reciprocal of

that of 25 is
12 25

To find the reciprocal of a fraction, we simply in-

D% that of 12 is

etc.

vert it. For example the reciprocal of equals
equals or 2, that of equals or 5, that
1 5 1
2 6 5 20
of equals or 3, that of equals or
20 5
4, etc.

51.—FIELD PROBLEMS
Now suppese you have a circuit with 3 lamps in
parallel as in Fig. 6.

ERE.

Fig. 6. Three lamps of unequal resistance, in parallel. Use the
‘“reciprocal’”’ method to find total resistance.

One lamp is 6 ohms, one 4 ohms, and one 12 ohms.
How will you find the total resistance? According
to our rule we first get the reciprocals of each resis-
tance.

The reciprocal of 6 equals —~

The reciprocal of 4 equals

The reciprocal of 12 equals
12
Then we add these to get the total conductance
in Mhos.

1
Before we can add : , and
6 4 12
get common denominators for them to make them
“like fractions.”* Twelve is common to all, so

we must

1 2
equals ——
12
1 3
equals
12
1 1
equals ——
12 12
1
Then plus plus equals Mho.
12 12 12 12

Then its reciprocal equals or 2 Ohms, which

is the total resistance.

*If you wish to brush up on fractions and reciprocals,
etc., you will find this covered in the mathematics section
on fractions.
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An interesting and valuable rule to remember, ) 20
and with which to check such calculations, is that And the rec1prqcal of Mho equals or
the total resistance of any parallel group, is always 20 110
lower than the lowest resistance in the group. 2
Note how this proves out with the problem just ohm, total resistance.
finished. 11

This method of finding the total resistance is im-
portant enough to be worth a little practice on any
problem you can find or think up, and this is one of
the best ways to fix it in your memory.

In a parallel circuit having resistances as in Fig.
7. What is the total resistance?

[ONEXIIL.

Fig. 7. Could you find the total resistance of a circuit like this, if you
were asked to by your employer? See the example given.

Reciprocal of 1 equals
Reciprocal of 5 equals
Reciprocal of 20 equals

Reciprocal of 4 equals

Reciprocal of 4 equals

SEREEIEREE

20 is common to all so:—

equals

equals

equals

equals

equals ——

N

. 20 1 5 80
Then: plus plus plus plus
20 20 20 20 20

Mho.

equals

20

52. IMPORTANT FACTS ABOUT SERIES
AND PARALLEL CIRCUITS .
Advantages of parallel circuits are, that all devices
receive equal voltage, or the voltage of the main wires,
and any device can be controlled separately, without
affecting the others. If the wires and generator are
large enough, we can connect any desired number of
devices in such a circuit. Lamps, motors and most
electrical devices are usually connected in parallel.

The important things to remember about series and
parallel circuits are the effects they produce on resist-
ance, current, and pressure, when different devices
are connected one way or the other.

We have seen that a series connection of lamps or
current consuming devices, increases the resistance to
the sum of all their resistances. This tends to reduce
the current flow, or requires higher voltage to main-
tain a certain current. Series circuits also effect
economy of copper or wire size in certain systems.

We have also shown how current consuming devices
connected in parallel, reduce the total resistance by
making the path larger in effect, and increasing the
current required. Parallel circuits provide indepen-
dent control and give all devices full line voltage.

53. SERIES AND PARALLEL CONNECTIONS
OF GENERATORS AND BATTERIES

We have so far only considered the effects of series
and parallel connections on current consuming devices.
It is also very important to know the results that can
be obtained by use of series and parallel connections
on sources of electrical supply, such as batteries or
generators.

Suppose you have a device which you want to
operate with dry cells, and one cell will not furnish
high enough pressure to force the required current
through the resistance ot the device.

By connecting cells together in series, that is
positive of one to the negative of the next as in
Fig. 8, the voltage may be increased to almost any
desired amount.

Fig. 8. Connecting dry cells in series will give the sum of their voltages
at the lamp.

In Fig. 8, 3 dry cells are shown connected in series

to increase the voltage they can supply. If each cell

has 124 volts, this connection will give 414 volts.
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The current that flows through the lamp must also
flow through each cell because it has only one path.
Therefore the current flow will not be increased,
but will be just that of one cell.

Such series connections of cells are commonly used.
A good example is in radio “B” batteries, where a
number of very small cells are connected in series,
to get up to 45 volts from one battery.

The current required from these batteries is very
small, so a straight series connection can be used.

54. EFFECT OF SERIES CONNECTION ON
GENERATOR VOLTAGE
Electric generators can also be connected in series to
obtain higher voltages than one machine alone can pro-
duce. (See Fig 9.)
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Fig.9. Two 110 volt generators connected in series. Compare carefully
the readings of the voltmeter and ammeter with
the generator ratings.

Here are two generators properly connected positive
to negative, so their voltages add together. But the
current that can be supplied by these two machines in
this connection, is only the same as the capacity of one.

This circuit is easily compared and illustrated with
a water system in Fig, 10.

Fig. 10. Two water pumps in series, each producing 50 pounds'ﬁressure.
and pumping 100 gallons per minute. The total pressure wi
be 100 pounds, and total flow 100 gallons per minute.

Here we have two water pumps also connected in
series. They can supply double the pressure pro-
duced by one pump, as their pressures add together.
But the current they supply is only the same as
passes through one pump.
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Fig. 11. Two 50 1lb, 100 gal. per minute pumps operating in parallel.

They develop 50 lbs. total pressure and pump 200 gallons per minute.
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Now if we wish to get a greater current or volume
of water at lower pressure, we can arrange the pumps
as in Fig. 11. Here the pressure on the mains will
be the same as that of one pump, but their current
flow will add together, and be twice that of one
pump.

Similarly in Fig. 12, we have two generators
connected in parallel. The voltage across the main
wires is only equal to that of one machine, but their
currents will add, and the total current flowing will
be twice that of one machine.
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Fig. 12. Two 100 volt, 50 amp generators in parallel. The line pressure
is 100 volts, and full load current is 100 amperes,

In large power plants, generators are commonly
connected in this way, and we often find from 2 to 10
or more, all operating in parallel, and each supplying
its share of the total load current. (See Fig. 13.)

—

Fig. 13. Row of generators in a modern power plant. These machine:
are operated in parallel, each one supplying its share
of the total load.

On small requirements where batteries or cells are
used we can connect them in parallel to increase the
current supply. (See Fig. 14.)

RAX

Fig. 14. Four dry cells connected parallel to obtain more current than
one could supply.

Here are 4 dry cells connected in parallel, or all
positives to one wire, and all negatives to the other.
The voltage on the main wires will only be 114 or the
same as one cell. But the current will be the sum of
that of all 4 cells.

55. COMBINATION OF SERIES AND PAR-
ALLEL CIRCUITS
If we wish to obtain both higher voltage and more
current than one cell can produce, we can combine the
series and parallel connections, in a series-parallel
system as in Fig. 15.

44 voLTs
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Fig. 15. Six cells connected series-parallel. Note voltage and amperage
obtained by this connection.

Here are 3 groups of 2 cells each. The two cells
in each group are connected in parallel to add or
double their current. Then all 3 groups are con-
nected in series to add their voltages. So at the
main wires we can obtain 3 times the voltage of one
cell, and twice the current.

The same effect would be obtained if they were
connected parallel-series as in Fig. 16.
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Fig. 16. Parallel-series connection of six cells.
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So it makes no difference in the voltage obtained,
whether we connect cells in series-parallel or
parallel-series, as long as we keep the same number
in series and the same number in parallel.

There is often some argument as to whether a cer-
tain circuit should be called series-parallel, or
parallel-series.

This is easy to determine if you just call the name
of the external or main wires first, or note what kind
of a connection is made Of the groups. Note the
emphasis on the word Of.

Thus in Fig. 15 we say we have a series conr.ection
Of parallel groups, or series-parallel. In Fig. 16 we
have a parallel connection Of series groups, or parallel-
series.

In connecting such combination circuits we should
see that all groups are equal. Do not connect a group
of 2 cells in series with a group of 4. And do not
connect a series group of 3 cells in parallel with a
group of 6. Their voltages would be unequal, and the
group of six would discharge through the 3, even with
no load attached to the main wires. (See Iig. 17.)

A general rule is, when we wish to obtain high pres-
sures and moderate current, we connect batteries or
generators in series. And when we need large
amounts of current at moderate voltage, we connect
them in parallel.

This is one of the most important rules to remem-
ber about series and parallel connections,

As you progress into the later sections on electric
systems and machines you will more fully appreciate
the importance of this knowledge of series and paral-
lel circuits. You will also find it much easier to
make certain installations, and locate troubles in
vour future work in the field, now that you know
these principles.

40 E 7€

Fig. 17. Wrong connection of unequal numbers of cells in parallel-series.
This connection would discharge the cells, even without
any load connected.
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ELEMENTARY ELECTRICITY

SECTION SIX

ELECTRIC CELLS AND BATTERIES

56. Electric batteries are commonly used to supply
current in small amounts, and particularly to portable
equipment.

It is cheaper to produce electricity from large gen-
erators in power plants than from Datteries. But
where no generators or power lines are available, and
where only very small amounts of power are needed
for small or portable devices, the convenience of elec-
tric batteries offsets their higher cost of current.

There are many millions of them in use in automo-
biles, electric trucks. radios, airplanes, electric lanterns.
flashlights, and in telephone, burglar alarm and signal
systems. In some power plants big groups of large
hatteries are used for emergency service, in case of
shut down of the generators, and in such cases they
may supply thousands of amperes for short periads.

The term “Battery” applies to 2 or more cells
grouped together in series or parallel. As you have

already fearned such a group will supply more voltage
or current than one cell. according to the way they are
connected.  But where only very small amounts of
current are needed, at low voltage, one cell may be
used alone, as in small flashlights or door bell systems,
etc. Iig. 1 shows a large battery for telephone
operation.

As we said in a previous section, batteries are de-
vices to convert chemical energy into electrical energy,
or they use the chemical method of producing dy-
namic electricity.

All batteries consist of some chemical solution or
paste, and metal elements to be acted upon or con-
sumed by the acid or solution.

57. PRIMARY AND SECONDARY CELLS
Batteries or cells are divided into two classes,
called “Primary” and “Secondary.” "The Primary
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Fig. 1. Photo of group of storage batteries used for telephone work.
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Cell is one that is made of such materials that it will
supply electric pressure as soon as it is assembled,
without first receiving any electrical charge. In these
cells part of the unlike metal elements are consumed
by the chemical action during their use and when
the materials are used up or destroyed, they must
be renewed before the cell can deliver current again.

A Secondary Cell is one that uses metal elements
of similar nature when first constructed, and will
not deliver current, until it has first been charged
by passing electric current through it.

This charging or flow of current through the cell
sets up one form of chemical action, and changes
the nature of the material in the metal plates. Then
when the cell is being used or discharged, a reverse
chemical action is taking place.

When such a secondary cell is discharged the metal
elements are not destroyed, and it can be again
charged by passing current from a generator or
other source, through it in the opposite direction to
its flow during use. These cells can be charged and
discharged many times before their metal elements
need renewing. So they are often called storage
cells or batteries. But remember they do not store
electricity, instead they simply store a form of
chemical energy, set up by the charging current
flow.

copPER ZINC
STRIP 4+ — STRIP

DILVTED
SULPHURIC
ACIHD

2R

Fig. 2-A. Simple primary cell.
Fig. 2-B. Primary cell connected to a lamp. This cell has larger metal
strips than the one in Fig. 2-A.

58. CONSTRUCTION OF PRIMARY CELLS

Primary cells are made of positive and negative
elements of different kinds of material, immersed in
the acid or chemical solution, and all in some suit-
able container.

The acid solution is called the “Electrolyte.”

Cells which have the electrolyte in liquid form
are called “Wet cells.” Those having the electro-
lyte in a moist paste form are called “dry cells.”
These are not really dry, but because there is no
loose liquid to spill, and the manner in which they
are sealed, they can be placed in any position and
treated as a dry cell.

A simple form of wet primary cell is shown in
Fig. 2A. This is known as a “Voltaic cell.”

Here we have a strip of copper and one of zinc, im-
mersed in an electrolyte of sulphuric acid that has
been diluted or weakened with water.

59. CELL VOLTAGE

The action of the acid on the zinc causes a differ-
ence of potential between it and the copper. So if
we connect a voltmeter to the top ends of the copper
and zinc elements, it will show a pressure of about
one volt.

The amount of voltage we can obtain from a cell
depends on the kind of materials used, and not on
their size. Thus copper and zinc used with sul-
phuric acid electrolyte give about 1 volt, while car-
bon and zinc used with an electrolyte of ammonium
chloride will give about 1.5 volts. Or carbon and
zinc with sulphuric acid and a little bichromate of
potassium will give about 2 volts.

If we connect a lamp to the terminals of this sim-
ple cell as in Fig. 2B, a current will flow from the
positive terminal on the copper, through the lamp
to the negative terminal on the zinc, and also inside
the cell from the zinc through the electrolyte to the
copper. This shows the complete circuit or path of
current in both the external and internal parts of
the circuit.

As long as the external circuit is closed and cur-
rent allowed to flow, the chemical action decom-
poses and consumes the zinc plate. The copper,
however, is not destroyed. \When the zinc element
is practically all' destroyed, the cell will not furnish
any more current and is said to be dead.

By replacing the zinc with a new piece 1t will
again deliver the current.

In referring to the terminals and external circuit
of a battery the element at which the current leaves
the cell is commonly called the positive element or
pole, and the one at which current enters the cell is
called the negative element or pole.

Inside the ce}ll however, the current flows from
zinc to copper, so in the internal circuit the element
at which current enters the electrolyte is the posi-
tive or anode, while the one at which current leaves
the electrolyte is the negative or cathode.

60. CELL CURRENT AND LIFE

From the above we can see that the amount of
current we can obtain from such a cell, as well as
the life of the cell, will depend on the size of the
elements.

The cell in Fig. 2B, having elements twice as large
as in Fig, 2A, will furnish current twice as long at
the same rate, or would deliver more current on a
low resistance circuit than the smaller cell. '

A cell such as in Fig. 2A, or 2B, is sometimes
called a one fluid cell, as the electrolyte is just di-
luted sulphuric acid.

61. POLARIZATION

Such one fluid cells are not used much except for
experimental purposes, because if we leave some
device connected in the circuit to operate con-
tinuously, we find that the current flow will very
rapidly decrease to almost nothing.

This is caused by what is called Polarization. As
the acid attacks the zinc element hydrogen gas is
created and has a tendency to collect on the copper
plate in the form of little bubbles. If the current

\
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continues to flow at a very heavy rate, the copper
plate soon becomes so coated with a layer of these
bubbles that they shut off the current flow, as the
gas is an insulator of very high resistance, and re-
duces the active area of copper in contact with the
electrolyte.

When the copper is thus coated with bubbles, if
it is taken out and wiped off or dried, then put back,
the cell again delivers current a short time until it
becomes polarized once more.

Such a cell can only be used for short periods, or
on circuits that are normally open, and just closed
intermittently. So they are called open circuit cells.

In primaryv cells we sometimes have “Local
Action” at the zinc element, caused by impurities
in its surface. The action of the acid on these
particles of other metals is different than on zinc,
and sets up a difference of potential, and little short
circuited local currents at these spots. This con-
sumes the zinc even when the cell is not in use. To
prevent it, we sometimes amalgamate or coat the
zinc with mercury.

62. CLOSED CIRCUIT CELLS, AND PRE-
VENTION OF POLARIZATION

For many uses we need cells that will furnish
current continually or at least for reasonable
periods, without polarizing.

There are several ways of constructing such cells
to prevent polarization. In Fig. 3, is shown a cell
using two solutions for the electrolyte, copper sul-
phate in the bottom, and sulphuric acid and zinc
sulphate in the top. These two liquids stay separate
because the copper sulphate is heavier than sul-
phuric acid or zinc sulphate. The lighter liquid
floats on the copper sulphate, as oil will float on
water.

In the bottom of the jar, and immersed in the
copper sulphate solution, we place the copper
element which is usually several strips of thin
copper fastened together in the center, and the ends
spread out fanwise. From this a rubber insulated
wire leads up through the solution to the top of the
jar.

In the top of the jar and in the sulphuric acia
solution we place a zinc element, that consists of
several heavy bars cast together to a vertical stem,
in the shape of a “Crowfoot”.

The stem has a hook shaped extension at the top
to hang it on the rim of the glass jar and hold it up
in place, also a terminal nut for connecting wires
to it.

When this cell is in operation, the acid acts on the
zinc the same as in our first simple cell, and
hydrogen gas is again set free. But before it can
reach the copper element it must pass through the
copper sulphate solution in the bottom of the jar.

When the gas reaches this solution it combines
with part of the copper sulphate, forming sulphuric
acid which stavs in the top, and metallic copper
collects on the copper element, instead of hydrogen
bubbles.

Thus polarization is prevented. The copper de-
posited on the copper element of course does no
harm as it is a conductar, instead of high resistance
like the gas bubbles.

This type of cell is called a Closed Circuit Cell
because it can be used to supply small currents con-
tinually, to closed circuit electrical systems.

They are also called “Gravity Cells” because of
the manner in which the two solutions are kept
separated by their different gravities. They are one
form of Daniel Cell and often called by this name.
Fig. 4 shows two such cells connected to telegraph
instruments.

They are used for telegraph and telephone work,
and in some types of signal and alarm systems.
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Fig. 3. “Two Fluid” Gravity Cell. These cells do not polarize as the
one ffuid type do.

63. ASSEMBLY AND PREPARATION OF
GRAVITY CELLS

In preparing such a cell for use we place the

copper element in the bottom of the jar, with its

“lead in” wire brought to the top, then sprinkle

the bottom of the glass jar evenly and about %

Fig.4. Photo of two gravity cells, showing their parts and construction.
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inch thick with copper sulphate crystals. Then
hang the zinc element in the top and fill the jar
with water (preferably distilled) to within about
2 inches of the top, or well over the zinc.

1f the cell is to be used at once it may be necessary
to add about a tablespoon full of sulphuric acid. But
if it can be allowed to stand a little while on short
circuit, a chemical action takes place which soon
forms enough zinc sulphate to start operation.

After quite a period of use the zinc element be-
comes practically destroyed and must be renewed.
The electrolyte and copper sulphate crystals must
also be renewed occasionally to keep the cell up to
good strength.

The copper element becomes heavily coated with
metallic copper from the solution, after long periods
of operation.

It is well to cover the top of the electrolyte in
these cells with a thin film of oil to prevent
evaporation.

64. CARE OF CELLS

They should not be left on open circuit long, as
they will deteriorate if no current is flowing. The
acids tend to mix when the cell is idle. When stand-
ing idle and not in use in a regular circuit, it is best
to connect a wire or coil of about 30 or 40 ohms
resistance across them.

There is a noticeable difference in the color of the
two solutions. The lower solution or copper sul-
phate should show a blue color when in good con-
dition. VWhen it shows a brown color it indicates
that the zinc is deteriorating.

The line of separation of the two liquids should
be about half way Dbetween the copper and zinc
elements. If too low, it can be raised by adding a
little copper sulphate crystals and water. If too
high, a little can be siphoned out with a small rubber
tube. Then short circuit the cell awhile to create
more zinc sulphate.

65. PORUS CUP CELLS

Another form of primary cell, also one of the
Daniel type, uses a porous cup or cylinder between
the positive and negative elements to separate the
solutions. (See Fig. 5).

Fig. 5. Daniel Cell, in which the liquids are kept separated by a
porous cup.

This cell has a porous cup to keep the two liquids
separated. Inside this cup is placed a saturate

solution of zinc¢ sulphate, and the zinc electrode.
Outside the cup the jar is filled with copper sul-
phate solution or dilute sulphuric acid, in which the
copper electrode in the form of a cylinder is placed.
The copper sulphate solution is kept renewed by
the dissolving of copper sulphate crystals in a little
perforated copper container shown in Fig. 5.

In this cell the porous cup keeps the liquids
separate, and thereby prevents polarization, but does
not prevent the proper chemical action, or prevent
the current flow in the cell. They are better for
portable use than the gravity type, as their solu-
tions cannot mix so easily by motion or jarring.

66. EDISON PRIMARY CELL
The Edison cell is very extensively used in rail-

way signal work, and many other places. These

cells use an alkaline solution such as caustic soda or
caustic potash, and a positive element of copper
oxide, and negative of zinc. (See Fig. 6.) They
supply a low voltage of about .7 volt, but their in-
ternal resistance is very low, and they will deliver
from 1.5 to 7.5 amperes according to the size of the
cell. If short circuited their current will range from
7 amperes with the small cells to 33 amperes for the
largest, but this rate of course cannot be maintained
long.

Fig. 6. EdisonvPrimary Cell,

The negative zinc element is amalgamated
throughout by adding mercury to it while it is being
cast. The positive element consists of a mass of
copper oxide mixed with metallic particles coated
with copper, to decrease its resistance.

After considerable use the hydrogen bubbles re-
duce the copper oxide to metallic copper, and it
must then be replaced like the zinc.

These cells are very rugged in construction and
will stand quite cold weather without freezing, so
they are often used for railway signal batteries, and
other outdoor work.

The electrolyte should be covered with a thin
layer of paraffin oil to prevent evaporation, and to
stop the salts from ‘“creeping” over the sides of
the jar.




Section Six, Electric Cells and Batteries 41

Fig. 7. Zinc elements of an Edison Primary cell. with “indicator

panels’” which show their condition.

The zinc plates of these cells are made with spe-
cial sections or panels at the bottom edges, which
become caten away first, as the cell is used and ex-
hausted.

This is called an indicator panel, and is very use-
ful in determining when the cells should be renewed.

Fig. 7 shows two plates at different stages of ex-
haustion. The one at the left with the panel partly
eaten away is about 85% exhausted, and the one at
the right with the panels caten out entirely is almost
completely exhausted. They should be replaced at
once when this condition is noted.

[Fig. 8 shows the rencwal parts for one of these
cells. This consists of the new zinc clement, a can
of caustic soda. and the bottle of oil to cover the
electrolyte surface. The soda and oil supplied are in
just the right amounts for the one cell, and the en-
tire contents should be used when renewing a cell.

In maintaining these cells and making renewals,
clean water should be used, and the soda should be
poured slowly into the water while it is being stirred
constantly, with a clean wood stick or glass rod.

This caustic soda should be handled very care-
fully, as it will burn the flesh and destrov clothing
if spilled on them.

The element should hang vertically when im-

Fig. 8. Renewal parts for Edison Primary cell, consisting of zincs,
caustic soda and oil.

mersed in the solution. Tf the cell is to be used on
open circuit work the element should be short cir-
cuited with a piece of wire hefore inserting it in the
hot solution, and the “short™ left on a couple of min-
utes after the element is immersed, and then remove
the wire.

The clectrolyvte should be kept up to within 34" of
the top of the jar at all times, and should always be
stirred after adding water.

Fig. 9 shows a group of this type of primary cells
in use in a railway signal tower.

Fig. 9. Edison cells in railway signal tower.

They are located in a weather proof iron box in
the lower scction of the tower. Many times they
are located in concrete pits or “battery wells™ along
the tracks.

67. DRY CELLS

Dry Cells are probably the most universally used
of anyv type, because of their great convenience and
portability.

Practically every one has seen and used them in
some device or other, such as flashlights, lanterns,
door bells, clectric clacks, clectric tovs, gas engine
ignition syvstems, rural telephones, radios, etc.

Their construction is shown in Fig. 10.

The zine clement is in the form of a cyvlinder and
serves as the container for the rest. The other
element is a carbon rod in the center, and around
it is packed a pasty mass of granulated carbon and
manganese dioxide, saturated with ammonium
chloride (Salammoniac) as the clectrolyte.
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The manganese dioxide acts as a depolarizer and
helps prevent the {formation of hyvdrogen gas
bubbles. Other ingredients are added by various
manufacturers in their patented processes.

setween the wet mass and the zine container
there is a porous paper separator which allows the
chemical action to take place, but prevents a short
circuit between the carbon aud zinc.

The tops of these cells are sealed with compound
that makes it possible to handle or place them in
any position. This compound will melt if the cell is
over heated.

The whole cell is placed in a paper container to
prevent the zinc from coming in contact with other
metal objects, and to serve as a protector and
insulator.

68. USE AND CARE OF DRY CELLS

Dry cells are designed to operate on open circuit
systems, where current is only used occasionally
for short periods. But they are sometimes used on

q

Fig. 10. Typical dry cell, with sectional view showing parts and
construction.

closed circuit systems where only very small
amounts of current are required.

If used on a circuit or device requiring heavy
current, or if short circuited, the rate of current flow
at first may be 30 amperes or more, but will fall off
very rapidly. This is because their depolarizing
material is not strong  enough to prevent the
formation of hydrogen gas at higher rates of current
flow.

If a cell which has been shorted briefly or used
on a heavy load, is allowed to stand a while, it will
often recuperate or supply nearly normal current
again, as it has been given time to break up the gas
formation with its depolarizer chemical.

The life of a dry cell will be much greater if used
as intended. to supply small currents for short
periods with intervals of rest between.

Dry cells are made in different sizes, hut perhaps
the most commonly used is the number 6 size, about
2% inches in diameter and 6 inches high. This cell
when new should test 174 volts with a battery volta-
meter, and 30 to 35 amperes on short circuit with a
battery ammeter.

Then there are the very small sizes used in
pocket flashlights, etc.  As before mentioned. radio
“B” batteries are a group of these little cells con-
nected in series and sealed in a paper box.

Some dry batteries for radio and test work re-
quiring high voltages, are built of little flat cells
stacked together. These use flat plates, of zin:
and carbon with a layer of the acid paste in betweer..
for each cell. When a number of these are stacked
they are more compact and ecliminate a lot of con-
necting wires. See IFig. 11, which shows a compari-
son of the old type, and the new tvpe “layer built”
[} batteries.

Dry cells should not be stored or located in damp
places, or they will quickly deteriorate or lose their
strength.

Fig. 11. Views showing inside construction of radio ‘“B’’ batteries.

Compare the new “layer built” type on the left, with the series grouped

cells on the right.
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Their tops and terminals should be kept clean
of dirt and dampness, and terminals also kept tight.

The terminal nuts provided for easy connection
of wires are very convenient, and are sometimes
called binding posts.

69. POLARITY

The center terminal on the carbon electrode is
always positive and the one on the zinc shell is
negative. Current flows from positive to negative
outside the cell, and from zinc or negative through
the paste to carbon or positive, in the internal cir-
cuit. :

These cells will often decrease in strength if
stored too long in shelves before being sold, and
therefore should De tested when buying.

When the paper covering of a dry cell shows
damp or greasy appearing spots, or if when the
paper is removed, the zinc shows bulges and holes
caten through it, this shows the cell is dead or used
up. and should be replaced.

It is not practical to try to recharge dry cells,
except in rare emergencies.

Dry cells can be adapted to many uses, and made
to supply a wide variety of voltages or current ca-
pacity, by proper connection in series or parallel as
covered in the previous section on series and paral-
lel circuits. TIig. 12 shows a group of six dry cells
connected parallel-series, and ready for use in a bur-
glar alarm system.

In dealing with any cells it is well to remember
that the copper or carbon electrode at which current
leaves the cell is called the Cathode, and has the
positive terminal attached to its top or pole. The
zinc electrode at which current enters the cell from

Fig. 12. Six dry cells connected parallel-series, for use in an alarm
system.

the external circuit, is called the Anode, and has the
negative terminal attached to its top.

The Internal circuit of a cell includes the elec-
trodes and electrolyte. The External circuit refers
to the wires and devices connected to its terminals.

The practical man will often have many uses for
various types of batteries in his work, and this gen-
eral knowledge of their operation and care should
be of great value to him.

\When you have carefully studied this material
you should feel confident of your ability to install,
care for, test and renew any of the common primary
cells.

Remember you are not expected to memorize all
of the material or data, but should use this set for
reference any time necessary, when you have such
problems or work ahead to do, and until practice
fixes them in your mind.

This section has dealt only with various types of
primary cells, as storage batteries of the lead plate
and acid type, and also the nickle-iron alkaline
type, will be covered thoroughly in a later section.

‘ ELEMENTARY ELECTRICITY

SECTION SEVEN

MAGNETISM

70. MAGNETS AND MAGNETISM play such
an important part in the operation of many elec-
trical devices and machines, that every electrical
man should have a good understanding of them.

Magnetism is also an extremely interesting sub-
ject, and you will really enjoy the following prac-
tical material.

You have probably seen magnets in use in some
form or other, such as magnetic tack hammers or
toy horseshoe magnets, with their mysterious power
to attract tacks, nails, and other iron and steel
objects.

Then there are the common magnetic compass.
magnetized pocket knives and screw drivers, as well
as magnets of another type in bells, buzzers, etc.
But most people without electrical training do not
realize that magnets form a large part of every elec-
tric motor and generator, and thousands of other de-
vices such as telephone and radio receivers, tele-

graph instruments, power and telephone relays,
magnetic tools, etc.

71. NATURAL MAGNETS were first found in
Magnesia, a country in Asia Minor, about 600 B. C,,
and for this reason were called magnetite or mag-
nets. (See Fig. 1.)

Fig. 1. 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
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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.

Our compasses today are simply small steel
needles that have been permanently and strongly
magnetized, and mounted on jeweled pivots so they
are free to turn easily. They are made by the
thousands in many styles and sizes from the pocket
variety used by hunters and explorers to keep their
directions, to the big elaborate ones used to guide
our steamships and airplanes.
72. EARTH’S MAGNETISM

The earth is also a natural magnet on a huge
scale, with centers of magnetic force or attraction
on its north and south sides. (See Fig. 2.)

Fig. 2. Sketch showing earth’s magnetic field and poles. Note that the
magnetic poles do not exactly align with the geographical poles.

This is the reason for the attraction of the ends
of the compass needle to a north and south posi-
tion. DBut a compass does not point exactly true
north, because the earth’s magnetic centers are not
exactly at its true north and south geographical
poles, or ends of its axis.

In using a compass for accurate work, mariners,
aviators, and surveyors allow a certain number of
degrees for correction of this error, at various places
on the earth.

You will note in Fig. 2, the earth’s magnetic poles
are opposite to its geographical poles. This will
be explained later.

73. ARTIFICIAL MAGNETS are made of steel
and iron, in various forms. Common types are the
straight bar and horseshoe forms. (See Fig. 3A and
3B.) 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 calied In-
duced Magnetism.

Fig. 3-A. Common bar magnet.
Fig. 3-B. Horseshoe magnets with ‘‘keepers’ across poles.

If a small bar of soft iron is held near to, but not
touching a strong magnet, as in Fig. 4, 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
lose its charge. This is an example of induced
magnetism.
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Fig. 4. The small bar of iron attracting the nails, obtains its magnetism
by induction from being near the large magnet.

74. 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. 5.)

75. 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
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apart, or repel each other. The two south poles
will do the same if we bring them near each cther.
But if we bring a north pole of one magnet near the
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. 5. Sketch of bar magnet showing how iron filings are attracted
almost entirely at its ends or poles.

Refer back to Fig. 2, showing the earth’s mag-
netic poles and you will now understand how we
know that the magnetic pole in the north must be
unlike the north pole of our compass, and why we
assume that the earth’s magnetic poles are opposite
to its geographical poles.

76. 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 Fig. 6A and 6B.

Fig. 6-A. Iron filings on a paper over a bar magnet, show shape of lines
of force around the magnet.
Fig. 6-B. Filings over end of magnet,

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. 7.

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.

77. 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
hecomes rapidly weaker as we go farther from the
magnet.

In Fig. 7, 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
path, are from the north to south pole. This is a
very important fact to remember.

Fig. 7. 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. 8.

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.

~
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Fig. 8. Floating a needle in a cork, in water over a magnet, to show
shape of lines of force.
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78. ACTION OF MAGNETIC FIELDS

When two magnets are placed with unlike poles
near each other as in Fig. 9, we find that their lines
of force combine in one common path through them
both as shown by the dotted lines.

Fig. 9. Two bar magnets with unlike poles near each other, and
attracting. Note how their fields join.

These lines then seem to try to shorten their path
still more by drawing the magnets together, 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. 10, 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
the magnets push apart or repel each other to avoid
this conflict or crowding of the opposing fields.

Fig. 10. Two bar magnets with like poles near each other and repelling.
Note how their fields oppose.

79. MAGNETIC AND NON-MAGNETIC MA-
TERIALS
In our experiments with magnets we find that
only certain materials can be magnetized or at-
tracted by magnets, while others cannot.
Those that can be magnetized we call Magnetic

Materials, and those that cannot be magnetized we
call Non-Magnetic Materials.

Iron and steel are good magnetic materials, and
most magnets are made from them. Nickel and
cobalt are somewhat magnetic. Brass. copper, gold,
silver, lead, wood, glass, air, etc., are all non-mag-
netic materials.

80. PROPERTIES OF MAGNETIC MATE-
RIALS

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 some 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
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. 11.
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Fig. 11. Simple sketch showing the supposed arrangement of molecules
in an unmagnetized bar of iron.

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.
12.)

Fig. 12. Molecules lined up, in a fully magnetized bar.
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In soft iron this change is effected very easily,
and as we have already said it can be easilv 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 hefore.

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 called De-
Magnetizing.

If a magnet is placed in a reversing flux or field
from some source, so its charge or polarity is rapidl¥
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.

81. 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. 13-A. & B. Sketches showing how lines of force can be distorted
and made to follow the easier path through the small
iron bars.

If we place a small bar of soit iron in the field of
a larger magnet as in I'ig. 13A or near the ends of
two magnets as in Fig. 13B, 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 is 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. 14A and 14B.)
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Fig. 14-A. "Horseshoe magnets have a much shorter flux path through
air fram pole to pole.

Fig. 14.B. Double magnet ccnstructed in horseshoe shape, also to
shorten its air gap.

In Fig. 14B, the bar joining the two magnets to-
gether is called a yoke. Ve often place a soft
iron “keeper” across the ends of horseshoe magnets
as in FFig. 15, when they are not in use, to provide a
complete closed circuit of magnetic material and
climinate the air gap reluctance. This will greatly
increase the life of the magnet.

82. PULLING STRENGTH

Horse shoe 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
Fig. 15 and 16.)

Fig. 15. Horseshoe magnet with keeper bar across its poles to decrease
air gap when not in use.

In Fig. 10, the lines must pass a considerable dis-
tance through air, which greatly weakens them. In
Fig. 15, 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. 16, Bar magnet attracting a piece of iron. Note the long path
through air, which the lines of force must take.

83. EFFECT 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.
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Fig. 17-A. & B. Doubling the distance between two magnets, decreases their pull to 14 of what it was.

If two magnets are placed as in Fig. 17A, and
their pull measured, and then they are moved far-
ther apart as in Fig. 17D, 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 14 of what it was.

Tf the distance is tripled, the pull decreases to
about 1/9 of what it was.

1f on the other hand we reduce the distance to 4
its original 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.

84. 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 lines of force
will largely choose the easiest path. So if we ar-
range a shield of iron around a device as in Fig. 18,
we can distort the flux around, and prevent most of
it from entering the shielded area.

SOFT 1RON

SHIELDED

DEVICE

oppositely magnetized so the fluxes oppose. Veryv
weak magnets may sometimes develop consequent
poles. (See Fig. 19.)

Fig. 19. Consequent poles in a bar magnet.

Tf a long magnetized bar is broken into several
pieces, each piece will take on separate north and
south poles. (See Fig. 20.)
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Fig. 20. Bar magnet broken into several pieces. 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
TFig. 21A and 21B.)

"

Fig. 18. Iron shield to deflect lines of force away from instrument
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

. Fig.21-A, Compound bar magnet.
Fig. 21-B. Compound horseshoe magnet.

85. 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.
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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 geograplical
pole, is in reality a south magnetic pole. This was
iltustrated in Fig. 2, and explained in Articles 72
and 73.

86. SPECIAL MAGNETIC ALLOYS

There are certain patented alloys of iron and
steel mixed with other metals, which have very
good magnetic properties. Some of these have
higher permeability than soft iron, and others have
higher retentivity than hard steel.

Cobalt Steel is one of these improved alloys,
especially good for strong, permanent magnets.

Permalloy is another, of very low reluctance, used
in thin ribbon form tor wrapping telephone and
telegraph cables.

We find a few materials that show slight proper-
ties of repulsion to either pole of a magnet. These
are called Diamagnetic.

Some of the uses of permanent magnets were
mentioned in the first part of this subject. They
are also used for fields of magnetos, in electric
meters, for surgical instruments, and many other
things.

Before proceeding farther, be sure you have a good
understanding of these important principles of mag-
nets and magnetism, as it will be of great value to
you in all electrical work. It will also make it easy
for you to understand the very interesting section
on Electro-Magnetism which follows.

ELEMENTARY ELECTRICITY

SECTION EIGHT
ELECTRO-MAGNETISM

You will recall that in an earlier section we found
that one of the very important effects of dynamic
electricity, was its magnetic effect.

We learned that whenever a current is passed
through a wire, it sets up whirling lines of force

around the wire. This is called Electro-Magnetism.

87. MAGNETIC FIELD AROUND WIRES
CARRYING CURRENT

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. 1,
and sprinkle iron filings on the paper, they will
arrange themselves in a pattern as shown.

Fig. 1. Electro-magnetic lines shown 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. 2. 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-
tion the lines of force travel. If the current flow
is stopped, the needles will all point north, but as
soon as current is again started they will point in
a circle once more.

\
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Fig. 2. Small compass needles showing shape and direction of lines
around a conductor,

88. DIRECTION OF LINES AROUND CON-
DUCTORS

Note the direction of current in the wire in Fig.
2, 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
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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. 3.

it very well by just holding vour 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.

90. MAGNETIC FORCES BETWEEN PARAL-
LEL 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 directiocns tend to crowd apart, and actually
make the wires repel each other. See Fig. 5-A.

In Fig. 5-B, 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.

Fig. 3. 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 on actual electric cir-
cuits, because it will be very useful later in your
work on power machines and circuits.

89. 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
“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 Fig. 4-A and 4-B.)

Fig. 4. “Right hand rule” for direction of flux around conductors,

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
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Fig. 5. This sketch shows the repulsion of 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 Fig. 6-A and 6-B.

Fig. 6. When parallel wires carry current in the same direction, their
flux tends to draw them together.

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-
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.
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In Fig. 6-B, 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.

91. 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. 7-A.

T7A 7B

Fig. 7-A. The lines of force around the turns of a coil join together,
in one very strong field.
Fig. 7-B. Sectional view, note how the lines join around all turns, and
the dense flux set up in the center of the coil

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. 7-B, 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.

92. 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. 8.

By referring to both Figs. 7 and 8, 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 ina
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. 8. Solenoid, or coil wourd on a non-magnetic tube. Note the
direction of the lines, and polarity of this 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.

93. 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. DBut 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 coil 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. 9, 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
many tons at a time. Then when we want it to
drop the iron the current is simply turned off.

94. 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
No. 24 to 30 wire, and used with a dry cell. But
you will note that as scon as the coil is disconnected,
or the battery current turned off, the core will lose
practically all its noticeable magnetic strength, as
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Fig. 9. Electro-magnet used for handling iron and steel. This magnet

has a number of coils inside its frame or cover.
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
iron, 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. 10.

A good charging magnet of this type for charging

A
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Fig. 10. 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. 11.

Fig. 11. Right hand rule for determining polarity of electro-magnet.

LEvery 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.

L++)
0

Fig. 12. Electro-magnet with demagnetizing coil for destroying residual
magnetism.
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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. 12.

1f 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. 13.

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,
so practically no magnetism will be set up in the
core. Non-magnetic coils of this type are often used
1 meter construction.

—

<

Fig. 13. Non-magnetic winding. One half of the turns oppose the other
half, so the core does not become magnetized.

96. 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 ampere-turns.

We say therefore that the number of ampere
turns, determines the Magneto-Motive-Force. (Ab-
breviated M.M.F.) and meaning 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. 14, 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 number 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 nate 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 coften 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 reluctaace 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 1 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. 14. Curve showing number of lines of force that can be set up in
soft sheet iron, with various numbers of ampere turns,

97. PRACTICAL ELECTRO-MAGNET CAL-
CULATIONS

To calculate the total flux or lines of force in a

magnetic circuit we can use the following formulas:

-
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M
¢:_
R

In which:
¢ equals flux in lines of force.
M equals MMF in ampere turns.
R equals reluctance in rels.

For example, if we have 1200 ampere turns
M.M.F.,, on a magnetic circuit of .03 rel, what
would be the total flux?

M 1200
, or IFlux =
.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 XL
v =2
A

¢ = or 40,000 lines.

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 X 8
,orR = ————

A 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 X 17
R = ,or R =
A 4
reluctance of air core.

Then .00036 plus .07823 = .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 ILN,, and I.N. also equals M or MMTF.

Then from our formula for determining flux:

or .00036 rel.

R =

= .07823 rel.

¢ = , or flux = or 63,603 lines.
07861
98. 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.
I'rom 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.

99. 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.

The Maxwell is a unit of flux, or the same as 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 rel. 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 kear them used from time to time vou
will understand their meaning.

Direct current is best for operation of ILlectro-
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.

100. MAGNET WINDING AND REPAIRS
In making electro-magnets the core should be of

good soft iron, and covered with one or more layx-

ers of oiled paper or varnished cloth insulation.

Pounds Pull =

Lhs., = or 554.5 + pounds.
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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.
15, which shows a sectional view of an electro-
magnet.

Some magnet coils are wound with thin insula-
tion between cach laver of wire, and some are
wound without it. Tt 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
magnet. But they should be wound as smooth and
compact as possible.
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Fig. 15. Sectional view of electro-magnet, showing core, insulation and
winding.

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.

\WWhen 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 carcfully 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.

101. 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. 16-A, B and C.

In Fig. 16-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 oiten used instead of the bat-
tery and lamp.

In Fig. 16-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.

o, o

Fig. 16. Methods of testing coils for faults,

b

In Fig. 16-C, the coil has developed two grounds
at different places, thus “shorting” out part of the
turns, as the current will low 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 “short”
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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 possibly
shorting out two or more layers, thus greatly weak-
ening the coil and causing overheating.

Figs. 17, 18, 19 and 20, 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 IFig. 17,
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. 19, are also wound oppositely
for the same reason.

Those in the motors in Fig. 20 are wound
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Fig. 18. Plunger type magnet at left. Shell type magnet at right.

opposite to create unlike poles adjacent, to allow
a complete magnetic circuit from one to the other.
Note carefully the path of the flux in each case.

1f you have carefully studied this section on mag-
netism and electro-magnetism, you have gained
some very valuable knowledge of one of the most
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.

Fig.17. Double and single electro-magnets.

Fig. 19. Sketches showing use of electro-magnets in telephone receiver
and door bell.
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Fig. 20-A. Flux path in a simple early type of motor. Fig. 20-B.

Note the several flux paths in this modern 4 pole motor frame and poles.
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ELEMENTARY ELECTRICITY
SECTION NINE
ELECTRO-MAGNETIC INDUCTION

Electro-magnetic induction is another very inter-
esting and important subject. This is the prin-
ciple used in all of our power plant generators,
motors, transformers and many other electrical
machines.

102. GENERATING ELECTRIC PRESSURE
BY INDUCTION

If we move a piece of wire through magnetic
lines of force as in Fig. 1. so the wire cuts across
the path of the flux, a voltage will be induced in
this wire. [araday first made this discovery in
1831.

Fig. 1. When a wire is moved through magnetic flux, voltage is
generated in the wire.

If we connect a sensitive voltmeter to this wire,
thus completing 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. 1. So it is possible to
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.

103. 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

magnetic 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. 2.)

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. 2. Sketch of conductors moving through flux, as in a simple
generator. Note direction of induced pressure.

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
direction of the induced pressure. (See Fig. 3.)

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 threc
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.

104. AMOUNT OF PRESSURE GENERATED
DEPENDS ON SPEED AT WHICH
LINES ARE CUT

Referring back again to Fig. 1, if we hold the
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Fig. 3. Right hand rule for direction of induced voltage. Compare
position of fingers with direction of flux and wire movement.
wire still, even though in the magnetic field, no
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 field, 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 not
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. 4A and 4B.)

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
as it did with one wire. Generator coils are often
made with many hundreds of turns so connected,
thus obtaining very high voltage.

105. SIMPLE GENERATOR PRINCIPLES

In Fig. 5A and Fig. 5B, 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-

4B

Fig. 4-A. Using several wires connected in series to obtain higher
induced voltage.
Fig. 4-B. Coil of several turns, as used in generators.

cuits by means of metal or carbon brushes rubbing
on the slip rings.

Assume that the coil A, B, C, D in Fig. 5A, 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.

Fig. 5-A. Simple electric generator of one single wire loop, in the flux
X of a strong permanent magnet.
Fig. 5-B. Here the coil has revolved one-half turn farther than in (A).

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.

In Fig. 5B, 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,

106 ALTERNATING CURRENT AND DI-
RECT CURRENT

So we see that as the conductors of such a sim-

ple generator revolve, passing first a north pole and
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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. 6A and 6B.)

Fig. 6-A and B. Single loop generators with simple commutators, for
producing direct current. Note how current continues in same
direction through the lamp, at both positions of the coil.

Here again we have a revolving loop. In Fig. 6A,
the wire A, B is moving up, and its current is flow-
ing 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 around
with the wire, so we find the current still flows in
the same direction in the external circuit through
the lamp.

107. 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?

That is exactly what will happen. ( See Fig. 7.)

Ilere 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. 8A and 8B.)

Fig. 7. Induction experiment, moving the magnet and its field instead
of the wire.

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 “D” does not change.
This shows that no induction takes place unless
the current is changing, causing 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
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.

Fig. 8-A and B, Sketch showing how induction takes place between two
wires, when curxent and flux are varied.

If we arrange two coils as in Fig. 9, 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
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meter will now give a much stronger reading when
the switch is opened and closed.

In Fig. 9, 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. 9. Induction between two coils. A is the “‘primary coil” in which
exciting current flows. B is the ‘“secondary coil” in which
current is being induced.

108. HIGH VOLTAGE SPARK COILS

The greater number of turns we use in the sec-
ondary coil, the higher will be the induced voltage.
This is due to the fact that all the turns are affected
by the flux, and all are in series, so the voltages
induced in each turn are added, giving a pressure
equal to their sum at the coil ends.

In this manner we can get very high voltages by
winding the primaries and secondaries of induc-
tion coils or transformers with proper ratios, or
numbers of turns. This is called stepping up the
voltage. Of course when we increase the voltage
in this manner, the current in the secondary de-
creases proportionately, or by the same proportion
as the voltage is increased. Thus the watts remain
the same except for slight losses in the coils.

In Fig. 10, is shown the construction of a simple
type of spark coil. The iron core (A) is made of
soft iron strips called Laminations, or sometimes
of iron wires bundled tightly. The primary coi’
which is a few turns of rather heavy wire, is wound
over the insulated core. Then after a layer of good
insulation is placed over the primary, the secondary
coil is wound over it all. This secondary usuallv
consists of several thousand turns of very fine wire.
and may have a pressure of several thousand volts
induced in it.
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Fig. 10. Diagram of a spark coil, showing primary and secondary coils
and make and break contacts,

Such high voltages will cause a hot spark through
an air gap, as at “D.”

An interrupter to make and break the circuit
rapidly, is shown at “B.” This interrupter is oper-
ated or kept vibrating by the magnetism set up in
the iron core. It serves to keep the current and
flux of the primary continually changing, to accom-
plish induction.

A condenser is shown at “C.” Its purpose is tu
reduce sparking at the interrupter contacts, and
cause a quicker collapse of primary flux when the
current is interrupted. The action of such con-
densers will be more fully explained later.

109. TRANSFORMERS, also operate on this
principle of electro-magnetic induction. Trans-
formers are used to increase or decrease the pres-
sure or voliage of electric circuits, for many pur-
poses. They range in size from the little bell ring-
ing type, to those of several kilowatts capacity,
located on the poles and supplying power and light
current to our homes; and on up to those of many
thousands of kilowatts, for the high voltages of
our great power transmission lines.

In Fig. 11, is shown a simple transformer illus-
trating in general the construction and principle
of all common types. Here the primary and sec-
ondary coils are wound on opposite legs of a closed
iron core. This core serves to carry the flux of
the primary, over to the secondary coil. Such trans-
formers operate on alternating current, so they do
not need an interrupter, as alternating current is
continually reversing in direction, and varying in
amount. As the current in the primary coil re-
verses, and increases and decreases, its flux whips
back and forth across the turns of the secondary,
inducing alternating current in them.
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Fig. 11. Core and windings of a simple transformer.

Transformers of various types will be covered
thoroughly in a later section, but be sure to obtain
a good knowledge of this principle of electro-mag-
netic induction, as you will use it in many ways
in your work from now on.

Now if you have studied carefully and thoroughly
cach part of this elementary section, you can feel
that your time has been verv well spent. Noth-
ing is so essential to the practical man as a good
general knowledge of the fundamental and im-
portant principles of electricity, covered in this
section.

With a good understanding of these things you
can proceed into the following sections and easily
understand them. You will also find that some of
these same simple principles will clear up many
trouble shooting and operating problems in the
field, that would otherwise be very mysterious and
difficult. This is where the trained man has the
advantage, and is well repaid for all his efforts and
study, by being able to solve the problems that stick
many an “old timer.”
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SIGNAL SYSTEMS AND CIRCUIT WORK

Great Opportunities In 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 expansions in these branches,
creating new jobs for several thousand 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 hundreds of
thousands more 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 and crossing alarms, and the newer automatic
train control 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 clectrical 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 importance 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 just
because one may be interested in wiring or power
work. '

You may plan or hope to have a business of your
own some day, but feel that it takes a great amount
of capital to start it.

This is one of the particular advantages of bell
and alarm work.

It requires but very little capital to start a busi-
ness in this line, and many of our graduates are
making big 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 a nice bit of
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 a real success
and the bigger jobs.
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In obtaining a knowledge of signal systems, we
hape 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 1n this work and we want to 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 hat-
teries or transformers, switches of various types,
bells, buzzers, relays, drop relays, annunciators, etc.
The circuits are series or parallel, which you
alrpady know something about, and “closed” and
“open” circuits, which will be explained later.

1. | SIMPLE CALL BELL

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

Such an installation requires an ordinary bell, a
dry cell, a switch, and a few pieces of wire as shown
in [Figure 1.

Sectional view of a house showing the wiring for doorbells, burglar alarm and telepbone.
conveniences in the home.

These are three of the most common signal

CALL AND SIGNAL SYSTEMS

Note how the three devices are connected to-
gether 1n 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 rear 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
vou 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 {low,

O

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

3. COMMON DEVICES IN SIGNAL
CIRCUITS

Now let’s find out more about each of the devices
used in this simiple 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




Section One, Batteries and Current Supply 5

begause they will stand the continuous current re-
quiirements much better than dry cells. The opera-
tign and care of these cells were also covered in a
previous section.  (Elementary Section 6.)
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Fig. 3. Two common dry cells such as used extenstvely in signal systems.
One is cut away to show terminal strip attached to the zinc.

s

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 svstems Motor-Generator sets

ate often used.

These consist of a motor operated from the usual

10 or 220 volt current supply in a building, and

Fiving a generator which supplies the low voltage

.C. to opecrate the signals. (See Figure 3.)

e =

SERIES PARALLEL

Fig. 4. Sketch showing method of connecting groups of dry cells in
series or parallel, to obtain proper voltage or
current for various signals.

Storage batteries are often used with motor
generators, to supply current for short periods when
he 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
_glenerator should be disconnected from the battery
W
t

(s

rhen it is stopped, so the battery will not discharge
hrough the generator winding.

Fig. 5. Photo of low voltage motor 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. Diagram of motor generator and storage battery connected
together for dependable 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 I3 in. x 34 in. in size and 24
in. long.

Transformers can only be used where there is
electric supply in the building, and only on A.C.

Y-
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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.

117

Fig. 7. Two different types of low voltage bell transformers. These
reduce the voltage of an A. C. lighting circuit to 6,
8, and 14 volts for operation of bells.

IFor 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.
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Fig. 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 operate 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 systems using relays can-

not be operated satisfactorily with transformers, as
they require the continuous pull of D. C. on the
relay magnets. DBatteries 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 voltage transformer with ‘‘taps”
for obtaining various 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 Dbell to ring when desired.

Fig. 10. Three types of bell transformers which are built in the covers
of standard outlet boxes for conduit wiring.

This type of switch is called a Push Button
switch. [igure 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 parts of a push button switch; also completely
assembled button below.
When assembled, the button, which is also of insu-
lating material, rests on the large spring and is held
il place by the cover, as shown in the lower part of
the figure. The springs are so shaped that they nor-
ally remain separated from 1% in. to 14 in., thus
eeping the circuit open. But when the button is
ressed it forces the movable spring down onto the
ationary one, closing the circuit and allowing current
b 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
hould never be used for high voltage lighting circuits,
r heavy currents, as they may arc and overheat badly.
When connecting such a switch in a circuit, one
vire is attached to each of the screws which have the
washers under their heads. This fastens one wire to
ach 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
rover before placing the cover on the switch.
Pome 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-
on 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.
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[Fig. 12. Double circuit push button switch, showing clearly the ar-
rangement of contacts and parts with respect to base and cover.

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 closed through them until the
button is pressed. Then the movable spring leaves
the top one and touches the bottom one, opening
one circuit and closing the other.

®
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Fig. 13. Connections for a double circuit switch to operate a signal
p and bell.

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.




8 Section One, Push Button Switches

Because of the shape of its spring and button,
it is very convenient to use as a signalling key for
certain code calls.

With 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.

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

10. DESK BLOCKS AND SPECIAL PUSH
BUTTON SWITCHES

For desk call svstemis 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
commonly used in office call systems.

In Figure 18 are shown several types of small

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.

FFor 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.

reerse operation takes place where closed circuit
switches are used.

Figure 21 shows two door spring switches. The
ofle at the left is a closed circuit switch, and the
otle 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,
sd that when the door is closed it holds the button
campressed, and when the door is opened, the spring
pushes the button out and closes or opens the
cifcuit as desired, causing alarm to operate. Win-
ddw and door springs can be obtained in both closed
and open circuit types.

Door springs of open circuit and closed circuit types to be

Fig. 21.
mounted 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. 22. 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
door, 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 the 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.

Fig. 24. Burglar alarm trap or switch to be operated by a string
attached to door, window, or other object.

15. THERMAL OR HEAT SWITCHES

Another very interesting tvpe 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. \Vhen 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 bevond 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.
Fig. 25-B. Burglar alarm mat to be placed under door mats or rugs,
and 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 and 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 contacts. 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 closes its contacts 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

’i[‘he purpose of anv signal or alarm system, is
to pall the attention of someone. To do this we can
US(I 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 arc to attract the eye,
such as lamps, or semaphores. The term ‘“‘sema-
phore” means a sort of moving flag or shutter.

Fig.| 27. Several different types of switches used in signal work. The

fwo above are called Lever Switches. In the center on the left is a

ultiple Key Switch; at the right double circuit Lever Switch.
glelow are two Knife Blade Switches.

j isible signals as a rule can only be used where
they are in front of, or in line with the vision of
thgse whose attention is desired, and are most com-
mqnly used where an operator or attendant is
waltching for them continually.

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

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

18, VIBRATING BELLS.

There are scveral different types of bells, but the
Series Vibrating Bell is the most commonly used
of lany. 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 photograpl.
“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 “I'”. 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.

\Vhen 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 tlow 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 construction and arrangement 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 soon as it 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 showing electrical circuit and connections of common
vibrating bell. Observe very carefully the parts of this
diagram, and the explanation given.

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
be cleaned and brightened with a thin file. When
a vibrating bell refuses to operate the trouble can
usually be found at these contacts, or a loose termi-
nal nut, or poorly adjusted armature spring.

Fig. 30. Heavy duty bell frame and parts. Note the extra heavy
carbon contacts for making and breaking 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 tight 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 Dbells 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,
irjstead 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. FEach 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.

E B

Fig. 32. Circuit diagram of a single stroke bell. Note that it does 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
epch different call. They should be operated on
). C,, as alternating current will cause the hammer
to chatter slightly if held against the gong. This
i$ due to the regular variations in value of alter-
nating current.

21. COMBINATION BELLS

There are also combination bells which are
rranged 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.
f 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-
t
t

)
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on. If button “B” is pressed the current will flow
irough the armature and make and break contacts,
ajnd then to the coils, and the bell will vibrate be-
chuse 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.

Fig. 34. Sketch showing method of attaching an extra wire to the
stationary contact to convert an ordinary vibrating bell for
single stroke or combination operation.
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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.

O

]

g\

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 signal
of a different tone and volume.
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Fig. 38. Several types of low voltage lamps which can be used for
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signal circuits.
MAGNETIC DOOR OPENERS
A device quite commonly used in connection with
or bells is a Magnetic Door Opener, shown in
cure 41. These devices will unlock the door by
¢ of magnets, when a button inside is pressed.
ey are particularly popular and useful in apart-
ent buildings where the door bell may call some-

one several floors above. Such buildings usually
have speaking tubes or telephones in connection

W
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th the door bells, and after the bell is rung and
e party in the house finds out who is calling, they
n unlock the door if they wish to by merely press-
o a button in their apartment. Thus they are a
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38-A. Panel and cord for silent hospital signal. The lamp is
located behind the glass “bulls-eye’” at the left.

eat convenience and time saver. Figure 42 shows
sketch of a magnetic door lock in connection with
Hoor bell system. Note how the same battery and
e center wire are used for both circuits. Many
rth while economies can be effected in wiring
rnal systems, by such simple combinations of
cuits. A number of these will be shown a little
er in this section.
DROP RELAYS FOR CONSTANT
RINGING SIGNALS
[n certain alarm and signal systems it is oiten

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 series with bells if
they are of the proper resistance.

P Y10

Fig. 40. Connections for operating either a bell call or silent lamp
signal, as desired.
an advantage to have the bell continue to ring until
it 1s shut off by the person it is to call. For example
a burglar alarm in order to give a sure warning,
should not stop ringing if the burglar stepped in
through the window and then closed it quickly. To
provide continuous ringing of a bell once the switch
1s 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, used to unlock doors in apartment houses
or buildings from a distance, by the use of a push
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. 42. Sketch showing connections for a door bell and magnetic
door opener.

When 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.

L ) P o

Fig. 43. Common type of drop-relay to provide constant ringing in
alarm or signal circuits.

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 svstems, 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. 44. Sketch showing complete circuit and connections of drop-relay
of the type shown in Fig. 43. Examine this sketch and
trace the circuit very carefully.

This relay is a little different in construction
than the one in I'igure 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
bell.
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Fig. 45. Another type of drop-relay of slightly different construction,
but also providing constant ringing.

28. RELAYS

Farlier 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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Fib. 46. This sketch shows the method of connecting a drop-relay such
as shown in Fig. 45 to a bell battery and push button
for constant ringing sigmals.

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

Fﬂlf. 47. Common Pony Relay such as used in burglar alarm and
telegraph systems. Examine the construction and parts,
and compare with description given.

A relav 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 clectro 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 C.ONTACT)s

N - BRIDGE
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Fig. 48. Diagram showing the arrangement of the electrical 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 cone 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.

Fig. 49. Another type of Pony Relay similar to the one in Fig. 47, but
of slightly different mechanical construction.
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30. OPEN, CLOSED, AND DOUBLE
CIRCUIT RELAYS

Relays can be used in several different ways in
circuits, and according to their use theyv are called
Open Circuit, Closed Circuit, and Double Circuit
Relays.

To use a relay as an open circuit device, 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.

b
CLOSED CIRCUIT
RELAY BRIDGE

OPEN CIRCUIT
RELAY BRIDGE
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Fig. 50. This sketch shows in detail the manner of arranging and
insulating relay bridges for open circuit, closed circuit,
and double circuit operation.

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
ordinary pony relay can be easily changed to a
double circuit relay in this manner in a few minutes.
This is a very important thing to remember, be-
cause some time you may not be able 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 laying out a plan for a system using
relays.

Trace out the circuit in Figure 51 until you un-
derstand its operation thoroughly. Note that cur-
rent will normally be flowing all the time in the
closed circuit “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 current from the battery. Many of these

1

Fig. 51. C tions for a cl circuit relay used to operate a bell

in a simple bulglar alarm system.

common relays have coils of 75 ohms, and they can
be obtained with 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 wire 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
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rery evening, before being switched on for the
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In Figure 51, in the relay symbol, we only show
e one bridge contact which is in use.

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

If we were to send the heavy current over the
ng line, it would cause considerable voltage drop
1d we would have to use larger, more expensive
ires, or higher voltage supply. But the relay cur-
nt being very small can be sent over the line
ore economically, and the relay will act as a
vitch at the far end of the line, to close a Local
rcuit to the bell. See Figure 52.

This circuit uses an open circuit relay, and the

btidge 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

circuit to a larger device requiring more current,
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

a
a
in

SYSTEMS. GROUND CIRCUITS

Figure 53 shows two relays at opposite ends of
line, and operating Sounders in local circuits, in
simple telegraph system. The primary circuit
cludes 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
ag| their switches. You will note that only one line

w
is

th

re is used in the primary circuit, and the earth
used for the other side of the circuit, by grounding
e batteries at each end as shown. This saves

considerable expense in line wire, and is quite com-

m

only done in telegraph, telephone, and certain

classes of signal work.
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If the ground connections are well made of buried
etal plates, or rods driven deep into moist soil,
£ resistance of the earth is low enough so the
sses 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

exttra switches that are normally kept closed when

th
of

e keys are idle. This allows a very small amcunt
current to flow through the line and relay coils

coptinually, 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 showing line and ground
circuit for the relays and keys, and local battery
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 connections for a double circuit relay to operate
a lamp when the system is undisturbed, and to ring a bell
when 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. DBy turning one of these screws in, and
the other 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. 1t 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 %
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 anv such
faults. (See Article 101.) 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 gen-
eral purpose and principle are very much the same.
So if vou have a good understanding of the relays
in this section and always remember that any relay
is simply a magnetically operated switch, you
should be able to easily understand most anv type.
Some of the others will be explained in later sec-
tions.

Fig. 55. Annunciators of these types are used to indicate where various
calls on signal circuits come from.
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36/ ANNUNCIATORS

[n alarm or signal systems where calls may come
frgm several different points, it is often necessary
to| have some device to indicate which place the
signal comes from. Ior this purpose we use an
Annunciator. These devices indicate which circuit
is | operated, by arrows or numbers which are
drppped into view by electro-magnets. Figure 55
shpws two types of annunciators, and Figure 56
shpws the electrical circuit of a 4 point annunciator.
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Fig. 56. Circuit diagram of the connections for a four-drop annunciator.
Note that the drop number 3 has been operated.

Here we have four switches that may be used. for
eNample, for office calls, burglar alarms, or hotel
rodom calls. When any one of the switches is
prlessed it will send current through the respective
arnunciator magnet, and on through the bell. When
a |magnet is energized its armature is attracted,
allowing the weighted end of the arrow to fall off
thle catch, and the arrow to fly up, as on magnet 3.

Fig. 57. This view shows the mechanical construction of one type of
annunciator drop. Note how the drop is held up by a
small hook on the end of the armature.

In Figure 57 are shown one of the magnets and
“mumber drops” of an annunciator. \Vhen this
magnet is energized, its armature is attracted and
rdleases its catch from the slot in the drop arm.
Gravity then causes the drop number to fall. An-
nhinciators usually have a system of rods and hooks.
all attached to one lever, to push the drops back
ir} place after any of them are tripped. Some are
juipped 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 Fack view of an annunciator,
and the magnets and reset mechanism.

Fig. 58. Photographs showing the inside parts and construction of two
common types of annunciators.

Referring to Figure 36 again, note how one wire
from each magnct attaches to a common terminal
or wire leading to the hell. 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 get the proper wires connected to the sepa-
rate circuits, and to the bell. Somectimes they arc
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 source of
supply, and two test wires, as in Figure 59-A, place
one wire on one of the annunciator 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 according to the numbers of the
drops they each operate.
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If touching the free test lead to certain ones of
the terminals causes two or more drops to trip at
once, the stationary 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. 59. Observe these test diagrams very carefully with the instruc-
tions given for locating iator terminals

P

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 iall each time, if they are reset beiore 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.

—

Fig. 60. Diagram showing connections of a three-drop annunciator in
an opened circuit signal system. This annunciator uses a ballast
coil shown at “A,” and connected in parallel with the bell to allow
the proper amount of current to flow to operate the drops.
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\Vith 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 one 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 illustrating arrangement of coils and number disks on
an “electrical reset” annunciator.

Figure 62 shows both sets of coils for a four
point annunciator and their connections. Fach 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-

nciators with several hundred numbers each.
dvators also use thousands of these devices,

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,

an

| the supply battery to the system is tested and

found O.K., and all circuits good up to the annun-
ciator, 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 careful
checking and testing with a dry cell and buzzer
should locate it. Here again the rules for testing
electro-magnets, given in Section 1, Article 101,
should be useful.
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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. vou 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 casily under-
stand and trace out these advanced circuits, we will
cover some of the more definite methads 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 vou have
learned the real system or “trick” of this. it is really
very enjovable and satisfving to trace out almost
every circuit or blue print vou come across. and
you will be surprised how much bhetter understand-
ing you can get of any device or svstem in this way.

39. SYMBOLS USED IN SIGNAL DIAGRAMS.

The chart in Fig. 62-A gives a review of all the
most common symbols used in the foliowing dia-
grams and signal systems, and yvou should study
these carefully, so you will he 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 laving out a plan for
a job voursclf.

40. METHOD OF TRACING CIRCUITS, OR
READING PRINTS.

In each of the following svstems 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 lavout. number
and arrangement of separate circuits which may
be combined in the one svstem. 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 vou thoroughly
understand the entire svsten.

At first this may seem like quite a jol, but after
a little persistent practice vou 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 apply to
practically any other kind of work as well.

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 anvthing 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
cach of the following systems vou will also be gain-
ing a knowledge of the principles and operation of
common signal, alarm, and call systems.

STRAIGHT WIRLS

+ oR —l—\JO'NED WIRES

+ OR + CROSSED WIRES
S

OPEN CIRCUIT
PUSH BUTTON SWITCH

BELL
fad
ey BUZZER

ELECTRO-MAGNET

Je ’
[ DROP RELAY

poOR
:@Bjoa ﬂ OPENER
:@ ﬂ bonve mELAY
q

4 SOUNDER

CLOSED CiRCUIT
PUSH BUTTON SWITCH

DOUBLE CIRCUIT
PUSH BUTTON SWITCH

SINGLE CELL

L. -
TLL

o

—‘Illll'— ACELL BATTEAY 37

Emg TRANSFORMER

Fig. 62-A. These are some of the most important symbols used m
signal diagrams and circuits. They should be memorized so you
can easily recognize them when tracing any diagram in the future.

oRr ANNUNCIATOR
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41f OPEN CIRCUIT SYSTEMS.

Fig. 63 shows an open circuit call or signal syvs-
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
clgse the circuit.

[f they were connected in series then they would
alll have to be closed at once, in order to close the
ciffeuit. Make a sketch of this same circuit, but with
the switches in series, and prove this out for your-
self, because it is very important, and making a
sketell will help vou remember it.
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Fig. 63. Simple signal system using three buttons in parallel, 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
onle person, or for a simple burglar alarm system,
byl connecting the window and door contacts of
open circuit tvpe, 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
controlted by button 1. DButtons 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
cajries current to any of the buttons as they are

=

clgsed.
B
' z 3
" L L]
{—
Fig. 64. Selective call system. 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
{hrough the switch, and then divide, part of it How-

-’

ing through cach 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. (4, hoth bells being of equal
resistance, and the circaits 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 to
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 No. 2; button

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 T'ig. 63.

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 batteries, thereby

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 cdouble
circuit switches.

Here also, button number I 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 Dbell would ring. Check this on the
diagram.

This system also uses three main wires.
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Fig. 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 he climinated
and the system operated with only two as shown.

When Dbutton 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.
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Fig. 68. Return call system showing 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 “X1,” 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 vou 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 ueed to signal cach 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 A7 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 cach 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 Dbells to ring continuously.

When a circuit is made between the two wires
as at “C” the current starts to flow from Dboth
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. Dut-
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 cach circuit carefully. .
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Fig. 70. Selective signal circuit. Check its operation carefully with
the instructions. o
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Section Two, Master Calls and Barn Alarm 5

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
saime number only, but the single circuit switch
nuymber 5, will operate all bells when all the other
switches are in normal position.

When any one of the double switches is pressed,
it§ movable contact is disconnected from the upper,
or| normally closed contact, so when the movable
contact touches the lower one, current can only
flgw through them to 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 3 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
sietch until you can clearly imagine this operation.
Note how the wire {from the positive of the bat-
tary is again used as a Common Feeder for all
switches, and also the common return wire used
fgr 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
Cpmmon Feeder and Common Return wires.
This is where a sketch or plan laid out in advance
helps to save materials.

47, CONNECTING VIBRATING BELLS FOR
SERIES OPERATION.

When several bells are to be operated in series
5 in Fig. 70, or other systems for which they are
pnnected this way, they will usually not operate
ery loudly or steadily without a special connection.
his is because they do not all vibrate evenly or
synchronism, and the make and break contacts
f one bell will open the circuit just as another
pes to close for its power impulse. This results
1 rather irregular and weak operation, and the
reater the number of bells in series, the worse it
sually is.

.| This can be overcome by arranging one bell only
a5 a vibrator, and all the rest as single stroke bells.
This is done by shunting out the make and hreak
c
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pntacts of all bells except the one, as in Fig. 72.
fere the current will flow through the make and
bireak contacts of bell number 1 only, and on the
others it flows directly through the coils. Number
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Fig. 72. This sketch shows the proper method of connecting vibrating
bells in series, to secure best results.

1 bell then acts as a Master Vibrator, making and
breaking the circuit for all the others, robbing them
of the power to interrupt 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 trick or conrection effects quite an econ-
omy 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.
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Fig. 73. Simple and econamical barn or garage alarm of closed
eircuit 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.

| I g
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Fig. 75. Combination doorbell and magnetic door-opener system. Note
the use of certain wires as common “Feeder” and “Return” 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 thjs 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 door-opener 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.

; oﬁaoﬁrao

Fig. 77. Selective signal circuit with Master Control, 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, and 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
intrader has entered; 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 least
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.

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 a drop relay for constant
ringing, also an annunciator to show which section of the building
the alarm was disturbed in.

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 ot
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 constant ringing feature.

55. STICK RELAY CIRCUITS.

It is possible to connect an ordinary pony relay
in an alarm circuit, so that it will provide 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 its own coil,
and causes itself 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 to hold it.

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 coils, and allow the arma-
ture to release.

—_A

Fig. 81. Diagram illustrating 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 for constant
ringing when alarm is tripped.
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two principle rules to follow in arranging such a
svstem.

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 not touch-
ing the bridge until the switches are disturbed. If
any one of the open circuit switches is closed even
for an instant, current will start to flow through the
relay coils and bell in parallel, as shown by the
small arrows.

This causes the armature to be attracted, and
then it feeds current to both the coil and bell, even
though the first switch is opened in case the burglar
closes the window quickly.

The larger arrows show the path of current which
keeps the relay coil energized and the bell ringing,
after the system is tripped.

To stop the ringing of the bell and restore the
svstem to normal ‘‘set” condition, we press the
Reset Switch “A”.

This stops the current flow through the coils long
enough to releasc the armature; then we allow
switch “A” to close again, and if the open circuit
switches are again normal or open, the system re-
mains quiet until again tripped.

57. DOUBLE CIRCUIT STICK RELAY.

In Fig. 83 is shown a double circuit “stick relay”
system, which gives both the advantages of con-
stant ringing and closed circuit reliability.

Here we have the relay armature, bridge, coils,
closed circuit alarm switches and battery, all con-
nected in series. An open circuit reset switch at
“A” is used in this system. To set the system in
order, this switch is pressed and current starts to
flow at once, as shown by the dotted arrows. This
energizes the relay coil and attracts the armature.
Then the reset switch can be released, and the
armature will stick in place, as it now feeds the
coils, and a small current will flow continually as
shown by the small solid arrows.

Fig. 83. Double circuit stick relay used in a closed circuit burglar
arm system. This is a very simple and efficient alarm circuit.

Now if any one of the closed circuit alarm switches
is opened, the current stops flowing through the
coil, releasing the armature, which closes a circuit
to the bell, as shown by the large arrows.

This is a very simple and dependable alarm sys-
tem, and one you may often have use for.

58. THREE SECTION ALARM SYSTEM.

Iig. 84 shows a svstem of this same type, with
three separate sections for three different floors or
apartments, and an annunciator to indicate which
section is disturbed.

When an alarm switch in any one of the sections
is opened, the relay sends current through the
proper annuncizator coil and keeps the bell ringing
constantly until the reset button is pressed.

>
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Fig. 84. Ciosed circuit burgiar alarm system of three sections, each
using stick relays for constant ringing; and an annunciator to
indicate point of disturbance.

The relay armatures in this Figure and also the
arrows, are shown as the system would be if sec-
tions 1 and 3 were normal, but section 2 has been
disturbed causing the alarm to operate. Observe
the armatures and arrows, and trace all circuits
carefully to be sure you understand them.

At first glance such a diagram as Fig. 84 looks
quite complicated and appears hard to understand,
but you have probably found by now, that taking
one section at a time, it can be traced out quite
easily. This is true of even the largest circuit
plans of telephone cor power plant systems, and
if you practice tracing each of these diagrams care-
fully, you will soon have confidence and ability to
read any circuit plan.

59. COMBINATION CLOSED AND OPEN
CIRCUIT ALARMS.

Fig. 85 shows a method of using double circuit
switches to operate both the relay and annunciator
in a closed circuit constant ringing system.

When any one of the alarm switches is pressed,
it opens the relay coil circuit and closes the annun-
ciator circuit at the same time.

In this system the annunciator shows exactly
which window or door is disturbed.




10 Section Two, Balanced Alarms and Window Foil

A number of such circuits could be arranged to
protect separate floors or apartments in a building,
and then all connected together through one annun-
ciator and alarm bell as in Fig. 8. The additional
annunciator would then indicate to the watchman,
janitor or owner, which floor or apartment the
alarm came from.

The small arrows in Fig. 85 show where current
will normally flow when the system is “set”. The
large arrows show where current would flow
through both the annunciator and bell circuits, if
switch number 2 was disturbed.

After this system is tripped and the bell is ring-
ing what would you do to stop the bell and reset
the alarm?

60. BURGLAR ALARM FOIL FOR WINDOW
PROTECTION.

In addition to window and door contacts,switches
and alarm traps, some alarm systems use tinfoil
strips for the protection of glass windows or thin
wood panels that could be easily broken.

O
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Fig. 85. Combination alarm system using double circuit switches to
operate both the stick relay and the annunciator.
Tinfoil for this purpose can be bought in rolls,
prepared for cementing to the inner surface of the
glass or panel to be protected. It is then connected
into the regular alarm circuit by attaching wires
to its ends.
If the glass is broken it will crack the tinfoil
and open the circuit, causing the alarm to operate.
Fig. 8 shows a large show window and small
window above the door protected by burglar alarm
foil, and the door and two small windows by door
and window springs. All are connected in series
to form the closed circuit for the relay coil
Disturbance of any one will cause the bell to
ring.
61. BALANCED ALARM SYSTEMS.

Burglar alarms can be arranged so that it is
nearly impossible for even an expert to disturb or
tamper with them without giving the alarm.

Fig. 87 shows a system using circuits of balanced
resistance and a specially wound relay.
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Fig. 86. This diagram shows the use and application of burglar alarm
foil for the protection of glass windows and doors.

This relay has two coils wound in opposite direc-
tions on each core, so when current flows through
them equally they create opposing magnetic flux
and do not attract the armature.

The variable resistance at “A” is used to balance
the current flow through coil “R”, with that of coil
“L”, by being adjusted so that its resistance is
equal to that of the entire alarm circuit. This
circuit includes the wire, switches, and the resist-
ance unit “B” which is in series with the closed
circuit switches.

As long as the alarm circuit remains of equal
resistance to that of the balancing circuit, the cur-
rent from the battery divides evenly through coils
“L” and “R”. But if any switch is opened or
closed, or the wires are changed, the resistance of
the alarm circuit will be changed and more current
will flow through one coil or the other, and magne-
tize the relay core.

Fig. 87. Balanced resistance alarm circuit. This is a very dependable
alarm system, as it is almost impossible to tamper with it without
causing the alarm to sound.

For example, if any closed circuit switch is
opened, the current through coil “L” stops flowing,
leaving the flux of coil “R” unopposed and strong
enough to attract the armature and cause the bell
to ring. Or, if any open circuit switch is closed,
it affords a much easier path than the normal one
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through resistance “B”, and more current at once
flows through coil “L”, overcoming the opposing
flux of coil “R”, and again attracting the armature
and ringing the bell.

Variations of this principle can be used in several
ways in different types of alarm circuits, making
them very dependable and safe from intentional or
accidental damage.

62. LOCK SWITCH CONNECTIONS.

Fig. 88-A shows how a lock switch can be con-
nected in a burglar alarm system, to allow the
owner or watchman to enter the building without
sounding the alarm, and also to turn off the system
during the day.

Fig. 88. These circuits “A” and “B” show two different methods of
connecting a lock switch to a burglar alarm circuit.

This switch is connected in parallel with the en-
tire line of switches here, and when it is locked
closed, any of the others can be opened without
tripping the alarm.

Or we can connect it to one switch only as in
Fig. 83-B. 1In this case only the one door and
switch can be opened. Then when the lock switch
is again locked open, the alarm will operate if any
other switch is opened.

63. FIRE ALARM DEVICES AND CIRCUITS.

Fire alarms are very similar in many ways to
burglar alarms, using many of the same parts such
as relays and bells; and also many of the same
types of circuits.

The principle difference is in the types of switches
used.

There are manually operated fire alarms and auto-
matic ones; the manual alarms being merely a signal
system by which someone sends a warning of fire

when he sees it. The automatic alarms are those that
are operated by the heat of the fire, and sends in the
alarm without the aid of any person.

A very common type of manual fire alarm switch
is the “break glass” type, in which the switch is held
in a closed normal position by a small pane or win-
dow of glass. In case of fire the person sending the
alarm merely breaks the glass, which allows the
switch to open by spring action and give the alarm.

One of these devices is shown in Fig. 89. The
illustration at the left, with the box closed, shows
clearly how the glass holds the switch button com-
pressed against a spring, and also the small iron
hammer provided for convenience in breaking the
glass. At the right the box is shown open and the
switch button can be seen in the center.

Box Closed Box Open

Fig. 89. Fire alarm box of the “break glass” type. Note the hammer

used for breaking the glass, and the location of the push button
in the box which has the cover open.

64. PULL BOXES AND CODE CALL
DEVICES

Figs. 90 and 91 show two different types of fire
alarm ‘“pull boxes”. To send an alarm from this
type of box, the operator opens the door and pulls
the hook or crank down as far as it will go and
then releases it.

When it is pulled down it winds a spring inside,
and when released the spring operates a wheel or
notched cam that opens and closes a switch several
times very rapidly. These notches or cams can be
arranged to send a certain number of impulses in
the form of dots and dashes, or numbered groups
of dots, to indicate the location of any particular
pull box.

Fig. 90. This is a fire alarm “pull box” which sends in numerical or
code signals to indicate its location.




12 Section Two, Fire Alarms

Fig. 91. Another type of fire alarm pull box which also sends

code signals.

This enables the fire department crews to proceed
direct to the location of the fire.

Iig. 92-A shows how a notched wheel can be
arranged to open the contacts of a closed circuit
fire alarm, giving a series of short signals and
sounding the number 241. Fig. 92-B shows a cam
wheel arranged to close the contacts of an open
circuit system and send call number 123.

From this we see that such boxes are merely
mechanically operated switches or sending keys.

Certain types of industrial or shop “code call”
systems use a mechanism similar to these to send
number calls for different parties in the plant. These
will be explained later.
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Fig. 92. This sketch shows the arrangement of the code wheel and
contacts of closed and open circuit code call systems.

Fig. 93 shows a fire alarm control cabinet, which
is used to control and check the condition of such
systems. These cabinets are equipped with relays
which receive the small impulses of current from
the alarm box lines, and in turn close circuits send-
ing heavier currents to the gongs or horns located
near the cabinets.

Meters are also often provided for indicating the
amount of current flow through closed circuit
systems, and thereby show the condition of the
circuits.

Note the diagram of connections which is in the
cover of this cabinet, and is usually furnished by
the manufacturer of such devices. So you can
readily see what an advantage it is to know how
to read these diagrams.

Fig. 92-C signal or alarm box of the code calling type, showing code
wheel and contact springs.

65. SIGNAL RECORDERS

In fire alarm, bank burglar alarm, and police call
systems, it is often desired to keep a record of the
numerical code call sent in by the signal box, in
addition to hearing the call sounded on the bell or
horn. This helps to prevent mistakes in determining
where the call comes from.

For this purpose we have recording machines
which mark or punch the call on a moving paper
tape as the signal comes in, thus giving an accurate
and permanent record of it. Such a device is shown
in Fig. 94,

Fig. 93. Fire alarm control cabinet, showing relays, test meter, and
connection diagram.

There is a spring and clockwork mechanism kept
wound and ready to pull the tape through, at a
definite speed. The first impulse of the signal
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operates a relay or magnetic trip that releases or
starts the spring and tape.

Then another magnet operates a small pen arm,
sliown on the outside of the box in this case, and
marks every impulse on the tape in the form of
dots and dashes.

Automatic fire alarms use thermostatic switches
or fusible links, to open or close circuits and send
an alarm as soon as a certain temperature is
reached. This type of system is very valuable in
warehouses and buildings where no pecple or
watchman are about to notice a fire immediately.

Fig. 94. Recording device for receiving code calls on paper tape. Fire
and police departments use such recorders extensively.

Thermostatic switches can be set or adjusted so
a rise of even a few degrees above normal tem-
perature will cause them to close a circuit almost
immediately.

One switch of this type was explained in Art. 15
of this section. Another type is shown in Fig. 95.
There are various types in use but all are quite
simple and merely use the expansion of metals
when heated, to close or open the contacts.

Any number of such thermostats can be con-
nected on a fire alarm circuit to operate one general
alarm, through the proper relays.

Fig. 95. One type of thermostatic fire alarm switch, that can be
adjusted to open or close an alarm circuit by expansion at tem-
peratures above normal.

66. FUSIBLE LINKS FOR FIRE ALARMS
The fusible link fire alarm is made of a soft metal
alloy something like electrical fuse material. Some
of these metals are made which will actually melt
in warm water, or at temperatures of 125 degrees
and up. Such fusible links can be located at various
points where fire might occur, and all connected in

series in the alarm circuit. If any one is melted by
fire or excessive heat near it, the circuit will be
broken and the alarm operated.

Fig. 96 shows a fire alarm system in which all
three types of switches are used. The “break glass”
switches can be located where they are easily
accessible to persons who might observe the fire,
and the thermostats and links installed in other
places in the building where no one is likely to be.

In this sketch, “A” and “A-1" are fusible link
switches. “B” and “B-1" are “‘break glass” switches,
and “C” and “C-1" are thermostatic switches. All
of these are of the closed circuit type. In addition
to these, an open circuit thermostat switch is
shown at “D” to operate the bell direct in case of
fire near the relay and alarm equipment. Fig. 96-A
shows a fire alarm fuse or link.
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Fig. 96. This sketch shows the connection of several different types
of fire alarm switches in one system.

67. INDUSTRIAL SIGNALS AND HEAVY
DUTY BELLS

In factories, industrial plants and power plants,
where signals are used to call department foremen
and various emplovees, and the noise would make
ordinary small bells difficult to hear, large heavy
duty bells or horns are used.

The bells used for such work are very similar to
the smaller ones, but are much larger and are
usually wound to operate on 110 volts. Instead of
using the vibrating armature pivoted on one end,
they often use a rod for the hammer. This rod is
operated by the magnets in the case. Two bells of
this type are shown in Fig. 97, and the hammer
rod can be seen urder the gong of the larger bell.

Fig. 96-A. Fire alarm fuse which melts when heated above normal
temperature, opening the circuit and causing alarm to sound.
68. SIGNAL HORNS OR “HOWLERS”
Horns have a very penetrating note and for very
noisy places are often preferred to bells. They are
made to operate on either D. C. or A. C,, and at
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110 volts, or can be obtained for any voltage from
6 to 250.

Some such horns are made with a vibrator which
strikes a thin metal diaphragm at the inner end
of the horn. Others have small clectric motors
which rotate a notched wheel against a hard metal
cam on the diaphragm. causing it to vibrate or
“how!” loudly. Many of these horns are called
“howlers”.

Fig. 97. Two types of large heavy duty bells for use in industrial
plants or noisy places.

FFig. 98 shows two horns of the vibrator type, and
Fig. 99 shows one of the motor operated type.

Fig. 100 is a sectional view of a motor horn,
showing all its parts.

Heavy duty bells and horns require more current
to operate them, than can be handled by the ordi-
nary small push button, and these low voltage push
buttons should not be used on 110 volts.

Fig. 98. Two styles of signal horns using magnetic vibrators to
produces a loud note.

So we usually connect the switches to a special
relay which has heavy carbon contacts, to close
the high voltage and heavier current circuit to the
bells or horns.

Fig. 99. Motor operated signal horn which produces a very penetrating
note, and is excellent for industrial and power-plant use. (Photo
courtesy of Benjamin Electric Company.)

Fig. 101 shows the connection diagram for a
group of horns with such a relav.

69. AUTOMATIC SIGNALING MACHINES

In large plants where a great number of different
nunicrical or eode calls are used for signaling
different parties, an automatic signaling machine
is often used. With this device, the operator simply
pushes a button for a certain call, and this releases
or starts a spring or motor operated disk or code
wheel, which sends the proper signal or number
of impulses properly timed, in a manner similar to
the fire alarm already explained.

—Tone Adjusting Screw Spring Steel
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Rubber Gaskets Anvil and Ratchet Wheel

Fig. 100. Sectional view showing parts and construction of motor
operated horn. (Sketch courtesy of Benjamin Electric Company.)

A box with a number of these buttons and wheels
can be used to conveniently call any one of a num-
ber of parties, by just pressing the proper button
once, and this does not require the operator to
remember a number of code calls.

A diagram for connecting such a device to signal
horns operated from a transformer is shown in
Fig. 102.

Extra push buttons are also shown for sending
special calls not included on the automatic signal
box.

A time clock is also connected in this system to
sound the horns at starting and quitting periods
for the employees.

These clocks have two program wheels, one of
which revolves with the hour hand, and one with
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Fig. 101. Connection diagram for signal horns and Master relay. This
relay operates on low voltage and very small current, and closes a
high voltage, heavy current, circuit to the horns. (Courtesy Ben-
jamin Electric Company.)

the minute hand. These wheels carry adjustable
lugs or projections which open or close electrical
contacts as they come around. '
Schools often use these program clocks with
signal systems, to start and dismiss various classes.

70. INSTALLATION OF CALL AND SIGNAL
SYSTEMS

Now that you have learned the operating prin-
ciples of these signal devices and circuits, and know
how to trace and understand the diagrams and
plans, you will want to know more about how to
install them.

In making any electrical installation, the first
thing should be the plan or layout, and circuit
diagram. So as soon as we have decided upon the
type of system desired and how it should operate
to give best service, we should decide on the
location of the various parts, and then lay out the

" circuits accordingly.

Of course in many cases a complete plan is
furnished for new installations, by the architects in
case of new buildings, or the engineering or con-
struction departments of large power or industrial
plants. But if such plans are not furnished, vou
should at least make up a rough layout before any
work is started.

This can be drawn approximately to scale for
the various distances between devices, or length of
wire runs, and this will enable you to estimate and
select the required materials with best economy.

Then, by following a circuit diagram, many mis-
takes and time losses can be avoided in making the
final connections.

In drawing up plans, or in copying them from
other prints, it is usually much easier to locate the
parts and devices on the paper first, in about the
same location and proportional spacing as in the
original plan, or as they are to be installed in the
building. Then draw in the wires and circuits one
at a time, keeping them as straight and simple as
possible. Make the wires and connections first to
get the desired operation and results. Then go over
the plan again, and possibly redraw it to simplify
it and shorten wires, making use of “common wires”
eliminating unnecessary crossed wires, etc.

71. LAYOUT OR LOCATION OF PARTS IN
THE BUILDING

By going carefully over the building with these
plans, and using good common sense in choosing
the location for the various devices and wire runs,
you can also help to make the most satisfactory
job and save additional time and labor in the in-
stallation.
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Fig. 102. This diagram shows the connections for signal horns operated
from a transformer, and controlled either by a time clock or auto-
matic signal device. {Courtesy Benjamin Electric Company.)

For example, when installing a simple door bell
system in a home, the bell should be located in a
rear room, probably the kitchen, because both its
noise and appearance would likely be objection-
atle in the parlor or dining room. Usually some
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“out of the way” place can be found in a corner or
hall or behind a door, and preferably quite high
irom the floor, so it is out of reach of children and
safe from accidental damage. By considering where
the wires can best enter the room and placing the
bell on this side if possible, time and material may
be saved.

The battery or transformer should usually be
located in the basement or attic near to the bell or
wires. However, the battery or transformer can
sometimes be located on a small shelf or attached
to the wall right with the bell, or in a small box.

The buttons of course must be located at the
proper doors, and preferably on the door casing.
Their height should be carefully chosen to be
within convenient reach of grown-ups, but usually
not low enough for small children to reach, unless
by special request of the owner.

72. RUNNING THE WIRES

All' wires should be run concealed whenever
possible. Very often it is possible to drill two small
holes in the door casing strip directly beneath the
button and, by loosening the strip, run the wires
under it to the basement or attic.

If it is not possible to get behind the strip, per-
haps the holes can be drilled at an angle to get the
wires into the edge of a hollow wall. Or, if neces-
sary, they can be run in the corner at the edge of
the door casing and covered with a strip of wood
or metal moulding.

Where wires can be run through the basement
or attic they can usually be stapled along the base-
ment ceiling or attic floor. Care should be taken to
run wires where they will be least likely to receive
injury, and they should always be run as straight
and neatly as possible.

Sometimes it is advisable to lay a narrow board
to run the wires on across ceiling or floor joists in
unfinished basements or attics, or even to cover the
wires with a board.

When making long runs of wire always keep in
mind the saving of time and material that can be
made by using a common feeder wire to a number
of switches, or a common return wire from bells to
battery. This should also be carefully considered
when laying out the diagram and plans.

Where it is desired to run wires vertically through
walls, they can be “Fished” through by dropping
a weight on a string from the upper opening to the
lower one. This device is often called a “Mouse”.
If the weight or “mouse” does not fall out of the
lower hole, the string can be caught with a stiff
wire hook and pulled out of the hole.

Then the wires can be pulled through with this
string, or if necessary another heavier cord can be
pulled through first, if the wires are too long and
numerous to be drawn in by the light cord on the
“mouse”.

In horizontal runs through walls a steel “Fish

“Tape” can be pushed through first, and hooked or

snared at the outlet opening, then drawn through
with the signal wires attached.

A little “kink” that often comes in very handy
in either signal or light wiring is as follows:

When you desire to locate the exact spot to drill
up or make the hole in the hasement ceiling, so that
it will come directly under the center of the parti-
tion above, or some other certain spot, stick the
point of a magnetized file in the floor above or ceil-
ing below, and then use a pocket compass to locate
this spot on the other side.

The compass needle will be attracted by the file
tip. Moving the compass around will locate the
center of attraction, which should be the point
directly opposite the file tip. Then measure the
distance between the spot located by the compass
and to the edge of the partition, and add one-half
the thickness of the partition. Measure off this
distance in the same direction from the file and
you should have a point about in the center of the
partition.

In other cases measurements in two directions
from certain outside walls may be accurate enough.

Sometimes an exact spot can be located best by
drilling through the wall or floor with a long thin
feeler drill, 1/8 or 3/16 in diameter.

If the hole does not come near the exact spot de-
sired, it will serve as an accurate point to measure
from, and can be easily plugged and concealed
afterward.

Fig. 103-A shows how to use the magnetized file
and compass and make the measurements to locate
the center of partition. Fig. 103-B shows by the
dotted lines how the small “feeler” holes can be
drilled for the same purpose. The first hole should
be drilled down at the proper angle and the second
one drilled up, to try to strike the center of the

Fig. 103-A. Sketch showing uses of magnetized file and compass to
locate spot to drill for wires. “B,” dotted lines show how the
“feeler drill” can be used. ‘“C,” dropping a “mouse” on a string,
through holes in wall and floor. “D,” pulling the wires in with
the cord which was attached to the * &
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partition. Or, the first one can be drilled straight
down and then the proper distance measured over
to partition.

Figs. 103-C and 103-D show the method of drop-
ping a “mousc” through the holes and pulling the
wires in.

73. RUNNING SIGNAL WIRES IN
CONDUIT

In some cases, especially in modern fireproof
office or factory buildings, signal wires are run in
conduit. Conduit, as previously mentioned, is iron
pipe in which the wires are run for protection from
injury and to provide greater safety.

Signal wires should always be run in separate
conduits of their own, and never with wires of the
higher voltage lighting system.

A fish tape is usually pushed through the conduit
first, and used to pull the wires in.

74. TESTING TO LOCATE PROPER WIRES
FOR CONNECTIONS

When a number of wires all alike and without
color markings are run in one conduit, cable or
group, it is casy to find the two ends of each wire
by a simple test with a battery and bell, or test
lamp.

Simply connect one wire to the conduit at onc
end, and then attach the bell and battery to the
conduit at the other end, and try each of the wires
on the bell, until the one that rings it is found.
This is the same wire attached to the conduit at
the other end. (See Fig. 104-A.) Mark or tag
these ends both No. 1 or both “A", and proceed to
locate and mark the others in the same manner.

When testing or “ringing out” wires in a cable
or open group with no conduit in use, very often
some other ground to earth or some piping system,
can be obtained at each end, making it easy to test
the wires. (See Fig. 104-B.)

75. TROUBLE TESTS

When troubles such as grounds, opens or shorts
occur in wires in conduit, the fault can be located
as follows:

Suppose one wire is suspected of being broken
or “open.” Connect all the wire ends to the conduit
at one end of the line, as in Fig. 104-C. Then test
with the bell and battery at the other end, from
the conduit to each wire. The good wires will each
cause the bell to ring, but No. 2, which is broken
at “X” will not cause the bell to ring, unless its
broken end happens to touch the conduit.

When testing for short-circuits between wires,
disconnect all wires from the devices at each end
of the line and test as in Fig. 104-D.

When the bell is connected to wires Nos. 1 and 2
it will ring, as they are shorted or touching each
other at “X”, through damaged insulation. Con-
necting the bell to any other pair will not cause
it to ring.

Sometimes one wire becomes grounded to the

conduit because of defective insulation as in Fig.
104-E.

For this test we again disconnect the devices
from the wires, and connect the test bell and bat-
tery as shown.

With one test lead on the conduit, try the other
lead on each wire. It will not ring on Nos. 1, 2, or 3,
but will ring on No. 4 which is touching the pipe
t “X”, thus making a closed circuit for the test
bell.

Fig. 104. Sketches showing methods of testing for various faults in
wires run in conduit. Compare carefully with test instructions
given.

76. EMERGENCY WIRES, AND PULLING-IN
REPLACEMENTS

Where long runs of wires are installed in conduit
or signal cables, it is common practice to include
one or more extra wires for use in case any of the
others become damaged.

This is especially good practice with cables, be-
cause it is difficult to remove or repair the broken
wire. In a conduit system, where no extra wires
are provided and a new wire must be run in to
replace a broken or grounded one; it is sometimes
easier to pull out all wires, and pull a new one back
in with them.

Where this is not practical or possible, it some-
times saves time and money to pull out the broken
or bad wire, and then attach two good wires to the
end of one of the remaining wires, and pull it out,
pulling in the two good ones with it. This replaces
both the bad wire and the one good wire pulled out.

If the bad wire was not broken but only grounded,
it can be used to pull in the new wire; but, of
course, a broken wire cannot be used for this pur-
pose. Therefore, it is often advisable to sacrifice
one good wire, to pull in two new ones.

The several tests and methods just explained are
very valuable and should be thoroughly understood,
for they can be used on other wiring systems be-
sides signal wiring.

h—-—‘l
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While some of these tests were explained for
wires in conduit, they can be also used on groups
of open wires or cabled wires, by using in place
of the conduit, some other ground or an extra wire,
run temporarily for the tests.

77. SIGNAL WIRING MATERIALS

Now for the materials. In addition to the bell,
battery or transformer, and push button switches,
we will need the proper amount of wire, and in case
of open wiring, staples to fasten it.

Ordinary bell or annunciator wire as it is called,
is usually No. 16 or No. 18, B. & S. gauge, and is
insulated with waxed cotton covering. It can be
bought in small rolls of V4 Ib. and up, or on spools
of 1 1b, 5 Ibs. or more. It can also be bought in
single wires, or twisted pairs, and with various
colored insulation.

Where several wires are to be run together, the
use of different colors helps to easily locate the
proper ends for final connection.

For damp locations, where the cotton insulation
might not be sufficient, wire can be obtained with
a light rubber insulation and cotton braid over it.

As ordinary door bells use only very low voltage,
it is not necessary that the wires be so heavily
insulated. In many cases they can be run with no
other protection, such as conduit or mouldings.

To fasten the wires we use staples which have
paper insulation to prevent them from cutting into
insulation of the wire. However, these staples
should not be driven too tightly down on the wires,
and never over crossed wires, or they may cut
through the insulation, causing a short circuit.
Such a “short” under a staple is often hard to locate,
and great care should always be used in placing
and driving the staples.

Small cleats with grooves for each wire, and holes
for screws to fasten them, are sometimes used. In
other cases where twisted pairs of wires are run,
a small nail with a broad insulating head is driven
between the two wires, so the head holds them
both. Fig. 105 shows several sizes of insulated
staples, and Fig. 106 shows the nail and cleats
mentioned.

Fig. 105. Several different sizes and styles of insulated staples used
. - in bell- wiring.

On installations where a large number of wires
are to be run in a group, cables with the desired
number of wires can be obtained. These wires are
usually. marked by different colored insulation, so
that the ends of any certain wire can be quickly

and easily located at each end of the cable. Such
cables simplify the running of the wires, save space
and time, and make a much neater job in offices
and places where numerous separate wires would
be undesirable.

In large signal installations terminal blocks are
used on some of the equipment, and all wires of
the devices are brought to numbered terminals on
these blocks. Then with the plans, on which the
wires can also be numbered, it is very simple to
make proper connections of cables with dozens or
even hundreds of wires.

This is common practice with telephone installa-
tions and elevator signals, and also on modern
radio sets, as well as for office and industrial call
systems.

Fig. 106. Bell wires can also be fastened with the large headed nails
and cleats shown here.

78. CAUTION NECESSARY FOR SAFE AND
RELIABLE WIRING

Considerable care should be used when drawing
bell wires through holes and openings, or the insu-
lation may be damaged. Where the wires are left
against the edge of a hole they should be protected
from damage by vibration and wear, by means of a
piece of hollow “loom” or insulating tubing slipped
over the wires and taped in place. Also, where
wires cross pipes or other wires, they should be
well protected with such extra insulation.

LEven though signal and bell wires carry low
voltage and small current, they are capable of creat-
ing sparks and starting fires if carelessly installed.

So, for this reason and also that the finished
system will give good service, all signal work should
be done with proper care.

Low voltage signal wires must never be run in
the same conduits with higher voltage lighting or
power wires as it is very dangerous, and is also a
violation of the National Electric Code, which will
be explained in later sections. .

If such wires were run with high voltage ones,
and a defect should occur in the high voltage wires
and allow them to touch the signal wires with their
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thinner insulation, it would create a serious fire and
shock hazard.

When installing Dell transformers, the wires from
the lighting circuit to the transformer primary must
be regular No. 14 rubber covered lighting wire, and
must run in conduit, B X, or approved fashion for
110 volt wiring, according to the code of that par-
ticular town or territory they are in.

When making splices or connections to devices
all wires should be well cleaned of insulation
and all connections carefully made and well
tightened. Splices in wires should be carefully
soldered and well taped, to make secure and well
insulated joints.

Any Dbell or signal system should be thoroughly
tested before leaving it as a finished job. Pride in
vour work and neatness and thoroughness in every
job should be your rule in all electrical work. That
will be the surest way to make satisfied customers
and success, in vour job or business.

79. TROUBLE SHOOTING

In each section of this work on signal devices
and circuits, common troubles and methods of lo-
cating them have been covered. In order to apply
your knowledge of these things to solve any troubles
in signal systems, your first step should be to get
a good mental picture of the system, either from
the plan or by looking over the system and making
a rough sketch of the devices and connections.

Then go over it one part at a time Coolly and
Carefully, and try to determine from the faulty ac-
tion or symptoms of the system where the trouble
may be.

80. KEEP COOL AND USE A PLAN AND A
SYSTEM

A great mistake made by many untrained men
in trouble shooting, is that they get rattled and
worried as soon as they encounter a difficult prob-
lem of this nature. They forget that a plan or rough
sketch of the wiring will usually be of the greatest
help, and they make a few wild guesses as to what
the trouble is. If these don’t hit it, they often get
still more rattled and indefinite in their efforts, and
as a result sometimes mess up the system making
it worse instead of improving it.

Remember that Every Trouble Can Be Found,
and Someone Is Going to Find It. If you can do it,
it will be to your credit and often put money in
vour pocket, or get you a promotion.

And you can find any fault, by thoughtful syste-
matic testing of each circuit and device and apply-
ing the knowledge you have of this work.

In general, a good rule to follow is to first test
the source of current supply. See that it is alive and
at proper voltage. A\ test lamp or voltmeter will
do this nicely:.:

Then test the devices that fail to operate, using
a portable battery and test wires to make sure the
device itself *is not. at fault, or has no loose
terminals. :

If both the supply and all bells, relays, and
switches are tested and O. K., then start testing
the main wires and circuits with the proper switches
closed to energize them. Use a test lamp of the
proper voltage, or a voltmeter, to make sure the
current can get through the lines.

Any time you are not sure just how to test the
wires, just refer back to Article 75 of this section
and refresh your memory on the various steps.

No one can remember all these things perfectly
the first time, but referring back to them and trying
them out on the job at every opportunity is the
quickest and surest way to fix them in your mind.

Never be ashamed to refer to a plan or notes
when you have a problem of connection or other
trouble. The most successful electricians and engi-
neers do it daily.

When a system has several separate circuits,
test them one at a time and mark them off on the
plan or sketch as each is proven O. K. In this man-
ner you know at all times how far you have gone,
and where to look next, and can feel sure of corner-
ing the trouble in one of the circuits or devices.

Remember a portable battery and bell, buzzer,
or test lamp, and a few pieces of test wire, used
with a knowledge of the purpose and principles of
the circuits and devices, and plain common sense,
will locate almost any signal trouble.

When any certain device is found to be out of
order, you also have its troubles and repairs covered
in the section on tkat device, in this Reference Set.
Refer to it if you need to.

Welcome every “trouble shooting”
chance to get some excellent experience.

81. PUTTING YOUR TRAINING INTO
PRACTICE

Now, if you have made a careful study of this sec-
tion so far, and have properly completed your shop
work in the department, you should be able to in-
stall almost any ordinary call or signal system.

You may doubt your ability to do this, but that
is natural at first, as most of us have felt this way
on our first jobs. But the thing to do is to get out
and try it the first time vou have an opportunity
after graduation.

Start with a small job if you wish, and you will
quickly find that you can apply every principle
covered in this Set and in your shop work. After
the first job or two, your confidence will grow and
you will be ready to tackle any work of this nature.

Many hundreds of our graduates have started
their present successful contracting businesses by
a few bell wiring jobs at first. o

Fig. 107 shows a floor plan of a house equipped
with a modern bell call system, that affords great
convenience in any home. Here are shown front
and back door buttons, and-buttons to call 'a miaid
from the parlor, bedroom, or dining room. An
annunciator indicates which door ot which room
any call comes. from. The switch in the dining

job as a
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room can be a floor switch under the table for foot
operation, while those in the other rooms can be
neat push buttons in convenient locations on the
walls.

In homes where no maid is kept, several of these
buttons may not he necessary, but practically every
home should have a door bell.

They are becoming quite popular in many rural
and farm homes. And in these homes a call bell
from the house to the barn or garage is often a
great convenience.

In Fig. 107 the wires are shown in a simple layout
to be easily traced, but they should be run through
the basement or attic, or through the walls where
necessary.
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Fig. 107. Diagram showing layout of wiring for doorbell and conveni-
ence call system with annunciator. Such systems are commonly
used in modern homes and are very well worth their cost of
installation.

82. STARTING A BUSINESS OF YOUR OWN

To start a business of your own or side line jobs
for extra money in bell and signal wiring, as men-
tioned before, very little capital or material is
required.

Many men have started big businesses with only
a few pounds of annunciator wire, a box of staples,
a few push button switches, and a couple of bells and
buzzers, along with a few tools, such as pliers,
knife, screw driver, hammer, brace and bit, key-
hole saw, star drill for brick walls, etc.

You may not even need to buy any materials,
and only a few tools, until you get your first jobs
lined up.

A little salesmanship will often convince the
owner of a home, shop, or store that a door bell or

signal system would be a great improvement and
convenience, and well worth the very small ex-
pense, or that a burglar alarm svstem would be
excellent protection for their property, or perhaps
fire alarms from shops, garages, barns, etc, to the
houses.

Both practice in salesmanship, and electrical
practice are extremely valuable to every beginner.

83. GOOD WORKMANSHIP IMPORTANT

In every job you do, from the smallest door bell
system to the most elaborate burglar or fire alarm
system, make a practice of doing nothing but first
class work—work that will be a credit to your
profession, your school, and vourself.

Whether working for a customer or an employer,
start building your reputation with your first job,
and keep this thought in mind on all the rest.

84. ESTIMATING JOB COSTS

Try to do all work at a fair price to the customer,
and a fair wage, plus a reasonable profit for your-
self.

A good plan on the first job or two, is to do them
on a “time and material” basis. After determining
the type of system desired and parts and materials
needed, let the customer buy them, and then charge
for your time on installing them by the hour.

Keep a record of your time, wages, materials,
and costs, and these will help you estimate future
jobs quite accurately. Then you can buy your own
materials, and charge 25 per cent or more for hand-
ling them and for overhiead or miscellaneous ex-
pense; in addition to a good wage for your time,
all in the estimate figure.

In many cases, time and money can be saved on
alarm installations by arranging the relays, bells,
batteries, and reset switch all on one panel or shelf
board, in advance at your home or shop. Then
when you go to the job, it is only necessary to
mount this assembled unit and install the wires and
proper switches.

And again let us emphasize the value of doing
all work neatly and with good workmanship, both
for the appearance of the job, and for its quality
and dependability of operation.

A customer is usually better satisfied in the end,
to have a first class job done at a fair price, than
to have a poor job at a cheap price.

85. VALUE OF ADVERTISING

Don’t hesitate to let the people in your neighbor-
hood know of your training and ability. With just
a little confidence and real ambition you can do
these things you want to. Prove it to them and to
yourself, and be proud of your training, and every
job well done.

Very often the repair of bell and signal systems
already installed, will bring you some extra money.

After completing your entire course you will be
able to do repair and installation work, not only
on signal and alarm systems, but also on radios.
lighting systems, electric motors, appliances, etc.
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Fig. 107-B This photo shows a view of the more common parts and materials used in signal and alarm wiring.

If you have spare tinie evenings and week ends,
and wish to do such work aside from your regular
jobror to make a business and specialty of it, it
will usually pav to do a little advertising. An adver-
tisement in your local newspaper, and printed cards
left at houses and shops will call attention of people
to yourself, as a trained man available to install or
service such equipment for them. Tn many cases
this will bring all the work of this kind that you
can handle, especially after vou have done some
work and have a few satisfied customers boosting
for you.

Small advertisements and a few hundred cards
of the tvpe mentioned can often be gotten out at
as low a cost as five to ten dollars,

If vou should make a specialty of this line of
work, and build up quite an active shop and
business, then vou ecan add to your tools and ma-
terials to make a more complete equipment for
greatest time saving and convenience.

For a more complete list of tools and materials
in case vou want them later, see the following list.

Remember, however, that you can make a good
start in this work with probably no more than one
tenth of this amount.

1 27 screw driver for bell adjustments.
1 47 screw driver for small screws.

1 6”7 screw driver for small screws.

1 ratchet for wood bits.

6 assorted wood bits.
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long electrician’s bits, 24 to 30”, for long holes
through walls and floors, and through mortar

joints in brick walls.
pair side cutter pliers.
pair long nose pliers.
pair diagonal pliers.
claw hammer.
light machine hammer.
staple driver.
compass saw.
hack saw.
carpenter's saw.
small pipe wrench.
small set of socket wrenches,
small star drills.
Yankee drill.
ignition peint files, for hell contacts.

20-ft. of steel fish tape.

1

—

wood chisel.

cold chisel.

doz. assorted push button switches.
to G vibrating bells.

to 6 vibrating buzzers.

drop relays.

bell transformers.

dry cells, No. 6.

Ibs. No. 18 annunciator wire.
boxes insulateil staples.
electric or gasoline soldering iron.
rolls friction tape.

1b. solder.
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After getting a start in this work so you are buying
considerable of materials and parts, you can get dis-
counts or wholesale prices from your dealer, or by
sending to some mail order house, and in this manner
make still more profit on your jobs.

Now, whether you choose to follow bell and alarm

wiring or not, every bit of the knowledge of these cir-
cuits and devices that you have gained in this sec-
tion will be of great help to you in any line of elec-
trical work, and particularly if you should enter
any of the other great fields of a similar nature,
such as railway signal, telephone, or radio work.
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TELEPHONES

The telephone industry today is one of the great-
est branches or fields of electrical work, and is
expanding at the rate of several hundred millions
of dollars per year.

Tens of thousands of trained electrical men are
kept constantly employed in the fascinating work
of this field, and its continual rapid development
creates new jobs for several thousand more yearly.

The modern telephone is a form of electrical
signalling device of the most refined type. 1t has
become one of the greatest factors in our present
civilization and is an absolute necessity to modern
business.

Important business transactions are carried on
over the vast telephone network of this country
every minute of the day and night, saving vast
amounts of time and making distances seem very
small.

Today a farmer can talk to his neighbor a few
miles away, or call the nearest town for groceries,
machinery repairs, or the doctor—all for a few
cents cost.

A resident of any large city can call any indi-
vidual one of the thousands or millions of people
who may live in that town, or in any other town
in the country.

In a few minutes a connection can be established
from New York to Los Angeles, or from New
Orleans to Duluth, and a business or social con-
versation can be carried on for a few dollars.

We can also talk to people across the ocean,
through undersea cables, or by means of the com-
bination telephone and radio connections now in
common use.

86. GREAT FIELD FOR SPECIALISTS WITH
ELECTRICAL TRAINING

To keep all this vast and marvelous system of
telephones functioning perfectly requires thousands
of well trained electrical men who are specialists
in circuit tracing, trouble shooting, and care and
adjustment of the relays and parts of these devices.
Many more men are required to install the thou-
sands of new telephones constantly being added to
this vast system.

87. TELEPHONE KNOWLEDGE VALUABLE
IN ANY LINE OF ELECTRICAL WORK
The telephone field is one in which you can use
every principle that has been covered so far in
this signal section, and in the sections which follow
there will be much information applying to tele-
phones in particular. And even though you may
never specialize in or follow telephone work, you
should at least have an understanding of the fun-
damental principles of telephone equipment. Many

power plants, factories, shops and offices have their
own private telephone systems, and in any line of
electrical maintenance work vou are likely to find
good use for this knowledge.

88. PRINCIPLES OF OPERATION

The telephone is a device to transmit sounds and
voice from one point to another. Telephones do
not actually carry the sound itself, but instead
reproduce it by means of electric current impulses.

In order to understand how this is done, we
should first know something of the nature of
sound. Most everyone knows that any sound is

“transmitted by means of waves in the air. These

air waves may be set up by one’s voice, clapping
of hands, firing a gun, or anything that causes a
disturbance of the air.

Different sounds have waves of different volume
and frequency. A loud sound has waves of greater
volume or energy, and a low or feeble sound has
waves of less volume or energy. A high pitched
sound has waves of high frequency, and a low
note has waves of lower frequency.

These little pufts or waves of air strike our ear
drums and cause them to vibrate and transmif
impressions of various sounds to our nerves and
brain, thus enabling us to hear them. Figs. 108
and 109 show several different forms of sound -
waves, represented by curves showing their volume
and frequency.
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Fig. 108. This sketch shows a number of different forms of sound waves
represented by curves. The upper line shows two groups of waves,
both of about the same frequency, but the first group of considerably
greater volume than the second. The second line shows two groups
of about the same volume, but the first is of much lower frequency
than the second. The third line shows waves of varying volume and
varying frequency.
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In order to be heard by the ordinary human ear,
sound waves must be between 16 per second and
15,000 per second, in frequency. These are called
Audible sounds. Many people cannot hear sounds
of higher pitch or frequency than 8000 to 9,000
waves per second, and it is only the highest of
musical or whistling notes that reach a frequency
of 10,000 or more per second.

Sound waves travel about 1,100 feet per second
in air, and abount 4,700 feet per second in water.

Ordinary sounds can only be heard at distances
from a few feet to a few hundred feet, and the
loudest sounds only a few miles.

This is because the actual amount of energy in
the sound waves is very small and is quickly lost
in traveling through air.

Electricity travels at the rate of 186,000 miles
per second, and can be transmitted over hundreds
of miles of wire without much loss. So if we
change sound wave energy into electrical impulses
and then use these impulses to reproduce the
sounds at a distance, we can greatly increase both
the speed and the distance sounds can be trans-
mitted.

This is exactly what the telephone does.

! PIANO C
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Fig.109. These waves are typical of various musical notes, having the
small variations in freq y and vol occurring at regular inter-
vals, forming groups or large variations in the general note.

89. TRANSMITTING AND REPRODUCING
SOUND WAVES ELECTRICALLY

In Fig. 110-A is shown a sketch of a simple form
of telephone. Sound waves striking the Transmit-
ter at the left, cause it to vary the amount of
current flowing from the battery through the
transmitter, and also through the Receiver at the
right. These varying impulses of current through
the receiver magnet vibrate a thin diaphragm or
disk and set up new air waves with the same fre-
quency and variations as those which operated the
transmitter. Thus the original sound is reproduced
quite faithfully.

This illustration of the telephone principle shows
that the actual sound does not travel over the
wires, but that the wires merely carry the elec-
trical impulses. :

Figs. 110-B and 110-C show the same circuit with
different amounts of current flowing in each case,
as they would be at the time different sound waves
strike the transmitter.

This simple telephone would serve to transmit
the sound only in one direction, but would not per-
mit return conversation. For two-way conversa-
tion we can connect a transmitter and receiver at
each end of the line, all in series with a battery,
as shown in Fig. 111
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Fig. 110-A. Sound waves striking the transmitter are reproduced elec-
trically by the magnets in the receiver.
B. When feehle waves strike the transmitter only small cur-
rents flow in the circuit.
C. When stronger waves strike it heavier currents flow.

With this circuit, when either transmitter is
spoken to, both receivers are caused to operate,

so this system can be used to carry on conversation

both ways.

However, we still do not have any means to
call the distant party to the telephone.

This can be arranged very easily, as in Fig. 112,
by simply attaching a return call bell and push
button system. In this circuit we have made use
of one of the talking circuit wires, and a ground
path for the bell circuit, but it still requires an
extra wire for the signals. This wire can be elimi-
nated by the use of a Receiver Hook Switch, to
separate the talking and ringing circuits when the
receiver is up or down.

Il
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Fig.111. Two transmitters and two receivers connected in series to form
a simple two-way telephone circuit.

The circuit shown in Fig. 112 can be used for
a very practical telephone for short distances, such
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as between a house and barn, or in a large shop
or. office building. But for longer distances we
should also have the hook switch to save the extra
wire, and an Induction Coil to increase the voltage
for the long line. The bells should also be of a
special high resistance type, so they will operate
on less current and obtain further line economy.

e

Fig. 112. Simple telephone system for two-way conversations, and in-
cluding bells and buttons for calling the parties to the telephone.

90. IMPORTANT PARTS AND DEVICES

Now we have found that the more important
parts of a telephone are the Transmitter, Receiver,
Bell, Hook Switch, Induction Coil, and Battery, or
source of current supply. Some types of telephones
also require a special Magneto to operate the high
resistance bells.

In order to more thoroughly understand the
operation of various types of telephones, and also
their care and repair, we should now find out more
about each of these important parts mentioned.

Although there are many styles of telephones
and various circuits and systems, they all use these
same fundamental parts, and if you get a good
general knowledge of them vou will be able to
understand almost any telephone installation you
may encounter.
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91. TRANSMITTER

The transmitter, as was mentioned before, acts as
a valve to release from the battery, electric current
impulses in synchronism with the sound waves
which operate the transmitter. This is done by the
use of a variable resistance in the form of carbon
granules (particles) in a small cup-like container.

This cup has a loose cover or front end, which
is attached to the thin disk or diaphragm directly in
front of the mouthpiece.

The mouthpiece acts as a sort of funnel, to con-
centrate the sound waves on this disk. As the
waves strike the disk, they cause it to vibrate
slightly and this moves the loose end of the carbon
container and compresses and releases the carbon
grains or granules. See Fig. 113, which shows
these parts in detail.

The transmitter circuit is arranged so the cur-
rent from the battery must flow through the carbon
granules from one end of the cup to the other.
When the carbon particles are compressed tightly
the contacts hetween them are better, their electri-
cal resistance is lower, and they allow a strong cur-
rent to flow. When they are released and their
contacts loosened, the resistance increases and less
current can flow.

So, as the various sounds strike the transmitter
and cause the disk and button to vibrate rapidly,
it controls or liberates from the battery corre-
sponding impulses of current. TFig. 114 is a sketch
showing the connections and electrical circuit
through a transmitter.

Fig. 115 shows several different forms of electric
current represented by curves. The straight lines
are base or zero lines, and are considered as points
of no current value. When the curve goes above
the line it represents positive or current in one
direction; and when it goes below it means nega-
tive or current in the opposite direction. Fig.
115-A shows a steady or continuous flow of direct

FELT DISCS

DAMPING SPRING

Fig. 113. This diagram shows two different views of a telephone trans-

mitter and its parts.

Examine each very closely,

and note the names of each part.
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current, such ¢2s the battery would ordinarily
supply. Fig. 11: 5-B shows pulsating direct current
such as the transs mitter would produce. The height
ve the line indicates the value of
‘nt impulses. While this current
o )it is still flowing all in one

of the curve abo
the varrous curre
varies 1n amount
direction.

principle of teleph tr itter

s ‘essure on the carbon granules
Fig.114. Simple sketch showing wrrent flow in the circuit.
button, and how the varying p?
varies the resistance and cu

v alternating current,
Fig. 115-C shows ordinar, ~enerator would pro-
such as a magneto or A. C. ¢ v varies in amount
duce. This current continual'lJ stion.  Fig. 115-D
and regularly reverses in (111‘(?& agular frequency
shows alternating current of irre  iced by a e
and varying volume, such' as pr‘odt ~ explained a
phone induction coil, which will be
little later. ‘mitter of
Fig. 116 shows another‘type of 'tr%ilb in oper-
slightly different construction, but similar
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i ted by curves.
i i electrical current represen
ATD LS Va;:xo;sni:‘:ng;chofcurve very Flosely. and compare
* with the explanations given.

ating principle to the one in Fig. 113. This trans-
mitter has the disk or diaphragm mounted in a
soft rubber ring, to allow it free movement without
rattling or chattering.

Sometimes the carbon granules in a transmitter
become packed or worn and need to be removed.
In many transmitters the entire cup can be easily
removed and exchanged. Loose terminals, broken
connections, or dirt around the diaphragm also
cause occasional trouble.

92. RECEIVER

The ordinary telephone receiver consists of a
strong permanent magnet of horsehoe shape, a pair
of electro-magnet coils at the ends of the permanent
magnet poles, a thin disk or diaphragm, and the
shell and cap in which these parts are enclosed.

See Fig. 117. The receiver at the left shows the
parts named, while the one at the right shows a
slightly different type which does not use the large

permanent magnet, but just a strong electro-mag-
net instead.
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Fig. 116. Sectional view of a common type of telephone transmitter.
The carbon cup is here shown empty or with-
out any carbon granules in it.

The permanent magnet normally holds the iron
disk attracted when the receiver is not in use.
When “talking current,” or current from the talk-
ing circuit, passes through the coils of the electro-
magnets, its current variations strengthen and
weaken the pull of the permanent magnet on the
Jiaphragm, causing it to vibrate.

Telephones using induction coils have alternating
cu;1"\6nt in the lin‘e and receiver circuits. This cur-
rent feverses rapidly, and the reYersals or alterna-
tions ale of the same correspondlpg frequency and
volume &s the sound waves which caused them.

Some of" these impulses were shown in l?ig.
115-D. As these impulses pass through 'Fhe recerver
coils, they not only vary the magnetic strength
of the coils, but also actually reverse their polarity.
This causes the electro-magnets to strengthen the
polarity and aid the pull of the permanent magnets
on the diaphragm while the current flows in one
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Fig.117. Two sectional views showi
types of telephone receivers.
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ing the construction and parts of two
Examine all the parts carefully an

note the names of each. The receiver on the right has a lead weight

0 at the top of the shell to make
switch, which will be explained

direction. But when it reverses, the magnetism
of the coils opposes that of the permanent magnet
and weakens it, thus making a considerable varia-
tion in pull on the diaphragm.

The coils of the receiver electro-magnets are
usually wound with many turns of very fine wire,
and if these coils are bruised or scratched it often
breaks one or more turns of the wire and stops
the operation of the receiver.

Some of the other more common receiver troubles
are as follows: Loose end cap, allowing diaphragm
to fall away from magnets; bent diaphragm, weak
permanent magnet, loose cord connections, or
broken receiver cord. The wires in these cords
often become broken inside the insulation, from
twisting and kinking, or from rough handling and
dropping of receivers.

Testing with a dry cell, first at the cord tips,
then at the receiver terminals, and listening for a
click at the diaphragm as the circuit is made and
broken, will easily disclose this trouble.

Another type of receiver. often called a “watch
case” type, is shown in Fig. 118. These small
receivers are used in head sets for telephone oper-.
ators, and are very similar to those used by rad:10
operators.

Their construction is much the same as
larger ones, except that they are much ligh
weight and have the permanent magnet ,
of a circular shape.

93. HOOK SWITCH

The receiver is hung on a spring hook when not
in use, and this hook operates a switch to discon-
nect the talking circuit and places the ringing cir-
cuit in readiness for the next call. This is called a
Hook Switch.

it heavy enough to operate the hook /
later.

By disconnecting the * !

wasting the battery cur’ /talking circuit, it saves
not in use. It also di J-ent when the ’phone is
when the ’phone is in sconnects the bell circuit
bell from being runf ,use, and thus prevents the
Having this switch ¢ 2 while parties are talking.
it automatic, as the pperated by the receiver makes
replaces the recei* £ party naturally removes and
the conversation ver when starting and finishing

Fig. 119 shov -

While the re WS avery simple type of hook switch.
and the en  -ceiver is on the hook it is held down
center cor -4 of the hook lever presses against thg
right ar tact of the switch, keeping it held to the

closes M in contact with the spring “C.” Thj
the ringing circuit. © -
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Fig. 118. ectional view an ront view of watch case receiver,
18. S 1 f t vi f tch i h
t d » such as

used on telephone operators’ head sets.

When the receiver i
_ er 1s removed from the hook
t};elsprmg causes the hook to raise and the end
of the hoqk lever to move to the left, allowing the
center spring to make contact with “A” and close

the talking circuit. I
; . It also opens the ringi i
cuit at the same time. : S BN Gl
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There are a number of different types of hook
switches, but the principle of all of them 1is very
similar and easy to understand.

If the contacts of a hook switch become burned
or dirty, or if the contact springs become bent out
of shape. it is likely to cause faulty operation of
the talking and ringing circuits.

Fig. 119. Sketch showing the principle of a simple “receiver hook
switch.”” Note what the operation of the spring contacts
would be if the receiver was raised and lowered.

94. BATTERIES AND CURRENT SUPPLY

Telephones require, for the successful operation
of their talking circuits, direct current supply of
a very “smooth” or constant voltage value. This
is because we do not want anyv variations in the
current, except those made by the transmitter and
sound waves.

In small private telephone systems and rural
lines, dry cell batteries are often used, and in many
cases each 'phone has its own battery.

Large telephone systems for city service use
storage batteries or D. C. generators for talking
current supply. Generators for this use have
special windings and commutators for providing
“smooth” D. C., as even the slight sparking and
variations of voltage at the commutator of an ordi-
" nary power generator would produce a disturbing
hum in the ’phone receivers.

Rural line telephones often use a hand-operated
magneto to supply current to ring the bells, and
some small exchanges do also. However, most
exchanges use a generator to produce alternating
current or pulsating direct current, for the operators
to ring the various parties by merely closing a key
switch.

95. INDUCTION COIL

As mentioned before, most telephones that are
to be used on lines of any great length use an
induction coil. The purpose of this device is to
act like a transformer and increase the voltage of

the impulses in the talking circuit, so they can be
transmitted over long lines with less loss.

When a transformer “steps up” the voltage, it
reduces the current in the same proportion, and
the less current we have to send through the re-
sistance of any line, the less loss we will have.
By briefly recalling your study of Ohms law and
voltage drop principles, this should be quite casily
understood.

Induction coils have a primary and secondary
winding around a ccre of soft iron, and when the
current impulses are sent through the primary,
corresponding impulses of higher voltage arc set
up in the secondary by magnetic induction. Thus
the name, “induction coil.”

Fig. 120 shows a sketch of an induction coil.
“C” and “C” show the ends of a core which is
made of a bundle of soft iron wires. “II” and
“H” are ends or “beads” to support the coil on
the core. “P” and “DP-17 are the terminals of the
primary winding. “S” and “S-1" are those of the
secondary winding.
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Fig. 120. This sketch shows the construction of the windings and core
of a telephone induction coil.

The primary winding should be connected in the
transmitter and battery circuit. The secondary
winding connects ta the receiver and line circuit.
These connections will be shown a little later, in
a diagram of a complete telephone circuit.

Fig. 121 shows a single, and also a double induc-
tion coil. TFig. 122 shows a sketch of the coils, core,
and terminals of the induction coil as they are
often shown in connection diagrams.

We recall from an earlier section on transformer
principles, that transformers will not operate on
ordinary direct current, but in the casc of this
telepbone induction coil, the current from the bat-
tery is caused to pulsate or increase and decrease
rapidly, by the action of the transmitter.

Fig.121. On the left is shown a single induction coil with the terminal
connections plainly visible. On the right is shown a
pair of coils mounted on one base.




Section Three, Telephone Bells

These variations in the talking current cause the
flux of the primary coil to expand and contract, and
induce the higher voltage impulses in the secondary.

S

~

Fig.122. The primary and secondary windings and core of an induction
coil are often shown in the above manner in electrical diagrams.

96. TELEPHONE BELLS

While some telephones in small private systems
use ordinary vibrating bells, the more conumon
-’phones in general use in public systems use a
Polarized bell, which operates on alternating cur-
rent.

These bells have two electro-magnets and an
armature, which is a permanent magnet: and two
gongs instead of one, as in the case of the vibrating
bell.

Fig. 122-B shows two views of this type of tele-
phone bell.

In some cases, instead of the armature itself
being a permanent magnet, a larger permanent
magnet is mounted behind the bell coils and with
one end close enough to the armature to maintain
induced poles in it.

The coils of these bells are usually wound with
many turns of very fine wire, and are designed to
operate on very small amounts of current at rather

high voltage, which makes them economical to
operate on long lines.

The operating principle of the polarized bell can
be easily understood by referring to. Fig. 123. You
will note that when current flows through the coils
in one direction it sets up poles on the electro-
magnets, which attract one end of the armature
and repel the other, causing the hammer to strike
the left gong as in Fig. 123-A.

Then, if we reverse the current as in *“B,” this
reverses the poles of both electro-magnets, causing
them to attract and repel opposite ends of the arma-
ture to what they did before. This makes the
hammer strike the right-hand gong.
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Fig. 123. These sketches show the electrical circuit of a polarized tele-
phone bell. Note the polarity and poesition of the armature in “A,”
and again ‘“B,” after the current has been reversed.

Then, if we supply alternating current from a
magneto or central generator, it will cause the coils
to rapidly reverse and operate the hammer at the
same frequency as that of the current supply.

Check carefully the polarity of the permanent
magnet, the movable armature, and the electro-
magnets in both bells in Fig. 123.
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Fig. 122-B.

Front and side views of a polarized telephone bell. Note

the end of the permanent magnet, which is used to magnetize the
armature by induction. Also note the biasing spring attached to one

end of the armature.
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g97. BIASED POLARIZED BELLS FOR PUL-
SATING D. C. OPERATION

Sometimes these polarized bells are equipped
with a Biasing spring attached to their armature.
This spring can be noted in Fig. 122-B. It enables
the bell to be operated on pulsating direct current,
which is sometimes used by the operators at central
stations for ringing various parties on the line.

In such cases a rotary pulsating switch is used
in the battery circuit to provide the interruptions
in the current. The biasing spring normally holds
the hammer against one of the gongs when the
bell is idle. When current is sent through the coils
in the proper direction, the electro-magnets will
attract and repel the proper ends of the armature,
to cause the hammer to strike the other gong.

When the current is interrupted, the spring
draws the armature and hammer back again, strik-
ing the first gong once more. This will be repeated
as long as the pulsating current flows. See Fig.
124, The pulsating wheel “\W” has alternate sec-
tions of metal and insulation., so as it is rotated
it rapidly makes and breaks the circuit of the
battery and bell.
~ Fig. 125 shows a very good view of a telephone
bell with the gongs removed.
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Fig. 124. This sketch shows how a “pulsator’” or interruptor can be
used to supply pulsating current from a battery and
for the operation of telephone bells.

98. POLARIZED BELL WITH PERMANENT
MAGNET ARMATURE

Another type of polarized bell used in some tele-
phones, has both coils wound in the same direction
and uses the permanent magnet for an armature.
See Fig. 126.

In these bells the armature has unlike poles at
each end, so in order for one of the electro-magnets
to attract and the other to repel, they must have
like poles. When alternating current is passed
through this bell, the polarity of both electro-mag-
nets changes at the same time. This causes attrac-
tion of first one end of the armature, and then the
other.

Observe carefully the direction of current and

polarities of the magnets in both bells “A” and
“B” in this figure.

When telephone bells fail to operate, the trouble
can usually be found in a loose connection, broken
coil lead, weak permanent magnet, loose gongs, or
magnet cores loose on keeper or frame.

Fig.125. Photograph of coils, armature, and h of a
telephone bell.

99. TELEPHONE MAGNETOS

As mentioned before, rural lines often use mag-
netos at cach 'phone for the subscriber to ring any
other party on that line, and also to call the central
operator. These magnetos, when operated by the
hand crank at normal speed, produce alternating
current at fairly high voltage, usually from about
80 to 100 volts, and at a frequency of ahout 20
cycles.
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Fig. 126. This sketch shows the construction and windings of another
type of polarized bell, which uses a permanent magnet for its arma-
ture. Note the polarity and position of armature at “A,” and again
at “B,” after the current has been reversed.

Fig. 127 shows a sketch of a magneto of this
type. The armature is usually of the shuttle type
with just two large slots, in which are wound many
turns of very fine wire. Tt is located in the base
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of the magneto between the poles of several large
horseshoe magnets.

These supply the magnetic flux which is cut by
the armature winding to generate the voltage. The
armature is revolved quite rapidly by means of a
large gear on the hand crank shaft, and small
pinion on the armature shaft.
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Fig.127. Diagram of telephone magneto showing shaft extension which
operates contact springs.

The crank shaft shown at “O" is equipped with
a slotted extension and spring which pushes out
against the contact spring “N” cach time the crank
is turned. This operates a sort of “shunt” switch.

When the magneto is idle this spring falls back,
touching contact “C,” and shunts out the magneto
winding from the line circuit, so the talking current
does not have to pass through this resistance.

When the crank is turned the shaft is forced out
a small distance and opens these contacts, allowing
the magneto current to flow to the line and bells.
One end of the armature winding is usually
grounded to the shaft, and the other end is insu-
lated and carried out through the center of the
shaft, which is hollow. This end or tip of the
shaft is in contact with the small spring as the
shaft rotates.

Fig. 128 shows two photos of telephone mag-
netos. The one at the right is equipped with a
hand crank for use in a subscriber’s telephone.
The one at the left is equipped with an extension
shaft such as used by central operators in some
of the small exchanges.

Fig. 128. These photos show two telephone magnetos. The one on the
left for use in a small exchange, and the one on the
right for a subscriber’s telephone.

Some exchanges use a power-driven magneto,
having it operated continuously by a small motor.
In this case it is only necessary for the operator
to close a key or switch to ring the party being
called.

In Fig. 128 the spring contacts operated by the
magneto shaft are quite clearly shown.

The permanent magnets in these magnetos often
beconme weak after a certain age and need to be
remagnetized or replaced. Sometimes a little oil and
dirt collects on the contact springs, causing them
to fail to make good connections: or they may
become bent or worn so they do not make proper
contact.

100. COMPLETE TELEPHONES AND
CIRCUITS

Now that you understand the function and opera-
tion of the important parts of a telephone, let's see
how they all work together in the complete 'phone.

Fig. 129 shows a conumon type of party line tele-
phone used on rural lines and in small towns.

The view on the left shows the box closed, and
the location of the receiver, transmitter, and bell
gongs. On the right the box is opeuned up, show-
ing the battery and magneto, hook switch in the
upper left corner, and bell magnets on the door.
The induction coil is not visible in this view.

Fig. 129. Common type of party line telephone used on rural lines. This
telephone is complete with its own batteries and magneto.

You will note that this ‘phone is complete with
all necessary parts, and has its own current supply
for both the talking and ringing circuits.

Two or more telephones of this tyvpe can bhe
connected in parallel on a line, and if desired can
be operated without any central exchange or any
other cquipment.

of different calls, arranged in combination of short
and long rings, similar to dots and dashes.

Any party can ring any other party by a system
f

Party lines with a number of these 'phones can
also be run to a central office, and from there they
can be connected to any other<line on the entire
system. This is the purpose and function of a
central office or telephone exchange. 1t is practical
to have on one line only a certain limited number
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of 'phones, as otherwise the line would always be
busy, and no other subscriber could use it while
two pa'rties were already talking over it. On rural
lines the number of parties may be from ten to
twenty per line. In cities, from two to four or six
is more common.

When a subscriber on one line wishes to talk
to someone on another line, he or she signals the
central operator, who can, by means of switches
and plugs, connect the Calling Line to the one
called and then ring the party desired on the Called
Line. The equipment and operation of exchanges
is covered later.

Fig. 130 shows a complete diagram of the elec-
trical circuit and connections of a telephone of the
type shown in Fig. 129. Here we can see the rela-
tion of each part to the others and get a clearer
idea of how they all operate together.

Trace out this circuit very carefully, until you
are sure you clearly understand its entire operation.

The receiver is shown off the hook and the hook
is raised, allowing the main contact spring to move
to the left and close the two contacts on that side,
completing the talking and line circuit. The large
arrows show where the current flows from the locatl
battery, through the transmitter, induction coil pri-
mary, hook switch contacts, and back to the battery.
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Fig. 130. Diagram showing connections and circuits of a telephone such
as shown in Fig. 129.

When the party talks into the transmitter, this
local current is caused to pulsate and sets up
induced impulses of higher voltage but smaller
current, in the secondary coil, receiver and line
circuit. This is shown in the small arrows. You
will remember that this current induced in the
secondary coil and in the receiver circuit is alter-
nating and rapidly reverses, so we show the arrows
both ways. It alsd flows a short distance through
one of the same wires with the battery current, but
this does no harm.

The magneto is shown here in idle position. so

its spring contact is open and keeps the magneto
winding out of the ringing and line circuit at
present. When the magneto is operated, the shaft
pushes out and closes the circuit, and sends current
through the bell and also out on the line to the
other bells.

In order to ring anyone, the receiver must be on
the hook, keeping the hook down and holding the
main spring or line contact to the right and in
contact with the spring on that side. The ringing
current then flows as shown by the dotted arrows.

Fig. 131. Circuit diagram of another telephone using a different hook
switch and set of magneto contacts. Trace the circuit
and observe its operation very carefully.

Fig. 131 shows another telephone circuit, using
a hook switch with only three spring contacts
instead of four, and a magneto with three contacts
instead of one or two. Compare this diagram care-
fully with Fig. 130. Here again the large arrows
show the transmitter and local battery circuit; the
small arrows, the receiver and line circuit; and the
dotted arrows, the ringing circuit.

You will note that this hook switch does not
make and break the ringing circuit as the one in
Fig. 130 did. Here the ringing circuit is controlled
by the magneto springs. Wlien the magneto is
idle, the long center spring presses to the right,
keeping the bell connected to the line, ready to
receive an incoming call. When the magneto crank
is turned it forces the shaft outward and pushes
the center spring to the left. This short-circuits
the bell and makes a connection direct to the line
to ring outside bells. In this type of ’phone the
subscriber’s own bell does not ring when his mag-
neto is operated.

There are a number of different ways to arrange
party hine telephone circuits, hook switches, mag-
neto contacts, etc.; but if you have a good under-
standing of these fundamental circuits and the oper-
ation and purpose of these important parts, you
should have no difficulty understanding any ’phone
circuit after tracing out its wiring or diagram.

_1
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101. CENTRAL ENERGY SYSTEMS
AND 'PHONES

In large city telephone systems a central source
of current supply is generally used for both the
talking and ringing. In such systems the subscrib-
er’s ’'phone does not need a battery or magneto.

The hook switch and circuit are so arranged that
as soon as the receiver is removed from the hook. it
closes a circuit and lights a small lamp on the
exchange operator's switchboard.

The operator then plugs her ’phone onto this
calling line and closes her key so the caller can
give her the number desired. Then, if the called
line is not busy, the operator connects the calling
line to it and rings the party to be called.

A simple circuit for a telephone of this type is
shown in Fig. 132. Keep in mind, when tracing this
circuit, that the current supply comes in on the line
from the exchange.

O\

NN G

S)al

J

Fig.132. Wiring diagram for a simple telephone to be used on a central
energy system. This telephone gets all the energy
from the line and central supply.

You will note that a condenser is used here
to prevent the direct current for the transmitter
circuit from passing through the bell or receiver
circuits.

A condenser will pass or allow alternating current
or pulsating direct current to flow through it, but
blocks or stops ordinary direct current.

The “talking current,” shown by the large arrows,
comes in on the left line wire and passes through
the induction coil primary, hook switch, transmit-
ter, and back out on the right line wire. When the
party is talking, the induced current in the secon-
dary coil, shown by small arrows, flows out through
the condenser and right line wire, to the receiver of
the operator or called party; and back in the left
line wire, through the primary coil, hook switch and
subseriber’s own receiver, and returns to the
secondary coil. In tracing the receiver and line
circuit, consider the secondary coil as the source of
this energy.

A different symbol is used here for the bell, as
it is simpler to draw in plans and easy to recognize
once you are acquainted with it.

Fig. 133 shows a complete telephone of this type,
for wall mounting. The bell, condenser and coil are
mounted in the box, while the receiver is on the
usual hook on the side, and the back of the trans-
mitter can be seen in the front of the open cover.

Note the terminal blocks to which all connections
are brought and numbered, making it easy to con-
nect up or test the telephone.

Fig.133. Photograph of wall type telephone for central energy systems.

I'ig. 134 shows another telephone of the central
energy type, for use on a desk. This desk-type
‘phone has the receiver and transmitter mounted
on a separate stand for convenient use on the desk;
while the bell, coil, and condenser are in a separate
box to go on the side of the desk or under it.

The hook switch is inside the upright handle of
the stand.

K

Fig.134. Common desk type telephone with bell box to be mounted
separately.

102. TELEPHONE EXCHANGES

As already mentioned, the telephone exchange
serves to connect telephones of one line to those of
other lines, and there are thousands of these central
exchanges throughout this country, to handle the

many millions of telephones in use.
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The exchange in the small town handles the calls
of the subscribers in the town, those of rural lines
calling in to city ’'phones, and those of one rural
line calling through to another line, perhaps run-
ning out of town in the opposite direction. Thus
this exchange serves the 'phones in that town and
surrounding territory. Then it has its Trunk Lines
connecting to exchanges of other cities, and can
complete a circuit for one of its own subscribers,
through the exchange of another town several hun-
dred or even several thousand miles away.

This vast network requires many types of elabo-
rate and complicated exchange circuits, which it is
not our purpose to cover here, as they represent a
very highly specialized type of work. They also
require much more time than the ordinary elec-
trician cares to spend on such circuits, unless he
intends to specialize in telephone work. DBut, in
order to give you a better understanding of the
general operation of the exchange in connection
with the ’phones we all use daily, and also to give
vou a good foundation to work from in case you
should later specialize in such work, we will cover
in the following material some of the fundamental
parts and principles of exchanges.

Telephone exchanges ore of two general types,
namely, manual and automatic.

The general function of either type is to receive
a signal from the calling subscriber, and get a con-
nection and ring his party on any other line as
quickly as possible.

With the manual exchange, the plugging, switch-
ing and ringing operations are performed by human
operators, usually girls. With the automatic ex-
change these operations are performed by electrical
and mechanical devic.:

103. SWITCHBOARDS FOR MANUAL
OPERATION

Fig. 135 shows a manual exchange or switch-
board, for handling one hundred lines. These lines
are brought up to Jacks on the upright front of the
board.

On the flat, desk-like, part of the board is a set of
Plugs, attached to Cords beneath, and also a set of
Key Switches. Directly above each jack is a Drop
similar to an annunciator drop.

When a subscriber on any line signals the oper-
ator, the little drop window or shutter for his line
falls down, showing the operator that someone on
that line is calling. There are two plugs in front of
that line, one for talking and one for ringing.

The operator lifts the talking plug and inserts it
in the line jack opening. Then, by pressing her
key in one direction, she can answer the Calling
Party and receive the number he wishes to call.

If the line of the party desired is not busy, the
operator then lifts the other plug in line with the
first one, and places it in the jack of the “called”
line. Then, by pushing the key in the other direc-
tion, she can ring the party desired.

By pushing the key back to the listening position

Fig.135. A small exchange switchboard of the magneto type, showing
plugs, jacks, and the operator’s transmitter and receiver.

again, the operator can hear the party answer.
When he does, she can release the key to vertical
or neutral position. The parties then carry on their
conversation through the wires in the cords.

The cords are equipped with very flexible wires,
and have weights on little pulleys as shown in the
left view in Fig. 136. At the right is shown a large
view of the pulley and weight. These weights keep
the cords straight and pull them down again each
time the plugs are dropped to idle position.

The operator’s head-set is shown lying on the
kevboard in Fig. 135, and the transmitter is shown
on an adjustable arm and cord in front of the
board.

Fig. 137 shows a closer view of the keys, plugs,
and jacks of a board of this type. The key switches
are shown in the foreground, and directly behind
these and indicated by the arrow is a row of small
lamps to show the condition of the circuit to the
operator. Behind the lamps are the plugs, and
above are the plug jacks and drops.
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Fig. 136. The view on the left shows the manner in which the{ plug cords
are held straight by the weighted pulleys. A larger view of
one of these pulleys is shown on the right.

104. KEY SWITCHES

A very good view of two switchhoard kevs is
shown in IFig. 138, The levers or key handles can
be pushed in either direction, and their lower ends
have rollers or cams that push and operate a set of
spring contacts on either side, depending on which
way they are pushed. Iixamine these switches and
all their parts carefully.

Fig. 137. This photo shows very clearly the arrangement of the operator’s
key switch, plugs, and jacks.

105. SWITCHBOARD LAMPS

Iig. 139 shows a special type of lamp used for
switchboard signals, and also two of the glass caps
or “hull's-eyes” that are used over the ends of the
lamps.

These lamps are made very small in order to
get them in the small spaces on the boards. The
actual size is only about one-fourth that of the
photo in this figure. The bulb is held in the two
metal clips shown on the top and bottom, and these
are separated at the base by a piece of hard insula-
tion. The lamps are pushed into their sockets end-
wise, and these metal strips make the contacts to

complete the lamp circuit. The forward end of the
lamp is all that shows in the opening they are
placed in.

The bull's-eyes are made in white and various
other colors to indicate various circuit conditions.

Switchboard Keys

Fig. 138. Here we have an excellent view of two key switches, showing
how the key levers and rollers operate the spring contacts,
and open and close various circuits.

106. PLUGS

Iig. 140 shows a cord plug. These plugs can be
made with two, three, or more separate metal ele-
ments for as many scparate circuits through them.
The plug tip at the extreme right end is part of a
small metal rod which runs through the center
of the plug to the left end, where the wires are
attached.  Around this is placed a tube of insulating
material. Then another slightly larger, but shorter,
metal sleeve is fitted over this.  Still another tube
ol msulation, and a third metal clement are often
fitted over the first ones, and then an outer shell
of msulation over the whole.

The several separate metal clements and ends
of the black insulating slecves can be seen in Fig.
140, which is an actual size view,

When these plugs arc inserted in the jacks, the
various jack springs make contact separately with
cach of the plug clements and circuits.

Fig.139. The upper view shows one of the special telephone switchboard
lamps, and below are shown two types of glass caps,
or bulP’s-eyes used with such lamps.
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107. JACKS AND DROPS

A complete jack, with the drop and drop magnet
mounted above it, is shown in Fig. 141. This view
clearly shows the jack thimble, contact springs,
wire terminals, drop magnet, armature, and shutter.
Examine the photo and printed description very
carefully.

Fig. 140. Full-sized view of a switchboard plug showing how the several
circuits are obtained through its tip and insulated sleeves.

Note that the armature to operate the drop is at
the left end of the drop magnet, hinged at the top,
and attached to a long lever arm which runs over
the top of the magnet to the drop latch at the right
end. This construction enables a very small move-
ment of the armature to give a greater movement
at the drop latch.

The plug would be inserted from the right in the
thimble at the lower right-hand corner; and as it
goes in, its tip and sleeve elements make contact
with the spring shown. It forces some of the
springs apart, opening certain circuits, and closes
others from the springs to the cord wires.

Fig. 142 shows two diagrams of jack and drop
circuits from opposite \1dex one w ithout the plug
and one with the plug in.

In the upper diagram vou will note that springs
3 and 4 are making contact. also springs 5 and 6.
Springs 5 and 6 close a circuit from the line through
the drop magnet.
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Fig.141. This descriptive diagram shows the parts of a_telephone jack
and drop complete. Examine each part and its descrip-
tion very carefully.

In the lower view, showing the plug inserted,
we find that springs 5 and 6 have been opened,
breaking the circuit through the drop magnet. as
it is not needed while the plug is in. Springs 3
and 4 are also opened. This is done by an insulating
piece which is not shown here, but fastens 5 and 3
together mechanically, so the upward movement of
5 also forces 3 up. Springs 3 and 4 are not shown
connected to any circuit in this illustration.

Referring again to the lower view, we find that
the plug has a circuit to its tip and sleeve from

spring 5 and thimble 7, thus making a circuit from
the line to the cord wires.

108. SIMPLE SWITCABOARD
CONNECTIONS

A sectional view of part of a switchboard is
shown in Fig 143. This shows the line connection
to a simple jack and drop of the separated type;
and also the plug, cord, and switch connections.

When an impulse comes in on the line, the drop
magnet releases the shutter, the operator inserts
one plug and closes her key to listening position.
After receiving the number she inserts the other
plug in the jack of the called line (not shown) and
pushes key to ringing position, sending current
from the board magneto to ring the called party.
When this party answers, the talking current from
the two lines flows threugh the jacks, plugs, cords,
and key switch. \When the conversation is finished,
the plugs are pulled and dropped to their present
positions in the diagram, the drop reset, and the
key restored to normal position.

COMB. DROP AND JACK

O
TO LINE
COMB. DROP AND JACK PLUG
T lr
A
TOLING

Fig.142. The upper sketch shows the electrical connections and position
of contact springs without the plug inserted. Below are shown the
electrical circuit and position of springs with the plug in the jack.

Fig. 144 shows a switchboard with some of the
cords in place in the jacks for conversations between
various lines.

Many large switchboards use only the signal
lamps to indicate an incoming call, and do not use
the magnetic drops.

Fig. 145 shows two views of the inside and back
of a manual switchboard. In the left view you
can see the drop magnets in the upper section, a
group of relays in the center, and the induction coils
and part of the terminals below. At the extreme
right of this view are shown the wires grouped or
cabled along the side of the cabinet.

In the right-hand view the relay panel or “gate”
is opened, showing the jacks and cords.
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Fig. 143. This simple sketch shows the general operating principle of a
manual switchboard.

Fig. 146 shows a small desk type switchboard
for mounting on a table or desk in private offices,
where an operator is to be able to call various
people in the building.

Telephone wiring requires men who are expert
in reading plans and making careful and accurate
connections of the thousands of wires and devices
used on the switchboards.

109. TELEPHONE RELAYS

The top photo in Fig. 147 shows a telephone
relay. Its armature is at the right-hand end of
the magnet, and is bent and hinged to the corner
of the magnet frame. \When the magnet attracts
the lower end of the armature to the left, its upper
horizontal portion moves upward at its left end,
pushing the center contact springs upward. This
causes them to break circuits with the lower con-
tacts and make circuits with the upper ones. So
you see that while these relays are constructed
differently and are much smaller and more compact
than the pony relays used in alarm and telegraph
systems, still their operation and principles are
much the same.

110. CABLES AND TERMINALS

The center photo in Fig. 147 shows a piece of
lead-covered telephone cable with many paper-

covered wires inside it, and covering of extra in-
sulationn between them and the lead sheath. Cables
of this kind are very necessary to carry the vast
numbers of wires in telephone systems.

Fig.144. Side view of a magneto type switchboard with some of the
plugs in place in the warious line jacks.

The Iower view in the same figure shows a
terminal block to which a number of wires can be
neatly and conveniently connected. The wires from
a cable can be soldered to the lower ends of the
terminal strips, and the switchboard wires con-
nected to the other ends by means of the small
screws shown.

Fig.145. These two views of the rear of a switchboard show the relays,
drops, and cords very clearly. Note the neat and com-
pact arrangement of all parts and wires.
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Fig. 146. Small desk type telephone exchange.

These terminal blocks greatly simplify the wiring
and testing of telephone and switchboard circuits.

In wiring telephone switchboards, ground con-
nections are also used to simplify much of the
wiring. Metal strips and plates are used for com-
mon ground connections to the battery negative
terminal. This eliminates a number of unnecessary
wires.

Some exchanges alsc use a ground connection to
earth for ringing their subscribers.

Fig. 147-D is a complete wiring diagram of a
simple manual exchange showing just two sub-
scribers’ ‘phones connected through the exchange.
The different circuits are marked with different
kinds of arrows and symbols.

Trace out carcfully, one at a time, the transmitter
and receiver circuits of the calling subscriber’s

L

The upper view shows a telephone relay. In the center is
shown a section of telephone cable. Below is a group
of terminal springs in a terminal block.

Fig. 147.
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Fig. 147-D. Complete diagram of a simple telephone exchange with two subscribers’ telephones connected. This will enable you to trace the
talking and ringing circuits which are marked with different forms of arrows and symbols. Carefully tracing this diagram will help you to
understand telephone exchange principles more fully.

I
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'phone at the left, and through the exchange to the
called subscriber’s 'phone at the right. Also trace
the operator's magneto and calling circuit to the
called ’phone: and the operator's talking circuit.
Note the positions the various keys must be in to
get the different circuits closed, and in order to
trace some of the circuits it will be necessary for
vou to imagine certain switches are closed to the
opposite positions.

There are many other types of exchange circuits,
and this simple one shown herc is more tyvpical of
an army field tclephone exchange, but is chosen
because of its simplicity and just to give you a good
idea of their general nature.

TRUNK

MANUAL

ANSWERING | TRUNK TacK

CALLING SUBSCRIBER.

Fig.147-E. Simple “one-line” diagram showing a telephone circuit
through two exchanges and a trunk line.

Fig. 147-12 is a simplified diagram showing how
a call from one subscriber is routed through his
local exchange over a trunk line to the distant
exchange, and from there to the called subscriber.

This sketch is what is known as a onec-line dia-
gram, using only one line to trace the pairs of line
wires actually used.

Fig. 147-F shows a photo of a large manual
exchange switchboard in operation, and Fig. 147-G

Fig. 147-F. This photograph shows a section of a large manual telephone
exchange. Each operator controls a section of the board
with its respective plugs and jacks.

Fig.147-G. Rear view of a central exchange switchboard of the type
shown in Fig. 147-F. Note the very neat and compact manner in
which all parts and wires are arranged to simplify connections and
testing of such exchange units.

shows the rear of such board. Note the very neat
and systematic arrangement of all parts and wires,
which greatly simplifies the wiring and testing of
such switchboards.

In apartment houses and offices, small telephone
vstems

mstallations  called inter-communicating s
are often uscd.

Any party of the group can call any other party
by means of proper push buttons. There are sepa-
rate push buttons and call circuits for each "phone.

These svstems are very useful and practical
where the lines are not long and where the system
is not large enough to pav to keep an operator.

Fig. 147-H shows the wiring diagram for three
such ’phones. Trace out the talking and ringing
circuits, and the operation of the system will be
clearly understood. A, B, and C are groups of push
buttons for calling the different ‘phones. The num-
bers on cach button contact indicate which ‘phone
it will call.

Fig. 147-1 shows a photo diagram of five different
styles of 'phones which can be obtained for such
inter-communicating service.

Trig. 147-] shows two types of inter-communicat-
ing 'phones, one with the push buttons on a desk
block, and the other having them on its base.
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Fig. 147-H. Wiring diagram of three telephones on an inter-communi-
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Fig. 147-J. Two types of inter-communicating telephones. The one on

the right has the call buttons on the base of its stand.

Fig. 147-1. Photo diagram of several types of inter-communicating tele-

phones, showing their connections and batteries, and ringing and
talking wires. Such telephone systems are commonly used to com-
municate with various offices in one building. No exchange or
operator is needed, as each party is called by one of a number of
push buttons.
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AUTOMATIC TELEPHONES

Automatic exchanges do all switching, ringing,
and signalling by means of electrical and mechan-
ical devices, and eliminate the human operators.
This not only saves the cost of labor of numerous
employees, but accomplishes faster and more accu-
rate operation. It provides much more complete
privacy for telephone conversations, and, because it
is purely electrical and mechanical, it doesn’t make
the errors caused by possible sleepiness or thought-
lessness of human operators.

The automatic telephone exchange is undoubt-
edly one of the greatest triumphs of telephone
engineering, and they are rapidly replacing many
of the largest manual exchanges in this country.

There are several different types of automatic
telephone equipment, and most of them are still
undergoing rapid changes in the processes of devel-
opment and perfection. One of the most successful
systems is called the “Strowger System”, after the
name of the man who developed it.

Complete automatic exchange circuits are very
complicated, and would require a great deal more
time and study than most students would care to
spend on the subject, unless they were preparing
to specialize in this work. The fundamental prin-
ciples of this equipment, however, can be quite
simply explained.

The following paragraphs are intended to give
you a general understanding of them.

110. SIMPLE OPERATING PRINCIPLE

The Strowger System uses what is known as the
“step by step” equipment. When the subscriber
wishes to call a certain party, he dials the desired
number with the dial on his own telephone. This
dial in its rotation sends a number of impulses
to magnets and relays at the exchange, causing
them to move a selector element which picks out
the desired line. Other parts of the mechanism
then test the line to determine whether it is busy
or not, and if it is clear an automatic switch starts
ringing the called party.

111, DIALS, CONSTRUCTION, AND
OPERATION.

The principle difference between a subscriber’s
'‘phone to be used on an automatic exchange and
those for manual systems is the dial. The trans-
mitter, receiver, and other parts remainmg funda-
mentally the same. ,

Fig. 148 shows an ordinary desk telephone,
equipped with a dial for automatic operation. You
will note that this dial has ten holes or finger open-
ings, around the outer edge of the rotating part.

\When this finger plate rests in the normal posi-
tion, there is a number on a white stationary disk
directly under cach of these openings. Starting at
the one on the right hand side, and reading counter-
clockwise, these numbers are 1, 2, 3, 4, 5, 6, 7,
8, 9 and 0.

When the subscriber wishes to dial or call party
No. 246, he places his finger in the opening over
No. 2, and pulls the dial around to the right until
his finger strikes the Stop Hook shown at the bot-
tom of the dial, and then releases it. He then places
his finger in the opening over No. 4, and again pulls
the dial around to the right until his finger is
stopped by the hook. Once more the dial is re-
leased, and allowed to return to normal position.
Then No. 6 is dialed in the same manner.

Fach time the dial is rotated clockwise it catches
and winds a helical spring inside the case, and a
pawl secured to the rotating plate slides over the
teeth of the ratchet on a combined ratchet and gear
wheel. When the finger plate is released the spring
causes it to return to normal position, and the pawl
in this backward movement engages the ratchet and
gear wheel, turning them back with it at a definite

speed, a certain exact distance for each number
dialed.

Fig. 148. Desk telephone equipped with dial for use on automatic
exchange systems.
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112. IMPULSE SPRINGS.

The rotating of this main gear drives a smaller
gear or pinion at higher speed, and this pinion ro-
tates an Impulse Cam, which rapidly opens and
closes a set of contacts or Impulse Springs. By
means of a worm wheel the pinion also rotates a
small speed governor, which causes the gear and
dial to turn at a definite speed. This, of course,
is necessary to make the impulse springs open and
close at regular intervals.

Fig. 149 is a sketch showing the various parts
we have just mentioned. Examine this sketch
closely, and observe how the main gear drives the
pinion, impulse cam, and governor. In the lower
right hand corner of the sketch another view of
the cam and impulse springs is shown. The ar-
rows indicate their position with respect to the
other parts. This view of the governor shows
quite clearly how it operates.
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Fig. 149. This sketch shows the mechanism and operating principles of
the dial and impulse springs.

If the governor shaft attempts to rotate too fast
the small governor balls fly outward on their
springs, due to centrifugal force, and rub the inside
of the cup, thus retarding the speed of the mecha-
nism. '

Fig. 150 shows another view of this same mecha-
nism, in which some parts can be seen a little more
clearly than in Fig. 149.

Fig. 151 shows a photo of the complete dial
mechanism. In this view you can get an excellent
idea of the arrangement of the parts. In addition
to the impulse springs at the left of the cam, you
will also note an extra set of spring contacts called
“Shunt Springs”. These are used to temporarily
short circuit the other parts of the telephone, during
ringing operation. This is necessary because it
would be difficult to send the ringing impulses
through the resistance of these other parts.

These springs are operated by a small additional
cam as soon as the dial is turned from the “off-
normal” position. But they are opened as soon as
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Fig. 150. Another view showing some parts of the dial mechanism more
clearly.

the dial returns to normal. In addition to cutting
out the resistance of the other telephone parts,
these springs also prevent the clicking that would
otherwise occur in the receiver during the opera-
tion of the dial.

The impulse cam revolves one-half revolution for
each movement of one number on the dial, and as
the cam has two projections it opens the impulse
springs twice in each revolution. Thus, when we
dial the number 8, the cam makes four revolutions,
and opens the spring eight times. The dial is so
set with a certain distance from the number 1 to
the finger hook, that an extra one-half revolution
is made each time anyv number is dialed. This will
be explained later.

Fig. 152 shows a better view of the top of the
dial, and its numbers.

MPULSE
SPRINGS

Fig. 151. This photograph shows an excellent view of the impulse springs
and cam, shunt springs, and governor of a dial.

113. LINE BANKS AND “WIPER”
CONTACTS.

The various groups of impulses, sent into the
exchange by dialing different numbers, cause cer-
tain relays to energize as each impulse passes
through them. These relays and magnets, as be-
fore stated, perform the switching and ringing
operations.

In order to enable you to understand this equip-
ment and these circuits more easily, let us first
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examine the arrangement of the various line termi-
nals at the exchange.

For an exchange to handle 100 lines, the terminals
of the lines would be arranged in a Bank of Con-
nectors as shown in Fig. 153.

Fig.152. Front view of dial, showing finger plate, holes, numbers and
finger stop.

In order to eliminate unnecessary wires and sim-
plify this figure only two telephones, Nos. 14 and
33, are shown connected to the bank at present.
At first glance the arrangement of the line numbers
in this connector bank may seem peculiar, but sup-
pose some automatic device was to move the
Wipers of the calling telephone step by step, up
into this bank and select a certain line, say No. 14.

One step upward would bring the wipers in line
with the lower row of connectors. Then four steps
to the right would bring them in contact with No.
14. Dialing the numbers 1 and 4 would have ac-
complished this.

CONNECTOR BAMK

wIPERS

CALLING TELEPHOME

Fig.153. Simple sketch showing the arrangement and principle of the
connector bank of an automatic exchange.

Then suppose we dial the number 33. The first
three impulses sent in by the dial would cause the
switching magnet to lift the wiper three steps,
bringing it in line with the third row of contacts

from the bottom. The next three impulses received
would cause the wipers to make three steps to the
right, and engage line No. 33.

So we find that these numbers are arranged as
they are, for convenience and simplicity in the
operation of the mechanical selector.

This figure gives us some idea of the arrange-
ment of the various lines and the connector bank
at the exchange.

114, WIPER SHAFT AND SELECTOR
MECHANISM.

Fig. 154 shows a sketch of the wipers attached
to the shaft which raises and rotates them step
by step. It also shows the Vertical Magnets—V'.
M.. and the Rotary Magnets—R. M., which lift and
rotate the shaft step by step.

By means of a special relay in the exchange cir-
cuit the first impulses which are sent in by the
dial come to the lifting magnets, and the next group
of impulses are switched to the rotary magnets.

Fig. 155 shows photos of both sides of one of
these selector units.

Figs. 154 and 155 should be referred to while
tracing out the circuit diagram in 156.
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Fig. 154. This diagram shows the arrangement of the selector mechanism
with its vertical magnets, rotary magnets,
wipers, and wiper shaft.
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Fig. 155. Two photographs showing front and opposite sides of a complete selector unit. Note the relays above; vertical and rotary
magnets, wiper shaft and rack in the center; and the connector banks below.

At the top of each unit in IFig. 155 are the relays
which perform different switching operations in the
exchange circuit. Underneath these are the vertical
magnets or lifting magnets, and below are the
rotary magnets.

On the shaft are two sets of notches called the
Vertical Rack and Rotary Rack respectively. These
are engaged by the hooks which are operated by
the lifting and rotary magnets.

After the selector has completed a connection to
a certain line, and the conversation is finished, then,
when the subscriber hangs up his receiver, it closes
a circuit to the Release Magnet, which trips the
locking mechanism, allowing the wipers and shaft
to return to normal position by the action of a
spring and gravity.

115. SIMPLIFIED CIRCUIT OF IMPORTANT
PARTS.

In Fig. 156 is shown quite a complete diagram
of the more important circuits of the automatic
exchange.

Tt is not at all necessary for every student to
trace and understand this diagram at present, but
it provides excellent circuit tracing practice, and

if vou are sufficiently interested in the principles
of automatic telephones, or should later decide to
prepare to specialize in this field, this simplified
¢ircuit should be of great help to you in obtaining
an understanding of the most important parts.

In order to trace a circuit of this kind, it is
necessary to do it step by step, and very carefully.
Tf this method is followed, it will be found very
interesting, and not nearly as difficult as it first
appears.

This diagram shows a complete connection be-
tween a calling telephone, the automatic exchange,
and the called telephione. FEach circuit is traced
with different tvpes of arrows to make it easier
to follow them.

The equipment in the calling phone consists of
an ordinary transmitter, receiver, bell, condenser,
and switch hook: and in addition to these, the
impulse springs, and shunt springs used with the
dial telephone.

As soon as the receiver is lifted from the hook,
the hook switch will close the circuit, shown by
the small solid arrows, from the positive terminal
of battery No. 2, through the top winding of relay
“1.’. Then througlh the shunt switch, impulse
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Fig.156. Complete simplified diagram showing the wiring and operating principle of the fundamental parts of an automatic telephone ex-
change. Trace this circuit very carefully with the complete instructions given in these pages.

springs, and top contact of the hook switch at
caller’s 'phone, back through the lower winding of
relay “L”, and. to ground.

You will note that the ground connections in
this circuit are returned to negative of the bat-
teries, so when starting to trace a circuit from any
battery, as soon as this circuit is completed back
to ground, you will know it has returned to nega-
tive of the battery.

To simplify this circuit a number of separate
batteries are shown.

These current impulses in the circuit we have
just traced, will cause relay “L” to become ener-
gized and attract its armature. \When this arma-
ture is pulled down it closes a circuit shown by
the large solid arrows from the positive of battery
No. 3, through the coil of relay “R”, “make” contact
of relay “L”, and to ground, which completes this
circuit.

The term “make contact” is used here, meaning
the contacts made when the relay is energized and
the armature attracted. The term “break contact”
when used, means the contacts that are closed when
the relay is de-energized. In other words, the con-
tacts made when the armature is attracted are
referred to as “make contacts”. Those made when
the armature is released are called “break contacts”.

When the circuit just traced through relay “R”
is completed this relay becomes energized and at-

tracts its armature. So we find that both relays
“L” and “R” became energized merely by the sub-
scriber removing his receiver from the hook.

Now, assume that he dials the figure 1. 1Vhen
the dial is released, and as it returns to normal,
the cam is rotated one-half turn, and opens the
impulse spring once. This momentarily opens the
circuit of the line relay “L”, which is de-energized
for an instant, and its contacts open the circuit of
release relay “R”.

However, relay “R” remains energized through
this short period even though its circuit was mo-
mentarily opened. This is because it is a Slow
Acting relay, and does not release its armature
the instant the current is interrupted, but holds it
for about a secofd afterward. This will be ex-
plained later.

If the calling subscriber now dials the number 7,
opening the impulse springs seven times, the cir-
cuit of relay “L” will be broken each time, and
allow its armature to release momentarily seven
times. Each time it releases, the circuit of relay
“R” is broken for an instant, but relay “R” acts
too slowly to de-energize and release its armature
during these periods, so it remains closed through-
out the seven short interruptions of its circuit. But
something else did happen.

Keeping in mind that the armature of relay “R”
is now attracted to the “make contact”, we find
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that the first time the armature of relay “L” was
released it closed a circuit shown by the small
open arrows from the positive of battery No. 5
through the vertical magnet, V.M., through relay
“Q” “hreak contact” of O.N.S., “make contact” of
relay “R”, “break contact” of relay “L”, and to
ground.

The letters “O. N. S stand for Off Normal
Switch, which will be explained later.

This circuit we have just traced energizes both
the vertical magnet and relay “S”. Relay “§7,
being another slow acting relay, will retain its
armature in an attracted position during current
interruptions of a fraction of a second.

The second time the armature of relay “L” was
released it allowed current to flow. as shown by
the large open arrows, from positive of battery
No. 5 through vertical magnet and relay “S™ again,
then through the ‘“make contact”™ of relay *S,”
“make contact” of the off normal switch, “make
contact” of Relay “R,” “break contact’” of relay
“L.)” and to ground.

The off normal switch is operated by the line
wiper shaft as soon as it moves from off normal
position. So as soon as the dialing operation is
started, the first movement of this shaft closes cer-
tain contacts and eircuits, but when the shaft is
dropped and allowed to fall back to normal, it again
opens these circuits.

Shortly after the last impulse of current has
passed through the relay “S” it will de-energize and
cannot again become energized, because the circuit
has been opened at the off normal springs. Each of
the seven impulses passing through the vertical
magnet causes it to raise the wiper shaft one step,
so the line wiper will now rest in line with the sev-
enth row of line bank contacts.

Now we are ready for the subscriber to dial the
second number. Let's assume that he dials No. 5.
This again rapidly opens the line circuit five times,
causing the line relay “L” to release momentarily
the same number of times. FEach time relay “L”
is de-energized, now since the off normal switch
is opened, a circuit can be traced as shown by the
small dotted arrows from the positive of battery
No. 4, through the rotary magnet R. M., break
springs of relay “S,” “make contact” of off normal
springs, ‘“make contact” of relay “R,” “break con-
tact” of relay “L,” and to ground.

These impulses in this circuit will cause the
rotary magnet to become energized each time and
rotate the wiper shaft, carrying the wipers {ive steps
to the right. This brings them in contact with No.
75 of the line bank, as indicated in the diagram.

The dotted lines from the normal position of the
line wipers show the upward movement of the
shaft caused by the vertical magnet, and the rotat-
ing movement to the right caused by the rotary
magnet; and they show the circuit which will now
be completed to the called subscriber’s telephone.

As soon as the line wipers are in contact with
No. 75 in the bank a circuit is completed through
the bell of the called felephone. This circuit can
be traced (backwards) by the large dotted arrows
from the top brush of the generator, through Inter-
mittent Ringing Switch, “break contacts” of relay
“C". lower switch spring and lower contact No. 75
on the bank, “make contact” of hook switch, bell
and condenser, then back to the upper contact in
the bank and upper wiper spring, on through the
top “break contact™ of relay “C"”, low resistance
winding of relay “C". through hattery No. 6, to
ground.

This is a long circuit to trace and should be gone
over again until you have it well in mind.

You will note that relay “C” has two windings,
one of low resistance and the other a high resistance
coil of many more turrs. The low resistance coil
is to receive a heavy current impulse to first attract
the relay armature, then the high resistance lock-
ing coil will hold the armature attracted with less
current.

The current from the generator is A. C. and will
not energize the coil of relay “C.” The intermittent
switch at the generator keeps making and breaking
the circuit at regular intervals, so the called sub-
scriber’s bell rings for short, repeated periods and
not continuously.

This flow of alternating current through battery
No. 6 to ground does no particular harm to the
batterv. We will remember from an earlier article
that the alternating current will pass through the
condenser at the bell, hut this same condenser will
not allow direct current to pass. As soon as the
called subscriber lifts his receiver off the hook a
flow of direct current from battery No. 6, and
traced by the round dots, passes over the same
circuit we have just traced to the bell, except that
the hell is now cut out by the hook switch, and
the transmitter is placed across the line.

Trace this carefully by following the round dots.
This flow of direct current will now energize the
low resistance winding of relay “C.” closing contact
“K,” which acts quickly before ‘any of the other
contacts of this relay can move, thus closing a
lock circuit in which current flows from the positive
of battery No. 6 through the high resistance wind-
ing of “C.” lower “make contact” of relay “C,)”
“make contact” of relay “R,” and to ground. This
circuit is traced by the square dots.

\With relay “C” fully operated, the talking circuit
is now complete through hoth telephones. This
circuit can he traced by the short dashes across the
line.

Now, when the calling subscriber hangs up his
receiver and breaks the circuit through the line
relay “L,” it in turn releases and breaks the circuit
through relay “R,” which, after an instant of delay
because of its slow action, releases its upper arma-
ture and makes the circuit from battery No. 1
through the release magnet “Y,” “make contact”
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of off normal spring, “break contact” of relay “R,”
“break contact” of relay “L,” and to ground.

This circuit will energize the release magnet “Y,”
which trips the wiper shaft, allowing it to fall back
to normal position. This action interrupts the cir-
cuit of release magnet “Y,” because the dropping
of the wiper shaft opens the “make contact” of the
off normal spring.

When relay “R” was de-energized it also opened
the high resistance locking circuit of relay “C,”
allowing its contact to move back to normal posi-
tion.

Telephone No. 48 merely shows where another
telephone of this number would be connected in
the back. It is not expected that you will perfectly
understand all of this diagram the first time you
trace it through, as it is rather complicated and
one which requires even an experienced man some
time to absorb. But if you are interested enough
in this branch of work to trace each step of the
operation through this circuit several times it will
not only be excellent practice, but will give you a
good understanding of the fundamental principle
and more important parts of this type of automatic
telephone. ‘

There are a number of other auxiliary relays and
contacts used with this equipment in larger ex-
changes where it is necessary to have a number
of line banks from which to select.

There is also an added mechanism which auto-
matically tests out any line before completing the
calling circuit. If that particular line is busy at
that instant, this relay will close a circuit which
gives an intermittent buzzing note to the calling
subscriber, indicating that the line he desires is
busy.

Fig.157. Two types of slow acting relays. The one on the left has a
short-circuited coil of a few turns, and the one on the right has a
large copper ring around the end of the core.

116. SLOW ACTING RELAYS

The slow acting relays used with these automatic
telephones are very interesting devices. In addition
to the regular winding on the core there is also a
heavy ring of solid copper placed arcund the core
end. Or, in some cases, just a short-circuited wind-
ing of a few turns. This copper sleeve, as it is
called, acts as a single turn secondary winding.

When the current is interrupted in the main coil
of the relay its collapsing flux induces a rather

heavy current in this copper ring. The extremely
low resistance of this ring circuit allows the current
flow to continue with infinitely small voltage, and
as long as there is any flux left from the decreasing
current, both in the main coil and in the ring itself.

This persisting flow of current in the ring devel-
ops enough magnetism in the core to cause it to
retain its armature a little longer. Thus we get
the terms “slow acting” relay.

By changing the size of these copper rings, or
the number of turns when a shorted coil is used,
we can vary the amount of time the relay will delay
its action from a very small fraction of a second
to one or more seconds.

Fig. 157 shows two sketches of relays of this type.
The one at “A” uses a short-circuited coil. The
one at “B” uses a copper ring.
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Fig. 158. This sketch shows the use of a dash-pot to slow the action
of solenoids and electro-magnets.

Some relays have what is called a “dash-pot”
attached to their armature to slow its action. These
dash-pots may consist of a plunger in a cylinder
filled with oil or air which only allows the plunger
to move rather slowly as the oil or air escapes past
the edges or through the small opening in the
plunger.

Fig. 158 shows a relay equipped with such a
dash-pot.

Various selective circuits can be arranged in
automatic telephone systems by the use of con-
densers and choke coils of different sizes.

A condenser placed in the circuit of certain relays
will only allow alternating current to pass through
and stops all flow of direct current. A choke coil,
however, will allow direct current to pass rather
freely, but quite effectively blocks the flow of
alternating current.

Many of the telephones being installed nowadays
for use with manual exchanges are also equipped
with a place to mount the dial, because in many
localities it is expected that the automatic exchange
will replace the manual in a short time.

Fig. 159 shows a very convenient, modern type
of desk telephone. With this telephone the receiver
and transmitter are both mounted on one handle,
so the subscriber doesn’t have to move a trans-
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mitter stand close to his mouth to carry on a con-
versation. This receiver and transmitter, when not
in use, are laid in a ‘“cradle” which has a small
strip in the bottom that is attached to a spring
in the stand. This operates a hook switch each
time the receiver is removed from or replaced in
the “cradle.”

Fig.159. Modern desk type telephone equipped with dial for automatic
operation.

Fig. 160 shows a room in an automatic telephone
exchange. At the right can be seen a long bank
of selectors with white covers over their mech-
anisms.

Fig. 161 shows a view in another exchange with
a switchboard at the left, selector banks in the rear,
and a motor generator for supplying the talking
and ringing current at the right.

117. TELEPHONE LINES

The operation of the millions of telephones in
this country today requires a vast network of
telephone lines. These lines can be divided into
two general classes—the small individual or party
lines which connect one telephone or a small group
of telephones to the central exchange, and main
lines, or Trunk lines, as they are called, which
connect from one exchange to another.

The individual or party lines, of course, are only
in use when the subscribers whose telephones are
on them are talking.

The trunk lines, however, carry the main business
between exchanges and large towns, and are kept
busy the greater portion of the time. These trunk
lines might be called the arteries of the telephone
system and are fed by the smaller branch lines from
each exchange.

118. GROUND CIRCUITS. CABLES

Some telephone lines are made up of two insu-
lated wires for each circuit and known as metallic
circuits. Other lines use one insulated wire on the
poles, and the other side of the circuit is completed
through earth by carefully made ground conrec-

tions. Some lines which nse a two-wire or metallic
talking circuit use a ground circuit for ringing.

Telephone line wires are usually bare and with-
out any insulation except the small glass insulators
which support them on the poles. Under normal
conditions this is sufficiert insulation, because they
do not operate at high voltages. Many telephone
lines use galvanized steel wire and some use copper
wires. Most all of us have seen trunk lines follow-
ing highwayvs or railroads from one town to another
and with their hundreds of wires on numerous
cross arms on the poles. This type of line is being
replaced in many localities by the more compact
telephone cables.

The large masses of open wires on the older lines
offer a great deal of wind resistance and accumulate
enormous loads of sleet at certain times of the year.
This has a tendency to break down poles and dis-
able the lines, making them very costly to keep in
repair. Where cables are used, one lead sheath
about 2 to 3 inches in diameter may carry from 500
to 1,200 pairs of small wires. These individual wires
are all insulated from each other with proper wrap-
pings and the entire cable insulated from the lead
with an additional wrapping. Such cables are very
heavy and not strong enough to support their own
weight between long spans. Therefore, they are
usually supported by what is called a “Messenger”
cable made of stranded steel wires, and to which
the lead cable is attached at frequent intervals by
means ol hooks or wire supports.

Fig. 160. This photograph shows a view of the selector units in an
automatic telephone exchange.

The lead sheath protects the wires from moisture
and injury, and cables of this type can be run un-
derground in cities, as well as overhead on poles
across the countrv. In connecting or repairing such
cables the small wires are spliced separately, sol-
dered, and carefully reinsulated with sleeves of
paper or other insulation over the splice. The
numerous splices are often staggered or made a
few inches apart to prevent too large a bulge in the
cable at the joints.

When the wires are all spliced, a large lead
sleeve, which has been previously slipped over the
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cable, is then slid over the splice and sealed in place
with hot lead, similar to a “wiped” joint in lead
piping.

The entire splice is then dried out by pouring
hot parafin through it and finally filled with parafin
or other insulating compound, and the small filler
hole in the lead sleeve is then sealed tightly.

All moisture must be kept from the inside of such
cables and splices.

Fig.161. Here we have another view of an automatic exchange showing
the switching units in the background, power sw.ltchboard on
the left, and motor generator on the right.

119. LIGHTNING PROTECTION AND
TRANSPOSITION

Where open wire lines are used, it is customary
to run lightning ground wires from the top of
certain poles along the line down to an earth ground
at the bottom of the pole. These wires serve as
small lightning rods to drain severe static charges
and lightning from the telephone line. Small light-
ning arresters are often used at the 'phones on rural
party lines to ground any lightning charges and
prevent damage to telephones and property.

Where telephone lines run parallel ta power lines
they often pick up, by magnetic induction, an inter-
fering hum. To avoid this, the pairs of wires should
occasionally be crossed into opposite positions on
the poles or cross arms, so that one wire will not
be closest to the transmission line throughout its
entire length.

This crossing of wires to prevent induced inter-
ference is known as transposition. Sometimes it is
also done to avoid “cross-talk” or induction from
other telephone wires.

Transposing the wires frequently and evenly will
balance out most of this induction. Telephone lines
should never be left close enough to high voltage
power lines so that there would be danger of them
coming in contact with each other, for in case they
did people using the telephone lines might be
injured.

Satisfactory telephone operation depends to quite
an extent on proper line construction. Therefore,
alt telephone lines should be made with the proper
materials and the wires properly spliced with low
resistance joints, ground connections kept in good
condition, etc,

120. PHANTOM CIRCUITS

Considerable economy and saving of wire can be
effected in telephone line construction by the use
of what are known as “Phantom” circuits. By this
method one additional circuit can be obtained for
each pair of lines already in existence. This can
be done without the addition of any other wires,
merely by using two existing lines, one to form
each side of the new line or phantom circuit.

By the use of proper induction coils, or Repeater
Coils, as they are called, a conversation can be
carried on over this phantom line without inter-
fering with either of the two actual lines. A re-
peater coil is simply a transformer with primary
and secondary windings of an equal number of
turns.

Fig. 162 shows the manner in which a phantom
circuit is obtained from two metallic circuits. Lines
No. 1 and 2 are ordinary metallic lines or physical
circuits using repeater coils to transfer the current
impulses from the transmitter circuits to the lines.
Line No. 3 is a phantom circuit obtained by con-
nection of its coil to the exact center of each of the
others on lines 1 and 2. \Vith this connection the
current in line 3 can divide equally through each
of the other lines or pairs of wires and, therefore,
does not interfere with their talking currents at all.

With four metallic circuits we can obtain two
phantom circuits directly, and then a third phantom
circuit between the first two, so we find that where
a considerable number of trunk lines are run from
point to point a large number of phantom circuits
can be arranged to use the same lines.

NO. 1 PHYSICAL CIRCUIT

NO.3 PHANTON CIRCUIT

A

NO.2. PHYSICAL CIRCUIT

-

Fig.162. Elementary sketch showing how a phantom circuit is obtained
from two metallic or physical circuits.

This practice is also followed in telegraph work.

Telephone lines, if used on trunk circuits and
special radio station wires, are constructed with a
carefully determined amount of resistance. Special
resistance and impedance coils are placed in the
circuit of such lines to make them most efficient
in the handling of certain frequencies set up by
voices or musical notes. This principle will be
more fully explained in a later section on radio.
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Operators of radio broadcasting stations fre-
quently lease wires from the telephone companies
to use in picking up and transmitting certain news
or entertainment features at quite a distance from
a broadcasting station. Telephone systems are
becoming more and more linked up with radio sta-
tions, not only for amusement programs, but for
the trans-oceanic and commercial conversations as
well.

121. TELEPHONE TROUBLES

Faults and troubles arising in telephones or tele-
phone exchanges can usually be located by the same
general methods of systematic testing that have
been covered in connection with other signal cir-
cuits. A diagram of the wiring and connections is
always of the greatest help in testing any telephone
circuit.

Some of the more common telephone troubles
which occur in the separate parts, such as trans-
mitter, receiver, hook switch, etc., have already been
mentioned. Other likely places to look for faults
are at the spring contacts of key switches and relays,
which may have become burned, dirty, or bent out

of shape; wire terminals, which may have become
corroded or loose on the binding screws; weak bat-
teries, weak magneto magnets, weak receiver mag-
nets, etc.

Telephone circuits and devices can often be tested
very conveniently with a telephone receiver, as well
as with test lamps and buzzers. The receiver can
be used to determine if the talking current is coming
through to certain circuits, and also to determine
whether high resistance circuits are completed or
not, by the clicks which should be heard in the
receiver when its terminals are touched to any line
circuit.

Careful application of your knowledge of the
principles of fundamental telephone parts and cir-
cuits and methods of systematic trouble shooting
should enable you to locate most any of the ordi-
nary troubles in telephone equipment.

Don’t forget that a thorough understanding of
the material covered in this section on telephones
will be of great help to you in any line of electrical
work, and particularly in radio, if you should follow
this branch at any time.
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ELECTRICAL CONSTRUCTION

Wiring for Light and Power

Electrical construction and wiring offers a tre-
mendous field of opportunity for practical trained
men, both in interesting jobs at good salaries with
various companies and emplovers, and also to enter
a business of their own.

Naturally, every piece of electrical equipment
manufactured and sold each year, must have wiring
and circuits to carry the current to it. when it is
installed. This includes the billions of dollars worth
of electrical machinery and devices made each vear,
and also the millions of electric lights and lighting
fixtures.

Think of it, in old buildings and existing plants,
new wires and extensions to the circuits must be
run each time additional equipment is installed;
and in the new buildings erected, complete new
wiring systems must be installed.

Today almost every new home erccted in any
city or small town, is wired for electric lights and
appliances when it is built. Tens of thousands of
old houses are being wired. and thousands of others
rewired or having improvements and additions
made to their wiring, to provide better lighting and
more complete use of electrical convenience devices.

Plans are being made to rapidly electrify the
last few small towns, which have not vet had elec-
tricity, and even the farms are now rapidly elec-
trifying. Nearly one million farms alrecady have
their buildings wired, and electric supply from their
local power companies’ lines, or their own private
light plants. Many of our graduates who came from
farms, have returned to their own honie territories,
and made hig money wiring houses and farm build-
ings, installing and servicing farm light plants,
radios, refrigerators, lights, and motors.

1. GOOD KNOWLEDGE OF WIRING
NEEDED IN MAINTENANCE WORK

IFactories and industrial plants throughout this
country are over three-fourths electrified at present,
and thousands of them employ from one to a dozen
or more electrical wiremen, just to take care of
their electrical construction and continual expan-
sion.

The few old plants which have been operated by
steam or other power, are rapidly changing over
to electric power and machines, and maodern electric
lighting.

Practically every new factory or industrial plant
built nowadays, is completely wired and electrified.

These plants keep thousands of trained electrical
men constantly employed in interesting and good
paying work, maintaining and repairing their elec-

trical machines, lights, and wiring circuits; and in-
stalling the new motors, lights and wiring as it is
required.

This field of Electrical Maintenance work re-
quires men who know the principles and methods
of modern wiring thoroughly, so every electrical
man should obtain a thorough knowledge of the
material covered in this section, whether he intends
to specialize in wiring and electrical construction
or not.

The electrical maintenance man in any plant will
usually have a great variety of interesting work to
do, and an opportunity to use every bit of general
knowledge he can obtain.

2. VALUE OF GENERAL KNOWLEDGE OF
WIRING

The electrician in the small town will also usually
be called upon to wire door bells, lights, and power
motors; and to shoot trouble and make repairs on
everything from a burned out fuse or dead dry cell,
to shorts in wiring or faults in power machinery.
And even the man who specializes in one line bf
electrical work, can always use a good general
knowledge of electricity, and vparticularly of
methods of wiring.

Many of our graduates make big money in a
business of their own in this field, contracting gen-
eral wiring or specializing in either the wiring of
new buildings or old houses.

In addition to wiring contracting, many of them
do electrical merchandising, selling lighting fix-
tures, electrical appliances for the home, radios, etc.
The profits from such a business, often started in a
very small shop or the basement of their own home,
frequently build up a splendid Dbusiness, paying
from $5,000.00 to $20,000.00 per vear clear profit.

3. IMPORTANT POINTS IN WIRING

The important things to be considered in any
electrical wiring job are: First, the selection of
wires of the proper size to carry the amount of cur-
rent required by the devices, and with the proper
insulation according to the voltage of these wires ;
Second, proper mechanical support and protection
for the runs of wire; Third, secure and permanent
splices and connections; Fourth, protection and pre-
cautions to eliminate all danger of fire or shock.

Each of these features will be covered thoroughly
in the following sections. When installing any
wiring system these points should be constantly
kept in mind, and all work done accordingly.

-
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In years passed a lot of electrical wiring was in-
stalled rather carelessly, mainly with the idea of
supplying current to the devices requiring it, but
without proper consideration for permanence, and
safety from fire and shock hazard. As a result many
fires originated from defective wiring, causing short
circuits, sparks, and flashes, or just overheated
wires. In other cases, people received electric
shocks or injuries by coming in contact with wires
that were not properly insulated.

4. INSPECTION—AN ADVANTAGE TO THE
TRAINED MAN
Nowadays there is a general tendency in all elec-
trical construction to follow certain very high
standards in the selection of materials, quality of
workmanship, and precautions for safety. A great
deal of the old wiring is being entirely replaced, and
new wiring in most towns and localities must be
done according to very strict inspection require-
ments. This is not at all a handicap, but rather it
is a decided advantage for the trained electrical
man who knows how to do this work as it should
be done, and according to these rules. It makes his
services much to be preferred to those of the man
who does not know modern methods, or will rot
recognize the value and importance of safety-first
rules in clectrical wiring.

5. NATIONAL ELECTRIC CODE

To standardize and simplify these rules and pro-
vide some reliable guide for electrical construction
wmen the National Electric Code has been provided.
This Code was originally prepared in 1897, and is
kept frequently revised to meet changing condi-
tions, and improved equipment and materials. It is
a result of the best efforts of electrical engineers,
manufacturers of electrical equipment, insurance
experts, and architects.

This Code book is now published by the National
Board of Fire Underwriters, and contains simple
specific rules and instructions which, if followed, all
tend to make electrical wiring and construction as
safe and reliable as possible. Every electrician
should have an up-to-date copy of the National
Code at all times, and should familiarize himself
with the more important rules pertaining to his
work, and if he does he will find them of great help
in making certain decisions on the job, and perform-
ing his work in a manner that will always be a
credit to himself and his profession.

6. STATE AND LOCAL CODE RULES

Most states now require that all electrical work
be done in accordance with the National Code, and
even in the few states where this may not be re-
quired throughout, most of the towns and cities do
require that all wiring within their limits follow
the Code.

Throughout the following pages we shall quote
occasionally some rules of the National Code.

The Underwriter’s laboratory also tests varicus
electrical materials and supplies, such as wire,
switches, fuses., insulations, etc. If these are

deemed safe and reliable. and meet the laboratory
standards for quality, they carry the underwriters
stamp of approval.

This is a good indication for the conscientious
electrical man to follow in selecting the best of
materials.

Some states have prepared special codes and rules
of their own, usually applving to wiring in schools,
auditoriums, theatres, and other public buildings,
and also to transmission lines, and outdoor con-
struction where the public is involved. These rules,
however, all agree with those of the National Code.

A number of towns and cities have their own
local code or rules. which in general may be based
upon or similar to the National Code, but will have
a few specific rules on certain classes of work,
which are more rigid than the National Code.

In addition to the National Code and local codes
of certain cities, the power companies to whose
lines the wiring system may be connected may have
some certain rules regarding service wires,
meter connections, size and tvpe of devices, and
class of equipment connected to their system. So,
in starting to do wiring in any town, it is well to
familiarize yourself with these local rules if there
are any.

In addition to these important rules, if you will
also follow the instructions given in the following
pages, and apply vour knowledge of general prin-
ciples of electricity, along with good common sense
and careful workmanship. vou should be able to do
most any kind of electrical wiring quite success-
fully.

Certain things in electrical wiring are done ac-
cording to what might be termed “standard prac-
tice”. That is, while there are no set rules for them,
experienced electrical men have found that certain
ways or methods are generally best, and these have
heen more or less generally adopted by men on the
job.

For example, when installing single pole push
button switches, the white button is always placed
at the top. Following general rules of this kind
simplifies the work a great deal and avoids con-
fusion, both in the wiring, and to the owners of the
buildings in which it is installed.

Everv electrician shonld always be on the alert
to notice and remember these little details or
“wrinkles” of the trade. A number of them will be
mentioned in this section.

7. CLASSES OF WIRING SYSTEMS
Wiring systems can be separated into the follow-

_ing classes:

D. C. or A. C. systems, and two wire or three wire
systems.

Whether direct or alternating current is to be
used depends entirely on which is available from
the power companies’ lines; or, in the case of a
private plant, which type of plant is used.

Direct current is generally used only where it is
not to be transmitted over distances greater than
one-half mile. Tt has certain advantages for the
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operation of special types of variable speed motors,
and motors requiring extra heavy starting power
for frequent starting and stopping; also where
storage batteries are to be charged ifrom the lines,
or where arc lamps, and other special D. C. equip-
ment arc in use.

Alternating current is equally as good for light-
ing with incandescent lamps, and much more desir-
able and economical where the energy has to be
transmitted considerable distances. In such cases,
it can be transmitted at high voltage for line
economy, and then the voltage reduced at the
customer’s premises by use of step-down trans-
formers.

For power purposes, recently developed alter-
nating current motors will also meet almost every
condition that direct current motors formerly were
needed for. By far the greater number of wiring
jobs which you will encounter will probably be on
alternating current systems.

The materials and methods used are just about
the same for either D. C. or A. C. systems, except
for a few precautions on A. C. circuits which will
be covered later.

The simple two wire system is in common use
for wiring small homes and buildings where only
one voltage and small amounts of power are re-
quired. The circuits and connections for such a
system are extremely simple, and consist merely of
running the two wires to each lamp or device to be
used, and of course with the proper fuses and
switches. Fig. 1 shows the important parts of a two
wire lighting system.
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Fig. 1. This sketch shows a simple two-wire system with the service
wires, mains and branch circuits.

This system consists of the Service Wires which
lead to the power supply, Service Switch and Fuses,
Meter, Main Wires or Feeders, and Branch Circuits.
Each branch circuit has its own switch and fuses.
The separate light switches are not shown in this
diagram. All of the circuits marked “B"” are branch
circuits, while “A” and “Al” are the main wires
which feed the branch circuits. The Watthour
meter is connected in the mains, near the service

switch, to measure all the cnergy used in the entire
system.

The Edison Three Wire System can be applied to
either A. C. or D. C. installations. It provides two
different voltages, one for lights and one for motors,
and also effects a considerable saving in wire size,
where used for lighting only. This system will be
explained in detail later.

8. WIRING MATERIALS—CONDUCTORS

Before going farther into the methods of wiring
it will be well to consider some of the materials
used.

Conductors used in wiring for light and power
must be somewhat different from those used for
low voltage signal wiring, as they usually carry
much heavier currents and at higher voltages. They
are of course made of copper, as this we know 1is
one of the very best conductors of electric current,
and its softness and flexibility make it very desir-
able for use in inside wiring.

The very low resistance of copper enables it to
carry the current with much less loss by voltage
drop and heat. So copper wires and cables are used
almost entirely for wiring for light and power.
Copper wires for interior wiring are usually
“annealed” or softened by a heating process as this
makes the copper much more flexible and improves
its conductivity.

We found that No. 18 or 16 B. & S. (Brown &
Sharpe) gauge wires were used for bell wiring, but
No. 14 is the smallest sized wire allowed in wiring
for light and power. Sizes 14, 12, 10 and 8 are used
in solid wires, but when used in conduit the larger
sizes are stranded to obtain greater flexibility.

9. INSULATION

Bare conductors can be used in a few places such
as on switchboards and distribution panels where
they can be rigidly supported and held apart on
proper insulators, or insulating panels. For general
wiring, however, the wires must be properly in-
sulated to prevent persons from coming in contact
with them, and also to prevent short circuits and
grounds which would not only interfere with opera-
tion of the attached equipment, but also cause fire
hazards.

Rubber and braid coverings are the most common
forms of insulation. The rubber being of extremely
high resistance to electricity provides the best in-
sulation to confine the current to the wires and
prevent leakage to the other wires or metal objects.
The cotton braid covering is used over the rubber
to protect it from mechanical injury. This is called
ordinary rubber covered (R.C.) wire, somectimes
designated by the letter “R” only.

It 1s made with both single and double braid
coverings, and is very generally used in interior
wiring. Iig. 2 shows three forms of rubber and
braid insulation on solid wires, and Fig. 3 shows
both a solid and a stranded wire with their
insulation.

For outdoor use, we have wires with weather
proof (W.P.) insulation, consisting of three or
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Fig. 2. Three samples of insulated conductors. The wire at the leftis covered with rubber only. The one in the center has a layer of
rubber and one of cotton braid. The one on the right has one layer of rubber, and two layers of braid. These would be called respectively:
Rubber covered (R.C.), Rubber and braid covered, and Rubber and double braid covered.

more lavers of braid, soaked or impregnated with
moisture resisting compound of a tarry nature.

This kind of insulation is much cheaper than
rubber, and is required for outdoor use in many
cases, and in some damp locations inside buildings.
It should not be used where it is subject to heat or
fire. as it is inflammable.

IFig. 4 shows three pieces of wire with weather
proof insulation.

For places where the wire is subjected to heat
but not moisture, Slow Burning (S. B.) insulation
with fire resisting braids is used.

Some wires for use in very dry hot places, or for
heater cords, are covered with a layer of asbestos
fibres for maximum heat and fire resisting insula-
tion.

Fig. 3. Examples of solid and stranded conductors with their insulation.
The stranded conductors are used in the large sizes
because they are more flexible.

Some wires are also prepared with a combination
of slow burning and weather proof insulation
(S. . W Two such wires are shown in Fig. 5.

Insulated wires are often made up in twisted pairs
as shown in Fig. 6, for lamp cords and leads to
portable devices. Such wires are usually made of
many strands of very fine wires for good flexibility.

The copper wires are usually “‘tinned” or coated
with a thin laver of lead and tin alloy, to prevent
corrosion from contact with the chemicals in the
rubber. and to make it ecasicr to solder them when
sphicing.

The outer braid coverings on wires are some-
times made in different colors, particularly black
and white, or light gray; or with a colored thread
woven into them in order to easily mark or identify
certain wires. Reasons for this will he explained
later.

For extremely damp places or where wires are
to be run under ground, we have wires and cables
with a lead sheath over the insulation.

10. WIRE SIZE VERY IMPORTANT

Copper wires can be obtained in almost any de-
sired size and with a variety of insulations for
various uses.

Tt is very important to use wires of the proper
size for any wiring job. because if they are too small
for the current load they have to carry, they will

Fig. 4. These wires have what is called “water-groof" insulation, or
braid filled with tarry water-proof compound. They are for use

outdoors or in damp locations.
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Fig. 5. In this view the upper conductor has a special fire resisting
covering known as ‘“slow burning” insulation. The lower conductor
has a combination covering of both water-proof and slow burning
insulation.

overheat. Iixcessive heat not only increases the
resistance of the wire and creates a greater voltage
drop and energy loss, but it also damages the in-
sulation and in some cases results in completely
burned out wiring or causes fires.

If wires that are too small are used, the excessive
voltage drop causes the lights or equipment to re-
ceive less than their rated voltage, which usually re-
sults in their unsatisfactory operation. This is
particularly true of lighting systems, as a very few
volts drop will- cause an incandescent lamp to de-
liver much less than its rated light.

Fig. 6. Conductors are often arranged in pairs for convenience in
running two-wire cicuits. Several types of these are shown above.

The National Code specifies the maximum
amount of current that shall be allowed on the
common sized wires, and this should be followed
closely for safe and satisfactorv results in anv
wiring system,

Fig. 7 shows a convenient table which gives the
maximum curent capacity of each size of wire ifrom
No. 18 up, and for rubber insulation.

If wires are allowed to carry more than these
amounts of current for any length of time. thev
will heat up and the rubber will rapidly lnse its
insulating quality at these higher temperatures.

Diam. of Table A
B. &S, Solid Wires Area in Rubber in-
Gage in Mils, Circular Mils. sulaticn
Amperes )
18 40.3 1.624 3
16 50.8 2,583 6
14 64.1 4,107 15
12 80 8 6,530 20
10 101.9 10,380 25
8 128.5 16,510 35
6 162.0 26,250 50
5 181.9 33,100 55
4 204.3 41,740 70
3 229.4 52,630 80
2 257.6 66,370 a0
1 289.3 83,690 100
0 325. 105,500 125
00 364.8 133,100 150
000 409.6 167,800 175
200,000 200
0000 460, 211,600 225
250,000 250
300,000 275
350,000 300
400,000 325
500,000 400
600,000 450
700,000 500
800,000 550
900,000 600
1,000,000 650
1,100,000 690
1,200,000 730
1,300,000 770
1,400,000 810
1,500,000 850
1,600,000 890
1,700,000 930
1,800,000 970
{ 1,900,000 1,010
2,000,000 1,050

Fig. 7. This very convenient table gives the current carrying capacity
for the various sizes of wire, and also their diameter,
and area in circular mils.

For wires with other insulation such as slow
burning or weather proof coverings, you can allow
from 25 to 50 per cent more current, as these in-
sulations will stand slightly higher temperatures
without damage.

Examine the table in Fig. 7 very carefully, and
become familiar with its use, as it will be very con-
venient to you many times from now on.

The first column gives the wire sizes in B. & S.
gauge numbers, from 18 to 0000 or “four ought”
as it is called. From this size up the larger cables
have their sizes given in circular mil area, and can
be followed on down the third column to 2.000,000
circular mils.

The second column gives the diameter of the
bare wires in mils (thousandths of an inch), aud the
third column, as before stated, gives the cross sec-
tional area of each size in circular mils. Then in
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the last column can be found the proper maximum
current allowed for any wire.

The term Circular Mil means the area of a round
wire one thousandth (1/1000) of an inch in dia-
meter. This is the common term for rating and
calculating sizes of electrical conductors, and will
be covered more fully in a later section on wire
calculations.

The longer a wire, the greater is its resistance,
and the Voltage Drop is proportional to both the
Resistance and the Current carried. Therefcre,
where the wire runs are quite long, we may not
wish to allow even the amount of current that the
code table does, because the voltage drop would
be too great.

In such cases we can determine the exact size of
wire to use for any given current load and any de-
sired voltage drop, by use of a simple formula
which will also be given and explained in the sec-
tion on wire calculations.

Referring again to the table in Fig. 7, you will
note that the larger the gauge number the smaller
the wire. This is a good point to keep in mind so
vou will not become confused on the sizes and
numbers.

Fig. 8 shows a wire gauge often used to deter-
mine the exact size of a wire hy slipping the bare
end of the wire in the slots until one is found that
it just fits snugly. The gauge number is marked
on the disk at that slot. Be sure to fit the wire to
the straight slot and not in the circle at the end of
the slot.

Fig. 8. A wire gauge of this type is commonly used to determine the
size of wires for various uses.

It often comes in very handy to remember that
when vou have a wire of any certain size, another
wire three sizes larger will have just about double
the area: or one three sizes smaller, about one-half
the area. For example, a number 3 wire is just about
double the area of a number 6; or a number 2 wire
just half the area of a number 00.

Another very handy fact to remember is that a
number 10 wire has approximately one Ohm re-
sistance per thousand feet, and a number 14 wire
has about 2.5 Ohms per thousand feet.

11. SPLICING

In running wires for any electrical system, it is
necessary to make numerous splices of various
kinds, and a good knowledge of proper methods
of splicing and soldering is of the greatest im-

Fig. 9. Two coils of ordinary rubber and braid covered No. 14 wire,
such as commonly used in house wiring jobs. The advantage of
lhaat‘:;-x.lg the insulation in black and white colors will be explained

portance for any electrician to have, whether he

follows new wiring or merely maintenance and
repairs.

The old saying that a chain is no stronger than
its weakest link, applies in slightly different words;
almost as well to a wiring system or, the circuit
or system is no better than its splices.

Splices properly made and soldered will last
almost as long as the wire or its insulation, but
poorly made splices will always be a source of
trouble and will overheat, burn off their taping,
and cause high resistance circuits and sometimes
fires.

A good test of an electrician is in the kind of
splices Le makes.

The roquirements for a good splice are, that it
should be Mechanically and Electrically Secure be-
fore the solder is applied. Solder is then applied,
not to strengthen the splice or improve its con-
ductivity, although it does do both to some extent,
but for the real purpose of preventing corrosion
and oxidization of the copper.

12. COMMON TYPES OF SPLICES

Several of the more commonly used splices are
the Pigtail, Western Union, Tee or Tap, Knotted
Tap, Fixture Splice, and Stranded Cable Splice.
Fach of these will be explained in detail.

13. STRIPPING AND CLEANING WIRES

The first very important step in making any
splice is to properly strip and prepare the ends of
the wire. Stripping means removing the insulation
from the wire a proper distance back for the splice
to be made. This may range from 115 inches to 3
or 4 inches for various splices.

The rubber and braid should be removed with a
knife, as shown in the upper view in Fig. 10. The
knife and wire should ke held in a position similar
to that used when sharpening a pencil, and the
braid and rubber cut through at an angle as shown.
Be very careful not to cut or nick the wire, as it
reduces the conducting area, and makes it very
easy to break at that point.
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Never cut the insulation as in the lower view in
Fig. 10, as one is almost certain to nick the wire in
cutting in this manner, and it makes a more difficult
splice to properly tape.

After cutting through the insulation and down
to the wire, let the blade slide along the wire,
stripping the insunlation to the end; keeping the
blade almost flat against the wire, so it does not
cut into the copper.

After removing the insulation with the knife the
wire should be scraped with the back of the blade,
to remove all traces of rubber and until the wire is
thoroughly clean and bright. If the wire is tinned
do not scrape deep enough to remove the tinning,
but leave on as much as possible, as it makes
soldering easier.

Fig. 10. This sketch shows the proper method of stripping the insulation
from a wire in the upper view. The lower view
shows the wrong way.

It is impossible to do a good job of soldering if the
wires have bits of rubber, dirt, or grease left on
them, and as they are very difficult to clean after
they are spliced, be sure to do it properly before
starting the splice.

A number of wire stripping tools are made and
on the market, and some of them are quite fast in
operation, but for rubber covered wire and for doing
the work right on the job, nothing is much handier
than a good sized electricians’ knife with a sturdy
blade of good steel. A piece of sandpaper can be
used to clean the wire if desired.

14. “PIG TAIL” SPLICE

To start a Pig Tail splice, strip and clean about
two inches on the end of each wire, then hold the
wires as in Fig. 11-A, and twist them together a
few turns with your fingers; then finish the ends
with a pair of pliers. Be sure that both wires twist
around each other, and that one does not remain
straight while the other wraps around it. They
should appear as in Fig. 11-B.

This splice should have at least five good tight
turns, and then its end should be bent back as in
Fig. 11-C to prevent it from puncturing the tape.

Three or more wires can be connected together
by a pig tail splice, and it is commonly used in
making splices of wire ends in outlet boxes, and at
places where there is no strain on the wires.

In making any splice, always be sure to wrap or
twist the turns tightly around each other, as they
should not be able to slip or shift upon each other
when the splice is complete but not yet soldered.
Make the splice itself tight and strong, and don’t
depend on the solder to do this.

15. WESTERN UNION SPLICE

For splicing straight runs of wire the Western
Union splice is one of the oldest and most com-
monly used. It is a very strong splice and will
stand considerable pull and strain on the wires. It
can be used for splicing large solid conductors and
line wires as well as the smaller wires.

In starting a Western Union splice, strip and
clean about four inches of the end of each wire.

Hold the ends together tightly with your hand or
pliers as in Fig. 12-A, gripping them at the point
where they cross. Twist them together a couple
of gradual or spiral turns as in Fig. 12-B. These
are often called “neck” turns. Then wrap the end
of each wire around the other wire in five or six
neat, tight turns as in Fig. 12-C. A little practice
will be required to get the knack of wrapping these
ends tightly and smoothly by hand. If one or two
turns do not grip the straight wire tightly. pinch
them down carefully with the pliers.

To finish this splice, trim the ends off and pinch
them down tight with the pliers, so they will not
project and damage the tape later. The splice
should then appear as in Fig. 12-D.

Practice making this splice a number of times,
as it is one of the most common and important ones
used, and every practical man should be able to
make it well. Each time you make it examine it
carefully and try to improve until it is perfect.

Be careful not to nick or mar wires any more than
necessary with the “bite” of your pliers, when
gripping them during splicing.

Fig. 11. This diagram shows very clearly the several steps in making
a “Pigtail” splice. Examine it very carefully.
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Fig. 12. The above four sketches show the steps and procedure in
making a “Western Union” splice.

\When making a double Western Union splice in
a pair of wires together, always stagger them as
shown in Fig. 13, so each splice lies near to undis-
turbed insulation of the other wire, and so they do
not make a large bulge when taped.

Fig. 13-A shows how the ends of the wires should
be cut in uneven lengths for such a splice. In 13-B
is shown the method of spreading them apart to
make the splices. and in 13-C the appearance of the
finished splice, before soldering and taping.

Fig. 13. When making splices in pairs of conductors they should be
staggered as shown above so each splice will be near ta
good insulation on the other wire.

16. TAP OR TEE SPLICE

When a tap or branch is to be connected to a
main or “running” wire, we use the Tap splice
shown in Fig. 14. For this splice, bare about
1 inch on the main wire, and about 3 inches on the
end of the tap wire. Then wrap the tap wire tightly
about the main wire from five to eight turns, as
shown in the figure. The turns should be tight
enough so they cannot be slid along the straight
wire.

Fig. 14. Simple “Tap” splice used for tapping a ‘*branch” wire to
“main’’ or ‘“running’”’ wires.

17. KNOTTED TAP SPLICE

Where there is a possibility of some pull or strain
on the tap wire, we can ase the Knotted Tap splice
which cannot be pulled loose as easily. This splice
is shown in Fig. 15, and is very easily made, by
simply giving the wire onc turn on the side of the
tap wire opposite to the side on which the main
group is to be, and then doubling back around the
tap wire, and winding the balance of the turns in the
opposite direction around the main wire. This locks
the first turn so it is very secure and hard to pull
loose.

Fig. 15. “Knotted Tap” splice. Note carefully the manner in which the
wire is first looped around the branch conductor to
lock it securely in place.

18. FIXTURE SPLICE

The Fixture Splice which is often used to fasten
together two wires of different sizes, is shown in
Fig. 16. The various steps in making this splice
are as follows: First bare about 5 inches of the end
of one wire, and 3 inches on the other wire; then
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Fig. 16. The above views show the method of making a “Fixture”
splice, which is used for connecting together
two wires of different sizes.

place them together as shown in Fig. 16-A, with
about half the length of the longer bared end cross-
ing the other end, near the insulation. Then twist
them both together, as in “B”, being sure that they
both twist about each other evenly. Then spread
the wires apart and bend the twisted ends down
tight to the longer remaining bare strip as at “C”,
and wrap both ends tightly around the wire at this
point. The finished splice is shown at “D”.

19. CONVENIENT SPLICE FOR LARGE
SOLID WIRES

Another splice that is very handy for connecting
large solid wires together is the one shown in Fig.
17. This splice is made by simply laying the ends
of the two large wires together, overlapping from
2 to 4 inches according to their size, and then wrap-
ping them both with a smaller wire. The smaller

Fig.17. A very convenient splice to use on large solid conductors. By
wrapping them in this manner with the smaller wire we
don’t have to hend or twist the stiff heavy wires.

wire is much easier to bend, and can be quickly
and tightly wound around the large ones. In
addition to winding the small wire around both the
large ones where they overlap, also wind it a few
turns around each one at the end of the splice, as
shown in the figure. The ends of the large wire
should be slightly bent outward to hold the smaller
wire wrapping in place, and prevent the large ones
from being pulled out; but be careful not to bend

“them out far enough to puncture the tape. This

splice when well soldered makes one of good con-
ductivity, because of the great areca of contact be-
tween the small wire turns and the two large ones.

20. STRANDED CABLE SPLICE

There are a number of methods used in splicing
stranded cables, but the most important points to
keep in mind are to be sure to secure enough good
contact area between the two groups of wires to
carry without overheating the same load of current
that the cable will, and to keep the diameter of
the splice down as much as possible.

The wires should be stripped back about ten or
twelve times the cable diameter, and ecach strand
separately cleaned. Then spread the strands of each
cable out fan-wise, as in Fig. 18-A, and butt the
cable ends together. Sometimes it is well to cut off
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Fig. 18. Examine this diagram very closely and it will be a great help
to you in making neat and efficient cable splices.
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the ends of a few of the center strands at the point
where they butt together, in order to reduce the
diameter of the finished splice. A few less than
half of the strands can be removed without re-
ducing the current carrying capacity of the joint
below that of the cable. This is because the wires
of each cable overlap each other, maintaining an
area equal to that of the cable anyway.

Fig. 19. Method of making a “tap’’ splice with stranded cables. Note
how the wires of the ‘‘tap” cable are divided and each group
wrapped in opposite directions around the “running” cable.

Next wrap one strand at a time around the cable,
starting with strands from the outer surface of the
cable, and wind these over the others which are
laid tight along the cable. See Fig. 18-B. When one
strand is all wound up, start with the next tight to
the finish of the first, but continuing to wrap them
all in one layer if possible.
~ The finished splice should appear neat and com-

pact as in Fig. 18-C.

In making a tap splice with cables, bare several
inches of the main cable and thoroughly clean all
the outer strands, removing all rubber from the
grooves with a wire brush or pointed tool or knife.
Then spread the cleaned strands of the tap cable,
dividing them in half and butt them against the
main cable in the center of the bare spot as in
Fig. 19-A. Then wrap them in opposite directions
around the main cable in one layer or as few layers
as possible, as in Fig. 19-B, which shows the com-
pleted splice.

21. SOLDERING SPLICES

All splices made in permanent wiring should be
carefully soldered, to Preserve the quality and con-
ductivity of the splice.

We have already mentioned that the main reason
for soldering is not for the purpose of improving
the strength or conductivity of the splice, but to
prevent corrosion or oxidization from spoiling the
good contact of the wires.

22. COPPER OXIDE AND ITS EFFECT ON
JOINT RESISTANCE

Copper rapidly oxidizes or “rusts” when exposed
to air or moisture, and also corrodes very quickly
if any chemicals or chemical vapors come in con-
tact with it.

A bright copper wire soon forms a thin brownish
film of oxide on its surface if it is not tinned or
covered in an air tight and moisture-proof manner.
This film will even form between the wires where
they are in contact with each other. Copper oxide
is of a very high resistance to electric current flow,
and a very small amount of it which may be almost
unnoticeable, greatly increases the resistance of a
splice. This would be likely to cause serious heat-
ing of the joint, after a period of possibly a few
weeks or months from the time it was made, even
though the splice was practically perfect when new.

A very thin layer of solder, properly applied so
that it actually unites or alloys with the clean cop-
per surface, will prevent this oxidization or cor-
rosion, and maintain almost indefinitely, the original
low resistance of the splice.

In order to obtain this proper bond between the
solder and the copper, the copper must be abso-
lutely clean, then treated with a Flux which makes
the solder flow freely; and the solder and copper
must both be well heated.

If these rules are all kept in mind and carefully
followed, you can easily do a good job of soldering
that will be a credit and source of pride to you on
every job.

23. SOLDERING COPPERS

To heat the splice and melt the solder we use a
Soldering Copper of the proper size, and which
must be kept well cleaned, tinned, and heated.
These tools are often called “soldering irons”, but
they are made of good copper because copper can be
readily tinned so the solder will adhere to it and
also flow over its surface or point; and also be-
cause copper will quickly absorb heat from a torch
or flame, and easily give up its heat to the splice
and solder. Copper is an Excellent Conductor of
Heat, as well as electricity, and if you keep in mind
that the function of the soldering copper is to im-
part its heat to the splice, as well as to melt the
solder, you will find it much easier to understand
soldering and will make a much better job of it.
Fig. 20 shows a common soldering copper of the
type that is heated in the flame of a blow torch or
gas soldering furnace. Such coppers must be re-
heated frequently, and where much soldering is to
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Fig. 20. An ordinary soldering copper of the type commonly used in
electrical work.

be done, it is often well to use two of them so one
can be heating while the other is in use. Fig. 21
shows a blow torch in use for heating an “‘iron”.

Soldering coppers can be obtained in various
sizes, the smaller ones being more convenient for
some classes of work, and the large ones holding
the heat longer. A half pound copper and a one
pound size are generally vervy good for ordinary
wiring.

Wherever electricity is available an electric
soldering "'iron” can be used very conveniently, as
they remain hot while in continual use. They are
made in different sizes and with various sized and
shaped tips for use on different sized splices and
various types of work. Two of these electric “irons”
are shown in Fig. 22,

Fig. 21. This photo shows a gasoline blow torch such as commonly
used for heating soldering coppers, and splices
in electrical conductors.

24, CLEANING AND TINNING

The point of any soldering “iron” must be kept
bright and clean and well tinned, or it will not
“flow” the solder properly or convey its heat readily
to the splice.

When very dirty or covered with a heavy scale,
or pitted. they should be smoothed and cleaned with
a file. When in use on the job theyv require
occasional “Dbrightening up”. It can bhe done by
rubbing the point on a block of salammoeniac which
is obtainable from eclectric shops and hardware
stores in small cakes for this purpose. See Fig. 23.

Rub the heated point on the block and im-
mediately apply a little solder to it in an even thin

coating. This is called *‘tinning” the “iron”. Or
when a small hole is worn in the block, place a
little solder in this hole or pocket and melt it with
the *“iron”, while rubbing it in the solder and
against the salammoniac at the same time,

Dipping the point of the hot soldering copper
into the flux occasionally, helps to keep the tinning
bright.

Fig. 22. Electric soldering irons are very convenient where electric
current is already available.

25 SUFFICIENT HEAT IS IMPORTANT

Never try to solder a splice without a well tinned,
well heated “iron™ as it will only waste time and
result in a poor job.

i the iron is not hot enough the solder will melt
very slowly and become pasty. instead of flowing
freely as it should. The iron should be hot enough
so the solder will melt almost instantly when
touched to its point.

When heating an iron with a blow torch or gas
furnace, be sure the flame is blue and clean, other-
wise it will blacken and dirty the iron.

26. SOLDER FOR ELECTRICAL USE

Solder as used for electrical work is usually made
of about ha'f lead and half tin. Tt can be bought in
the form of long bars. solid wire solder, and *‘resin
core” wire solder.

Fig. 23. This photo shows the method of cleaning and tinning a
soldering copper with a block of salammoniac.
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The wire solder is most commonly used for ap-
plying to small splices, and the bar solder for large
cable splices and for melting in a solder pot.

The resin core solder is very convenient as the
resin carried in the hollow wire acts as a flux, auto-
matically applied as the solder is melted.

27. SOLDERING FLUX

Flux should always be used on any splice before
applying the solder, as it dissolves the oxide on the
metal and causes the solder to tflow and unite with
the metal much more readily.

Resin is a very good flux and can be used in bar
form or powder, and melted on the hot splice.
AMuriatic acid was formerly used, and while it is a
very active and effective flux, it should not be used
on clectrical work, as it causes corrosion of the
wires later. No acid flux should be used on clcc-
trical splices.

Several kinds of good flux are prepared in paste
form which is very convenient to apply.

These fluxes should be applied to the splice and
melted on it with a good hot iron. Iixcessive flux
<hould not be used, and none should be allowed to
remain in the splice, as resin and some of the other
fluxes act as insulators if they are not well melted
out or “boiled out" of the solder with plenty of heat.

28. PROPER METHOD OF APPLYING
SOLDER TO SPLICE

When the splice is “fluxed” the solder should be
evenly applied and well melted so it runs into the
crevices between the wires. It should not be
dripped on the splice by melting it above with the
iron. Instead the splice should be hot enough to
melt the solder when it is rubbed on top of the
turns.

Fig. 24. Soldering copper should always be applied to the under siqe
of the splice, as the splice can be heated much quicker in this
manner. A drop of solder should be placed on the tip _of the iron
and pushed against the under side of the splice. This helps to
conduct the heat into the splice very rapidly.

The proper place for the soldering copper is
underneath the splice, as heat naturally goes up, and
this will heat the splice much quicker. See Fig. 24.

Many beginners have a great deal of difficulty
heating a medium sized splice before the copper be-
comes cold, because they do not understand the
principle of heat transfer from the copper to the

splice.

29. CONDUCTING THE HEAT TO THE
SPLICE

Always remember that heat will travel or flow
through metals much easier than through air, and
while copper is an excellent conductor of heat, there
is very little actual contsct area between the solder-
ing copper and the rounded turns of the splice.

e

P e -

Fig. 24-B. The above three views show soldered splices of the Pigtail
type and Western Union type. Note how the solder thoroughly
covers and adheres to the entire splice.

Here 1s a simple little trick of the trade which,
ounce yvou have tried it, you will never forget, and
vou will be surprised to see how much it speeds up
any soldering job on a splice. Place the heated cop-
per under the splice with one of the flat faces of
the tip held fairly level and in contact with the turns
of the splice. Then melt or “puddle” a little drop
of solder on the copper, by pushing the solder wire
in between the copper and the splice. This drop
should melt almost instantly, and will provide a
much greater area of metal-to-metal contact be-
tween the copper and the splice, and the heat will
flow into the splice many times faster, heating it
well in a very few seconds.

Then, while still keeping the good contact of the
soldering copper on the hottom of the splice, run
the solder on the top, allowing it to run down
through the turns. Iixamine Fig. 24 again, and you
will note the drop or puddle of solder on the iron,
and the correct method of applving the solder to
the splice.

Do not leave a large bulge of solder on any splice,
but melt it off so that just a good coating remains
on all turns.

Pigtail splices can be quickly and easily soldered
by dipping them in a small ladle of molten solder.
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Fig. 25. This view shows the important parts of a blow torch on the
right, and at the left the method of using a blow torch in a
special stand for heating a lead melting pot.

Convenient small ladles or pots with long handles
are made for this use.

30. SOLDERING LARGE SPLICES

When soldering cable splices, it is often difficult
to get the entire splice hot enough before the solder-
ing copper gets cold. The copper of the splice, also
being a good conductor of heat, carries it away
along the cable nearly as fast as the soldering cop-
per can supply it.

For soldering the larger cable splices, a blow
torch is used to heat them, or they are dipped in
hot solder, or have the molten solder poured over
them and the excess caught in a pan below the
splice.

If the insulation near the splice gets too hot, it
should be kept cool by wrapping a wet rag around
it while soldering.

In using a blow torch care should be taken not to
overheat or burn the copper strands, as it weakens
them greatly, and also makes a poorer job of
soldering. .

31. BLOW TORCHES

Fig. 25 shows a common gasoline hlow torch in
the center view, and its burner and valve in a larger
view at the right.

To start such a torch, a small amount of gasoline
should be run into the drip cup and lighted with
a match. This flame heats the Dburner nozzle
directly above, and as soon as it is hot the valve
can be opened allowing a fine jet of gasoline to
spray into the nozzle, where it immediately
vaporizes and burns with a clean blue flame of
very high temperature.

If the flame ds white and unsteady, the burner
is not vet heated enough.

These torches have a small air pump built in the
gasoline can, and the air pressure thus supplied
forces the liquid up to the burner in a spray.

The valve is of the needle tvpe and should not be
closed too tightlv or it will damage the needle and
valve seat. After extinguishing the torch it is well
to loosen the valve just a little so it will not stick
when the metals become cold.

The left view in I'ig. 25 shows a torch mounted
in a bracket and stand for heating a lead pot.

Fig. 26 shows a regular gasoline lead pot, used
for melting larger quantities of lead for large cable
work.

32. CABLE LUGS

For attaching stranded cables to the terminals
of machines or switchboards, and also for splicing
where the splice may need to be disconnected
occasionally, we use copper cable lugs as shown in

Fig. 27.

Fig. 26. Gasoline lead melting pot for use in soldering large cables, and
cable sheaths.

These lugs are made in different shapes, and for
single cables or a number of cables as shown. They
have a hollow cup on one end for attaching to the
cable. and the other end is flattened and has a hole
through it, so it can be secnrely bolted to a terminal
or another lug.
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33. ATTACHING AND SOLDERING LUGS
TO CABLE

To attach a lug to a cable, first strip just enough
of the insulation from the end of the cable to allow
the bare end to go fully down into the cup. Do not
remove too much insulation, as it should cover the
cable close to the end of the lug when it is attached.

Fig. 27. Several types of soldering lugs used for connecting cable ends
together or to the terminal of electrical equipment.

Clean the bared end well, and also make sure the
lug cup is clean. Then flux and tin the cable tip and
inside of the cup, and melt enough solder in the cup
to half fill it. The lug can be held in the flame of a
torch until hot and then melt the solder in it. Be
careful not to burn your pliers when heating lugs,
as it destroys the temper of the steel if the pliers
are held in the edge of the flame. The lug can easily
be held in the flame with a wire hook, and then
taken in the pliers when heated and ready to melt
the solder in it.

When the cup is heated and half full of molten
solder, push the cable tip down in it, and hold it
there while the lug can be cooled with a wet rag,
causing the solder to harden quickly. Do not move
the cable while the solder is hardening.

34, SOLDERLESS CONNECTORS

Solderless connectors such as shown in Figs. 28
and 29 are sometimes used for connecting cables.
These devices have a sort of sleeve or clamp that is
squeezed by the threaded nuts causing them to grip
the cable very securely. These are much quicker
to use and very good for temporary connections,

but are not allowed for permanent connections in

" some places.

: '“‘“"’.'E—'b) - —
Insulated Two-Way Connector Stud Conuector Style ¥
Fig. 29. Several other types of solderless connectors, showing a sectional

view of the upper one which illustrates the method in which it grips

the cable.

Solderless connectors can also be obtained in
several very good forms for smaller wires, and are
great time savers on jobs where they can be used.

Another method of splicing solid wires is by the
use of the tubes shown in Fig. 30. The wires are
slipped into these tubes and then the whole thing
twisted into a splice.

%
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Fig. 30. Twin metal tubes of the above type are often used for splicing
large solid conductors.

35. LEAD COVERED CABLE SPLICING

When splicing large lead sheath cables, the lead
is split back from 10 to 36 inches according to the
cable size, and a large lead sleeve slipped over one
of the cable ends for use in covering the splice when
it is finished. The one or more conductors in the
cable are then spliced and taped.

If paper insulation is used on the conductors the
moisture is boiled out of them by pouring hot
molten paraffin over them. See Fig. 31.

When the splice in the conductors is finished the
lead sleeve is slid over it, and its ends are joined
to the cable sheath by pouring hot lead over them
and “wiping” it on with a pad as it cools. This

Fig. 28. Several styles of solderless connectors usde for splicing cables.
These connectors grip the cable very securely when their nuts are

tightened with a wrench.
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Fig. 31. This view shows several of the important steps in splicing
lead covered cables.

is a very critical job and one that requires a lot of
practice to get the lead on smoothly and obtain a
tight junction, without melting the sheath. The
whole joint is then poured full of hot paraffin or
insulating compound, through a small drilled hole
in the sleeve. Then this hole is plugged tight to
exclude all air and moisture.

Fig. 32 shows some of the steps in making such
a splice.

36. TAPING OF SPLICES

All splices on wires with ordinary rubber and
braid insulation should be taped carefully to pro-
vide the same quality of insulation over the splice
as over the rest of the wires.

Two kinds of tape are used for this, one a soft
gum Rubber Tape, and the other known as Friction
Tape, which consists of cloth filled with sticky in-
sulating compound.

The rubber tape is applied to the splice first to
provide air and moisture tight insulation of high

dielectric strength, and equal to the rubber which
was removed. The friction tape is then wrapped
over the rubber tape to provide mechanical protec-
tion similar to that of the braid which was removed.

In applying rubber tape, cut {rom 2 to 4 inches
from the roll and peel off the cloth or paper strip
which separates it in the roll. Then start the end
of this strip at one end of the splice, tight to, or
slightly overlapping, the rubber on the wires.
Stretch it slightly while winding it on spirally.
I'ress or pinch the end down tightly onto the last
turn to make it stick in place. See Tig. 33.

A short time after this tape is applied, it becomes
very tightly stuck together in almost a continuous
niass, so it cannot be unwound, but would need to
be cut or torn off. This is ideal for proper insulation.

The friction tape is “peeled” from the roll and
applied in a spiral winding of two or more lavers.

Fig. 32. “A” shows method of “wiping” the joint between the sleeve
and sheath of a lead covered cable. *“B”, Pouring the finished splice
full of hot insulating compound. “C”, Finished splice with sleeve
in place. “D” and “E”, Small inner sleeves of insulating material
are often used to separately insulate the several conductors.
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Fig. 33. The upper view shows a “tap” splice covered with rubber tape.
The center and lower views show “tap’” and “‘pigtail” splices com-
pletely taped with both rubber and friction tape.

TZach turn should lap well over the preceding one.
Sometimes where one has working room to allow
it, the friction tape can be started on the splice
without tearing it from the roll, and the roll then
passed around the wire, allowing the tape needed to
unwind as it is wrapped on the splice.

Friction tape can be torn off the roll, or it can be
split in narrower strips by simply tearing it.

Fig. 34. Pigtail splices can be quickly and conveniently soldered by
dipping in molten solder as shown.

TYPES OF WIRING SYSTEMS

While we have found that the conductors for
light and power wiring have good insulation on
them. we can also see that this insulation is not
sufficient to protect the wires from the mechanical
injury and damage they would receive if they were
just run logsely and carelessly about the buildings.

Tor this reason and also for the sake of appear-
ance, all wiring must be run on proper supports,
and with proper additional protection to its insula-
tion where necessary. It should be located where it
cannot be bumped with moving objects, and out of
the wav as much as possible.

In addition to the several general classes of
wiring systems we have already mentioned, this
work is also divided into several types of systems
according to the method of installation, and kind of
materials used.

"Two general divisions are: Open or Exposed
Wiring, and Concealed Wiring.

In open wiring systems the wires are run on the
surfaces of the walls, ceilings, columns and parti-
tions, where they are in view and readily accessible.

Concealed wiring systems have all wires run in-
side of walls and partitions, and within the ceilings
and floors. where they are out of view and not
easily reached.

Open wiring is often used in mills, factories,

warehouses, and old buildings, where appearance
is not important, and where it may often be desir-
able to make changes in the wiring. One of its ad-
vantages is that it is always easy to inspect or
repair.

Concealed wiring is generally used in all new
buildings for homes, offices, stores, etc.; and also
for many modern factories. It is much to be pre-
ferred where good appearance is important.

Another way of dividing wiring systems is based
on whether the wires are run in metal or not.

NON-METAL SYSTEMS

1. Knob and Tube Work, where the wires are
supported by porcelain knobs and tubes. This
system may be either open or concealed, and is a
very low cost system.

2. Cleat Work, where wires are supported by
cleats and knobs. This system is also very low in
cost but cannot be concealed.

3. Non-Metallic Sheathed Cable. This is one of
the latest systems to be permitted by the Code, is
reasonable in cost, very convenient to install, and
can be run concealed or open.

4. Wood Moulding, where wires are run in
grooves in wood strips. This is a very old system
and is rapidly becoming obsolete.
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METAL SYSTEMS

5. Rigid Conduit. Wires are run in iron pipes.
This system is somewhat higher in cost, but is con-
sidered the best of all syvstems, and can be either
open or concealed.

6. Flexible Conduit. Wires are run in flexible
steel tubes. A very recliable system and very con-
venient to install in certain places. Can Dbe either
concealed or open work.

Joth of the above are considered as one system
by the National Code.

7. Electrical Metallic Tubing. Wires run in
steel tubes, lighter in weight than regular conduit,
and equipped with special threadless fittings. A
very good system, and very convenient to install,
but has certain code restrictions. Can be used only
for open work.

8. Armored Cable (B.X.). Wires are encased
permanently in a flexible steel casing at the factory,
and bought this way. A very reliable svstem and
very convenient to install. May be run either open
or concealed.

9. Surface Metal Raceways. (Often called metal
moulding.) Wires are run in thin flat or oval metal
tubes, or split casings. Low in cost, but can only
be used for open work.

10. Underfloor Raceways. \Vires run in metal
casings or ducts under floors. Used in factories
and offices, but under certain Code restrictions.

This list of the various types of wiring systems
will also give you a good general idea of their ap-
plications and the materials used. We will now
cover each system in detail, with its materials, ad-
vantages, and methods of installation.

37. KNOB AND TUBE WIRING

The Knob and Tube system is one of the oldest
and simplest forms of wiring, and while not as re-
liable as conduit, it is allowed by the National Code,
and is still used to some extent in small towns and
rural homes. If carefully installed it will give very
good service and at very low cost of installation.

The principal materials required for a wiring
job of this type, are the Porcelain Knobs, Porcelain
Tubes, and flexible non-metallic tubing known as
“Loom”.

The knobs are used to support the wires along
surfaces or joists of the building. The tubes are to
protect the wires where they run through holes in
joists or walls, and the loom to protect the wires
through holes, or where they enter outlet boxes or
run close together.

38. KNOBS

Fig. 35 shows an excellent view of a split knob
of the type commonly used, and also a porcelain
tube in the lower view.

You will note that the knob has grooves on each
side, with ridges in them to grip the insulation on
the wire. The wire can be run in either groove, but
do not run two wires of opposite polarity on one
knob.

The nail has a leather washer under its head to
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Fig. 35. The upper view shows a common type of split knob with the
nail and leather washers which ,are used with them. Below is a
porcelain tube of the type used in Knob and Tube wiring.

prevent splitting the knob caps when driving it

tight. Care should be used, however, as it-is pos-
sible to split the knob cap if it is tightened too
much.

Knobs should be placed along the wire not
farther than 414 feet apart, and in some cases should
be more frequent to provide proper support.

Before tightening the knobs, the wires should
be drawn up tight so they will not sag and touch
the wood, or present a bad apearance.

Wires of opposite polarity- supported on knobs,
must be spaced five inches or more apart.

Knobs can be used to support either horizontal
or vertical wires, as long as the wires are drawn
up tight.

I'ig. 36 shows several styles and sizes of knobs,
and also some porcelain cleats, and both a solid and
a split porcelain tube.

The one piece knobs with the grooves around
them must have the wires tied to them with a short
piece of wire of the same size and insulation as the
running wire.

Knobs must hold the wires at least an inch away
from the surface wired over.

Sometimes knobs are fastened with screws in-
stead of nails, and the ordinary split knob, such
as shown in TFig. 35 would require 214”7 or 3”
No. 10 flat head wood screws. '
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39. TUBES

\Wherever the iwires are to run through holes in
joists or walls, the porcelain tubes must be used to
prevent damage to the insulation by rubbing or
vibration.

The stancard tube is 3” in length and about 38"
in diameter and has a bulge or head on one end.
VW here the tube must run at a slant, the head should
alwavs be placed upwards to prevent the tube from
dropping out of the hole. An exception to this is
where wires enter an outlet box and the tube is
held in place by the wire being bent back toward
the nearest knob. The head should then be on the
end which will prevent the angle of the wire from
pushing it out of the hole.

Either a 54” or 11/16” wood bit can be used for
boring the holes for standard porcelain tubes, and
it is well to bore them with a little slant so the tubes
will not tend to work out of the holes.

Other tubes can be obtained, both longer and
larger than the common 3" size.
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40. LOOM

Fig. 37 shows a piece of the flexible “loom”, and
Fig. 38 shows a larger view of a small piece, in
which you can see the inside construction of this
woven insulation.

Fig. 37. A piece of “loom” or flexible insulation used to protect wires
in certain places in Knob and Tube wiring.

Wherever wires enter an outlet box for a switch
or lamp, a piece of loom must cover the wires from
within the outlet box to the nearest knob outside
the box. Fig. 39 shows a metal clamp used for
fastening the end of the loom into the box. This
clamp grips the loom with small teeth and wedges
it tightly in the hole to prevent it from ever slipping
out.

Where wires must be closer than 5 inches apart
or where they must be run inside a wall, ceiling, or
floor, for more than four and a half feet without
knobs, they must be completely covered with loom.
By protecting the wires in this manner they can be
fished through difficult places in old house wiring,
where knobs cannot be placed.
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Fig. 38. Enlarged view showing the fabric and construction of a piece
[ ”

Some electricians occasionally try to cheat the
Code and the customer by placing short pieces of
loom only at each end of such a wire run, and not
clear through. But when caught by a careful inspec-
tor, or when it causes a fire, such work as this costs
the electrician far more than the extra loom for a
good job would have cost.

In some places even in new liouse wiring it may
be desired to run five or six wires or more between
the same two joists. This cannot be done with
knobs and still keep them all five inches apart. It
can be done, however, by covering the wires with
loom and running them all between two joists, or
by grouping them all on one joist under loom straps
if desired.

Where one wire crosses another, or crosses a pipe
of any kind, if it cannot be supported well away by
a knob, a porcelain tube or piece of loom five or six
inches long can be slid on the wire and taped in
place at its ends, to hold it directly over the wire
or pipe to be crosszad.

VWherever wires are attached to switches or enter
outlet boxes. or where a tap is taken from a wire, a
knob should be located close to this point to take
all possible strain off from the splice or switch, or
edge of the outlet box. See Fig. 40-A, which shows
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how a knob can be used both to support the running
wire and to secure the tap wire and keep any strain
off the splice.

Fig. 40-B shows how an extra knob should be
placed near the point where a splice is made to a
running wire which is not supported at this point
by a knob.

Fig. 41 shows a section of a knob and tube wiring
system in which you can observe a number of the
parts and methods which we have mentioned for
this type of work.

Examine this photo closely and note the impor-
tant points shown.

The Clip Placing Clip in Box

Fig. 39. “Loom” can be fastened securely in the outlet box with clips
as shown above.

41. RUNNING THE WIRES

When wiring a new building with a knob and
tube system, it is quite easy to install the wiring
between the joists in walls and ceilings before the

_lath and plaster are put on.

The wires should be run for the mains and branch
circuits, and the outlet boxes for switches and lights
should be installed. The boxes should he set so
their edges will be about flush with the plaster sur-
face, or a little beneath it. They should not be “re-
cessed” or set in, more than 4 inch at the most.
These outlet boxes will be explained later.

When running wires in old buildings, advantage
can usually be taken of unused attics or basement
ceilings, making it quite simple to run the wires
in these places. Where the wires are likely to be
disturbed or injured, if run on protruding knobs, it
is well to protect them by running a board along

L

Fig. 40-A. Sketch showing a Knob used both to support the “running”’
wire and to keep the “tap’” wire from putting any strain on the

splice.

Fig. 40-B. When no Knob is near on the “running” wire an extra one
should be placed on the “tap” wire close to the splice in the manner
here shown,

Fig. 41. This photo shows several of the most important features in a
Knob and Tube wiring system. Note particularly the manner in
which the “loom™ extends from the outlet box, the use of the
porcelain tube where the wires cross, and position of tubes in the
joists when they are near to knobs as shown.

them, or by running the wires through the joists
in tubes.

Where the wires are run through walls to switch
boxes or wall light outlets, they can usually be
pushed up or dropped down between the vertical
joists and pulled out through the outlet opening.

A “mouse” and string, as formerly described in
the section on signal wiring, can be used to good
advantage to pull the wires through vertical walls.

Where they must be run horizontally through hol-
low floors or ceilings, a steel fish tape can be pushed
through first, and used to pull in the wires. These
fish tapes are long, thin, flat pieces of springy steel
and obtainable in different sizes and lengths. They
can be pushed and wiggled quite a distance through
spaces between joists, and even around corners and
obstructions to quite an extent. They are also used
for pulling wires in conduit, as will be explained
later.

Fig. 42 shows a piece of fish tape rolled in a coil
for convenient carrying.

An ordinary jointed steel fishing rod, or a long
thin stick with an eye in the end, can often be used
very well to push wires into difficult places, or to
push a string through and use it to pull the wires
in with.

42. OUTLET BOXES

Where wires are attached to switches or fixtures,
proper outlet boxes should be used. Fig. 43 shows
a common type of outlet box for use with switches
or convenience outlet receptacles. This box is made
of thin steel and in sections, so it can be made wider
to hold several switches or receptacles if desired.
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Fig. 42. A coil of steel fish tape, such as used for pulling wires into
difficult places in a building, or through conduit.

The small detachable “cars” on each outer end
are to fasten the box to the lath or wall, and they
are adjustable so the box can be set out farther by
merely loosening the screws in the “ear”. ‘These
boxes have “knockout” pieces or round sections cut
nearly through the metal, so they can be punched or
knocked out with a hammer. These openings are
for the loom and wires to enter the box for con-
necting the switch.

Such outlet boxes provide a rigid support for the
switches or receptacles, and a protection around the
back of the devices where the wires are connected.

The center and lower views in Iig. 43 show a
clamping plate and screw inside the box with
special shaped notches for gripping the loom or
flexible conductor sheath where it enters. Note
that the notches in this plate come directly over
two knockout slugs.

Outlet or knockout boxes of this type can be ob-
tained with the small knockouts to fit loom, or with

Fig. 43. Several views of a sectional outlet box of the type used for
mounting switches and receptacles.

larger ones for conduit, but the boxes are standard
size to fit all push button or lever switches.

Fig. 44 shows a double outlet box for two
switches or receptacles. The screws in the small
“lips” at the center of each end are for fastening the
switches or receptacles in the box.

IFig. 45 shows a tvpe of ceiling outlet box, used
to attach wires to lighting fixtures, and also to
support the fixture. Deeper boxes of this type are
often used for ceiling outlets.

Fig. 44. Double outlet box for mounting two switches, two receptacles,
ar a switch and receptacle.

IFig. 46 shows some of the various types of outlet
hoxes and covers available. You will note that some
of these have both small and large knockouts, so
they can Dbe used either with loom and knol and
tube wiring, or with conduit.

Fig. 47 shows an outlet box with bar hanger used
to support it between joists, and you can also note
the fixture stud in the center of the box for attach-
ing a lighting fixture. This box also contains two
new style loom clamps.

Fig. 45. A metal bar or hanger is used to support outlet boxes between
the joists.

Fig. 48 shows how large solid knobs are often
mounted on racks to support various numbers of
power cables.

43, CLEAT WCRK

In cleat wiring systems the wires are run in pairs
and supported in grooves in the ends of porcelain
cleats such as shown in Fig. 49. This view shows a
two-wire cleat, but they are also made for three
wires.

These cleats are {astened to the walls or ceilings
with two screws through the holes shown. They
must support the wires at least 4” from the surface
wired over, and keep them at least 274" apart.
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Fig. 46. Several types of outlet boxes and covers. Note the arrange-

ment and size of the “knock-out’” openings.

Cleats should not be placed farther apart than 414
feet along the wires, and in many places should be
closer.

Cleat wiring may be used as part of a knob and
tube or other’ system, but must always be run
exposed.

Tubes or loom must also be used where the wires
pass through walls or partitions.

44. CLEAT FITTINGS

To attach fixtures to a cleat wiring svstem we
can use an outlet box that fastens to the ceiling or
wall with screws and is covered by the canopy of
the fixture. Loom must be used where the wires
enter the box.

For installing plain lamps with reflectors only,
cleat receptacles or rosettes, such as shown in Fig.
49-B. are used. The two in the upper row are to be
mounted on the same surface the cleats are on, and
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Fig. 47. This photo shows the inside of a common outlet box with ﬁxh'xre
stud and “loom’ clamps in place, and also the bar used for mounting
the box.

% e
Channel

No.12Ga.
Presteet Points

Fig. 48. Large solid knobs on special
brackets of the type shown above are
often used to support runs of several
large wires or cables. Open wiring sys-
tems in factories and industrial plants
often make use of knobs or cable racks of
this type. They are very convenient to
install, and the knobs can be removed by
withdrawing the rod which runs through
them, thus making it easy to place the
wires on the inside of the knobs if desired,
or in other cases they are tied to the
outside of the groove with a tie wire.

the wires should be attached directly to the termi-
nals of the receptacles. Lamp bulbs can be screwed
into the openings shown. The two in the center
row are called “rosettes” and are used to suspend
lamps on drop cords. The two below are other
types of drop cord rosettes, and the one at the left
can be used either with cleat or moulding work.

Fig. 49. Porcelain cleats of the type used for holding two or three wires
in cleat wiring systems.

Surface type snap switches are generally used in
cleat work, and a porcelain Switch Back is used to
hold the switch base and wires 4 inch away from
the mounting surface.

The same general rules are followed in cleat
work, as were given in knob and tube work, for
protecting wires where they may cross pipes or
each other. We should also use cleats near splices
or connections to devices, as we do with knobs, to
remove any possible strain from the splices.

45. NON-METALLIC SHEATHED CABLE

This is one of the newer systems of wiring, and
consists of wires encased in a covering of protective
fabric. Fig. 50 is a sketch of a piece of this cable of
the two-wire tvpe, and shows the extra insulation
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Fig. 49-B. Several types of porcelain receptacles used for attaching
lamps or drop cords to a cleat wiring system.

on the wires as well as the outer covering, which is
somewhat similar to loom.

This material is very commonly known as
“Romex”, and can be obtained in either two-wire
or three-wire cables. Fig. 51 shows a piece of each
kind, and the method of fastening them to the walls
or partitions with metal straps.

This tyvpe of cable is very flexible and very easy
to install and, as before mentioned, it can be run
either exposed or concealed. In concealed wiring
it can be run between joists or through holes with-
out any additional protection, and simply fastened
in place by the small metal straps, such as shown
in Fig. 51.

46. INSTALLING ROMEX

These straps must not be spaced farther apart
than three feet, and the cable should always be run
tight to some supporting surface such as along a
joist, wall, or ceiling. When run across joists or
open spaces it should be supported by a board.
When it is being run concealed in new buildings
the straps can be placed 414 feet apart, and in old
buildings, where it is impractical to support the
cable with straps, it can be fished from one outlet
to another, similarly to wires covered with loom.
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Fig. 50. This sketch shows the construction of a piece of non-metallic
sheathed cable or “RomeX’’. Note the heavy layers of extra insula-
tion on the wires, and also the strong outer braid covering.

Even though the original cost of this material
is somewhat higher than that of the same number
of feet of wire with knobs and tubes, the ease with
which it can be installed makes the finished system
very reasonable in cost.

In making bends in such cable runs it should
be carefully done so as not to injure the covering
and insulation of the cable, and the bends should
have a radius of not less than five times the diame-
ter of the cable.

Regular outlet boxes of the type already covered
are used where switches and fixtures are to be
installed. All cable runs must be continuous and
without splices from one outlet box to the next.

Where the cable comes through the floor, or is
run along a partition within six inches of a floor,
it should be protected by running it through rigid
conduit or pipe.

Fig. 51. This view shows a piece of three-wire and one of two-wire
non-metallic sheathed cable, and also the method of attaching this
cable to a surface with metal straps and screws.

47. GROUND WIRES AND FITTINGS

The newest form of this sheathed cable has a
bare copper wire run under the outer covering,
parallel to the insulated wires. This wire is used
for grounding the various outlet boxes and fixtures,
and it should be securely grounded at the service
switch, or entrance to the building.

Fig. 52 shows several methods of attaching the

Fig. 52. The four views above show methods of attaching RomeX to
outlet boxes with special clamps for this purpose. Note the ends of
the wires, which are stripped back to allow the splicing or con-
nection.
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cable to common outlet boxes. The two upper
views show the use of a “squeeze” clamp, which
is attached to the outlet hox with a lock-nut, and
into which the cable is inserted and then gripped
by tightening the screw of this clamp. The two
lower views show another type of clamp similar
to those used for fastening loom.

The ground wires should be stripped back six
or eight inches through the outer covering of the
cable to allow the wires to be stripped for connec-
tions in the box, and then this ground wire is
attached to the cable clamp, as in Fig. 53, thus
effectively grounding the outlet box. The ground
wire must not in any case be left inside the box.

Fig. 53. This sketch shows the method of stripping back the extra
ground wire in non-metallic sheathed cable, and also the manner in
which it is attached to the outlet box clamp.

Fig. 54 shows a method of installing non-metallic
cable in the joists of a new house, and Fig. 55
shows how it can be installed in the attic of either
a new or old building.
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Fig. 54. A section of an installation of RomeX, showing how it is run
through and along joists of a building.
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Fig. 55. RomeX is a very convenient type of wiring to install in the
attics and walls of finished buildings.

In general, the installation of non-metallic cable
is very similar to that of armored cable, or B.X,,
which is covered in a later section.

48. WOOD MOULDING

As previously mentioned, this system of wiring
is not used much any more, but you will probably
still find some installations of it, where an exten-
sion in the same type of wiring might be desired.
Even then, it would probably be better to install
metal moulding or raceway, unless the other sys-
tem had to be matched exactly.

Fig. 56 shows a sketch of a piece of this mould-
ing, and the manner in which the wires are run
in the grooves, and the wood cap placed over them.

Fig. 56. A piece of wood moulding of the type sometimes used in making
additions to old systems of this type.

Where switches or fixtures are installed with
this type of system, the moulding is either cut to
allow the mounting of a special porcelain block
or fitting to which the wires are attached, or in
some cases direct to the switches, which can be
mounted flush with the surface of the moulding.
A special fitting is also required where tap splices
are made to running wires.
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We would not advise using this type of wiring
in anv case, except where absolutely necessary to
match some existing system. So it is not advisable
to spend very much space or time on it here. In
manyv old systems of this type the wiring can be
made a great deal safer and more dependable if
it is entirely removed and replaced with a more
modern system.

RIGID CONDUIT WIRING

While this system is a little more expensive to
install, it is usually by far the safest and muost
satisfactory type of wiring, and in this system the
wiring is enclosed throughout in rigid steel pipe,
which can be run either exposed or concealed in
wood building partitions, or even embedded in the
concrete or masonry of modern fire-proof buildings.

Concealed conduit must, of course, be installed
in either frame or masonry buildings while they
are being erected, although short runs may be
worked in, in certain places in a finished building.
When it is installed in finished buildings the sys-
tem is usually exposed, however.

49. ADVANTAGES OF CONDUIT WIRING.

With the conduit system grounded as required
by Code rules, there is practically no chance of fire
or personal injury, due to any defects in the wire
or insulation, because in such cases the wire be-
comes grounded to the pipe, and will immediately
blow the fuse and open the circuit as soon as the
fault occurs. In case of any momentary grounds
or short circuits in such systems, the fact that the
wires are enclosed in metal pipe makes it almost
impossible to start any fires.

Some of the general advantages of conduit wiring
are as tollows:

1. The wiring is much more compact, and takes
up less space than when strung out on knobs.

2. The grounded metal conduit shields the con-
ductors magnetically, and prevents them from set-
ting up external magnetic and electro-static fields
that would otherwise interfere with telephones or
radio equipment.

3. Conduit forms an absolutely rigid support for
the wires without placing any strain on them, and
also affords excellent protection from any mechan-
ical damage or injury to the conductors.

4. It provides a very convenient method of
grounding the circuit at any desired point.

5. 1t is suitable for both low voltage and high
voltage wiring, depending upon the insulation of
the wires or cable used; while the other systems
mentioned can be used only for voltages under
600. and several of them under 300.

In addition to the above advantages, rigid conduit
can be made absolutely water-proof, and is, there-
fore, suitable for wiring in damp locations.

In wiring new homes the slight extra cost is
well worth while, because a conduit system will
certainly be the most dependable and permanently
satisfactory one obtainable. Many of the larger
cities require that all new homes have conduit

wiring installed. Practically all modern apartment
buildings, offices, hotels, and department stores use
conduit wiring exclusively, and industrial plants
and buildings of fire-proof construction use it very
generally. Many towns require the use of conduit
for the entrance of service wires to the buildings,
even though the building itself may use some other
form of wiring.

Conduit pipe is very much like ordinary gas or
water pipe in general appearance, except that it is
somewhat softer, so it can be more easily bent for
making turns and offsets in the runs.

Fig. 57 shows a piece of rigid conduit, and a
sectional view of the end, as well as the threads
on the right hand end.

Fig. 57. Piece of rigid conduit or pipe, in which wires are run in conduit
systems.

Conduit is made in standard sizes from %4-inch to
6-inch inside diameter. These standard sizes are 1%-
inch, 34-inch, 1-inch, 1%4-inch, 1%-inch, 2-inch, 275-
inch, 3-inch, 4-inch, 4%5-inch, 5-inch, and 6-inch.
These dimensions are approximately the actual in-
side diameter, usually being a little larger in each
case. The l5-inch size is the one most commonly
used for ordinary house wiring, and 34-inch is used
on some of the main runs.

The inside surface of conduit piping is smoothed
by the manufacturers, so it will have no rough
spots that might cut or damage the insulation on
the wires. It is also enameled to prevent rusting.

The outside surface is usually coated with water-
proof enamel, or galvanized. One process for treat-
ing both inside and ontside is called “Sherardizing”,
and is a process whereby zinc is applied to the
surface while hot, in such a manner that it actually
alloys with the pipe.

50. CONDUIT FITTINGS AND METHODS
OF INSTALLING

Conduit is made in ten-foot lengths for conve-
nient handling and installation. Where longer runs
are required between outlets, it is necessary to cou-
ple the ends of the pipe together by threading
them with a die, and using a pipe coupling. Such
joints should be thoroughly tightened to make
them water-tight and to provide a good electrical
circuit, as the Code requires that the entire conduit
system be continuous, for the purpose of having
a complete ground circuit.

Fig. 58 shows the method of using a die to thread
the end of a piece of conduit, and the proper posi-
tion to hold the die stock handles.

Fig. 59 shows a sketch of a pipe coupling at the
left as it would be used to attach two straight
lengths of conduit together. The view at the right
shows a coupling used with a nipple to attach runs
of conduit to an outlet box.
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Fig. 58. Threading the ends of rigid conduit. Note the method of
holding and operating the die.

Standard outlet boxes of the type already shown
and described, and with knockouts of the proper
size, are used with conduit systems.

The common method of attaching the conduit to
the outlet box is to thread the pipe end and screw
a lock-nut well back on the threads. Then insert
the threaded end in the box and screw cn the end
bushing. By tightening the lock-nut on the out-
side, the conduit is then securely fastened to the
box. The box also becomes a part of the complete
grounded circuit, and for this reason the lock-nuts
should be well tightened with a wrench, to insure
good connections.

Fig. 60 shows a conduit bushing on the left, and
a lock-nut in the center view.

The bushing not only helps to secure the pipe
to the box, but also has a smooth rounded end to
protect the wires from damage against the edges
of the conduit.

Never attach a small conduit to a hole that is
too large in the outlet box, without using proper
reducers or washers to get a secure connection.

CONDUIT
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Fig. 59. Threaded couplings are used to connect lengths of conduit
together, and in some cases to connect them to outlet boxes with a
special nipple.

51. REAMING, CUTTING AND BENDING
OF CONDUIT

The ends of all lengths of conduit are reamed at
the factory to eliminate sharp corners that might
otherwise damage the insulation on the wires.
When you cut shorter lengths they should be
reamed, as shown in Fig. 61, before coupling them
together, or attaching them to outlet boxes. This
removes any possible sharp edges on the inner cor-
ners, and protects the insulation of the wires from
damage when drawing them in.

When a piece of conduit shorter than ten feet is
required, it can easily be cut to the desired length

with a hack-saw, as shown in Fig. 62. Considerable
care should be taken in measuring the length of
conduit runs, so that the piece will be cut the proper
length to fit the location of the outlet box, and avoid
mistakes that will spoil lengths of conduit.

Where a conduit run must turn a corner or go
around some obstruction, the smaller sizes can be
easily bent with a device called a “hickey’.

Fig. 63 shows the method of bending a piece of
Vs-inch conduit with one of these hickeys. The
conduit can either be laid on the floor, as shown
in this view, or fastened in a pipe vise securely
mounted on a bench or truck. Special stands with
pipe legs for attaching to floor are also obtainable
for conduit bending and cutting. Fig. 63-B shows
two types of hickeys or grips without the pipe
handles in them.

Fig. 60. A bushing and lock nut of the type most commonly used in
attaching conduit to outlet boxes.

52. SIZES AND TYPES OF BENDS, AND
NUMBER ALLOWED

In making conduit bends care should be used
not to bend them too sharply and cause the pipe to
flatten, as this will reduce the inside opening, and
make it difficult or impossible to draw the wires
through it. The inside radius of any bend should
not be less than six times the rated diameter of the
conduit. This means that the bend would form part
of a circle with a radius six times the conduit
diameter.

Thus, if we were bending 4-inch conduit, the
inner radius of any bend should not be less than
three inches, which would mean that the curve of
the pipe should conform to, or fit the outer edge
of a circle six inches in diameter.

IFig. 64 shows several of the more common bends
made in conduit, and the names by which they are
called. Not more than four right angle bends are
allowed in any single run of conduit between outlet
boxes. This is because the greater the number of

Fig. 61. Reaming the end of a piece of conduit after cutting to remove
sharp edges, which might damage the insulation on the wire.
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bends the harder it is to pull the wires through the
pipe.

Fig. 62. Cutting a piece of rigid conduit with a hack saw. It should
always be cut squarely as otherwise it is difficult to properly ream
and thread it.

53. CONDUIT FITTINGS

While the sizes from Ms-inch to l-inch can be
quite easily bent. on the larger sizes it is quite
customary to buy manufactured elbows. However,
the larger conduits can be bent on the job with
power bending equipment, or by use of block and
tackle, and some secure anchorage for the pipe.
Sharp turns in conduit can be made by the use of
fittings commonly known as condulets and unilets.
These fittings are also made for attaching one
length of conduit into another, and for crossing
conduits, and for practically every need that can
arise in a conduit installation.

Fig. 63. Smaller sizes of conduit can be easily bent into the required
curves and shapes with a bending ‘‘hickey”’, in the manner shown here.

Fig. 65 shows a number of these fittings with
their proper letters, by which they are marked and
called when buying. Examine these fittings and
note their various applications carefully. The letter

L denotes an elbow or fitting used to make a right
angle turn. An L.R. fitting is one that is used to
make a turn to the right, while an L.L. fitting is
one used to make a turn to the left.

These directions are determined by holding the
condulets up with tlie opening toward you, and
the short L. on the lower end. Then, if this short
extension points to the right, it is an L.R,, or if it
points to the left it is an L.L. fitting.

An L.B. is one with an opening in the back. An
I..FF., one that opens to the front.

There are also Tee httings with a tap opening on
the back or either side desired, and cross fittings
with openings on both sides, as well as the ends.
The fittings here mentioned are the ones more
commonly used and, along with the special fittings
made, will fill almost every need that can arise.

Fig. 63-B. These views show two types of grips or “hickeys’” used with
a pipe handle for bending conduit.

54. PULL BOXES AND JUNCTION BOXES.

In addition to these fittings, and the regular out-
let boxes used for mounting switches and fixtures,
there are also pull boxes, which are used at various
points in long runs of conduit to make it easier to
pull in the wires in shorter sections at a time.

Sometimes the run of conduit is so long, or has
so great a number of bends, that it is impossible to
pull the wires through the whole distance at once
without running the risk of breaking them or
damaging the insulation. In such cases the wires
can be pulled tarough as far as the first pull box
along the run, and then looped back, and pulled
through the following section.

In other cases boxes are used where there are
junctions in the wiring system and a number of
splices must be made. These are called “Junction”

Fig. 64. This photo shows several of the more common bends frequently
made in conduit. Note the names given to each. The saddle bend
can, of course, be made much deeper in the form of a “U’” when
required.
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Fig. 65. This photo shows a number of the more common types of
conduit fittings and outlet boxes, also porcelain covers for the fit-
tings, conduit straps, fixture stud and lock nuts.

boxes. Several of the more common types of out-
let boxes are shown in Fig. 65. There are many
types of special boxes for almost every possible
requirement, but those shown and mentioned here
will fill the need in 95 per cent or more of the cases
in ordinary wiring jobs. Fig. 65-B shows a number
of the covers used on these boxes. Some are blank
for merely closing the boxes, and others have open-
ings and screws for attaching switches or recep-
tacles, or for leading out wires to terminals of de-
vices or other systems.

55. SUPPORTS FOR CONDUIT

Conduit is supported and fastened with pipe
straps, which may have either two holes for nails
or screws, or a single hole. Fig. 65 shows several
different types and sizes.

When these straps must be attached to brick or
masonry it is necessary to first drill holes in the
masonry with a star drill, such as shown in Fig. 66.
These drills can be obtained in different sizes, and
are used to make holes of any desired depth by
simply tapping them with a hammer and gradually
rotating them in the hole. Those of the larger size
can be used to make openings clear through a wall
for the conduit to pass through.

When holes are made for conduit fasteners a
wooden plug can be driven tightly into these holes
to receive wood screws or nails; or a more desirable
method is to use expansion bolts, similar to those
shown in Fig. 67. For expansion bolts the star
drill holes must be made the proper size to fit the

bolt, and when the expansion shell is inserted, and
the bolt screwed into it, it causes the shell to spread
and grip the sides of the hole very tightly.

For fastening conduit or wiring materials to tile,
a toggle bolt such as shown in Fig. 68 is used.
These bolts have a hinge bar or cross-piece, which
can be folded against the side of the bolt so they
can be pushed into a small hole in the tile. Then,
by turning the bar crosswise, the ends of this bar
catch on the inner side of the hole, making a very
secure anchorage.

In buildings of concrete or masonry construction
the pipe is embedded in the cement, brick. or tile
and requires no supports, except to hold it in place
temporarily while the concrete is being poured. or
the masonry erected around it.
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Fig. 65-B. Various types of covers can be obtained for outlet hoxes and
for mounting switches, lamp receptacles, etc.

The Code requires that in all conduit installations
the pipe and fittings must be installed complete be-
fore any wiring is put in, and the wires should not
be run until all mechanical construction work
around the building is finished. This rule is made
to avoid the possibility of the wires being damaged.

Ordinary rubber covered wire, with either single
or double braid, can be used in conduit svstems; but
double braid must be used on wires larger than No.
8. In special locations where it is particularly dry
and hot, wire with slowburning insulation can be
used.

For use in conduit, wires No. 6 and larger must
be stranded for better flexibility and ease in pulling
them in.
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Fig. 66. This view shows the cutting nose of a star drill, such as used
for drilling holes in masonry for attaching or running conduit in
buildings of masonry construction.
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56. PULLING WIRES INTO CONDUIT

To pull wires into a conduit system we first push
a steel “fish tape” through the pipe. This can be
forced through the allowed number of bends quite
easily, as a rule. The wires are then attached to the
end of the fish tape and pulled in the conduit. All
the wires in any one run should be pulled in at one
time. It is very difficult and impractical to draw
wires into pipe that already has several in it, be-
cause of the friction of the sticky insulation of the
moving wires rubbing against the stationary ones.

This same rule applies when repairing or replac-
ing wires in conduit. You may wish to replace only
one or two wires, but it will be better to remove the
entire group, and then pull the new ones in with
the old wires.

Fig. 67. Several types of expansion belts and shells used for fastening
conduit strips to holes and masonry.

No splices are allowed in wires in the conduit, or
at any place except in the proper fittings or outlet
boxes.

If we were to attempt to pull wires with splices
into a run of conduit, the taping imight be pulled
off at somie bend or corner, leaving the bare splice
to cause a ground or short circuit.

As each section of the wiring is pulled into the
runs of conduit, the ends can be cut off at the out-
let box. always allowing enough to make the neces-
sary splices and connections. Tt is much better to

Fig. 68. Toggle bolts of the type used to attach conduit to tile walls or
ceilings.

allow a couple of inches extra and cut these off
when installing the switches and fixtures, than to
have the wires too short, and have to replace them
or draw them up in a manner that places a strain
on them.

Sometimes considerable difficulty is experienced
in pulling wires into long runs with a number of
bends, but a great deal of this can be eliminated by
the proper care. If a large number of wires are to
be pulled into any conduit, or if they have been
started and don’t come through easily, it is well to

WIRES IN CONDUIT

Number of Wires in One Conduit

5 6

Size of Wire 1"2l3|4 7 slg

Minimum Size of Conduit in Inches

14 gl 18] 14 *34| %) 1 [*1 1 1
12 IR AR 1 1 14
10 AR IRNE 1 14| 14} 1Y
8 o %t 1 1 1% 14) 1] 14
6 By g 1Y) 1w 1) 2 |22
5 g 14 14 1] 272 |2 |2
4 sy 1yl 272 2 (2 |2y
3 sl iyl yl 1wl e f2 |2 | 2yl 2k
2 sl 1 1] 2 | 2 | 2y 24l 214
1 3 18] 1| 2 7| 2 | 21| 2% 3 7| 3
0 1|1l 27| 2 | 214 26| 3 [ 3 |3
00 1 2 12 [21312]3 |3 |3 |3%
000 1 2 |2 (2w 3|3 [3 |34 3%
0000 1] 2 | 2w| 2% 3 | 3 | 34| 34| 4
200000C. M | 134 2 215] 214( 3 3 3| 345 4
225000 14| 2bsf 2341 3 [ 3 | 3%
250000 114] 218l 2141 3 | 3 | 35
300000 11| 214 3| 3 | 31| 314
350000 14| 215] 3 | 34) 35| 4
400000 143713 |3 47| 4
450000 1%l 3 |3 | 314 4 |4l
300000 11413 [3 | 3% 4 |44
550000 1% 3 | 3k 4 7| 4| 5
500000 2|13 [3u4 |44 5
550000 2 | 3%) 3l4] 4
700000 2 | 315| 315 4%
750000 2 | 3L 3] 41s
300000 2 | 3[4 | 415
850000 2 | 34| 4 | 4k
900000 2 | 3404 | 4
950000 2 |4 a4 |5
1000000 2 a4 |4 5
1100009 2150 4 | 144) 6
1200000 215 414] 414| 6
1250000 215 414] 414| 6
1300000 2s| 4% 5 7| 6
1400000 2051 415l 5 | 6
1500000 2yl 4140 5 | 6
1600000 2505 | 5 |6
1700000 3715 |5 |6
1750000 3 15 15 |6
1300000 3 {5 |6 |6
1900000 3 |5 16
2000000 3 |5 16

*Where single conductor, single braid, solid wires
only, are used, four No. 14 wires may be installed in a
14 Inch conduit and up to seven No. 14 wires 1n a %
inch conduit. Three No. 12 wires may be installed in a
Y% inch condult, four No. 10 wires in % Inch conduit
and three No. 8 wirgs in a % Inch conduit.

Fig. 69. This table gives the proper number of wires of different sizes
which can be allowed in various conduits. It is very convenient to
use in selecting the proper size of conduit for certain number of
wires of any desired size.

withdraw them and blow some powdered soap
stone, or even powdered soap, into the conduit.
This lubricates the wires, and eliminates a great
deal of the friction, without doing any damage to
their insulation. This is particularly useful when
pulling in large cables.

Never use oil or grease of any kind on the wires,
as it is very injurious to the insulation.

While pulling on the wires from one end, it is a
very good idea to have someone feed them care-
fully in to the point where they are drawn in. Keep-
ing the wires straight and free from kinks and
twists will help considerably to make them pull in
with the least possible friction.

Sometimes in vertical runs of conduit, instead of
using a steel fish tape, a “mouse” consisting of a
small steel ball or piece of steel chain, is dropped
through the pipe with a string attached, and this
cord can then be used to pull in the wires; or a
large rope which in turn can be attached to the
wires.

Wires in long vertical runs of conduit in high
buildings should be supported at various intervals,
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either by driving wood wedges into the pipes at
outlet boxes, or by looping the wires around strain
insulators in special boxes. This is done to remove
from the wires near the top the strain of the weight
of a long vertical run.

57. NUMBER OF CIRCUITS .AND WIRES
ALLOWED IN ONE CONDUIT

Wires of different voltages, such as bell wires
and wires for light or power, must never be run in
the same conduits.

When running wires for alternating current sys-
tems, the two wires of a single phase, or three wires
of the three phase system, must all be run in the
same conduit; otherwise, they will set up magneti-
cally induced currents in the iron pipe, which will
cause it to overheat.

Running all the wires of the same circuit through
the one pipe causes their magnetic flux to be neu-
tralized, because the currents flow in different
directions through the different wires.

Fig. 69 shows a table which gives the proper
number of wires that can be allowed in conduit of
any given size; or, in other words, this table can
be used to determine the sizes of conduit required
for any number of wires of a certain size.

For example, from 1 to 3 No. 14 wires will
require Y2-inch conduit, while 4 or 5 can be run in
34-inch conduit, and from 6 to 9 in l-inch conduit.
To run 4 number 10 wires requires l-inch conduit,
or to run 3 number 6 wires requires 1%4-inch con-
duit.

I'hese figures are for double braid insulation. For
single braid, see note under table in Fig. 69.
RUBBER-COVERED WIRE.—OUTSIDE DIAMETERS.
o3 g & @
5% Diameter E 5—5 Diameter | &
A g | Outside S @ e | Outgide L a
Size | "% [ Insulation | & 2 Size 57 [ Insulation | &2
Wire LB |— £¢ Wire 5 [————| B8
g & Near | 5= E& Near-| 2=
2 B linches| est | £ .8 & {Inches| est | .&
=& 64th | 5 Ao 64th | O
14*| .064] .19 250,000 | .575( .s0| 51 [ 2%
12*| 080[ [21 300,000 | .630| 94| sig | 20%¢,
10*| .102| .24 350,000 | .631| 091 3%
8+ .128| .27 400,000 | .728) 1.03|1 3¢ | 3'%;
6 | .184] (20 450,000 | -772| 1.08/1 %, | 3%
5| .206] .22 500,000 | .814| 1.12|1 3¢ | 3%«
4| .232| 45 550,000 | .855] 1.18| 113¢, | 3¢¢
3 | .260] 148 600,000 | .893] 1.23f 1154, | 3%,
2 | ‘202 (51 650,000 | .920] 1.27| 114, | 3%%,
1| .332| .58 700,000 | .964| 1.30| 11% | 4 %6
0| .373] .62 | wg 19 || 750,000 | .998| 1.33] 31 | 412
00 | .418| 167 | 43¢ (274 || 800,000 |1.031| 1.36| 533¢, | 4%k
000 | .470] .72 | 48 | 2174 || 850,000 |1.062] 1.40| 1254 | 4264,
0000 | .528| .78 | 50 | 229 || 900,000 |1.093] 1.44| 128¢; | 433,
950,000 |1.123] 1.47] 1304 | 4%,
1,000,000 |1.152] 1.50] 133¢, | 4464,
1,250,000 [1.322| 1.68] 1444, | 54
.500.000 |1.412| 1.78| 15%, | 53%¢,
1,750,000 [1.552] 1.921 1% | 6 3¢,
) 2/000,000 116311 2,002 | 613

Fig. 70. This table gives the diameter of various sized wires in inches
ar.ld fractions. These diameters are given both for bare and insulated
wires,

This table is very easy to read and use, by sim-
ply noting the sizes of the wire in the left-hand
column and the number of wires desired in the row
across the top, and then reading down under this
number to the line for that size of wire, where the
proper size of conduit will be found.

Examine this table carefully and become familiar
with its use because it will prove very convenient.

For wire groups and combinations not shown in
the table, it is recommended that the sum of the
cross sectional areas of the wires to be run in any
conduit should not be more than 40 per cent of the
area of the opening or bore in the conduit.

Under such conditions, however, it is usually well
to consult the Inspection Department before going
ahead with the work.

Dimensions of Rubber-Covered Wire,

900,000 C.N.
050.000 C.M.

Wire Area Wire Area Wire Area
14 .028 225,000 C.M. LB 1,000,000 C.M. 1.74
12 .035 250,000 C.M. .58 1,100,000 C. M, 2.04
10 .045 300,000 C.M . .69 1,200,000 C. M. 2.16

8 057 350,000 C.M. .77 1,250,000 C.M. | 2.22
6 13 400,000 C.M. 83 1,300,000 C.M. 227
5 15 450,000 C.M. .02 1,400,000 C.M. | 2.40
4 17 500,000 C. ). 99 1,500,000 C.N . 2.52
3 | 19 550,000 C.M. | 1.1% 1,600,000 C.M. 2.63
2 1.2y 600,000 C.M. | 1.19 1,700,000 C.M. 2.78
1 1 .27 650,000 C. M. 1.27 1,750,000 C. ). 2.85
o .31 700,000 C.M. | 1.33 1,800,000 C.M. 2.89
00 36 750,000 C.M. 1.39 1,900,000 C.M. 3.05
000 42 800,000 C.M. | 1.45 2,000,000 C.2 L 1 314
0000 49 850,000 C. M. 1.54
1.
1

.68

Fig. 71. Table of areas of various wires and cables in square inches.
These figures are very convenient when calculating the area of a
?i‘;nm.ber of conductors to go in conduit. Areas given include insula-
The table in Fig. 70 gives the diameter in irac-

tions of an inch for the different sized wires, both

bare and with insulation, while table 71 gives the
area in thousandths of a sq. inch of the more com-
mon sized wires. These tables will make it easy to
determine the total area of a number of wires of
any size that you might desire to run in conduit.

Then it will be easy to tell whether this is more

than 40 per cent of the size of the conduit, by refer-

ring to table 72, which gives the area in sq. inches
of the different standard sizes of conduit.

DIMENSIONS OF CONDUIT

‘ 409% of | 40% of
Conduit | Area Area Conduit | Area Area
14 306 122 3 734 | 293
3 .516 .206 31, 9.94 3.97
1 .848 .339 4 12.7 5.08
13 1.49 .596 4% | 159 6.36
114 2.03 812 5 19.9 7.96
2 3.32 1.328 6 | 28.8 11.52
214 4.75 1.9
| |

Fig. 72. This table gives both the total area of the inside opening in
conduit, and 409% of the area of the different sizes, which is the
amount that can be occupied by the conductors.

This latter table also shows in two of the col-
umns, 40 per cent of the area of each size conduit,
which makes it a very handy table. As an example
of its use, if we were required to run six number 6
wires and four number 2 wires all rubber covered,
we would multiply the area of a number 6 wire,
which is .13, by 6; or .13 X 6 = .78. Then also mul-
tiply the area of a number 2 wire which is .21, by 4;
or .21 X4 =284 Then .78 plus .84 equals 1.62
square inches, total area for all the wires.
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Now in the column headed “40 per cent of the
area” it will be found that a 2V5-inch conduit will
be required, as it is the next larger, and 40 per cent
of its area will be 1.90 square inches.

Ordinarily the Code doesn’t permit more than
nine wires of any size in one conduit. Sometimes it
is not advisable to allow even this many, not only
because of the difficulty in pulling them in but also
because if one wire breaks down or develops a short
or ground, the arc is likely to damage the insulation
of all the others and cause trouble in other circuits
as well.

Where lead covered conductors are to be run in
conduit. the table in Fig. 73 will be very con-
venient for determining the proper size of conduit
for any number of lead covered wires of a given
size.

SIZE OF CONDUIT FOR THE INSTALLATION OF WIRES AND
CABLES

Lead Covered Wires (0-600 Volts) (Single Conductors)

Number of Conductors in
. . One Conduit
Size of Qutside | Diam.
SIS (0 Diam. Dee. 1 l 2 ; 3 4
\WYHRS 6dth | Equiv.
Minimum Size of Conduit
in Inches
14 16 Yo 1 b bA
12 18 ik &, 8 1
10 21 Y% EA 1 1
8 23 % 1 1 1Y
[3 30 B 11 14 1%
5 32 i 114 1Y 11
4 33 3, 14 114 2
3 35 g 3 115 1% 2
2 37 o 1 11 2 2
1 41 o 1 2 2 214
1/0 44 o 1 2 2 215
2/0 47 g 1 2 2 214
3/0 50 . 11 2 2145 3
4/0 54 . 11 214 214 3
250,000 62 & 11 3 3 315
300,000 65 d 114 3 3 31,
350,000 68 d 1% 3 3 31,
400,000 71 o 114 3 3% 4
450,000 74 1.15 114 3 31, 4
500,000 78 1.21 2 31 3% 4
550,000 86 1.34 2 31, 4 4%
600,000 88 1.37 2 315 4 415
650,000 90 1.40 2 4 4 5
700,000 92 1.43 2 4 4 5
750,000 94 1.47 2 4 4 5
800,000 96 1.50 214 4 4% 5
850,000 99 1.55 214 4 414 5
900,000 100 1.56 214 4 414 5
950,000 102 1.59 214 41 414 6
1,000,000 105 1.64 214 414 4% 6
1,250,000 116 1.81 3 5 5 6
1,600,000 126 1.97 3 5 6
1,750,000 136 2,12 3 6 6
2,000,000 142 2.21 3 6 6

Note.—Nos. 14 to 8, solid wires, all other stranded. Outside
diameters are given as wires of different makes vary in the
outside diameters of similar sizes, This table is based on runs
of fifty feet and not more than two standard right angle elbows.
Where there are no elbows, or where manufactured bends of
a radius greater than the standard elbow are used, special per-
mission in writing may be granted for a deviation from the
above table.

Fig. 73. This table gives the number of lead covered wires of different
sizes that can be contained in various sized conduits.

58. GROUNDING CONDUIT SYSTEMS

When the entire conduit system is installed com-
plete from the service switch and meter throughout
the entire building, it must be thoroughly grounded
as near to the source of current supply as possible.
This ground connection should be made at a water-
pipe whenever available. If no piping systems are
in the building which can be depended upon for a
good ground connection, then a good ground rod
or piece of pipe can be driven into the ground

eight feet deep to make sure that it is always in
contact with moist earth, or a large plate of metal
can be buried several teet in the earth, and covered
with charcoal and salt as well as earth.

All conduit systems are required to be grounded,
whether any part of the wiring within them is
grounded or not. These ground connections from
the conduit to the waterpipe or ground rod should
be as short as possible, and always accessible for
inspection, as they must be maintained in good,
unbroken condition at all times.

Where the wiring system is not polarized and
none of its wires are required to be grounded, the
conduit can be grounded by use of copper ground
strips, as shown in Fig. 74, or by extending a piece
of conduit from the regular conduit system to the
waterpipe and attaching its ends to both of them
by special clamps.

Fig. 74. Copper grounding strip of the type shown above is often used to
ground conduit systems to the waterpipes or earth grounds.
\Where wires are used for grounding, the wire
should not be smaller than a No. 8, and should be
attached to the waterpipe with a special grounding
clamp, two styles of which are shown in Fig. 75.
Fig. 76 shows three styles of grounding clamps,
the upper one of which is equipped with a cable
lug, into which the heavy ground wire or cable
should be securely soldered. The lower view shows
two clamps that are used to attach both the ground
wire and a piece of conduit to the waterpipe.

Fig. 75. Two types of grounding clamps used to securely attach ground
wires to waterpipes.

These are used for polarized wiring systems, which
will be explained later, and in which it is required
to ground the neutral wire of the system with a
ground wire, which is run through a short piece of
conduit that is also connected to the waterpipe.
This conduit not only acts as a ground for the con-
duit system, but also as protection for the ground
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Fig. 76. Several approved type ground clamps used to attach both the
conduit and ground wire to waterpipes.

wire of the clectrical system. Alwavs scrape all
paint or rust from any pipe before attaching the
ground clamp.

This thorough grounding, as previously men-
tioned, is an essential requirement for maximum
safety from fire and shock hazard in a wiring svs-
ten, and should be done with the greatest of care
by the electrician when installing such systems.

[Fig. 77 shows what is called an isometric view or
phantom view of a house in which a conduit sys-
tem has been installed. This view shows the service
and meter box in the basement, and the various
runs of conduit to baseboard. convenicnce outlets
and wall switches, wall and ceiling light fixture out-
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lets on both the above flours, as well as a light in
the attic.

59. ELECTRICAL METALLIC TUBING

This is a lightweight pipe, much like rigid con-
duit, which has recently been approved by the Fire
Underwriters. 1t is made with very thin walls, so
thin in fact that we are not permitted to thread it
This means that threadless fittings are used. which
saves considerable labor.

Fig. 78 shows one of the fittings in a sectional
view which shows the manner in which the tapered
split sleeves are drawn in by the threads to Qarp

the pipe.

Fig. 78. Sectional view of a fitting for threadless conduit, showing the
special gripping sleeves inside its ends.

Fig. 79 shows how easily the fittings can be
placed on or removed from the pipe, by slipping
the lock-nuts on the pipe and the grip-nuts inside

:
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Fig. 77. Isometric or phantom view of a house in which conduit js
installed. Note the arrangement of conduit in walls and ceilings,
and the locations ot various outlets.
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Fig. 79. This view shows the convenient manner in which threadless
fittings can be installed with conduit.

the fitting. This tubing is lighter and easier to han-
dle than regular conduit and is lower in price. It
can be bent with less effort, and the cost of installa-
tion, due to the saving of time, is also less. Special
couplings and fittings of all types are supplied for
this tubing, similar to conduit fittings but with the
grips for threadless pipe. Fig. 80 shows a coupling
used for threadless tubing.

Split bushings are also made for use of standard
conduit fittings with metallic tubing.

Fig. 80. Special coupling used for connecting together lengths of thread-
less conduit or electric metallic tubing.

With a few exceptions, the same rules apply to
this metallic tubing as to the standard conduit,
but it cannot be run concealed. This tubing and its
special fittings must be so finished that it will never
he mistaken for rigid conduit. It may be finished
wn either enamel or zinc and in standard sizes is
approved in only 15" or 34” and 17. Its use is re-
stricted to voltages of 300 volts or less, to No. 8
‘wire or smaller, and no circuit therein shall be
fused for over 30 amperes. Furthermore, it can only
be used in exposed dry places where it cannot be
subjected to mechanical injury or corrosive vapors.

Even with all these restrictions, its advantages,
as noted above, make it a desirable system when
put to its intended use. Fig. 81 shows a section of
an installation of threadless tubing.

Fig. 81. Section of an installation of electric metallic tubing with thread-
less fittings.

60. FLEXIBLE CONDUIT

Flexible conduit is used very much the same as
rigid conduit, except that its flexibility permits it
to be fished into walls and partitions in old build-
ings, where rigid conduit cannot be conveniently
installed.

As mentioned before. flexible conduit consists of
tubing made of spirally wound steel strips. the
turns of which are sccurely locked together to form
a continuous metal casing in which the wires are
run. Figs. 82 and 83 show pieces of flexible conduit
of different types, which will give you a general
idea of its construction.

Fig. 82 & Fig. 83. Pieces of several types of flexible conduit, showing
how it is constructed of narrow steel strips wound spirally.

Like rigid conduit, this system must be run con-
tinuously from one outlet to the next, and the en-
tire system grounded.

Fig. 8 shows several types of couplings used in
connecting lengths of flexible conduit together, and
also to attach it to outlet boxes. The upper left
view shows an ordinary straight coupling and the
grooves which enable it to grip the turns of the
conduit when it is bolted on. The lower left view
shows a fitting for making sharp turns with flexible
conduit. where it attaches to an outlet box. The
upper right hand view shows a coupling that can
be used for attaching flexible to rigid conduit, or
for attaching flexible conduit to an outlet box, with
an added nipple. The lower right view shows a
very common connecter used for attaching either
flexible conduit or armored cable to outlet boxes.

Flexible conduir is not as waterproof as rigid
conduit is, and should not be used in very damp
places, unless rubber covered wires with lead
sheaths are used, and it should not be imbedded in
concrete.

Its particular advantages are for wiring old build-
ings, getting through difficult places with a number
of bends, and for runming flexible leads from rigid
conduit to motors or other electrical machines.

Fig. 85 shows a photograph of a motor connected
up with flexible conduit. This is one of its very
definite advantages as it allows a motor to be
moved slightly to tighten belts, etc.
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The same type of outlet boxes, conduit straps,
and many of the same general rules for rigid con-
duit are also used for flexible conduit.

The more important points of conduit wiring sys-
teins have been carefully covered in this section,
and it will be well for you to get a good general
understanding of this system, as it is one of the
most important of all and is in very extensive use.

Fig. 84. Several types of couplings used for connecting flexible conduit
together or to outlet boxes.

61. ARMORED CABLE

On the outside, armored cable looks much like
flexible conduit. But there is this difference; while
the latter has the wire pulled in after it has been
installed, armored cable has the wires already in
when purchased. It is made in two tvpes and is
frequently known as BX or BXIL.. The former con-
sists of one, two, three or four conductors with rub-
ber insulation and heavy waxed braid, and then an
addition of an armor of steel ribbon.

Fig. 8 shows a piece of 3-wire BX and one with
two wires. Note the color markings of the wires
and the extra twin braid over each group.

BXL is made in a similar way but has the addi-
tion of a lead sheath just under the steel armor.
This makes it waterproof and permits it to be used
where there is moisture, or where it is exposed to
the weather. BX may be obtained with wires from
No. 4 to No. 14.

62. ADVANTAGES OF ARMORED CABLE
WIRING

Armored cable wiring is a very popular system
for all wood construétion buildings. While rigid
conduit is usually used for concrete work, and
sometimes used for other types of buildings, it is
occasionally found too expensive for certain jobs.
The use of armored cable or BX gives us a first
class job at low cost, can be installed almost as
cheaply, and is much better than Knob and Tube

Fig. 85. Flexible conduit is very convenient for motor connections, as it
allows some movement of the motor for belt tightening, etc.

worlk. It makes a good job on all new work, and is
absolutely the best system for old house wiring.
It is very convenient and economical to install be-
cause its flexibility makes it easy to run in difficult
places and because, when BX is installed, the wires
are in also and do not have to be pulled in later.

The same outlet and switch boxes are used for
BX as for conduit, and are installed with BX fit-
tings made for the purpose and clamped securely
to the BX armor, and then fastened to the boxes
with a lock-nut. Fittings are also made so that BX
can be used in conjunction with the other systems
of wiring. Several of these fittings are shown in
Fig. 87.

LTI ITRER R ELY

Fig. 8. Pieces of two different types of two-wire and three-wire
armored cable. This material is supplied with the wires already in
the armor.

Fig. 87. Several types of fittings used for attaching armored cable to
outlet boxes or rigid conduit.

Where possible BX should be fastened to the sur-
face wired over with the proper size pipe straps.
BX must be continuous from outlet to outlet. A
violation of this would mean that you would have
splices outside the outlet boxes, which is against
the rule for metal systems, and then besides, you
would increase the chance of not having a perfect
ground throughout the system. The braids over -
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the insulation of the different wires have different
colors so the wireman can trace the “hot” or
grounded wires, as will be explained later.

BX can be bought in rolls of 250 ft. or less, and
then cut into the desired lengths with a hack saw.
Fig. 88 shows a coil of BX as it would be bought.

- ' f"?frfk‘ i

Fig. 88. A coil of armored cable or “BX"” showing its convenient flexi-
bility, which is one of the decided advantages of this material for
wiring systems.

63. CUTTING AND STRIPPING BX

To cut BX, simply hold it firmly in a vise or
against your knee or a piece of wood, and cut across
one turn of the spiral steel wrapping, being sure to
cut clear through one turn or strip of this steel,
but do not cut into the insulation of the wire under-
neath.

To cut clear through the one turn it is necessary
to cut into the turn next to it a little. Practice this
cutting and you will soon find just the proper argle

Fig. 88-B. The top view shows the proper method of cutting BX armor
with a hack saw. The center view shows how it can then be broken
apart without damaging the conductors or insulation inside. A
short section of the armor can then be pulled off the end of the
cable as shown in the lower view. .

to hold the hack saw, and it will become very easy
to make a neat cut. See Fig. 88-B.

When the armor strip is cut through, bend the
BX to open the cut and the armor will separate,
and then the wires can be cut through squarely and
easily with the hack saw.

To attach BX to an outlet box make the cut as
described about 6 inches from the end, but only
through the metal. Then bend the BX at the cut
and separate the armor, and the short length can
be easily pulled off from the ends of the wires. This
leaves them ready to split the outer braid and strip
the insulation for splicing. Fig 89 shows a piece
prepared in this manner.

Fig. 89. This sketch shows how the ends of conductors in armored cable
can be stripped for connections and splicing.

64. USE OF BXL

BXL or lead sheath BX is a very good system to
use in underground work, running from one build-
ing to another, such as from a residence to a garage
in the back end of the house-lot. A ditch of the
proper depth, say 2 ft.. can be dug. As the cable
is flexible, this ditch does not necessarily have to be
absolutely straight, but may be around any ob-
stacle that might be in the way. Where galvanized
rigid conduit is used more care has to be taken,
and the joints where the lengths of conduit are
coupled together must be leaded to keep out mois-
ture. Great care should be taken in handling BXL,
so as not to crack the lead. This precaution, of
course, should be taken with all lead covered cables,
but it is verv necessary with BXL, as damage to
the lead cannot be detected by inspection, and will
only show up possibly weeks afterwards when
moisture has time to leak through and cause a
short.

65. METAL RACEWAYS OR MOLDING

Metal Raceways or metal molding is one of the
exposed wiring systems that is quite extensively
used. Although it does not afford such rugged and
safe protection for the wires as conduit and armored
cable do, it is a very economical and quite depend-
able system, and is very convenient to install in
finished buildings where new wiring or extensions
to the old are to be installed. One of the advan-
tages of metal molding is its neat appearance
where wiring must be run on the surface of walls
or ceilings in offices, stores, etc.

It must never be run concealed or in damp places.

Two of the leading manufacturers of metal race-
way materials call their products respectively, wire
mold and metal molding, and they are quite com-
nmonly known by these names.
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Fig. 90. Two pieces of metal molding of a very neat appearing type
for exposed wiring systems.

Fig. 90 shows two picces of one style of molding
called “Ovalduct”, and in which the wires are
drawn after it is installed, similarly to conduit.

Fig. 91 shows another style that comes in two
strips. The back strip is installed and then the wires
are laid in it and the cap snapped in place over them.

Fig. 91. Another type of metal molding with a removable cap or cover
strip, which can be placed on after the wires are insulated.

Various types of fittings for couplings, corner
turns, elbows, outlets, etc., are provided to fit these
moldings. Fig. 92 shows a number of these fit-
tings, and Fig. 93 shows a-closer view of a common
elbow fitting. 5

Many of the rules for BX systems apply also to
metal raceways, such as: it must be continuous
from outlet to outlet, must be grounded, and all
wires of an A.C. circuit must be in one raceway,
etc.

You will note from the Figures 90 and 91 that
metal raceways are made in two sizes for either
two or four wires. Another size is available now for
10 wires, but is to be used only in certain places as
allowed by the Code or local authorities. Wires
sizes No. 14 to No. 8 can be used with these mold-
ings. and the wire must be rubber and braid cov-
ered, and installed with no splices except at proper
boxes or fittings.

Fig. 94 shows a fitting that can be used as a junc-
tion box and for splices, or for an outlet box when
a cover is used with an opening as shown.

Fig. 95 shows several sizes of boxes to be used
with metal raceways, for mounting switches and
receptacles. Note the wall plates which are to be
attached to the surface wired over, and have slots
in their edges for the molding to be slipped under
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Fig. 92. A number of various types of fittings are provided for use with
metal molding in making turns in the corners of walls and ceilings.

Fig. 94. This view illustrates the use of a junction box in which splices
can be made, and various runs of metal raceway attached together.
We can also attach lights or receptacles to the smaller opening in
the cover of this box.
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Fig. 95. Several styles and sizes of outlet box for use with metal mold-
a ing and in which switches or receptacles can be installed.

Back plate and
Molding Installed

on Surface.

Box mounted.

Toggle Switeh In-

Installation  Com-
stalled in Box. i

pleted with Flush
Device Plate No.

Fig. 96. These views show the various steps in installing a switch in
the outlet box of a metal raceway system.

to anchor it to them. Fig. 96 shows how these
boxes are installed and the switches mounted in

them.

Fig. 97 shows a number of other fittings for vari-
ous uses as their descriptions indicate.

Metal molding can also be bent to fit or go

For this
purpose a bending tool, such as shown in I'ig. 93,

around various corners or obstructions.

is used. This device has a rounded fitting on its
handle, to make the molding bend in a neat curve
of the proper size and without flattening. Mecld-
ing is casy to bend because of its thin walls.

66. NEAT APPEARANCE

Fig. 99 shows the neat appearance of a run of
metal molding to two ceiling light fixtures. This
view shows that it is one of the best appearing of
all exposed systems of wiring.

TO CONNEOT WIREMOLD
CONDUIT WITH'"OPEN
woRrK!"

USE 2.3 OR 4 HOLE CON-
DULET COVER AS
REQUIRED

CORD ROSETTE

USE CONDULET CORD
ROSETTE COVER WITH
NO. B7T20

FIXTURE ROSETTE

USE CDNDULET FIXTURE
ROSETTE COVER WITH
NO. 5728

LAMP RECEPRPTACLE

USE CONDULET LAMP
RECEPTACLE COVER
WITH NO, 5729

PLUG RECEPTACLE

USE CONDULET FPLUQ
RECEPTACLE COVER
WITH NO. 5729

PASSING THRU
BASEBOARD

WITH PIPE OR BX
FOR PLUG RECEPTACLE
OUTLET

Fig. 97. Above are shown a number of fittings used with metal molding
and an explanation of the use of each.

Fig. 98.

This view shows a bending tool, and the method in which

metal molding can be bent into different shapes for turns and corners.

Fig. 99. Section of a metal raceway wiring system with two light
fixtures attached. Note the neat appearance of this type of wiring

for exposed work.
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The method of attaching a fixture canopy to the
ceiling plate and fixture stud, is shown in Fig. 100,
and Fig. 101 shows how connections are made to
the running wires, for drop cords and light fixtures.
Note the porcelain connector block used to attach
the fixture wires to the running wires by terminal
screws instead of splices.

Fig. 102 shows the installation of a convenience
outlet and the method of attaching a piece of BX
to the same box, to run to a wall light fixture.

67. UNDERFLOOR RACEWAYS

These are runways considerably larger than me-
tallic tubing, and are restricted about the same
way, including the voltage, size of wire, and fuse
limits. In addition, not more than 10 wires can be
placed in any one raceway and the combined cross-
sectional area of all conductors must not exceed
30% of the interior cross-sectional area of the race-
way. These raceways may be either rounded or
rectangular, and may be run exposed cr embedded
in concrete floors, provided the structure is not
weakened Dy their use. The upper surface of flat
top ducts cannot be over 4” wide. They may be
either open-bottom or closed-bottom types, and all
joints and edges must be filled with a water-proof
cement. The usual requirements of other metal sys-
tems, that there be an electrical continuity of the
raceway throughout and that it be grounded, must
be strictly observed.

Fig. 100. This sketch shows the ceiling plate and fixture stud to which
the light fixture and canopy are attached, and ako the slots for
attaching the molding to this plate.

Senuiin

Fig. 101. The above views show a number of styles of fittings used with
metal molding and the method of making connections for fixtures.
Note the connector blocks used for attaching fixture wires to the
running wires.

Fig. 102. Convenience receptacle and box on a metal molding system,
showing BX attached for a branch circuit to a light.
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FUSES AND SWITCHES

68. FUSES

Every wiring system. no matter what type it
may be, must be properly fused. This is a strict
requirement of the National Code, and an absolute
necessity, both to protect the wiring and equipment
on the circuits as well as persons who might handle
them.

Fuses in electrical circuits are similar in purpose
to safety valves on steam boilers. With a boiler,
whenever the steam pressure rises so high that it
is unsafe and more than the strength of the boiler
should stand, the safety valve opens and relieves
this pressure. In electrical circuits, whenever the
current load becomes more than the wires can
stand without overheating and Dburning their in-
sulation, the fuse blows and disconnects the circuit.
So we can readily see the great importance of hav-
ing in every electrical system fuses of the proper
size and type.

Fuses are made in many ditferent styles and sizes
for different voltages and current loads, but thewv
all operate on the same general principle, that is,
opening the circuit by melting a piece of soft metal
which becomes overheated when excessive current
flows through it.

The temperature rise which melts a fuse depends
upon the amount of excess current, the duration of
excess current, and the ease with which heat es-
capes from the fuse.

69. LEAD LINK FUSES

Early types of fuses were simply a piece of lead
wire connected in the circuit, through which cur-
rent flowed to the lines and devices to be protected.
This lead wire, being soft and easy to melt, would
blow out as soon as the current load in amperes
went above a certain amount. These pieces of wire
were kept short and fastened securely under termi-
nal screws, so that their resistance would not be
high enough to cause much voltage drop in the cir-
cuit. By selecting the proper size of lead wire they
could be made to open the circuit at almost any
desired current load. This tvpe of Link or lead
wire fuse is not very safe or dependable. Such fuses
have a tendency to oxidize and corrode, and become
quite inaccurate after being in service a while. In
addition to this, when they do blow out, the molten
metal spatters over equipment, and is likely to
injure persons if they are nearby.

70. CARTRIDGE FUSES

You will still find lead link fuses in use in some
places, but in general they have been replaced by
the modern Cartridge Fuses on all circuits of over
30 amperes capacity, and some of less; and by the
Plug Fuse on circuits with under 30 amperes load.

Fig. 103 shows two types of cartridge fuses and
the renewable fuse link used with them. This type
of fuse consists of a hard fibre cylinder in which
the fuse strip of soft metal is contained. This strip
is gripped tightly by the brass ferrules on the end
of the fuse chamber, so the entire cartridge can be
conveniently mounted in a Fuse Block. Several
types of these are shown in Fig. 104.

Fig. 103 The above view shows two types of cartridge fuses and one
of the fusible lead links which are used inside these cartridges.

The fuses are held in the blocks by spring clips
which grip the metal ferrule at the end of the cart-
ridge. This makes them very easy and quick to re-
new when one blows out. The cartridge fuse is
much more reliable and accurate because the fuse
link is enclosed in the cartridge, and its temperature
is not affected by air currents as is the open fuse

link.

With a cartridge fuse, when the link blows out
the arc or flame and molten metal are all contined
within the cartridge, except in very rare cases when
a heavy short circuit may cause the cartridge to
explode.

Most cartridge fuses are of the renewable type
in which the burned out link can be quickly re-
placed by unscrewing the ferrules or caps at the
ends. The burned piece can then be removed and
a new link inserted, the ends being folded over and
securely gripped by the caps when they are screwed
back on, or held under bolts on the knife blade
type. The cost of this renewal link is very small,
and as the cartridge very seldom needs to be re-
placed, the proper fusing of circuits is of very small
expense compared with its protection value.

Fig. 104. These porcelain fuse blocks are equipped with spring clips in
which the cartridge fuses are held.
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71. “CUT-OUT” BLOCKS AND KNIFE
BLADE FUSES

The porcelain Dlocks for holding the fuses are
often called Cut-Out Blocks. The smaller fuses are
used in circuits up to 60 amperes and are made in
the ferrule type, or with the round end caps. Large
sizes for from 03 to 000 amperes are made in the
knife-blade tvpe, with short flat blades attached to
the end caps. These blades fit into clips on the fuse
block, which are similar to regular knife switch
clips. This type of construction is used on the
heavier sizes because it gives a greater area of con-
tact surface at the clips for heavy currents to flow
through. Fig. 105 shows two knife-blade type cart-
ridge fuses.

Fig. 105. For the heavier loads of current, knife blade type cartridge
fuses of the above type are used.

Ferrule type fuses for voltages from 250 to 600
are commonly made in the following ampere
ratings: 3, 5, 6, 10, 20, 25, 30, 33, 40, 50, and 60.

Knife-blade tvpe fuses for the same voltages are
made with current ratings of 63, 70, 75, 80, 90, 100,
130, 125, 150, 175, 200, 225, 250, 300, 350, 400, 430,
500, 5350, and 600.

72.  PLUG FUSES

Plug fuses are made with ampere ratings as
follows: 3,6, 10, 12, 15, 20, 25, 30. These plug fuses
are the type most commonly used for fusing branch
circuits in house wiring svstems. They are made
with a threaded base to screw into a socket in the
cut-out blocl, similar to lamp sockets. Several types
of plug fuses are shown in Fig. 106. Those in the
top row are ordinary fuses with a small mica win-
dow, so it is easy to see when they have been blown,
The fuse shown below with an extra element is
of the renewable plug type. These fuses when
blown can be taken apart and the small link re-
placed similarly to the renewal of the cartridge
fuses.

Fig. 107 shows several types of cut-out blocks for
plug fuses.

When any circuit is overloaded a small amount
hevond the capacity of its wires and fuses, the
fuses gradually become warmer and warmer, until
the link melts out and opens the circuit. When a

Fig. 105-B. These sectional views show the construction and arrange-
ment of cartridge fuses and the manner in which the fuse strips are
fastened in them. Note the difference in the mounting of this strip
in the upper and lower cartridges.

circuit becomes severciy overloaded or a short cir-

cuit occurs, the fuse blows instantly, and sometimes

with censiderable flash. This is as it should be be-
cause, if fuses didn't blow at once, a short circuit
would very quickly ruin the insulation of the wires
with the intense heat of the great rush of current.

73. NATIONAL CODE RULES ON FUSES

In general, every electrical circuit and system
should be protected by fuses of the proper size con-
nected in series with its lines, and care should be
used never to allow fuses to be replaced with others
that are too large. The National Code is very strict
in the matter of fusing circuits and a few of the most
important rules are as follows:

)

Fig. 106. The three fuses in the upper row are of the ordinary plug
type with fusible windows to show when the link is blown out.
The lower view shows a refillable plug fuse and one of its refill
elements.
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1. Fuses must be provided at every point where
the wires of a system change in size, except when
fuses closer to the service are small encugh to pro-
tect these wires.

2. TIFuses on fuscd switches must be placed on
the dead side of the switch when it is open.

3. Every ungrounded scrvice conductor should
be provided with a fuse. except the neutral wire of
a three-wire system, which must never he fused at
any point.

4. All ungrounded wires of branch circuits
should be protected by fuses.

5. Two-wire branch circuits on ungrounded sys-
tems must have both wires protected by a fuse in
each wire. ..

6. Ordinary branch circuits must be protected
by fuses not larger than 15 amperes at 125 volts, or
10 amperes at 250 volts.

Sometimes, wlien a fuse blows, some person who
doesn’t understand the function and safety value
of a fuse may replace it with a piece of copper wire
or In some cases even put pennies behind plug
fuses. This is exceedingly dangerous practice and
should never Dbe used under any circumstances, as
it is practically treating the wires of an electrical
system, as if the safetv valve of a boiler were locked.

Fig. 107. Several types of ‘“cut-out” blocks or fuse blocks for plug
fuses are shown above.

When the size of fuses for any certain circuit is
not specified by the Code, it can easily be determin-
ed by the use of your Watts law formula. If we
know the voltage of any circuit and the load rating
in watts of the equipment on this circuit, we can
easily find the current in amperes by dividing the
watts by the volts. This will indicate the proper
size of fuses, providing we are also sure that the
size of the wires is large enough to carry this load.

The table previously given, showing the current
capacity of rubber covered wires, will also be a con-
venient guide to the selection of proper fuses. More
about fuse troubles and maintenance will be covered
in a later section on trouble shooting, and in the
advanced sections on motors and power machinery,
additional information will be given on the proper
sizes of fuses for machines of different horse-power
ratings.

74. PANEL BOARDS AND FUSE CABINETS
In small house-wiring systems, the fuses are usu-

ally placed at the place where the supply wires enter
the house and near the service switch and meter.

In some small homes there mayv be only one circuit
and one pair of fuses, and in larger homes or those
better equipped with complete clectric wiring there
may be from 2 to 6 or more branch circuits and
fuses. I'ig. 108 shows two types of fuse blocks and
safety switches in metal boxes. This is the modern
and approved way to install them.

Fig. 108. Fuse blocks of either the cartridge or plug fuse type are
commonly mounted with a safety switch in metal boxes.

In larger buildings—suclh as apartment houses,
stores, and offices—there may be from a dozen to
a hundred or niore branch circuits, all requiring
separate fusing.

In such cases it is common practice to install in
one central cabinet all the {uses for a large group
of circuits. Fig. 109 shows two such cabinets, one
for a two-wire system and one for three wires. Doth
have main service switclies which disconnect the
entire cabinet and all circuits from the supply wires,
and also separate switches and fuses for each circuit.
The branch circuit switches in these cabinets are
enclosed under safety panels through which only
the handles protrude.

Fig. '109. On the left is shown a two-wire “cut-out’’ panel, and on the
right one for three-wire circuits. Note the arrangement of the
safety switch, plug fuses, and branch circuit switches.

Fig. 110 shows a modern fuse cabinet and metal
panel of the type used in many large apartment
buildings and offices, and Fig 111 shows a connec-
tion diagram for an entire cabinet of this type, in-
cluding the meters.
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Fig. 110. This. is a modern fuse and meter panel for large buildings
which have a great number of branch circuits.

75. SWITCHES.

There are numerous types of switches used in
electrical wiring. It is very important to select the
proper tvpes for various applications and to proper-
Iv understand their use, operation and care.

The purpose of any switch is to conveniently and
safelv make and break an electrical circuit and start
or stop the flow of current. thereby controlling the
operation of the devices on that circuit.

76. KNIFE SWITCHES

Knife Switches arc one of the most common types
and arc used for opening and closing the heavier
circuits, such as main service wires in light and
power wiring syvstems, and also branch circuits to
motors and cquipment using large amounts of cur-
rent.

Knife switches consist simply of one or more
copper blades hinged at one end and with clips at
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Fig. 111. Wiring diagram for modern fuse and meter cabinet.

the other, and proper terminals for connecting the
wires to them. Fig. 112 shows three common types
of knife switches. One is called a Single Pole, one
a Double Pole, and one a Three Pole switch. The
number of poles indicates the number of blades, or
the number of wires the switch can open. They are
also made with 4 poles or more, and Single or
Double Throw. Tlose shown in the figure are all
single throw. Double throw switches have two sets
of clips, one at each end, so the blades can be thrown
either way into either set of clips, thus shifting
from one circuit to another.

Knife switches are made with or without fuse
clips as desired. The three pole switch in Fig. 112
is of the fusible type, while the other two switches
are not,

When installing knife switches, they should be
mounted so that the blades when opened cannot
fall closed by gravity, and they should be connected
so that when opened the blades as well as any fuse
that may be on them will be dead. The blades of
knife switches should alwayvs be enclosed. except
when the switches are mounted on approved switch
boards or panel boards.

3-Pole—Fusible

Fig. 112. Three common types of knife switches. The lower one is
equipped for knife blade type fuses. Note the lugs which are used
for attaching large wires or cables to these switch terminals.
Knife switches that are enclosed in a safety box

and used for service switches in wiring systems
should have a handle on the outside of the box, so
the switches can he opened or closed without open-
ing the door, and some indication or marks should
be on the box to show when the handle is in the
open or closed position.

Switclies used for moctor circuits should have a
current capacity or continuous duty rating of 123%
of the motor blade current rating.

It is very important that the clips of knife
switches be kept properly fitted to the blades, so as
to secure proper contact and prevent overheating
of the switch due to high resistance.

77. SNAP SWITCHES

For the control of lights and branch circuits the
Snap Switch is commonly used. There are several
tvpes of snap switches made, and their name comes
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from the quick snapping action with which they
break the circuit. This action is obtained by a small
spring and is a very important feature of such small
switches, as the speed and suddenness with which it
opens the circuit extinguishes the arc much more
rapidly and effectively, thus to a great extent elimi-
nating fire hazard and preventing burning of the
switch contact.

Snap switches are made in Single Pole, Double
Pole, Three Way, Four Way, and Electrolier types.
ach of these types will be explained.

78. SURFACE TYPE SNAP SWITCHES

One of the very common and simple types of
these switches is the Surface Type Snap Switch.
Fig. 113 shows two switches of this type, one of
them having the cover removed to show the work-
ing parts.

Fig. 113. Above is shown an ordinary surface type smap switch. The
view on the right shows the cover removed.

These switches have a small rotating blade that is
snapped in or out of stationary clips set on the por-
celain base. When the button is turned it first
winds a small coil spring on its shaft, and as it is
turned farther this spring snaps the rotating blade
in or out of the stationary clips.

For convenient connection of the wires, terminal
screws are provided. These screws are of soft hrass.
While they should be tightened enough to hold the
wires securely, they should not be forced too tight
or their threads are likely to be stripped.

Fig. 114 shows several types of surface type snap-
switches.

Surface type Toggle or Tumbler switches are be-
ing installed in preference to rotary button snap
switches in many places today. Fig. 115 shows a
surface type toggle switch on the left and two of
the tumbler type on the right. These switches are
more convenient to operate, as it is only necessary
to push their levers up or down, instead of twisting
a button as on the rotary snap switch.

Fig. 114. Several types of snap switches. Note the “off’”” and “on’
markings used on indicating switches.

Fig. 115, Toggle and tumbler switches of the above type are very
commonly used for surface mounting.

79. FLUSH TYPE SWITCHES

The snap switches mentioned so far are called
“surface” type, because thev are made to mount
right on the surface of the wall. This is often not
as desirable in appearance as the Flush Type
switch, which mounts in an opening cut in the wall,
has a neat flush cover plate. and is a very popular
type. Fig. 116 shows two views of a Push Button
type switch. The left view shows an open side
view and the manner in which the two buttons are
used to rock a small blade back and forth. The right
view shows the top of a switch of this tvpe.

Fig. 116. These two views show the construction and mechanism of
push button type snap switches.

Fig. 117 shows another type of push button
switch on the left, and a toggle switch on the right.
The metal extensions or "lips” on these switches
are used to fasten them in the switch box, which
is mounted in a hole cut in the lath and plaster.
Then the switch plates, or covers, are placed over
them and fastened in place with small screws, pres-
enting a finished appearance as in Fig. 118.

Where it is desired to control a separate hght
by means of a switch on the ceiling near that light,
a ceiling pull-cord switch, such as shown in the
left view in Ifig. 119, is used. The one on the left

Fig. 117. Above are shown a push button switch on the left and a toggle
switch on the right. Both are for flush mounting in switch outlet
boxes. .
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is made to mount right on the surface of the ceiling,
while the one on the right is made to mount in
the side of the outlet box or fixture canopy and is
called a Levolier switch.

There are also small snap switches which are en-
closed in lamp sockets called Key Sockets or Pull
Chain Sockets. IFig. 120 shows a key socket on the
left and a pull chain socket in the center.

Push Putton

Fig. 118. This shows the finished appearance of properly mounted flush
type switches with the covers placed over the outlet boxes.

80. SINGLE POLE SWITCHES

Single Pole Snap Switches are used to break only
one wire of a circuit, and must always be connected
in the ungrounded wire. They are used to con-
trol a light from one place only, and are the most
commonly used of all switches in residence lighting
systems. Single pole switches can always be easily
distinguished from the others because they have
only two terminals for the wires, and only one
blade.

Fig. 119. Two types of pull cord switches for ceiling mounting and
used to control individual lights.

81. DOUBLE POLE SWITCHES

Double Pole Switches are used to open both
wires to a light or device, and thus break all connec-
tions from it to the line. Opening both sides of the
circuit at once also more quickly extinguishes the
arcs at the switch points. A double-pole surface-
type switch always has four terminals and two
blades. These blades are mounted one above the
other on the shaft, and are insulated from each
other. On this type of switch, never connect the
line wires to opposite terminals, but always to ter-
minals on the same side of the switch.

Fig. 120. On the left is a key soeket or switch for controlling lights on
drop cords. The center view shows a pull-chain socket, and on the
right is a push button switck that can be mounted on the end of
a suspended pair of wires.

I'ig. 121 shows some of the symbols used for com-

~mon surface-type snap switches, so you will be able

to recognize them in the following connection dia-
grams.

Fig. 122 shows the connections of a single pole
switch and a double pole switch for controlling the
lamps, “L"” and “L.”.

82. THREE-WAY SWITCHES

Three-Way Switches are used to control a light
or group of lights from two different places, so they
can be turned on or off at either switch. This is a
connection very comnionly used in all modern
homes for lights in halls, on stairways, and other
places. It is also very convenient for controlling
garage, barn, or yard lights, as the lights outside
can be turned on at the house and off again at the
garage or barn. Or the lights can be turned on at
the outer buildings and turned off at the house.

S. R S B
CLOSED OPEN

D.P D.P.
CLOSED OPEN
3 WAY 3 way

ONE POSITION OTHER POSITION

- R

4 WAY 4 WAY
ONE POSITION OTHER POSITION

= =

ELECTROLIER ELECTROLIER
ONE CIRCUIT CLOSED TWO CIRCUITS CLOSED

Fig. 121. The above symbols will be used to represent various types of
switches in the following connection diagrams. Close examination of
these symbols will also help you obtain a better understanding of
each of these switches.

Three-way surface-type switches have four ter-
minals and usually one blade. Sometimes there are
two blades in one line. Two of the terminals are
permanently connected together in the switch with
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D

LINE

LINE

Fig. 122. The top diagram shows a simple single-pole switch connected
to control one light. The lower diagram shows a double-pole switch
connected to break both sides of the circuit to a light.

a shunt wire. Usually these terminals can be located
by a strip of sealing wax in a groove between them
on the base of the switch. This wax covers the shunt
wire. This construction is one means of telling a
three-way switch from other types of surface snap
switches.” On flush type switches, the three-way is
the only one which has just three terminals.

Fig. 123 shows the connection diagram for two
three-way switches used to control a light from two
different points. Note that the line always connects
to the shunt terminal of one switch and the lamp
to the shunt of the other switch. The other two
terminals of cach switch are connected together as
shown. This is a good rule to remember in connect-
ing up three-way switches. Trace this diagram care-
fully and you will find the circuit to the lamp is
closed. Shifting either switch blade will open it,
and again shifting cither one will close it once more.

Fig. 123. Two three-way switches used for controlling a light fron
two different places. Note carefully the manner of connection.

Fig. 124 shows another method of connecting
three-way switches, known as the Cartweis system.
This method is not approved by the Code as it
places line wires of opposite polarity on adjacent
terminals of the switch. This is in contradiction to
the rule given for the common approved connection
and is not considered as safe.

However, this method is sometimes used on 32
volt systems and saves one 1wire where both
switches are to be located near the line wires, as in a
case where a live line is run from a house to the

garage or barn to operate other devices there in
addition to the light.

The first system should always be followed in
interior wiring in houses with 110 volt circuits.

83. FOUR-WAY SWITCHES

Four-way switches are used where it is desired to
control a light or group of lights from more than
two places. By their use in combination with three-
way switches, we can control a light from as many
places as desired.

Fig. 124. This sketch shows the Cartweis system of connecting three-
way switches. This method should not be used on 110-volt circuits
in interior wiring.

The four-way surface-type switch has four ter-
minals and two blades, and can be quite casily dis-
tinguished from the other switches because its
blades always connect to adjacent terminals on the
sides of the switch. No matter which position the
switch is in, the blades always connect together
one or the other set of adjacent terminals.

Fig. 125 shows a method of connecting two three-
way switches and two four-ways to control a light
from four different places.

The important points to note in this connection
are as follows: The two three-way switches are
always counected at the ends of the control group,
with their shunts to the line and lamp, as before
mentioned. Any number of four-way switches can
then be connected in between them as shown. With
surface-type snap switches, the one wire conncct-
ing the three-way and four-way switches together
should always be crossed at each switch as shown,
but the other one just connected straight through
from terminal to terminal on the same side of the
switches as shown. With some flush-type switches
it is not necessary to cross the wires on one side of
the four-ways, as they are already crossed inside
the switches.

3w 4 w 4w 3w

LINE m

Fig. 125. This diagram shows two three-way and two four-way switches
connected to control a light from four different places. Note care-
fully the connection and arrangement of the three-way switches at
the ends, and the manner in which the wires to one side of the
four-way switches are crossed.
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Trace the diagram in Fig. 125 very carefully and
yvou will find that, with the switch blades in their
present position, the circuit to the lamp is closed.
Moving any one of the switch blades into its other
position will open the circuit, and moving any other
one will close it again.

This type of connection is a very valuable one to
know, and you will find it much easier to under-
stand and remember the rules for its connection if
you try drawing several combinations with different
numbers of switches and tracing them out to see if
they give the desired results.

A very important rule to remember in installing
three-way and four-way switches is that they must
all be connected to the ungrounded wire of the
line, and never to the grounded wire. This is a Code
rule, as it is with single pole switches, to make sure
4hat the “hot” or ungrounded wire to the light
is always open when the switch is turned off.

84, SUBSTITUTING VARIOUS SWITCHES

Sometimes in emergencies you may not have the
proper switches on hand and certain others can be
substituted temporarily if desired. For example,
you can use either a three-way or four-way switch
in place of a single pole switch, To use a three-way
in place of a single pole, connect the line wire to
the shunt terminal and the lamp wire to either of
the separate terminals, as in the upper view in Fig.

126.

Fig. 126. "The above three diagrams show methods of substituting vari-
ous switches when the proper ones are not available. The top and
center connections show the use of three-way and four-way switches
in place of single-pole switches. The lower connection shows four-
way switches used in place of three-way switches at the ends of
the group.

To use a four-way switch in place of a single pole,
connect the line and lamp wires to any two adjacent
terminals, as in the center view in Fig. 126.

To use four-way switches in place of the usual
three-ways at the ends of a group for controlling
a light from several places, connect them as shown
in the lower view in Fig. 126.

Some of these switches will cost more than the
proper ones for which they are substituted—for
example, three-way and four-way switches cost
much more than single pole switches—so these sub-
stitutions should only be made in emergencies.

85. ELECTROLIER SWITCHES

Electrolier Switches are used to control one or
more circuits, such as several lights on a chandelier,
or the several sections of a heater element in an
electric range, etc. These switches are obtainable
with two or three circuits. Fig. 127 shows a method
of connecting a three-circuit electrolier switch to
turn on one, two, or all three of the lamps: or turn
them all off if desired. In the upper view all lamps
are out, in the center view only one lamp is on. and
in the lower view two lamps are on. If the rotating
element of the switch were turned one more point
to the right all three lamps would be on.

&
%

| g | o

Fig. 127. These three diagrams show the manner in which an elec-
trolier switch can be used to tuarn on one or more lights at a time.
These switches are very commonly used on elec-

tric ranges and heaters, to get low, medium, or high

heat.

Fig. 128 shows several of the connections for push
button and toggle-type flush switches. The sketch
at “.\”” shows the terminal location and connections
of a single-pole push Lutton switch connected to
control one lamp. “B” shows the terminals and
connections of another type of flush single-pole
switch. “C” shows a double-pole switch connected
to control one lamp. “D” shows two flush-type,
three-way switches connected so that either one can
turn the light on or off. “E” shows two three-way
switches and one four-way switch connected to con-
trol a light from three places. The wires are crossed
at the four-way switch, as is necessary with some
types of flush four-ways. “F” shows the connec-
tion of two three-wavs and one four-way, using the
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type of four-way switch that has its terminal con-
nections crossed inside, so the wires are run straight
through. “G” shows a flush-type two-circuit elec-
trolier switch with connections made to its marked
terminals for turning on first one light, then both
lights, then both off. “H” shows a two-circuit elec-
trolier switch connected to first turn on one light,
then turn it off; next turn on the second light, and
then turn it off. “I” shows a three-circuit electro-
lier switch connected to first turn on one light, next

turn on two lights, next all three lights on; then
all off.

Fig. 128. The above sketches show methods of connecting flush type
switches as represented by manufacturers’ symbols. Check each
connection with its explanation in the accompanying paragraphs.

A great many types of special switches are made
for different applications. However, with a good
understanding of these more common types, and
a careful examination of the blades, terminals, and
parts of any switches you may encounter, you
should be able to understand them quite casily.

Sometimes the small copper blades and clips of
snap switches become badly burned from the arcing
when the circuit is interrupted or flamed, because
they don’t fit properly and make good contact with
each other.

Snap switches are made in different current rat-
ings according to the load they are supposed to con-
trol, and they should never be placed in circuits
where they have to carry more current than they
are rated for, because this will overheat them, burn-
ing and softening the blades and clips until they
are useless. Any snap switch that arcs badly or
sticks frequently is usually an indication of a defect
in the switch or an overload on it.

86. CONVENIENCE OUTLETS AND
RECEPTACLES
In the preceding pages we have occasionally men-
tioned outlet boxes for convenience receptacles. A
modern house-wiring system is not merely to sup-

ply proper lights and convenient control for them.
but should also include in all rooms a sufficient
number of convenience outlets for the attachment
of portable household electrical devices, such as
fans, heaters, curling irons, dusters, sewing ma-
chines, vacuum cleaner, and the many other elec-
trical devices used in the home today. These con-
venience outlets are usually installed in the base-
board, although sometimes they are mounted higher
up in the walls, or even in the box with the switches.

The same outlet boxes can be used as are used
for flush-type switches, and either a single or double
plug receptacle can be installed. Fig. 129 shows
both a single and a double receptacle of this type,
with the cover plates which fit over the outlet
boxes.

L
A

Single Receptacle Duplex Receptacle

Fig. 129. Every home that is wired for electricity should have a suffi-
cient number of convenience outlets or receptacles of the types
shown above.

Fiig. 130 shows the receptacles without covers and
ready to be installed in the outlet boxes. The metal
“lips” on the ends of each one are for attaching
them to the outlet boxes with screws. These re-
ceptacles are connected to wires that are always
live and are not controlled by switches. All that is
necessary to obtain from them current for portable
devices is to push the prongs of the plug, which is
on the end of the cord, into the slots in the recep-
tacle, where they are gripped by spring contacts
mnside.

Fig. 130. These receptacle units are mounted in ordinary outlet boxes
similar te those used for flush type switches. Note the terminal
screws for connection of the wires to the receptacle, and also the
metal “‘ears” for attaching the receptacle to the outlet box.
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86-A. ATTACHMENT PLUGS

Small receptacle plugs can be obtained for screw-
ing into threaded lamp sockets, and to them we can
then attach the regular cord plug. These are com-
monly known as attachment plugs. Fig. 131 shows
both sections of an attachment plug; close to-
gether in the left view, and separated at the
right. The upper or male cap section in the right-
hand view has two connection screws on its prongs,
and can be quickly and easily attached to the cord
of a portable device.

For certain portable tools requiring three and
more wires, special plugs can be obtained. Some
of them also have an extra wire for grounding the

portable tool to the conduit system for safety to
the operator.

y

Fig. 131. Two views of an attachment plug of the type which can be
screwed into a socket. The malk element with the two brass prongs
is attached to the cords of portable devices, and can then be plugged
into any receptacle of this type

THREE-WIRE SYSTEMS

86-B. TWO.-WIRE AND THREE-WIRE
SYSTEMS

We have already mentioned that wiring systems
can be either two-wire or three-wire systems.

The two-wire system does not need very much
explanation as its connections and principles are
very simple. They are the ones commonly used in
small homes, and consist of the two main wires
brought into the building from the power com-
pany's lines, and properly equipped with service
switch, fuses, and meter.

From this point several branch circuits with two
wires each can be run to the various groups of lights
or outlets about the house. Two-wire lighting cir-
cuits are usually of 110 volts or about that, and
two-wire D. C. or A. C. power circuits are usually
of 220 volts.

It is a very simple matter to connect lights or
motors to these circuits, with the proper switches
and fuses where needed. The load devices are all
connected in parallel, and while usually we need
pay no attention to positive or negative polarity,
we do need to know which wire is the grounded
one and which the ungrounded. This will be ex-
plained a little later.

87. EDISON THREE-WIRE SYSTEM

The three-wire system is used extensively by
power companies on their lines to the customers’
buildings, and in most all of the larger homes and
modern office buildings, hotels, stores, and factories.

This system is often thought to be somewhat
complicated but in reality it is very simple to un-
derstand for anyone with a knowledge of the prin-
ciples of electric circuits, such as you have already
obtained.

The Edison three-wire system gets its name from
the fact that it was originally used by Thomas
IEdison, who connected two 110 volt D. C. generat-
ors in series to obtain 220 volts between two out-
side wires, and 110 volts between each outside wire
and the center or neutral wire. See Fig. 132.

You will recall that when any two generators or
sources of current supply are connected in series,
it adds their voltages; so it is easy to see how the
two different voltages are obtained in this syster

il
iy

Fig. 132. This diagram shows the arrangement of two generators in
series to supply an Edison three-wire system. Note that this
arrangement provides both 110 volts for lamp circuits and 220 volts
for motor circuits.

QE
)

The advantages of the three-wire system are that
it provides 110 volts for lights and 220 volts for
motors, with only three wires, and it effects a great
saving in the size of conductors and copper costs
even when used for lighting alone. This is because
when there is an equal number of lights on each
side of the system, they all really operate on 220
volts, with two groups of lamps in series across
the outside wires.

The current tends to flow through both gen-
erators in series and through both groups of lamps
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in series, and no current will flow in the neutral
wire, as long as the number and size of lamps is
equal on each side of the system.

88. SAVING IN COPPER BY USE OF THREE-
WIRE SYSTEM

With the lamps operating at 220 volts and two
in series, they require only one-half as much current
in amperes to supply their rated voltage, as they
would if they were operated on 110 volts. Therefore,
smaller wires can be used and we find that this
system saves over 50 per cent of the wire cost, ex-
cept on certain small circuits where the Code re-
quires a certain minimum size of wire.

The simple sketch and problem in Fig. 133 will
illustrate how this reduction of current is obtained.
We will use even figures of 100 volts and 200 volts
to make them easy to follow. In “A’ we have six
100 volt lamps of 200 watts each. The total wattage
of the six lamps will be 6 x 200 or 1200 watts. The
current required for this wattage will be W + E
or 1200 + 100 = 12 amperes, which will be the load
on the wires. In “B" the lamps are connected two
in series and each of these pairs connected across
the 200 volt wires.

The total wattage of the lamps remains the same,
or 1200 watts, and now the current will be \WV + E
again or 1200 + 200 = ( amperes. So with this
connection the wires only need to carry one-half as
much current.

This can also be checked in another way as fol-
lows: We know that the current required by each
100 volt, 200 watt lamp will be 200 = 100 or 2

aperes. So when they are all connected in parallel

will require 12 amperes to operate them. DBut
ten they are connected as at “*B”, the same two
nperes which lights the upper lamps must pass

a through the lower one as well, so it now requires
only 3 X 2 or 6 amperes, at 200 volts.

€-100E LAMPS OF 200 W EACH

0

FL 6-I100E LAMPS OF 200W EACH
! o : 200 €
Fig. 133. By the use of Watts law determine the current required for

B
the six lamps on 100 volts in the upper circuit; then determine the
current required on the three-wire system below with the lamps
apart on 200 volts and in groups of two in series. This will show
the reason for considerable saving in the size of the wires on three-
wire systems.

89. UNBALANCED SYSTEMS

So far we have considered only a balanced load
condition where no current flows in the neutral wire.
Now let’s see what will happen if the load is un-
balanced or if one of the lamps is turned out on
the upper side of the system in Fig. 133-B. We will
illustrate this separately. In this case the lower
side will require 6 amperes and the upper side only
4 amperes. Two amperes will now flow out along
the neutral wire from the lower generator, to make
up this shortage. The upper generator supplies 4
amperes which flow through both groups of lamps
and through the lower generator as well; and the
lower generator supplies 6 amperes, four of which
still flow through the outer wires and both groups
of lamps, and two of which flow through the neutral
and lower wires and lower groups of lamps only.
The generators automatically assume their proper
share of load whenever the load balance changes.
Note the zize of the current arrows which show
this division of current. This is due to the fact that
the resistance and the voltage drop of each group
of lamps vary with their number.

For example, if the lamps in Fig. 134 are all 100
volt, 200 watt lamps their resistance will be 50
Ohms each. Then, according to our rule for finding
the total resistance of a parallel group, that of the
two upper lamps will be 50 + 2 = 25 Ohms resist-
ance between wires “.\" and “B”. The total resist-
ance of the three lower lamps in parallel will be
50 + 3 or 1633 Ohms between wires “B” and “C”.

(09 O
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Fig. 134. This sketch shows an unbalanced three-wire system. Note
carefully the division of current between the two generators and
circuits and the direction of current flow in the neutral wire.

Each generator delivers 100 volts, so that is the
voltage applied to each group of lamps. The cur-
rent through the upper group will be E + R or
100 + 25 = 4 amperes. The current through the
lower group will be 100 + 1624 = 6 amperes. So
we find that a simple application of Ohms law ex-
plains why the generators will each automatically
supply their proper share of the current load.

The amount of current flowing in the neutral
wire will always be in proportion to the amount of
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unbalanced load, and it may be in either direction
according to which side of the system is the more
heavily loaded.

90. “SOLID NEUTRAL” FOR THREE-WIRE
SYSTEMS

The ideal condition for a three-wire system is to
have no current flowing through the neutral, so we
should always try to keep the load as evenly bal-
anced as possible when connecting up the two-wire
branch circuits to the three-wire mains.

Of course, it is impossible to keep such a system
perfectly balanced at all times, because of lights
and devices on the different circuits being turned
on and off. This is the reason we need the neutral
wire, and also one of the reasons the Code requires
that on the modern polarized system the neutral
must not have in it any fuse, which might open it
at any time. This is the reason it is often termed
a Solid Neutral. Many of the older non-polarized
svstems, however, have fuses and switches in the
neutral.

91. EFFECTS OF OPEN NEUTRAL AND
UNBALANCED LOAD

Now let’s see what will happen in such a system if
the neutral were fused and this fuse blew out while
the load was unbalanced. In Fig. 135 we normally
have a balanced load of eight lamps when all are
turned on, but at present two in the upper group
are turned off and the fuse in the neutral is blown.

Assume that the lamps are each of 100 Ohms re-
sistance, and let’s find out how much current will
be flowing through the six lamps with 200 volts
applied by the two generators in series, and their
neutral open.

The resistance of the upper and lower groups of
lamps being unequal, we must first figure that of
each group separately and then, as the two groups
are in series, we will add them to obtain the total
resistance of all the operating lamps.

The resistance of the upper two lamps in parallel
will be 100 + 2 or 50 Ohms. That of the lower four
in parallel will be 100 + 4 or 25 Ohms. Then 50 +
25 = 75 Ohms, total resistance.

Now, according to Ohms law, we find that with
200 volts applied the current will be 200 + 75 or
225 amperes. This current will all flow through
the upper two lamps, and then divide out through
the lower four, so the upper lamps will burn much
brighter than the lower ones.

The reason for this can also be checked by our
knowledge of Ohms law and voltage drop principles.
We know that the voltage drop across any device
or group of devices in parallel is proportional to the
resistance of the devices and the current flowing
through them, or E d = I X R. Then, with a cur-
rent of 224 amperes flowing through the upper
two lamps, which have a combined resistance of 50
Ohms, we find we have 225 X 50, or 13345 volts
drop across them, which accounts for their burning
much too bright. On the lower group with the

same current flowing through a resistance of 25
Ohms, we will have 225 X 25, or 6625 volts drop
across the lamps, which accounts for their burning
very dim.

This over voltage applied to the upper group will
cause their filaments to be severely overheated, and
possibly burned out if they are leit long in this con-
dition.

Fig. 135. This diagram illustrates what would happen if the neutral
wire was to become cpened en an unbalanced three-wire system.
The upper two lamps would then burn excessively bright, and the
lower four would burn very dimly.

From this we see what a common indication of a
blown neutral fuse or a non-polarized three-wire
system would be when part of the lamps burn ex-
cessively bright and others burn very dim.

This cannot happen on the modern polarized sys-
tem where the neutral has no fuse and is always
closed, allowing the gemnerators to balance up the
load by applying 100 volts at all times to each side
of the circuit. If this had been the case in Fig. 135,
the lamps would have remained at normal bril-
liancy, as 100 E = 50 R of the upper group
would cause just two amperes, or one ampere for
each lamp, to flow through them; while 100 E —=
25 R of the lower group would cause four amperes,
or one ampere for each lamp, to flow through them.
The neutral wire would carry the difference.

While it is not likely that the neutral will often
have to carry as much current as the outer wires,
on a properly balanced three-wire system, it is pos-
sible for it to happen occasionally, so the Code re-
quires that the neutral wire be the same size as
the others, except on loads over 200 amperes, where
we can reduce the size of the neutral 30%. This
reduction is allowed eitker from the maximum con-
nected load, or by applying what is known as a
Maximum Demand Factor, which will be explained
later.

We have illustrated the principles of the three-
wire system with two D. C. generators as the source
of the two different voltages, because it is easy to
understand and was the first method of obtaining
this system. In a number of places this method is
still in use, where 110 and 220 volts D. C. are used.
In other cases a special three-wire generator is used,
having a connection to a center point in its arma-
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ture winding to obtain the neutral or half voltage
wire.

This system can also be used just as readily on
A.C, by using two transformers connected in
series, or merely a center tap from the 220 volt sec-
ondary winding of one transformer, as shown in
Fig. 136. This is by far the most common type of
three-wire system in use today, and is applied to
power systems at 220 or 440 volts A. C., as well as
to house wiring systems.

l 2300 VOLT LINE

Fig. 136. Three-wire A.C. systems can be conveniently obtained by the
use of a center connection to transformer windings as shown above.

92. POLARIZED WIRING SYSTEMS

This system has been mentioned several times so
far, particularly with reference to the grounding of
various circuits and devices. The term polarized
in this case refers to the grounding and marking or
identification of the neutral wire.

The modern polarized wiring system is one that
has the neutral wire thoroughly grounded at the
service switch, and this grounded wire distinguished
throughout the entire system by a different color
from the “hot” or ungrounded wire.

Generally, we use a wire with black or red in-
sulation for the ungrounded wire, and one with
white or light gray insulating braid for the ground-
ed wire. This applies to wires from 14 to 6 in size.
On larger wires and cables, other methods of
marking the grounded wire are used. Its ends can
be coated with white paint or tagged, or at the
service entrance the ends left for the power com-
pany’s man to connect his wires to, can have the
insulation stripped off the grounded wire for a short
distance. The identification of the grounded wire
should be carried on through every branch circuit,
fixture wire, etc., right up to the device using the
current.

The other very important rule for a polarized sys-
tem, as previously mentioned, is that the neutral
or grounded wire must not have any fuse in it
at any point, but must always be complete and
unbroken from the service box to the very tip of

light sockets or devices to which it is attached. Or,
in other words, it must be what is called a Solid
Neutral.

93. SAFETY FEATURES AND ADVANTAGES
OF POLARIZED WIRING

The principle advantage of maintaining this un-
broken grounded wire, and having it plainly marked,
is so that it can always be connected to the threaded
or outer element of lamp sockets and receptacles;
while the “hot” or ungrounded wire must always
be connected to the inner or center terminal of such
sockets. This eliminates practically all danger of
anyone getting a shock by touching this device,
even if the insulation of the outer element failed,
allowing it to touch the shell or casing.

You will find the terminal screws of the latter
type sockets, receptacles, and switches are also
identified by one screw having a yellow or brass
color, and the other a white or silvery color.

The grounded wire should, of course, attach to
the lighter colored screw, and the *‘hot” wire to the
brass colored screw.

When using BX we must make an exception to
the rule on connection of the black and white wires
together.

This is because we must have one black wire
and one white one coming out of the outlet for
connection to the light fixture, as in Fig. 136-B. In
order to do this, we must connect the white wire
of the BX, which runs to the switch, to the black
wire in the ceiling outlet.

(ARRRBANRNAIS

Fig. 136-B. This sketch shows the manner in which the white and
black wires in a polarized system are connected at the outlet boxes
for ceiling lights and wall switches.

We should then remember that the white wire
at the switch is the “hot” one, and the black wire
at the ceiling outlet is the return wire from the
switch, and it should be connected as usual to the
yellow screw on the fixture.

In order to make this protection positive and
dependable, you can readily see that the grounded
wire must always be complete clear back to the
transformer, and we should never place any switch
in this side of the circuit, unless it also opens the
ungrounded wire at the same time it opens the
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grounded one. Double pole snap switches, for ex-
ample, open both wires at the same time. Single
pole switches must alwavs be placed in the un-
grounded wire.

Having this neutral wire grounded, as well as the
conduit, gives us added protection against fire or
shock hazard from the conduit system.

In case the insulation of the “hot” wire becomes
defective, and allows it to touch the conduit, this
causes a short circuit and immediately blows the
fuse, indicating a defect on the circuit, which can
be repaired at once. Using this system with a solid
neutral also eliminates the possibility of having an
open neutral and burned out lamps or devices on
one side of the system from an unbalanced load.

94. GROUNDING NEUTRAL WIRE OF
POLARIZED SYSTEMS

At the transformers you will always find three
wires coming from the secondary winding. The cen-
ter one of these is the neutral, and 1s grounded by
the power company. The ground inside the building
at the service switch should be heavy copper wire
not smaller than No. 8, as previously mentioned, and
this wire should be protected from possible break-
age by being run inside the piece of conduit to the
waterpipe, where it is attached by use of a ground
clamp, previously described.

The end of this ground wire at the service box
is usually connected to the ‘“neutral strap” in the
switch box, and also to a brass grounding screw
that will be found in the modern steel switch
cabinet.

We do not ground the service switch or any part
of an interior D. C. wiring system, but one wire
of the D. C. line is grounded at the power plant.

On all alternating current systems, however, this
additional grounding of the neutral wire as well as
the conduit, and the identification of this wire
throughout the system are great safety features and
advantages, and make the Edison three-wire system
a very desirable one to use.

95. PARTS OF WIRING SYSTEMS

Every wiring job consists of at least two, and
sometimes three, important parts. They are the
Service, Feeders, and Branch Circuits. All jobs must
have the service and branch circuits, and on the
larger installations the main circuits feeding from
the service to the branch circuit panels are called
feeders.

The service can be divided into two parts also.
One part is the running of the wires from the trans-
former or line to the building service entrance,
which would be the Drip Loops or weather cap on
the building. The other part is the running of the
wires from the drip loop into the service switch.

96. SERVICE WIRES
The service wires from the pole are usually run
by the power company from whom the power is

to be purchased. These wires should have weather-
proof insulation, and be attached to insulators at

the house in a manner to keep all strain oft from
the drip loop and weather cap.

See Fig. 137, which shows how these wires would
be attached to the building, and also a method of
bracing a porch, or part of a building, to stand the
strain tkat long heavy service wires might place
upon it.

The Drip Loop, or slack loops of wire from the
insulators to the weather cap, are used to prevent
water from running down the wires into the con-
duit.
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Fig. 137. The above two sketches show the method of arranging the
connections of service wires to a building with strain insulators,
drip loops, and weather heads. Also note the method of bracing a
porc!l or corner of a building to stand the strain of a long rum of
service wires.

The electrician wiring the house can use either
conduit or knob and tube work for running the serv-
ice on in to the service switch. The Code recom-
mends the use of conduit, and it is much the best.

The service wires must be at least No. 8 and rub-
ber covered. This requires 34” conduit, which can
be run from a point near the outside insulators,
either up or down the outside wall, or along hori-
zontally, to a convenient place for entrance to the
service switch inside. The wires and conduit should
be larger if the load requires.

This conduit should always be equipped with a
Weather Cap, such as one of the types shown in
Fig. 138, so the wires enter from the under side
and no water can enter the conduit.

I
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In some cases a “B" condulet fitting can be used,
or the upper end of the conduit bent in an inverted
“U”, and an “A” condulet used to form the weather
protection. The strain insulators and weather cap
should be located 15 to 18 feet from the ground if
possible.

If knob and tube work is used for the service, the
wires should also enter the building high up, to be
out of reach from the ground outside. They should
also pass through properly sloped tubes where they
enter the wall.

Service wires should enter the building at a point
as near as possible to the service switch, and this
switch should be located near a door or window if
possible. This location of the switch is to make it
more easily accessible in case of fire.

Fig. 138. Weather head fittings of the types shown above are used
on the end of conduit at the service entrance to prevent water from
entering the conduit.

97. FEEDERS

On larger jobs, such as apartment buildings,
stores, and offices, cut-out blocks, or fuse cabinets
are often located on the various floors or in various
sections or apartments. The feeders are run from
the service switch to these branch circuit panels,
and the wires must be of the proper size according
to the load in amperes which they are to carry.

Sometimes several buildings are connected to-
gether by feeders, in which case there must be a
suitable Feeder Control switch at one end or the
other, to separate the svstems in each building when
necessary.

Service or feeder wires when passing over any
buildings must clear the roofs 8 ft. at their nearest
point.

98. BRANCH CIRCUITS

Practically all wiring systems have Branch Cir-
cuits, which may be referred to as the wires beyond
the last set of fuses.

Most branch circuits are two-wire circuits, al-
though some are three-wire. On all ordinary two-
wire branch circuits of under 125 volts, we must
use at least No. 14 wire, and fuses of not over 15
ampere size as a rule.

In addition to lamps, we may connect appliances
of not over 660 watts or 6 amperes each to these
branch circuits.

99. TYPES OF BRANCH CIRCUITS

Branch circuits are sub-divided into:

Lighting Branch Circuits, which are intended to
supply energy to lighting outlets only, and are gov-
erned by the rules just given.

Combination Lighting and Appliance Branch Cir-
cuit, which as its name implies is a combination of

lighting and power outlets with limits as shown
above.

Appliance Branch Circuits, which supply energy
to permanently wired appliances or to attachment
plug receptacles.

Appliance Branch circuits are further sub-divided
mto:

Ordinary Appliance Branch Circuits, using as a
rule receptacles and plugs rated at not over 15 am-
peres at 125 volts, using at least No. 14 wire and
fused for not to exceed 15 amperes. On these cir-
cuits we may use appliances rated at not over
1320 watts.

Medium Duty Appliance Branch Circuits, wired
with No. 10 wire, and fused for 25 amperes, where
we may use appliances rated not to exceed 15 am-
peres or 1650 watts each.

Heavy-Duty - Appliance Branch Circuits, wired
and fused as above, for appliances between 15 and
20 amperes.

Appliances using over 20 amperes should be sup-
plied by individual circuits.

100. LOADS ON WIRING SYSTEMS, AND
SIZE OF SERVICE WIRES

The total connected load on any wiring system
can easily be calculated by adding up the rating in
watts of all the lamps and devices connected to the
system.

Then, by dividing this wattage by the voltage of
the system, we can determine the current in
amperes which would flow if all the devices were
ever operated at once. This would be called the
maximum load.

In the ordinary building there is almost never a
time when all lights or devices are turned on at
once. However, careful tests and measurements on
various classes of buildings show certain average
loads which represent the usual case. In various
types of buildings these loads vary from 25 per
cent to 85 per cent of the connected load.

Until 1928 the National Code required the instal-
lation of service wires and feeders large enough to
take care of the Maximum Connected Load. If
there was a total connected load of 500 amperes in
the building, the service wires had to be large
enough for this load, even though there was prac-
tically no chance of 500 amperes ever being used
at any one time.

101. DEMAND FACTOR

The Code now permits us, under certain con-
ditions, to consider the Maximum Demand instead
of the Maximum Connected Load, when figuring
the size of service and feeder wires. To do this we
use what is called the Demand Factor. This figure
is obtained from the ratio of the maximum demand
to the connected load of the type of system we are
considering. It is based on the area, as determined
by the outside dimensions of the building and the
number of floors; and it may be applied to interior
wiring systems supplying both lights and ap-
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pliances. This demand factor also varies with the
use to which the building is put.

Let us consider an example for an ordinary sin-
gle-family dwelling. If the house is 40’ x 70’ and
two stories high (not counting unoccupied base-
ments or unfinished attics or porches) then its area
will be 40’ X 70" X 2 = 5600 sq. {t .

For the first 2000 sq. ft. of such buildings, we
allow one watt per sq. ft. or 2000 watts; and for the
balance .60 watts per sq. ft. The balance in this
case is 5600 — 2000, or 3600 sq. {t.

With this balance we can use the demand factor,
which is .60 for this type of building. Then .60 X
3600 = 2160. We must always add an extra 1000
watts for appliances.

The total load, or maximum demand, will then
be 2000 + 2160 + 1000 or 5160 watts. If this is to be
on a balanced three-wire system we can divide the
watts by 220 volts, or 5160 &+ 220 = 23.4+ amperes,
to allow. for on the service wires. If it is to be a
110 volt system then 5160 <+ 110 = 469+ amperes.
(Note—Wherever the + sign is used after an
answer figure, it indicates this figure is approximate
and not carried out to long decimal fractions.)

In residence buildings of the apartment type, for
from two to ten families, we use .70 as the demand
factor, and add 1000 watts for each apartment for
appliances. The demand factor can also be applied
to the total allowance for appliances.

In stores, including department stores, we allow
two watts per sq. ft., except for display cases and
show windows. For counter display cases, allow 25
watts per linear ft. (per ft. of length); for wall
and standing cases, 50 watts per linear foot; and
for show windows, 200 watts per linear ft. In such
buildings 1.00 is used as a demand factor.

In garages, allow 5 watt per sq. {t., and use 1.00
as the demand factor.

In industrial plants and commercial buildings,
the service wires are calculated for the specified
load of the equipment. This takes into consideration
the average load factor, which will be covered in a
later section on motors.

Other kinds of installations are covered in the
Code and can easily be referred to when required.

Keep in mind that the demand factor applies only
to services and feeders, and not to branch circuits.

WIRE CALCULATIONS

102. WIRE CALCULATIONS

A great deal of valuable information on the size
of copper wires, their resistance, and current carry-
ing capacity can be obtained from convenient
tables; and they should be used whenever possible
as they are great time savers.

There are certain cases, however, when tables are
not available or do not give just the needed infor-
mation, and a knowledge of simple wire calcula-
tions is then very important.

For example, the table in the National Code
which gives the allowable current carrying capaci-
ties is based on the heating of the wires and does
not consider voltage drop due to resistance of long
runs or lines. Both of these considerations are very
important and should always be kept in mind when
planning any electrical wiring system.

The wires must not be allowed to leat enough
to damage their insulation, or to a point where
there will be any chance of igniting .nearby ma-
terials. If wires are allowed to heat excessively, it
may cause the solder at joints to soften and destroy
the quality of the splices; and in other cases it may
result in expansion of the wires and resulting dam-
age. Heat is also objectionable because it increases
the resistance of the wires, thereby increasing the
voltage drop for any given load.

103. VOLTAGE DROP

Whether or not the wires heat noticeably, the
resistance and voltage drop on long runs may be
great enough to seriously interfere with the efficient
operation of the connected equipment. Incandes-
cent lamps are particularly critical in this respect
and a drop of just a very few volts below the volt-
age for which they are rated, greatly reduces their
light and efficiency. In the case of lighting circuits,
the current reduces when the voltage at the lamps
is below normal.

Motors are not affected by small voltage varia-
tions quite as much as lamps are, but they will not
give their rated horsepower if the voltage is below
that at which they are rated. When loaded motors
are operated at reduced voltage, the current flow
actually increases, as it requires more amperes to
produce a given wattage and horsepower at low
voltage than at the normal voltage. This current
increase is also caused by the fact that the opposi-
tion of the motor windings to current flow reduces
as their speed reduces. The reason for this will be
explained later.

From the foregoing we can see that it is very
important to have zll wires of the proper size, to
avoid excessive heating and voltage drop; and that,
in the case of long runs, it is necessary to determine

)
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the wire size by consideration of resistance and
voltage drop, rather than by the heating effect or
tables alone.

To solve the ordinary problems requires only a
knowledge of a few simple facts about the areas
and resistance of copper conductors and the appli-
cation of the simplest of arithmetic.

104. GAUGE NUMBERS BASED ON
RESISTANCE

You have already learned that wire sizes are
commonly specified in B. & S. gauge numbers. This
system was originated by the Brown & Sharpe
Company, well known manufacturers of machine
tools. The B. & S. gauge is commonly called the
American Wire Gauge, and is standard in the
United States for all round solid electrical wires.

These gauge numbers are arranged according to
the resistance of the wires, the larger numbers
being for the wires of greatest resistance and
smallest area. This is a great convenience, and a
very handy rule to remember is that increasing the
gauge by three numbers gives a wire of approxi-
mately twice the area and half the resistance. As
an example—if we increase the gauge from No. 3,
which has .1931 Ohms per 1000 ft., to No. 6, we find
it has .3872 Ohms per 1000 it., or almost double.

Brown & Sharpe gauge numbers range from
0000 (four ought), down in size to number 60. The
0000 wire is nearly 14 inch in diameter and the
number 60 is as fine as a small hair.

The most common sizes used for light and power
wiring are from the 0000 down to No. 14: and also,
of course, the Nos. 16 and 18, which are used only
for fixture wiring.

105. CIRCULAR MIL,
UNIT OF CONDUCTOR AREA
In addition to the gauge numbers, we have a very
convenient unit called the Mil, for measuring the

diameter and area of the wires. The mil is equal to
1/1000 of an inch, so it is small enough to measure
and express these sizes very accurately. It is much
more convenient to use the mil than thousandths
or decimal fractions of an inch. For example, ih-
stead of saying a wire has a diameter of .055”, or
fifty-five thousandths of an inch, we can simply say
or write 55 Mils. So a wire of 250 Mils diameter is
also .250", or 4 inch, in diameter.

As the resistance and current-carrying capacity
of conductors both depend on their cross-sectional
area, we must also have convenient small units for
expressing this area. For square conductors such
as bus bars we use the Square Mil, which is simply
a square 1/1000 of an inch on each side. For round
conductors we use the Circular Mil, which is the
area of a circle with a diameter of 1/1000 of an inch.
The abbreviation commonly used for circular mil’
is C.M.

These units simplify our calculations consider-
ably, as all we need to do to get the area of a square
conductor in Square Mils, is to multiply one side
by the other, measuring them in mils or thousandths
of an inch.

To get the area of a round conductor in Circular
Mils, we only need to square its diameter in mils
or thousandths of an inch.

106. CONVERSION OF SQUARE MILS TO
CIRCULAR MILS

In comparing round and square conductors, how-
ever, we must remember that the square mil and
circular mil are not quite the same size units of.
area. For a comparison see Fig. 139. At “B” we
have shown a circle within a square. While the
circle has the same diameter as the square, the cor-
ners of the square make it the larger in area. So
just remember this little illustration, and it will be
easy to recall that the area of one Circular Mil is
less than that of one Square Mil. The actual ratio
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Fig. 139. Electrical conductors are commonly made in the several shapes shown above. Note particularly the

C D

parative areas of

round and square conductors as shown at “B”, and refer to these illustrations when making the calculations explained in the accom-
panying paragraphs.
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between them is .7854, or the circle has only .7854
of the area of a square of the same diameter.

Then if we wish to find the Circular Mil Area
from the number of Square Mils, we divide the
Square Mils by .7854. 1f we wish to find the Square
Mil' Area from Circular Mils, multiply the Circular
Mils by .7854.

For example, if the conductor at “A” in Fig. 139
is a No. 0000 and has a diameter of 460 mils, what
is its area both in circular mils and in square mils?
The C,M. area is 460 X 460 = 211,600 C.M. Then
the sq. mil area is 211,600 X .7854 = 166,190.64
sq. mils.

If the bus bar at “C”, in Fig. 139, is 1}% inches
high and !4 inch thick, what is its area in square
mils, and what size of round conductor would be
necessary to carry the same current that this bus
bar would? First, the dimensions of a 4" x 12"
bus bar, stated in mils, are 250 mils X 1500 mils.
Then the area in sq. mils is 250 X 1500 = 375,000
sq. mils.

To find what this area would be in circular mils
we divide 375,000 by .7854, and find it would be
477,463.7 C.M. The nearest size to this in a round
conductor is the 500,000 C.M. size, which we would
use in this case.

Bus bars of the shape shown at “C” in Fig. 139
are commonly used in wiring power plant or large

“distribution switchboards. These bars ordinarily
range in thickness from .250” to .375"; and in
height, from 17 to 12”7. On voltages under 600 they
can be used bare, when properly mounted on
switchboard panels. On higher voltages they are
usually taped to avoid shock hazard.

It is quite common practice to allow about 1000
amperes per sq. inch on such busses when they are
located in well ventilated places. This is a very con-
venient figure and should be remembered.

When heavier currents than one of the thin bars
can carry, are to be handled on a switchboard,
several bars are usually mounted in parallel with
small spaces between them for air circulation and
cooling.

Stranded conductors, such as shown in Fig.
139-D, are used on all sizes larger than 0000. As
stranded conductors are not solid throughout, we
cannot determine their area accurately by squaring
their diameter. This diameter also varies some-
what with the twist or “lay” of the strands.

To determine the cross-sectional area of such
conductors, we get the area of each strand, either
from a wire table or by calculation from its dia-
meter, and then multiply this by the number of
strands, to get the total area of the cable in C.M.

The following wire table gives some very con-
venient data and information on the common sizes
of conductors, and will be very convenient for
future reference as well as during your study of
this section.

WIRE TABLE. (Bare Solid Copper)

B & S Gauge
Resistance
Size Areain Lbs. per  (Ohms) per
B&S Diameter Circular 1000 feet 1000 feet at
Gauge in Mils Mils Bare Wire 60° F.
Solid Wire
26 15.94 254.1 77 40.75
25 17.90 3204 97 32.21
24 20.10 404.01 1.22 25.60
23 22.57 509.5 1.54 20.30
22 25.35 642.4 1.95 16.12
21 28.46 810.1 245 12.78
20 31.96 1022. 3.10 10.14
19 35.89 1288. 3.90 8.04
Solid Strand
18 40.30 1624. 4917 . 6.374
16 50.82 2383. 7.818 3.936
14 64.08 4107. 12,43 2.475
12 80.81 6530. 19.77 1.557
10 101.9 10380. 31.43 9792
9 114.4 13090. 39.63 7765
8 128.5 16510. 49.98 6158
7 144.3 20820. 63.02 .4883
6 162. 26250. 79.46 .3872
5 181.9 33100. 100.2 .3071
4 204.3 41740. 126.4 2436
3 2294 52630. 159.3 .1931
2 257.6 66370. 200.9 1532
1 289.3 83690. 2533 1215
0 3249 105500. 319.5 .09633
00 364.8 133100. 402.8 07639
000 409.6 167800. 508. .06058
0000 460. 211600. 640.5 .04804
Stranded Cable—Circular Mil Sizes
500. 250000. 756.8 04147
" 547.7 300000. 908.1 .03457
= 591.6 350000. 1059. .02963
8 632.5 400000. 1211. .02592
b=} 707.1 500000. 1514, .02074
o 774.6 600000. 1816. 01729
A 836.7 700000. 2119. .01481
o 866. 750000. 2270. .01382
< 894.4 800000. 2422, .01296
£ 948.7 900000. 2724. 01153
A 1000. 1000000. 3027. 01036
= 1118. 1250000. 3784. .00839
2 1225. 1500000. 4540. .00692
<\ 1323 1750000. 5297. .00593
1414, 2000000. 6054. .00518

The above table of diameters, areas, weights, and resistance of copper
wires will be very convenient whenever you have a problem of wire
sizes or calculations.

107. RESISTANCE OF CONDUCTORS

As previously mentioned, it is often necessary to
determine the exact resistance of a conductor of a
certain length, in order to calculate the voltage
drop it will have at a certain current load.

The resistance per 1000 ft. of various wires can
be obtained from the accompanying wire table, and
from these figures it is easy to calculate the resis-
tance of smaller or greater lengths.

Suppose you wish to find the total resistance of
a two-wire run of No. 10 conductors 150 ft. long.
First multiply by 2, to get the entire length of both
wires: or 2 X 150 = 300 ft. Then, from the table,
we find that the resistance of No. 10 wire is 9792
Ohms per 1000 ft. Our circuit is less than 1000 ft.;
or 300/1000 X .9742 = .29226 Ohms; or approxi-
mately .29, which would be accurate enough for the
ordinary job.
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In another case, we wish to run a short outdoor
line between two buildings, a distance of 1650 it.,
and using No. 1 wire. What would its total resis-
tance be? The total length of both wires will be
2 X 1650 = 3300 ft. From the table, we find the re-
sistance of No. 1 wire is .1215 Ohms per 1000 ft.
Then as 3300 ft. is 3.3 times 1000, we multiply
3.3 X 1215 = 40095 or approximately .4 Ohms.

The National Code table for carrying capacities
of wires, allows 100 amperes for No. 1 R.C. wire.
We find, however, that if we have this much current
flowing through our line, the voltage drop (IEd) will
be I X R or 100 X .4 = 40 volts. This is too much
to be practical, because even if we applied 120 volts
to one end of the line, the lamps or devices at the
other end would receive only 120 — 40, or 80 volts.
The watts loss in the line would be 1 X Ed, or
100 X 40 = 4000 watts, or 4 K\V.

So we find that the practical load for such a line
would be about 25 amperes, which would give a
voltage drop of 25 X 4 or 10 volts. If we now
apply 120 volts to the line, the equipment at the
far end will receive 110 volts, and the loss will only
be 25 X 10 or 250 watts.

108. RESISTANCE OF COPPER PER MIL
FOOT

In many cases we may need to calculate the re-
sistance of a certain length of wire or bus bar of a
given size.

This can be done very easily if we know the unit
resistance of copper. For this we use the very
convenient unit called the Mil Foot: This repre-
sents a piece of round wire 1 mil in diameter and
1 ft. in length, and is a small enough unit to be very
accurate for all practical calculations. A round wire
of 1 mil diameter has an area of just 1 circular mil,
as the diameter multiplied by itself or “squared”,
is 1 X 1 =1 circular mil area.

The resistance of ordinary copper is 10.79 Ohms
per Mil Foot, but we usually use the figure 10.8 as
sufficiently accurate. This figure or “constant” is
important and should be remembered.

Suppose we wish to determine the resistance of
a piece of No. 12 wire, 50 ft. long. We know that
the resistance of any conductor increases as its
length increases, and decreases as its area increases.
So, for a wire 50 ft. long, we first multiply, and get
30 X 10.8 = 540, which would be the resistance of
a wire 1 C.M. in area and 50 ft. long. Then we find
in the table that the area of a No. 12 wire is 6530
C.M.,, which will reduce the resistance in propor-
tion. So we now divide: 340 + 6530 = .0826+
Ohms.

In another case we wish to find the resistance of
3000 ft. of No. 20 wire, for a coil winding perhaps.
Then, 3000 X 108 = 32,400; and, as the area of
No. 20 wire is 1022 C. M., we divide: 32,400 + 1022
= 31.7+ Ohms.

Checking this with the table, we find the table
gives for No. 20 wire a resistance of 10.14 Ohms
per 1000 ft. Then for 3000 ft. we get 3 X 10.14
= 30.42 Ohms. The small difference in this figure
and the one obtained by the first calculation, is
caused by using approximate figures instead of
lengthy complete iractions.

We can use the mil ft. unit and its resistance of
10.8 to calculate the resistance of square bus bars,
by simply using the figure .7854 to change from
sq. mils to C.M.

Suppose we wish to find the resistance of a
square bus bar 14" x 2”7, and 100 ft. long. The di-
mensions in mils will be 250 X 2000, or 500,000
sq. mils area. Then, to find the circular mil area,
we divide 500,000 by .7854 and get 636,618+ C.M.
area. Then, 100 ft. X 10.8 = 1080 Ohms, or the
resistance of 100 ft. of copper 1 mil in area. As the
area of this bar is 636,618 C.M., we divide: 1080 +
636,618 = 001,696+ Ohm, total resistance. Ac-
cording to the allowance of 1000 amperes per $q.
inch, such a bus bar could carry 500 amperes, as it
is 147 X 2 = 14 sq. inch area. With a 500 ampere
load, the voltage drop would be I X R, or 500 X
001696 = .848, or approximately .85 volts drop.

The following table gives the allowable current
carrying capacities of wires with rubber insulation;
also those with varnished cloth and other insula-
tions, such as slow burning, etc. This table gives
the current allowed by the National Code.

ALLOWABLE CURRENT CARRYING CAPACITY

OF WIRES
B. &S. Area in Allowable Current in Amperes
1 % T es
N CERE"  Inowiaion Tasuiation’ Tneatacon
18 1,624 3 5
16 2,583 6 10
14 4107 15 18 20
12 6,530 20 25 25
10 10,380 25 30 30
8 16,510 35 40 - S0
6 26,250 50 60 70
5 33,100 55 65 80
4 41,740 70 85 90
3 52,630 80 95 100
2 66,370 90 110 125
1 83,690 100 120 150
0 105,500 125 150 200
00 133,100 150 180 225
000 167,800 175 210 275
200,000 200 240 300
0000 211,600 225 270 325
250,000 250 300 350
300,000 275 330 400
350,000 300 360 450
400,000 325 390 500
500,000 400 480 600
600,000 450 540 680
800,000 550 660 840
1,000,000 650 780 1,000
1,500,000 850 1,020 1,360

The capacities above are based on copper having 98
per cent of the conductivity of pure copper wire. For
insulated aluminum wire the capacity will be taken as 84
per cent of the values given in the table. Wires can be
connected in parallel for greater capacity only by the
cansent of the inspection department of the National
Board of Fire Underwriters.
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109. ALLOWABLE VOLTAGE DROP

We must remember, liowever, that this table
does not take into consideration the length of the
wires or voltage drop. For this reason we may often
wish to use larger wires than the table requires.

In lighting installations, we should never use
wires so small that there will be over 2 per cent drop
on branch circuits, or 3 per cent drop on feeder
circuits. Generally the voltage drop should not be
more than 1 to 2 per cent. On power wiring in-
stallations, there should usually not be over 5 per
cent drop. This means that on a 110 volt branch
circuit we should not have over .02 X 110 or about
2.2 volts drop; on 220 volt feeder circuits, not over
03 X 220 or 6.6 volts drop; and on 440 volt power
circuits, not over .05 X 440 or 22 volts drop, etc.

110. SIMPLE FORMULA FOR CONDUCTOR
AREA

For selecting the proper size of conductor for
any known load in amperes, and to keep the volt-
age drop within the desired practical limit, we have
a very simple formula that will tell us the circular
mil area of the conductor to use.

This formula must, of course, consider the resis-
tance of copper, the total length of the line, and
the current load in amperes. It is as follows:

108 X L X2X1

CM. = )
Ed

A In which:

C.M. = Circular mil areca of conductor.
10.8 = Resistance of copper per mil ft.
L = Length of line in feet.
2 = Is to multiply by to obtain total length
\ of both wires.
I = lLoad in amperes.
Ed = Allowable voltage drop in volts. (Not

in per cent.)

(Note: The figure 2 is also used for Ldison
three-wire systems, as the current never has to
flow through more than the resistance of two
wires.)

Now let's see how we would use this handy
formula for choosing the size of wire on a certain
job. Suppose we wish to run a feeder 200 it. long
to a branch panel on which the load consists of:
Twenty-six 60 watt, 110 volt lamps; ten 200 watt,
110 volt lamps; and one 10 h.p., 220 volt motor.

First, we will find the total load in watts.
Twenty-six 60 watt lamps will use 26 X 60, or
1560 watts. Ten 200 watt lamps will use 10 X 200,
or 2000 watts. As there are 746 watts in 1 h. p., the
10 h. p. motor will use 10 X 746 or 7460 watts.
(Assuming 100% efficiency.)

Then 1560 + 2000 + 7460 = 11,020 watts. As-
suming this load to be balanced, the current will all

’

flow over the two outside feeder wires at 220 volts.
So to find the current we use the formula W — E
= 1, or 11,020 + 220 = 50+ amperes.

We will allow 6 vclts drop on the feeders, and,
using the wire size formula, we will substitute the
values we have found, as follows:

X 2 X 2X5
. = 108 X 200 X 2 X 50
6

Working this out, we find we get 36,000 C.M. area
for the wire. Looking this up in the table we find
that the next size larger is No. 4 wire, which has
41,740 C.M. area. As the Code table allows 70
amperes for this wire with rubber insulation, we
find we are quite safe in using it from this stand-
point.

Try out the foregoing formula on some imaginary
problems of your owa, until you can use it easily
because it is very commonly used in electrical lay-
outs and estimating.

111, VOLTAGE DROP FORMULA

1f we wish to determine what the voltage drop
will be on a certain installation already made, or
on the wires proposed for a job, we can simply
transpose the formula we have just used, inter-
changing voltage drop for C.M. area, as follows:

108 X L X2X]
C.M.

Suppose we have a two-wire, 110 volt installation
where the load is 25 amperes and the feeder is 120
feet long, and only supplied with 110 volts.

The Code allows us to use a No. 10 wire for 25
amperes, and the area of No. 10 wire is 10,380 C.M.
Then, substituting these values in the formula, we
have

Ed =

g 10.8 X 120 X 2 X 25,
- 10,380

or 6.05 volts,

whereas we should not have more than 3% of 110,
or about 3.3 volts drop.

In another case, suppose an electrician used No.
14 wire for a 110 volt branch circuit in a factory and
this circuit had twelve 100 watt lamps and two 60
watt lamps connected to it, and was 90 ft. long. The
total watts in this case would be 1320 and at 110
volts, this would be a load of 12 amperes. It would
be quite natural to use No. 14 wire, as the Code
allows 15 amperes for this size, and it is the size
so commonly used. But checking it with our
formula we find that No. 14 wire has an area of
4107 C.M., and that

108 X 90 X 2 X 12,
d= or 5.6+ volts drop,
4,107

which would certainly not be satisfactory.
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Using the other formula again, we can easily de- TABLE OF VOLTAGE DROP
termine .the size of wi.re Fhat should have been used . Volts drop - Volts drop
on this job to keep within the normal 2 volts drop. SizsBas, Cep eSS Sizg B &S. ROy
— 108 X 90 X 2 X 12, 18 6.374 250,000. 04147
CM. = or 11,664 C.M. Area 16 3.936 .300,000. 03457
2 14 2,475 350,000. 02963
As the next larger wire is No. 8, this should have }g 1'3%2 gggggg 8%8?‘3
been used; or as a No. 10 wire has 10,380 C.M. area, 9 7765 600.000. 01729
it could be used, with slightly over 2 volts drop. 5; glgg ;08888 8}‘313;‘
So we ﬁr}d that it is very important to be able to 6 :3372 880,'000: 01296
do these simple wire calculations on certain jobs, 5 .3071 900,000. 01153
and you will find this material of great value, both g fgg? {(2)(5)8888 8(1)238
in learning how to use the formulas, and in using 2 1532 1,500.000. 100692
them and the tables for future reference. 1 1215 1,750,000. .00593
The following table. of vo.ltage drop per IQOO ft., 08 %(';%%% 2,000,000. OIS
per ampere, with various sized conductors is also 000 .06058

very convenient, and the wire table on the next page 0000 04804
gives a lot of very valuable data on copper conduc- A
tors, that will often prove very useful. Volts Lost Per 1000 Feet per Ampere.
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q q q q
Gauge Equivalents with Weights and Resistances of
.
Standard Annealed Copper Wire
B. & S. h B. S
Amer. Area Ohms at 68 deg. Fah. Feet Pounds Amgéri-.
can Diameter . can
Wire In Circular Wire
Gaug Inches Mils . . Gauge
No. Per 1,000 Ft.| Per Mile Per Pound Per Pound Per Ohm Per 1,000 Ft.| Per Ohm Per Mile Nog
0000 | 0.460 211600. 0.04906 0.25903 0.000077 1.56122| 20497.7 640.51  |12987. 3380. 0000
000 | 0.40964 | 167805. 0.06186 0.32664 0.00012 1.9687 | 16255.27 507.95 | 8333. 2680. 000
00 | 0.3648 133079. 0.07801 0.41187 0.00019 2.4824 | 12891.37 402.83 | 5263 2130. 00
0 | 0.32486 | 105534, 0.09831 0.51909 0.00031 3.1303 | 10223.08 319.45 | 3225. 1680. 0
1 | 0.2893 83604. 0.12404 0.65490 0.00049 3.94714| 8107.49 253.34 | 2041, 1340. 1
2 | 0.25763 66373. 0.1563 | ° 0.8258 0.00078 4.97722| 6429.58 200.91 | 1282, 1060. 2
3 | 0.22042 52634, 0.19723 1.0414 0.00125 6.2765 | 5008.61 159.32 800. 840. 3
4 | 0.20431 41743, 0.24869 1.313 0.00198 7.9141 | 4043.6 126.35 505, 665. 4
5 | 0.18194 33102. 0.31361 1.655 0.00314 9.97983| 3206.61 100.20 318. 528. 5
6 | 0.16202 26251. 0.39546 2.088 0.00499 12.5847 | 2542.89 79.462 | 200. 420. 6
7 | 0.14428 20817. 0.49871 2.633 0.00797 15.8696 | 2015.51 63.013 | 126. 333, 7
8 | 0.12849 16510. 0.6529 3.3 0.0125 20.0097 | 1599.3 49.976 80. 264. 8
9 | 0.11443 13094, 0.7892 41 0.0197 25229 | 1268.44 39.636 50. 209. 9
10 | 0.10189 10382. 0.8441 4.4 0.0270 31.8212 | 1055.66 31.426 37, 166. 10
11 | 0.090742 8234. 1.254 6.4 0.0501 401202 |  797.649 24.924 20. 132. 1
12 | 0.080808 6530. 1.580 8.3 .079 50.5006 |  632.555 19.766 12.65 105. 12
13 | 0.071961 5178, 1.995 10.4 0.127 63.7948 |  501.63 15.574 7.87 82.9 13
14 | 0.064084 4107, 2.504 13.2 0.200 80.4415 |  397.822 12.435 5.00 65.5 14
15 | 0.057068 3257. 3172 16.7 0.320 101.4365 |  315.482 9.859 3.12 52.1 15
16 | 0.05082 2583, 4.001 23. 0.512 127.12 250.184 7.819 1.95 413 16
17 | 0.045257 2048. 5.04 26. 2.811 161.22 198.409 6.199 1.23 32.7 17
18 | 0.040303 1624. 6.36 33. 1.29 203.374 157.35 4.916 0.775 26.0 18
19 | 0.03589 1288. 8.25 43. 2.11 256.468 124.777 3.899 0.473 20.6 19
20 | 0.031961 1021. 10.12 53. 3.27 323.399 98.9533 3.094 0.305 16.3 20
21 | 0.028462 810. 12.76 68. 5.20 407.815 78.473 2.452 0.192 12.9 21
22 | 0.025347 642. 16.25 85. 8.35 514.193 62.236 1.945 0.119 10.24 22
23 | 0.022571 509. 20.30 108. 13.3 648,452 49.3504 1.542 0.075 8.13 23
24 | 0.0201 404, 25.60 135. 20.9 817.688 39.1365 1.223 0.047 6.44 24
25 | 0.0179 326. 32.2 170. 3.2 1031.038 31.0381 0.9699 0.030 5.12 25
26 | 0.01594 254, 40.7 214, 12.9 1300.180 24.6131 €.7692 0.0187 4.06 26
27 | 0.014105 201, 51.3 270. 84.2 1639.49 19.5191 0.6099 0.0118 3.22 27
28 | 0.012641 150.8 | 64.8 343, 134. 2067.364 15.4793 0.4837 0.0074 2.56 28
29 | 0.011257 126.7 | 81.6 432. 213, 2606.959 12.2854 0.3835 0.0047 2.03 29
30 | 0.010025 100.5 | 103. 538. 338. 3287.084 9.7355 0.3002 0.0029 1.61 30
31 | 0.008928 79.7 | 130. 685. 539, 4414.49 7.72143 5.2413 0.0018 1.27 31
32 | 0.00795 63. | 164. 865. 856. 5226.915 6.12243 0.1913 0.0011 1.01 32
33 | 0.00708 50.1 | 206. 1033. 1357, 6590.41 4.85575 0.1517 0.00076 0.803 | 33
34 | 0.006304 30.74| 260. 1389. 2166. 8312.8 3.84966 2.1204 0.00046 0.634 | 34
35 | 0.005614 31.5 | azs. 1820. 3521, 10481.77 3.05305 0.0956 0.00028 0.504 | 35
36 | 0.005 25. | 414, 2200. 5469. 13214.16 2.4217 0.0757 0.00018 0.400 | 36
37 | 0.004453 19.8 | 523, 2765. 8742. 16659.97 1.92086 0.06003|  0.00011 0317 | 37
38 | 0.003965 15.72| 660 3486. 13372, 21013.25 1.52292 0.04758|  0.00007 0.251 | 38
39 | 0.003531 12.47) 832, 4395. 21896. 26496.237 1.20777 0.03755|  0.00004 0.199 | 39
40 | 0.003144 9.88| 1049, 5542, 34823. 33420.63 0.97984 0.02992|  0.000029 0.158 | 40

No. 140. This very complete table of data for copper conductors will often save you a great amount of time if you become familiar with its use,
. h

and refer to it for the information it contains. It will be a good plan to compare the sizes, areas and r

e of a

of

the more

common sized wires given in this table. This will help you to understand the gauge numbers and in making selections of proper conductors
for various jobs in the future.
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INSTALLATION METHODS

112. LAYOUTS AND PLANS

In starting any wiring job, whether you are work-
ing for a contractor or in business for yourself, there
are certain general steps to be followed. Regarding
simple knob and tube installations, it is not neces-
sary to say much more about the details of this
work than has been previously covered. However,
remember that before running any wires, one
should have the location of all outlets well in mind,
and preferably sketched on a plan; and then marked
on the frame work of the new building, if it is such;
or upon the walls and ceilings of an old building in

which the wiring is being installed after the house

has been built.

113. LOCATION OF LIGHT AND SWITCH
OUTLETS

Ceiling outlets for lighting fixtures should be
carefully located and centered to give a balanced
appearance in the room, and to afford the best
distribution of light.

Wall light outlets should be placed about the
walls with proper regard for locations of doors,
windows, and large permanent pieces of furniture.
Outlets for wall bracket lights should be approxi-
mately 66 inches from the floor, if the fixture turns
upward from the outlet. If it is of the type that
hangs downward, the outlet should be about 72 to
74 inches from the floor. These heights, of course,
will depend somewhat upon the ceiling height in
various rooms, and the scheme of decoration used.
Outlets for wall switches should be about 52 inches
from the floor to the bottom of the outlet box, and
their locations should be carefully chosen to give
the greatest convenience in control of the lights.
For example—it is common practice to have the
control switches for one or more lights near the
front door or entrance to the house, so they can
be turned on as soon as the person comes inside at
night. In other rooms of the house, switches can
be placed either near doors, or in the most con-
venient locations, to save as many steps as possible.
The owner of the building should of course be con-
sulted on such matters, in order to give the best
possible satisfaction in the finished job.

After the outlets have all been located, the short-
est and most direct runs should be chosen for the
various wires to fixtures and switches. Then if
there is no blue print already provided for the
job, a complete wiring diagram of each floor should
be laid out on paper to be sure to get the proper
circuits and control of lights and equipment with
the fewest possible wires.

114, KNOB AND TUBE INSTALLATION
If knob and tube wiring is being installed in a

new building, the holes for the porcelain tubes can
be drilled through the center of the joists, as these
holes are not large enough to materially weaken
the woodwork. Knobs can be placed along the
joists for circuits to be run in the walls, and also
along the joists in unfinished attics and basements.
Before determining the location of the meter and
service switch, we should locate the probable point
at which the power company will bring the wires
from their pole line into the building, and the ser-
vice switch and meter should be located near this
point if possible.

In knob and tube installation in new buildings,
the wiring should, of course, all be installed before
the lath and plaster are put on the walls. The
thickness of lath and plaster that are to be used
should be carefully considered, so that the edges
of the outlet boxes will be about flush with or about
an eighth of an inch under this surface.

115. MAKING CONNECTIONS TO
SWITCHES AND FIXTURES

When the wires are attached, and the ends
brought out in the box, it is well to plug the outlet
box with a wad of newspaper to keep the wire
ends from becoming damaged or the box clogged
with plaster. After the plaster is on and has hard-
ened, the fixtures can be hung and connections
made to them and the switches.

In making all such connections, be sure to strip
enough of the end of the wires to make a good
hook, or one complete turn under the terminal
screws, but don't strip an excessive amount so there
would be more bare wire than necessary around
the switch terminals for fixture connections. See
that these wires are bright and clean before placing
them under the screws, and always bend the hook
in the end of the wire to the right, that is, clock-
wise or in the same direction the screw head turns.
This causes the screw to wrap the wire hook tight
around it; while if the hook is made in the opposite
direction it often opens up and works out from
under the screw head when it is tightened. Don’t
twist these screws too tight, because theyv are usu-
allv of soft brass and the threads can be easily
stripped.

116. BX AND NON-METALLIC CABLE
INSTALLATION

The same general rules apply to wiring a new
building with BX or non-metallic sheathed cable.
Either of these materials can be run along the
joists and through holes in the framework as re-
quired. Before cutting the various lengths of wire,
BX, or cable for any run, be sure to measure them
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accurately and allow a few inches extra for strip-
ping the ends and making splices and connections.
It is always much better to allow a few inches over
and trim this off when making the final connec-
tions, rather than to find the wires or cable too
short and then have to replace them. Always
tighten BX and cable clamps securely in the outlet
box openings.

When wiring old buildings, great care should be
used not to damage the plaster or decorations, and
not to make any unnecessary dirt or mess around
the building. When cutting holes in the plaster
on walls or ceilings to locate outlet boxes, a cloth
or paper should be spread underneath to catch all
plaster dust. Sometimes an old umbrella can be
opened and hung or held up side down under the
place in the ceiling where the hole is being made,
so it will catch all of this dirt and keep it off from
rugs and furniture.

117. LOCATING AND CUTTING OUTLET
BOX OPENINGS

Be careful not to cut any of these holes so large
that the fixture canopies or switch plates will not
cover them neatly. In case the plaster cracks or
a mistake is made so that the hole cannot be com-
pletely covered, it should be filled with plaster of
paris, or some such material, to make a neat ap-
pearance again.

Outlet box holes can be cut through the plaster
with a chisel. The size of the holes should be care-
fullv marked by drawing a pencil around the out-
let box, held against the plaster. In locating the
exact spot to cut these openings in the plaster, it
is well to first cut a very small hole in the center
of the spot where the larger one is to be made,
using this to locate the cracks between the lath.
Then it is possible to shift the mark for the larger
hole up or down a little so the lath can be cut
properly, to leave a place in the wood for the screws
which fasten the box to the wall. If this method
is not followed, sometimes two complete laths are
cut away, and the metal ears on the box, which
have the screw holes in them, will not reach from
one remaining lath to the other.

On wall outlet openings we should always try
to cut clear through one lath and a short distance
into two adjacent ones. Fig. 141-A shows the wrong
way that laths are sometimes cut, and “B” shows
the proper way in which they should be cut.

For cutting round holes a regular plaster cutter
can be obtained, which fits into an ordinary brace
and can be rotated the same as a drill

For ceiling outlets never cut the lath any more
than necessary to bring the wires or BX through.

118. RUNNING WIRES AND BX INTO
DIFFICULT PLACES

A number of methods have already been de-
scribed for pulling and fishing wires, cable, and
BX into walls and openings in finished buildings;
so that, with a little ingenuity and careful thought,

you will be able to solve almost any problem of this
kind that you may encounter.

In pulling wires into spaces between the joists
in walls, a flashlight placed in the outlet box hole
is often a great help in feeding the wires in, or in
catching them with a hiook to draw them out of the
outlet opening.

Where it is necessary to remove floor boards,
it should be done with the greatest of care, so as
not to split the edges and make a bad appearing
job when the boards are replaced. A special saw
can be obtained for cutting into floors without drill-
ing holes to start the saw. Then, if the beading
or tongue is split off with a thin sharp chisel driven
down in the crack between the boards, the board
from which the tongue has been removed can be
pried up carefully without damaging the rest of
the floor.
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Fig. 141. The view at “A” shows the wrong method of cutting lath
to install an outlet box for switches. Note that the metal ‘‘ears’
do not reach over the lath to provide any anchorage for the screws.
At “B” is shown the correct method of cutting the lath to make a
secure mounting for boxes of this type.

If it is necessary to run wires or BX crosswise
through a number of floor or ceiling joists, it can
usually be done by boring the holes through them
at a slight angle, and then working the wires or
cable through. Where tubes are used, be sure to
place the heads up in these slanting holes, so the
tubes cannot work out.

Sometimes it is necessary to remove baseboards
and cut holes behind these, to aid in fishing the
wires or cable up or down through floors and into
the walls at this point. In other cases, a channel
can be cut in the plaster behind the baseboard,
and BX or non-metallic sheathed cable run in this
channel, and the baseboard replaced to cover it.

Whenever removing baseboards in this manner,
be very careful not to split the “quarter-round”
wood strips or trimming that is often fastened
along the edges of the baseboard. A broad putty
knife is a very good tool to use in removing these
strips.

A key-hole saw is very useful in cutting through
laths to make outlet openings. Let’s emphasize once
again that in installing old house wiring, thought-
fulness, care, and neatness are the greatest essentials
in leaving the customer satisfied.

119. CONDUIT INSTALLATION

When installing conduit wiring systems in new
buildings, the entire plan should be carefully gone
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over first, to make sure that proper number of
wires for each circuit and the proper sizes of con-
duit have been selected. A great deal of time and
money can be saved by planning these things in
advance and thereby avoiding costly mistakes.

After the outlets have been located and the boxes
carefully installed on their proper supports and
hangers, the lengths of conduit can be cut, bent,
and fitted in place.

In running conduit in wood frame buildings, care
must be taken not to damage or weaken the build-
ing structure. In some cases a conduit run cannot
be made in the shortest and most direct line, be-
cause it would necessitate the notching of joists
at some distance from any support. This should
not be done, as it is likely to weaken them too
much. Instead, it is better to run the conduit along
between the joists for some distance and then make
the cross run near a wall or partition support, so
the notches in the joists can be near their ends
where the strain is not so great.

Fig. 142 is a view looking down on a group of
ceiling joists, and which illustrates the proper
method of running conduit in such cases.

In certain types of frame-building construction,
finished floors are laid on strips an inch or more
thick over the soft-wood floors. In such cases,
with the permission of the contractor or architect,
the conduit can often be run between these floors,
thus saving considerable labor and materials.

All lengths of conduit should be screwed into
their couplings as tightly as possible, to make the
conduit ground circuit complete and the entire sys-
tem secure and tight.

In attaching the conduit to outlet boxes, screw
the lock-nut well back on the threads, insert the
threaded end of the pipe in the knock-out opening,
and screw the bushing on this end as far as it will
go. Then tighten the lock-nut securely with a
wrench,

120. SPECIAL PRECAUTIONS FOR
CONDUIT IN CONCRETE BUILDINGS

When installing conduit in concrete buildings,
there are sometimes fewer problems than with
wood construction, but there are a number of dif-
ferent details which must be observed. In this
type of building, co