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CHAPTER ONE

WHAT IS ELECTRICITY AND WHERE DOES IT
COME FROM?

ONE of the first questions which any boy who is interested in elec-
tricity and the things which electricity does will want to have an-
swered is:

WHAT IS ELECTRICITY?

Strange to say, you will not be able to find the answer here or in
any other book. Neither will anyone, even a famous scientist or en-
gineer, be able to give you a satisfactory answer to your question.
They can only make a guess and tell you what electricity may be be-
cause no one knows what electricity really is.

Electricity is the name of something which no one has ever seen
and whose nature is a mystery. You may ask, but don’t we feel elec-
tricity when we get a shock and don’t we see it when it flashes some-
times? And the answer is 70. We never see or feel or hear electricity
itself. We only see and feel and hear the things which electricity
does. We can see the light from an incandescent lamp, hear the
words spoken into a telephone many miles away, and feel the heat
from an electric iron, but at no time has electricity shown itself to
us. Even when an electric spark snaps with a flash before our eyes,
we are not seeing or hearing electricity. We are only seeing a flash
and hearing a sound which electricity produces.

In spite of the fact that so little is known about the real nature of
electricity, this mysterious power is so useful that it is often called
the servant of mankind. But this was not always so. Although you

1
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and I are accustomed to incandéscent electric lamps, electric eleva-
tors, radios, telephones, and many other electrical marvels which
help to make us more comfortable and which it would seem hard to
get along without, there are people alive today who are old enough
to remember the time when, with the exception of the electric tele-
graph, these other wonderful electrical things did not exist.

For a long time in the world’s history electricity was only a play-
thing—just something to do scientific tricks with. That was because
men had not yet found out enough about it to use it properly. It is
hardly one hundred years ago that electricity was first put to work—
when something useful was found for it to do and it ceased being en-
tirely a plaything. No one knew much about the rules or laws which
electricity always obeys before that time and so they did not know
how to build machines for using electricity. All of the really accurate
electrical knowledge of those old days could easily have been put into
a book smaller than this one. Now it requires hundreds of volumes,
enough to fill a very large room. The things which have been found
out about electricity have become a beautiful science and the many
different uses which have been developed for its powers are so wide-
spread that every man, woman, and child has their way of living af-
fected by it and has been made more comfortable in some way or
other.

WHERE DOES ELECTRICITY COME FROM?

No one knows where electricity comes from any miore than they
know what it'is. We only know that it hides almost everywhere and
that there are several ways of bringing it forth from its hiding places.
Scientists speak of producing and generating electricity but these
words are a little misleading if they give you the idea that electricity
can actually be created or manufactured. For that is not so. The
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whole world seems to be a great reservoir of electricity and by “pro-
ducing” or “generating” we only mean a method of gathering some
of this great inexhaustible supply together so it can be used.
Electricity can be brought forth from its hiding places in strange
and unsuspected ways. Chemicals
and magnets may be used and so
can friction. The first electricity
which anyone knew anything about
was gathered together by means of
friction. Whenever most substances
are rubbed together, the friction
between them brings forth elec-
tricity. Some materials reveal elec-
tricity when they are torn or broken
apart. The actual amount of elec-
tricity which appears in this man-
ner may be very small and difficult BENJAMIN FRANKLIN
for anyone not equipped with the Proved that lightning is electricity.

right sort of scientific instruments

to perceive but it is nevertheless there. Even doing such a simple
thing as sharpening a pencil with a knife produces electricity. There
are instruments which are so delicate and sensitive that they will
measure the electricity generated on the wooden shavings as they
are torn off the pencil by the knife blade.

WHO WOULD THINK OF LOOKING FOR ELECTRICITY
IN A LUMP OF SUGAR?

But it can be found there if you know how. If you take a dry
lump of sugar into a pitch-dark room and after waiting a few mo-
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EXPERIMENTS WITH STATIC ELECTRICITY

If you break a dry lump of sugar in the dark, there will be a faint flash of light in the sugar. When a
strip of tire tape is suddenly pulled off its roll, there is a faint violet-colored light where the tape is torn
away. Rubbing a sheet of dry paper will generate static electricity. A fountain pen or pipe stem which
has been rubbed will attract small bits of paper or charcoal.
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ments until your eyes are accustomed to the darkness, break the lump
in half between your fingers, there will be a quick flash of faint light
in the sugar. Here is the explanation. When the little crystals of
sugar are torn apart, electricity comes forth and it is this electricity
which creates the faint light which
1s seen.

When a strip of tire tape—or elec-
trician’s tape—is suddenly pulled off
its roll, there is a faint violet-colored
light at the place where the tape is
torn away. You can easily see it ih a
dark room. This light is also created
by electricity. The electricity is pro-
duced when the sticky substance on

the tape is torn apart.
Who would have thought that a

lump of sugar or a roll of tire tape

could be used to produce electricity? e 1 . ANGE

Even a cat will generate electricity when
you rub its fur with your hands.

There are a great many other things
besides sugar and tire tape which will
do it. You may include a pair of slippers, a cat and a sheet of writing
paper in the strange list if you care to. Have you ever slid your feet
along over a thick carpet on a cold winter’s night, when it was dry
and clear outdoors, and then quickly touched your finger to the
radiator or to the knuckles of an unsuspecting friend? ' Were you
surprised when the snapping little spark jumped from your finger
tips. The flash of that little spark released the electricity with which
your body had become charged by your slippers rubbing on the
carpet. Leather belts rubbing against their pulleys often produce

! Rubber soles will not work for' this experiment. Thin-soled leather slippers on your feet
give the best results.
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so much electricity that precautions are taken to prevent it in fac-
tories where an electric spark might cause an explosion.

In winter, when you are combing your hair with a hard rubber
comb, sometimes your hair will stand up all over your head instead
of lying down flat and if you listen carefully, a faint crackling noise
will be heard. Electricity is showing itself again in an unsuspected
way. It has been brought forth by the friction between your hair
and the comb.

Even a cat will generate electricity when you rub its fur with
your hands. When the weather is cold and dry if you are in a dark
room, you will be able to see, in fact hear and feel, the sparks made
by the electricity generated when you rub a cat. If you touch the
cat’s nose with one hand while you are stroking his fur with the
other, a tiny spark will jump from your finger. It won’t hurt the
cat—it will only ruffe his dignity. After you have tried the experi-
ment once, don’t tease him any longer.

A sheet of paper which has been warmed before the fire and then
laid on a bare wooden table and briskly rubbed with your hand will
cling to the table when you try to lift it up by one corner. It is elec-
tricity, generated on the paper by rubbing with your hand, which
causes the paper to cling to the table.

ELECTRICITY MAY BE A NUISANCE AT TIMES

In paper manufacturing and printing, a great deal of trouble is
often caused by the electricity generated on the paper by friction as
it passes through the machines. The sheets of paper cling and drag.
Keeping the air damp in the pressroom is one of the means used in
overcoming this.

When gasoline is poured from one tank into another, electricity
is sometimes produced and explosions and fires have occurred which
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were due to this cause. The next time that you see a gasoline truck,
notice the chain which hangs down and drags along the ground.
The chain connects the tank with the earth and prevents electricity
from being generated in sufficient quantity, when the gasoline is
drawn off, to cause an explosion.

THERE IS MORE THAN ONE KIND OF ELECTRICITY

Electricity which is generated when two substances are rubbed
together is called frictional electricity. It is also called static elec-
tricity from a Greek word meaning “standing,” because it is gen-
erally at rest and stands still on the surface of things. Static electricity
is not of much use. The electricity used for lighting our homes, for
operating motors, telephones, etc., is not produced by friction and is
not static electricity. It is not like static electricity because it does
not stand still. It is produced by magnetism and moves in a current
like a stream of water running through a pipe. This useful sort of
electricity is called dynamic and current electricity. It is more im-
portant than static electricity because it is more useful. So is the elec-
tricity which is generated by batteries and called galvanic and some-
times wvoltaic electricity after Galvani and Volta, the two famous
men who discovered how to produce it. Much more will be told
about these other forms of electricity later in this book when we are
through talking about static electricity.

WHAT 1S STATIC ELECTRICITY GOOD FOR?

There is almost no practical use for static electricity except to
teach young scientists and future engineers many facts which are
useful to know. Thirty-five years ago, however, when doctors first
commenced to use the newly discovered X-ray for examining broken
bones or searching for bullets and pieces of metal which had become
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lodged in the human body, machines which generated static elec-
tricity were often used to operate the X-ray tubes. There is a much
more satisfactory way of producing current for X-ray tubes in use
today. Instruments called transformers are used. There will be. more
said about them later.

WHAT ARE THUNDER AND LIGHTNING?

For a long time the whole world wanted to know the answer to
that question. We know now. It is static electricity which jumps
between the clouds and the earth or between the clouds themselves
and produces the flashes and crashing thunder. The snap and flash
of an electric spark are miniature thunder and lightning. The ter-
rifying flash and crash in the heavens were once thought to be such
silly things as warfare among the gods and all sorts of other strange
imaginary happenings until Benjamin Franklin proved that light-
ning is really a gigantic spark produced by electricity leaping
through the atmosphere and that thunder is the noise which the
huge spark causes.

The question that is now running through your mind is no doubt:

WHERE DOES THE ELECTRICITY WHICH CAUSES
LIGHTNING COME FROM?

But unfortunately just like the answers to many other questions
in the realm of science, the explanation is not wholly satisfactory
because no one knows the whole answer. Scientists have satisfied
themselves as to this fact however. The air is usually electrified,
even in clear weather. The cause of this is not thoroughly under-
stood. The sun’s rays may be responsible. In fact all electricity may
come from the sun. Electricity in the atmosphere collects on water
vapor in the air. Little particles of water vapor, joining together to
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form larger-sized drops, help the electricity to accumulate and form
charges powerful enough to crash across the heavens in a great bolt
of lightning.

Scientists have tried to keep accurate records of electrical storms
over large areas of the world’s surface and estimate from the facts
gathered in this manner that there are approximately 44,000 thun-
der-and-lightning storms every year and about 6,000 lightning
flashes taking place in the earth’s atmosphere every minute. So you

ELECTRICITY FROM THE CLOUDS STRIKING A POWER LINE

The unseen electric current in the power line goes about its work silently and invisibly
because men have learned how to control it. There is much less energy in the crashing and
flashing lightning but it is uncontrolled and so often makes havoc.
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see there is a lot of thunder and lightning in the world all the time
even though there may not be a storm going on where you are.

IS LIGHTNING USEFUL?

There is probably nothing in this world of outs which does not
have its purpose—even lightning. Those alarming bolts of elec-
tricity which dart from the sky and often shatter trees and buildings
and sometimes kill men and animals, have been found to have a
useful result. They release chemicals called nitrogen compounds in
the air. These nitrogen compounds are a very fine fertilizer. It is
estimated that nearly 100,000,000 tons find their way into the soil
every year and help make the plants grow. But lightning is not the
only way Nature has of displaying electricity’s strange behavior to
us. We sometimes see what is known as the

AURORA BOREALIS

The Aurora Borealis, also called Northern Lights, which hangs
out its beautiful drapery in the skies of northern latitudes, is some
sort of an atmospheric electrical effect whose real cause is not known,
Those who live in the southern part of the United States have prob-
ably never seen it. The weird spectacle sometimes appears in the
skies in the latitude of New York. It occurs more often and is more
brilliant farther north. It often happens at a time when the mar-
iner’s compass and long-distance telegraph lines are distributed by
what is known as a magnetic storm. There is a coincidence between
these mysterious events with changes which take place in the spots
on the sun. We know a lot about this old world upon which we
live but we don’t know everything, and sun spots, aurora, and mag-
netic storms are some of the things which are not understood.
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SAINT ELMO’S FIRE

It is really static electricity escaping from the ends of a
ship’s masts and spars which produces this weird light.
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As if these strange happenings were not enough, atmospheric
electricity has still another little trick called

SAINT ELMO’S FIRE

Sailors are often very much startled to see a flickering luminous
light at the tips of a ship’s masts and spars at night. It was noticed
for thousands of years without anyone knowing what it was until
about one hundred and fifty years ago. It is called Saint Elmo’s Fire
but is really static electricity passing from the earth and through
the ship into the atmosphere. As it escapes from the ends of the
masts and spars a flickering light is produced. Saint Elmo’s Fire
differs from lightning because the electricity leaks away gradually
instead of disappearing in a fraction of a second in one crash.

THE FIRST ELECTRICAL EXPERIMENTER

Our knowledge of the beginnings of certain sciences is very lim-
ited and meager. This is especially true in the case of the science
called electricity. No one knows how long ago static electricity was
first noticed or who the first person to experiment with it was. Of
course there has always been lightning flashing around overhead
but no one knew that it was electricity until about the year 1745,
Although he might not have been actually the first experimenter,
the first man to write about electricity, as far as we know, was Thales.
This ancient scientist was born about the middle of the seventh
century B:C. and might have been either a Greek or a Pheenician.
No one knows which—neither do we know what he looked like. He
lived in Greece and spent a great deal of time in Egypt. Judging
from the things which the famous Greek philosopher Aristotle
claims that Thales did twenty-five hundred years ago, he was one of
the few men in those days who could reason for more than a few
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minutes without becoming very much muddled. Thales was a care-
ful observer and an exact thinker—a real scientist at a time when
scientists were few and far between. He did many brilliant things
which make people still read and write about him almost three thou-
sand years later, but in an electrical book for boys we are only in-
terested in one of them. He drew attention to the curious power of a
resin, called amber, to attract and pick up light bodies after it had
been rubbed and 4e gave the reason for its strange behavior. Amber
is the gum from an extinct species of trees which once grew along
the shores of the Baltic Sea and which after lying in the ground for
thousands of years, became hard and petrified. A great many mu-
seums have pieces of amber on exhibition which contain the bodies
of insects imprisoned in the resin when it was soft thousands of years
ago. The Greeks called amber elektron and used it for making pretty
yellow beads for necklaces. It is from this Greek word for amber that
electricity gained its name. We still make necklaces of amber—also
pipe stems and cigarette holders.

Although a great many other substances will also generate static
electricity and attract light objects when rubbed, it is a curious fact
that amber and jet were the only two which it was known would
act in this strange manner until the time of the famous Queen
Elizabeth whom you read about in English history. Men had been
playing with amber and jet for hundreds of years but none of them
had ever thought to rub anything else and see what it would do until
a Doctor Gilbert, who lived in Colchester, England, in_the sixteenth
century, discovered that a long list of other substances, such as glass,
diamond, sulfur, sapphire, sealing wax, rock crystals, and resin,
which he called electrics, would also behave like amber and jet
when rubbed.

In these days of radios and X-rays when so much is known about
electricity, Doctor Gilbert’s discovery that there were other sub-
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stances besides amber which would produce electricity, may appear
to you to have been unimportant. But three hundred years ago it
startled the whole scientific world and the consequence was that
electricity drew more attention than it ever had before. Men
started to rub all sorts of things with silk and wool to see what
would happen. When enough different people start to think about
the same thing it is bound to bring results.

Experiments which only a learned scientist could perform in the
seventeenth century can be tried in the twentieth century by any boy
who is interested in electricity. Things which were mysterious yes-
terday are often simple today because they are better understood.
A great deal of fun can be had experimenting with static electricity
without the necessity of spending a penny for apparatus,

This you should know. It will help to make your experiments
more successful. Static electricity is a nervous, flighty thing. It is
here for a moment and then gone in a jiffy. It is easy to produce but
hard to keep. Much of this difficulty is due to moisture in the air.
There is more moisture in the air during the summer time than
during the winter. For that reason experiments with static elec-
tricity are difficult to perform in the summer. They work best in
the winter.

AN EXPERIMENT MORE THAN
TWENTY-FIVE HUNDRED YEARS OLD

You will not need a piece of amber to try the same sort of an
experiment which Thales did more than twenty-five hundred years
ago. There are a number of common things right at hand which
will produce static electricity when rubbed. Instead of amber, you
can use a glass rod, a stick of sealing wax, a hard rubber pipe stem or
comb, or some article made of a plastic such as Lucite.
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Any of these things will become charged with electricity or elec-
trified if you rub them briskly with a piece of warm dry flannel or
woolen cloth. A piece of rabbit’s fur will work even better than
flannel. You will not have to shoot a rabbit to get a piece of rabbit’s
fur. It is used a great deal for lining coats and you can get a piece
at a furrier’s.

Snip some tissue paper
into very small bits,
about aslarge as the head Fountain Pen
of a dressmaker’s pin.
Then hold a hard rubber
pipe stem or a glass
rod which has just been
rubbed briskly with a
piece of flannel or fur
over the bits of paper. Pipe Stem
Bring it down slowly
and just before it quite
touches them, some of :

the pieces of paper will i “;

jump up to meet the rod.
If you watch very closely Rubber Comb
you may see some of the
little pieces of paper fly
quickly away from the
rod after they have
touched it. There is a

good reason for this. Be- Glass Rod
fore the bits of paper WILL PRODUCE STATIC ELECTRICITY

A number of common objects will produce static electricity
touched the I'Od, they when rubbed. A glass rod, a hard rubber or Lucite comb, a

hard rubber pipe stem or a fountain pem made of plastic
‘were ﬂttrdCted by the may be used in your experiments.
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electricity on the rod. They themselves had no electrical charge—
all the electricity was on the rod. They were neutral, as it is called.
But when they came into contact with the rod, some of the elec-
tricity on the glass spread itself over the surface of the paper bits.
The paper became covered with electricity or charged, as it is called.
From this experiment it may be seen that there is no attraction be-
tween two substances when they are both charged, but that quite
the contrary, they repel each other. When Thales performed this
experiment he used a piece of amber instead of a glass rod of course,
and instead of paper, little pieces of straw or lint.

ONE OF THE LAWS OF ELECTRICITY

No matter how many times you try this little experiment which
has just been described, the same thing will always happen. Some
of the little pieces of paper will first jump up to touch the rod and
then fly off again. This is because electricity always obeys certain
rules or laws, as they are called. Since there are a great many
definite rules which govern the behavior of electricity and it always
obeys them, it is what scientists call an exact science. One of the
laws of electricity was discovered by means of the experiment which
we have just been talking about. It is that when two objects become
charged with the same kind of electricity they are no longer at-
tracted to each other. In fact, they are repelled or pushed away.
That is why some of the bits of paper fly away from the rod. They
become charged with the same kind of electricity.

It was the discovery of definite facts like this about electricity
which eventually made it possible to build all sorts of electrical in-
struments and machinery. Not this one particular law or fact, of
course, but a whole mass of them. By learning a lot of facts about
electricity, you will be able to understand it better.
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You may be able to observe the workings of this important law
of electricity and at the same time perform an interesting experi-
ment, if, instead of bits of paper, you use some very small pieces of
charcoal. A burnt match broken into small fragments will supply
the charcoal. Put the pieces of charcoal on a piece of metal. The
top of a baking powder or coffee can will do very nicely. Hold the
electrified glass rod over them. They will jump up to meet the
rod but as soon as they touch it, they will fly off again more quickly
than the pieces of paper did. The pieces of charcoal have no charge
before they touch the rod; they are neutral. Once they touch the
rod, however, they are charged or electrified—with the same kind
of electricity which appeared on the rod when you rubbed it, and
so are no longer attracted but are pushed away.

Before you can understand how electricity will sometimes behave
and why certain electrical devices are made as they are, it is neces-
sary to know something about

CONDUCTORS AND INSULATORS

A list of all the vast number of electrical devices which have been
developed during the past one hundred years would include thou-
sands of contrivances varying in size from the little bulb for a pocket.
flashlight to a giant locomotive. Copper, brass, iron, steel, nickel,
platinum, tungsten, glass, porcelain, paper, rubber, silk, cotton, and
many other materials, each one carefully chosen for a particular rea-
son are used in the manufacture of these things. Glass is used for one:
part and copper for another because electricity behaves differently
when it comes into contact with these two different substances. It
happens that glass is an #sulator of electricity and copper is a con-
ductor. There is a great deal of difference in the ability of different
substances to conduct or insulate and that decides which material is
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the best to use for a particular purpose when building electrical
devices.
| ¥ One of the reasons why you can produce electricity quite easily
by rubbing sealing wax, hard rubber, glass, resin, and rock crystal
is because they do not carry or conduct it away when it is generated.
If a piece of iron or copper is rubbed, the electricity passes into
the hand of the person holding the metal and down into the earth

as fast as it is produced because metals are conductors of electricity.
Glass and rubber are non-conductors or #sulators. Some substances

are neither good conductors nor good insulators and they are usually
called partial conductors. Here is a list of various substances ar-
ranged so as to come under their proper classification.

PARTIAL NON-~CONDUCTORS
CONDUCTORS CONDUCTORS OR INSULATORS
Silver Cotton Glass
Copper Dry wood Sitk
Iron Marble Resin
All other metals Stone Quartz
Liquid acids Paper Oils
Liquid alkalis Damp air Wool
i Chemical salts in Shellac
i solution Hard rubber
| Impure water Wax
| Earth Mica
i Dry air
' Porcelain

{ Any substance which is wet is a conductor.

After you have looked over these lists it should be easy for you to

understand why electricity is usually led from place to place on

copper wires mounted on glass knobs or insulators and why wires

| are usually covered with rubber. The glass and porcelain knobs and

( the rubber covering on wires help to prevent the electricity from
\ leaking away.

If you do not have much luck experimenting with static elec-
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tricity in the summer time, you will now understand why. Remem-
ber that it is due to moisture in the air. Damp air is a partial con-
ductor and conducts the electricity away as fast as you can produce
ity

Now that you understand something about insulators and con-
ductors, you will also know that when you have generated electricity
by rubbing a glass rod or a fountain pen you should not lay it down
or permit it to touch anything if you do not want it to lose its
charge. The amount of electricity which you are playing with is
very small—infinitesimal is the best word to describe it.

‘HOW STATIC ELECTRICITY MAY BE DETECTED

Some of the scientists who were experimenting with electricity
one hundred and fifty years ago devised very sensitive instruments
for detecting weak charges of static electricity. They called them
electroscopes. There are several varieties of electroscopes. One of
the simplest forms which the young experimenter can build for
himself is the pith ball or feather electroscope. Pith is very light—
that is the reason why it is used. If you live in the country you can
cut a piece of pith out of the center of a dry elderberry stalk. City
boys will have to use a small piece of cork or a feather. When the
electroscope is finished it will consist of a tiny ball of pith (make
the ball as small as the head of a pin) tied to a fine silk thread sup-
ported from a wire set in a cork in the top of a bottle. You can also
use a tiny ball of cork or a piece of feather down in place of the
elder pith. The electroscope will be more sensitive if you split a
silk thread so as to obtain one of the fibers and use it to suspend the
ball or feather.

Another electroscope which will respond to an almost unbeliev-
ably small amount of electricity can be made with a piece of gold
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leaf. Two narrow strips of the thinnest tissue paper may be used

instead of gold leaf but will not be as sensitive. If you use tissue

paper it should have a little dry bronze powder (the powder which
is mixed with a liquid for painting radiators) rubbed on it before it
is used. The strips are hung upon a wire and will repel one another
and stand apart when touched with a charged fountain pen. The
force of gravity which makes them hang down straight is over-
come by the repelling force of the electrical charge. Gold leaf is
very much better to use than tissue paper. You can obtain a sheet of
gold leaf from a sign painter. They use it in lettering show win-
dows and business signs. Gold leaf is so thin that it is almost im-
possible for an inexperienced person to handle it, and when you get
your electroscope ready you had better ask the painter to hang the
strips of gold leaf on for you. The two pieces of gold leaf should
be about one-quarter of an inch wide and one inch long. They are
suspended from a piece of copper wire bent into the shape of the
letter “L.” The wire passes through a cork fitting into the top of a
wide-mouthed glass jar or bottle. The jar serves to protect the gold
leaf from draughts of air and as an insulator. A sign painter
will know how to attach the gold-leaf strips to the wire with a sticky
liquid called “size.” Then you can lower them carefully into the
jar and put the cork in place. The top of the jar should be sealed
by painting the cork with some melted paraffin. The upper end of
the wire is bent so as to form a little circle. When kept dry and free
from dust, this little instrument is very sensitive.

An electrified fountain pen or glass rod brought near a gold leaf
electroscope will cause the leaves to repel one another even while
two or three feet away. The wooden chips produced by sharpening
a pencil over the electroscope so that they fall on the wire will be
found to be electrified and cause the leaves to spread apart. Brush-
ing the wire with a dry camel’s-hair artist’s brush is sometimes
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enough friction to produce electricity whose presence will be shown
by movement of the gold leaves. The electricity on the leaves can
be discharged at any time by touching the wire with the finger.

THE FIRST ELECTRICAL MACHINE

A little more than three hundred years ago, scientists were doing
these same experiments which have just been described for you.

EXPERIMENTS WITH STATIC ELECTRICITY

Two simple forms of electroscope which will reveal the presence of static electricity.
SILK
THREAD =

~DRY
PUTH

ELECTRIFIED -
PIPE STEM -

PITH-BALL ELECTROSCOPE

Blueblack
Fountain Ron
Ink

!

I
il

- — WOODEN COVER

\

I
i
\

l({(
sttt

il

»~-— COPPER WIRE

(IS

«~=-STRIP OF GOLDLEAF

GOLDLEAF ELECTROSCOPE

W

]




| 22 A FIRST ELECTRICAL BOOK

They were producing electricity in infinitesimal quantities by rub-
i bing all sorts of objects with silk and wool and fur and trying to
attract small fragments of various substances. No one knew how to
produce electricity any differently or anything else to do with it after
it had been generated. There was no way known how to keep it or
store it after it had been produced. It was just the same flighty
stuff that you can produce on a fountain pen.

Whenever there is a new idea needed someone always comes
along with it sooner or later. This time it was the Ger-
man philosopher named Otto Von Guericke who was
Burgomaster of Magdeburg for thirty-five years. Von
Guericke spent his spare time experimenting with
electricity and it was not long before he grew tired of
rubbing objects by hand. So he made the first machine
for generating electricity. He mounted a ball of sul-
fur on a wooden shaft and fitted it with a crank so
that it could be turned. When a piece of fur was held
against the revolving ball, it generated static electric-
ity. Von Guericke’s machine worked beautifully, and

while it was really only a plaything because there was

A LEYDEN
JAR

nothing to do with electricity in those days except to
play with it, it was nevertheless an electrical generat-
ing machine. Someone had to build the first one if there was to be

any progress. There had to be a starting point in the development
of electrical machinery. The honor belongs to Burgomaster Von
Guericke.

THE LEYDEN JAR

In 1745, not long after Von Guericke invented his machine, a
man named Kleist discovered how to store electricity with the aid
of a glass jar. A year later another scientist, named Van Musschen-
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broek, who lived in Leyden, Holland, made the same discovery
dnd the new device was called the Leyden jar, which name is still
used till this day. Kleist and Van Musschenbroek used water in the
first jars which they built, but a famous Englishman found that it
was much bétter to coat the inside and outside of the jar with tin-
foil and omit the water. Electricity could now be stored up in large
quantities in Leyden jars and sometimes kept for several days. Ley-
den jars were the first form of the device called an electrical “ca-
pacitor.” Capacitors are an important part of telephones, radio
transmitters and receivers, and other electrical apparatus. The in-
vention of such a novel device as the Leyden jar, in those days
caused scientists.to take a fresh interest in electricity. When any-
thing attracts the attention of a great many men, it is bound to make
more progress than when only a few are interested. Actually, it
took another one hundred and fifty years in order to make much
progress in gathering the knowledge which finally enabled men to
make telegraph instruments, telephones, electric locomotives, and
radios, but it was Von Guericke’s simple generating machine and the
Leyden jar which started things moving in that direction:




CHAPTER TWO

ABOUT MAGNETISM

IF, as time went on, scientists and engineers had never been able
to find any better method of generating electricity than by rubbing
something, the great power Plants which furnish current for electric
lights, railways, and factories could never have been created. Tele-
phone and telegraph systems and that great host of other familiar
electrical devices would not exist. An oil lamp or a gas jet would
still probably light our homes at night. There would be no radio
receiver in the living room. We would have to be content with a
phonograph.

But fortunately it so happened that pPlaying and puttering with
glass rods, magnets, wires, and chemicals taught experimenters two
others ways of producing electricity. One of them was by making
use of chemicals and the other way was with a magnet. It is the
electricity generated by chemicals and magnets which we use for
practical purposes. Magnets produce most of it for us—they pro-
duce the electricity generated in power houses, Magnets and mag-
netism are therefore of great importance, not only to the scientist
and engineer but to all of us when we consider the benefits that
they have brought.

THE FIRST MAGNETS

It is always interesting to know the history of anything. When

we look into the history of the magnet, we find that it was at least
24
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two thousand years ago that some unknown person first noticed
that a black mineral called lodestone had the curious power of
picking up small pieces of iron. Unlike the amber which would
pick up small light objects, a lodestone did not need to be rubbed
and—stranger still—it would not disturb dust, chaff, feathers, or
any of the other things attracted by amber but only draw iron or
other bits of lodestone. This is because the power of the lodestone
lies in its magnetism and not
in electricity as in the case of
the amber.

One of the most surprising
things about a lodestone is its

ability to give magnetism to
steel. A piece of hardened steel THE FIRST MAGNET

itself becomes a magnet if it  The first magnet was a hard black mineral called

is rubbed on a lodestone. One m]es:g:e.ﬁg‘:; e l:isngbizegn R . T
of the most amazing things of

all is the fact that a lodestone does not lose any of its own magnetism
when it gives its ability to a piece of steel.

However, just as in the case of its yellow brother, amber, the
black lodestone remained merely a curiosity for many centuries
after it was discovered. It was not until about six hundred years
ago that lodestone found a use. Then an unknown inventor whose
name has been lost in the mists of time made a wonderful discovery.
He rubbed a piece of steel with a lodestone so as to magnetize it and
then attached a string to the center and hung it up. The piece of steel
swung slowly back and forth for a minute and then came to rest
pointing in a north and south position. If it was disturbed, it always
came back to rest pointing in the same direction. Here at last was a
way to tell direction. It was the first compass.
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THE FIRST COMPASS

About the end of the thirteenth century mariners commenced
to use the compass aboard their ships as a guide when the sun and
stars were hidden by clouds. Just think! Up to that time, vessels
hardly dared venture out of sight of shore for the very good reason
that it was often difficult to find the way back. But now sailors
could go forth into unknown seas and find new lands. A magnetic
needle would guide them. They need never lose their sense of direc-
tion. The exploration of the earth’s surface has been one of the great-
est accomplishments of the human race. It was the compass which
made it possible.

A POCKET COMPASS

A pocket compass is a simple affair. A magnetized needle shaped like an arrow swings
over a scale divided into degrees and marked with the points of the compass.

Needle
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The magnetic compass which surveyors and hunters use on land
to tell direction is almost as simple as the first one which the un-
known inventor made. It is nothing more than a flat steel needle
which has been magnetized and supported on a pivot at its center.
The needle swings over a scale divided into degrees and also marked
with the “points” of the compass. The needle and its scale are en-
closed in a small case with a glass crystal like a watch.

THE MARINER’S COMPASS

used by sailors and navigators to guide their ships when out of sight
of land is constructed somewhat differently from the one used by
surveyors and hunters

but works in exactly
the same way. It has

three parts—called NV

N .
—_—— ==

the bowl, the card,
and the needle. The
bowl is a brass cup,
filled with alcohol
and tightly sealed
with a glass cover so
that none of the alco-
hol can leak out. The A MARINER'S COMPASS

card is a circular disk 1 is the bowl, 2 is one of the gimbals, and 3 is the lubber’s line.
which floats in the al-

cohol. In the center of the card is a little socket which rests on an up-
right pin fixed in the bottom of the bowl so that the card can swing
around on it. The magnetized needles—and there are generally two
or more—are fastened to the bottom of the card. When the needles
move, the card must move with them. The top of the card is marked
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around its edge with the 360 degrees of a circle and the thirty-two
points of the compass. The four principal points or “cardinals,” as
they are called, are North, South, East and West. The other twenty-

A COMPASS CARD

eight are the points in be-
tween. Naming the different
compass points in their proper
order, sailors call “boxing”
the compass.

The bowl with its card and
needles is mounted in a brass
ring called a gimbal, so that
it always remains in a hori-
zontal position, even though
the ship pitches and rolls con-
siderably. The point on the
compass card which is closest
to a black mark on the bowl,
called the “Lubber’s line,”
shows the direction in which
the ship is travelling.

ARTIFICIAL MAGNETS

For a long time, magnets were of no use for anything except build-

ing compasses—and the lodestone was of no use except for rubbing
pieces of steel to form magnets for compasses. When it was found
how to make some of the electrical instruments, such as telephones
and meters, it was also found that magnets could be useful for other
purposes besides building compasses and that there was a better way
of making them than rubbing a piece of steel with a lodestone.

One of the nicest things about science is that everything seems to
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have just the right sort of a name, Pieces of steel which have been
magnetized are called artificial magnets to distinguish them from
the lodestone which is known as a #atural magnet.

Artificial magnets are made in many forms so as to fit into some.
part of the electrical instrument for which they are made. The
one with which everyone is usually the most familiar is the little
toy “horseshoe” magnet. These
are almost always painted red,
but the red paint has nothing to
do with magnetism. The little
piece of soft iron which fits
across the end of the horseshoe
is called the armature or the
“keeper” and it is intended to The experiments which may be performed with a
be always kept in place when magnet open the door to a scientific wonderland.

the magnet is not in use be-

A HORSESHOE MAGNET

cause it actually helps the magnet to keep its magnetism. A magnet
without its keeper will become weak after a while.

The horseshoe magnet itself is made of hardened steel but the
little armature is soft iron. Hardened steel will retain its mag-
netism for many years, if it is treated properly, but soft iron loses
it almost immediately. Steel will also lose its magnetism when it is
heated. or hammered. Dropping a magnet will weaken it. So, if
you have a magnet, you must take proper care of it if you want it to
keep its strength.

The ends of a magnet where you will find nearly all of its strength
are called the poles. One pole may be marked with a straight line or
the letter “N.” This is called the “north” pole because if a horseshoe
magnet could be straightened out and arranged to swing like a com-
pass needle, it is this pole which would point towards the north. The
other pole is the “south.”
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WHERE ARE PERMANENT MAGNETS USED?

L If you look inside a telephone receiver, a telephone bell, a volt-
| meter or an ammeter, an electric light meter or a magneto you will
find a permanent magnet. It will not be painted red. It will prob-

1 SOME ELECTRICAL INSTRUMENTS WHICH USE PERMANENT MAGNETS

A permanent magnet is a necessary part of each one of these electrical instruments. See if you
can pick out the telephone magneto, polarized relay, electric light meter, voltmeter, telephone
receiver and telephone bell.
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ably be black and may not even be in the shape of a -horseshoe but it
nevertheless is an important part of these devices. They could not
do their work without it.

HOW TO MAKE YOUR OWN MAGNETS

Making magnets is rather an easy matter if you already have a
magnet. You can buy small horseshoe magnets at toy stores. Any
piece of steel which has been hardened and tempered will become
strongly magnetized if it is properly rubbed on one of the poles of
another magnet. Sewing needles, knitting needles, crochet hooks,
hacksaw blades, pieces of clock spring, drills, and the blades of knives
and screw drivers are some of the things you can magnetize.

Try a large darning needle first and this will show you the trick
of how to do the thing properly. Stroke the needle from the center
towards one end (always in the same direction) with one pole of
your horseshoe magnet. Then dip the needle in some iron filings
and it will be found that the filings will cling to the needle in a tuft
at each end. The needle has been magnetized—it has become a
magnet. The ends where the filings cling are its poles. That is
where the magnetism is strongest. If you had a piece of lodestone
which you could dip into some iron filings, the same thing would
happen. There would be two places where the filings would cling
to the lodestone in a whiskerlike tuft—these would be the poles.

MAGNETIC FORCE

The pull of a magnet upon a piece of iron is not the same at all
distances. You cannot feel it when the magnet is far away from
the iron. The power with which a magnet attracts or pulls a piece
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EXPERIMENTS WITH A MAGNET

The upper left-hand sketch shows how to magnetize a sewing needle by rubbing it across one pole of a
borseshoe magnet. A magnetized needle which has been dipped in iron filings will gather tufts of the filings
at the ends. A horseshoe magnet must be brought closer to iron nails than to iron tacks before it will lift
them because the nails are heavier. A magnetized sewing needle swinging on a thread makes a simple
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