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INTRODUCTION

ONCE upon a time, and this is a true tale, a boy had a whole rail-
road system for a toy. The train ran automatically, propelied by
tiny electric motors, the signals went up and down, the station was
reached, a bell rang, the train moved on again and was off on its
journey around many feet of track to come back over the old route.

The boy viewed his gift with raptured eyes, and then his face
changed and he cried out in the bitterness of his disappointment:
“But what do I do? ” The toy was so elaborate that the boy was
left entirely out of the play. Of course he did not like it. His cry
tells a long story.

The prime instinct of almost any boy at play is to make and to
create. He will make things of such materials as he has at hand, and
use the whole force of dream and fancy to create something out of
nothing. The five-year-old will lay half a dozen wooden blocks to-
gether with a spool on one end and tell you it is a steam train. And it
is. He has both made and created an engine, which he sees but which
you don’t, for the blocks and spool are only a symbol of his creation.
Give his older brother a telephone receiver, some wire and bits of
brass, and he will make a wireless telegraph outfit and listen to a
steamship hundreds of miles away spell out its message to the shore.

The wireless outfit is not a symbol, but something that you can
both hear and see in operation even though you may not understand
the whispering of the dots and dashes. And as soon as the mystery

of this modern wonder more firmly grips your imagination, you per-
v



vi INTRODUCTION

haps may come to realize that we are living more and more in the
age of electricity and mechanism, Electricity propels our trains, lights
our houses and streets, makes our clothes, cures our ills, warms us,
cooks for us and performs an innumerable number of other tasks at
the turning of a little switch. A mere list is impossible.

Almost every boy experiments at one time or another with elec-
tricity and electrical apparatus. It is my purpose in writing this
book to open this wonderland of science and present it in a manner
which can be readily understood, and wherein a boy may “ do some-
thing.”” Of course there are other books with the same purport, but
they do not accomplish their end. They are not practical. T can
say this because as a boy I have read and studied them and they
have fallen far short of teaching me or my companions the things
that we were seeking to learn. If they have failed in this respect,
they have done so perhaps not through any inability of the author,
but from the fact that they have not been written from the boy’s
standpoint. They tell what the author thought a boy ought to know
but not what he really does want to know. The apparatus described
therein is for the most part imaginary. The author thought it might
be possible for a boy to build motors, telegraph instruments, etc.,
out of old bolts and tin cans, but he never tried 1o do so kimself.

The apparatus and experiments that I have described have been
constructed and carried out by doys. Their problems and their
questions have been studied and remedied: I have tried to present
practical matter considered wholly from a boy’s standpoint, and to
show the young experimenter just what he can do with the tools
and materials in his possession or not hard to obtain.

To the boy interested in science, a wide field is open. There is no
better education for any boy than to begin at the bottom of the lad-
der and climb the rungs of scientific knowledge, step by step. It
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INTRODUCTION vii

equips him with information which may prove of inestimable worth
in an opportune moment.

There is an apt illustration in the boy who watched his mother
empty a jug of molasses into a bow! and replace the cork. His mother
told him not to disturb the jug, as it was empty. He persisted, how-
ever,and turned the jug upside down. No more molasses came, but
out crawled a fly. New developments in science will never cease.
Invention will follow invention. The unexpected is often a valuable
clue. The Edisons and Teslas of to-day have not discovered every-
thing. There is a fly in the molasses, to be had by persistence. In-
spiration is but a starting-point. Success means work, days, nights,
weeks, and years. ’

There can be no boy who will follow exactly any directions given
to him, or do exactly as he is told, of his own free will. He will “ bolt ”
at the first opportunity. If forced or obliged to do as he is directed,
his action will be accompanied by a host of whys.” Therefore in
presenting the following chapters I have not only told how to make
the various motors, telegraphs, telephones, batteries, etc., but have
also explained the principles of electricity upon which they depend
for their operation, and how the same thing is accomplished in the
every-day world. In giving directions or in making cautions, I have
usually given the reason for so doing in the hope that this informa-
tion may be a stimulant to the imagination of the young experimenter
and a useful guide in enabling him to proceed along some of the
strange roads on which he will surely go.

ALFRED P. MORGAN.

UrpeEr MoNTCLAIR, N. J.
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CHAPTER 1

MAGNETS AND MAGNETISM

OVER two thousand years ago, in far-away Asia Minor,
a shepherd guarding his flocks on the slope of Mount Ida
suddenly found the iron-shod end of his staff adhering to
a stone. Upon looking further around about him he found
many other pieces of this peculiar hard black mineral, the
smaller bits of which tended to cling to the nails and studs
in the soles of his sandals.

This mineral, which was an. ore of iron, consisting of iron
and oxygen, was found in a district known as Magnesia,
and in this way soon became widely known as the Magnes-
stone,” or magnet.

This is the story of the discovery of the magnet. It

exists in legends in various forms, As more masses of this

magnetic ore were discovered in various parts of the world,
the stories of its attractive power became greatly exag-
gerated, especially during the Middle Ages. In fact, mag-
netic mountains which would pull the iron nails out of ships,
or, later, move the compass needle far astray, did not lose
their place among the terrors of the sea until nearly the
eighteenth century.

For many hundreds of years the magnet-stone was of
1
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little use to mankind save as a curiosity which possessed
the power of attracting small pieces of iron and steel and
other magnets like itself. Then some one, no one knows
who, discovered that if a magnet-stone were hung by a
thread in a suitable manner it would always tend to point
North and South; and so the “ Magnes-stone ” became
also called the “lodestone,” or “ leading-stone.”

These simple bits of lodestone suspended by a thread
were the forerunners of the modern compass and were of
great value to the ancient navigators, for they enabled
them to steer ships in cloudy weather when the sun was
obscured and on nights when the pole-star could not be
seen.

The first real compasses were called grnomons, and con-
sisted of a steel needle which had been rubbed upon a
lodestone until it acquired its magnetic properties. Then it
was thrust through a reed or short piece of wood which
supported it on the surface of a vessel of water. If the
needle was left in this receptacle, naturally it would move
against the side and not point a true position. Therefore
it was given a circular movement in the water, and as soon
as it came to rest, the point on the horizon which the north
end designated was carefully noted and the ship’s course
laid accordingly.

The modern mariners’ compass is quite a different ar-
rangement. It consists of three parts, the bowl, the card,
and the meedle. The bowl, which contains the card and
needle, is usually a hemispherical brass receptacle, sus-

o
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MAGNETS AND MAGNETISM 3

pended in a pair of brass rings, called gimbals, in such a
manner that the bowl will remain horizontal no matter
pow violently the ship may pitch and roll. The card which
Is circular, is divided into 32 ,
equal parts called the points
of the compass. The needles,
of which there are generally
from two to four, are fastened
to the bottom of the card.
In the center of the card is
a conical socket poised on an
upright pin fixed in the bot-
tom of the bowl, so that the
card hanging on the pin turns F16. 1.~ The Card of a Mariners’
freely around its center. On S e

shipboard, the compass is so placed that a black mark
called the lubber’s line, is fixed in a position parallel to thej
keel.. The point on the compass-card which is direct]

against this line indicates the direction of the ship’s head. ’

Experiments with Magnetism

. The phenomena of magnetism and its laws form a very
lmp.ortant branch of the study of electricity, for they play
an Important part in the construction of almost all elec-
trical apparatus.

Dynamos, motors, telegraphs, telephones, wireless appa-
ratus, voltmeters, ammeters, and so on through a practically
endless list, depend upon magnetism for their operation.)
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Artificial Magnets are those made from steel by the ap-
plication of a lodestone or some other magnetizing force.

- The principal forms are the
T R

Bar and Horseshoe, so called
F16. 2. — A Bar Magnet.

|
il

from their shape. The proc-
ess of making such a mag-

net is called Magnetization.

Small horseshoe and bar magnets can be purchased al;
toy-stores. They can be used .to pcrforr.n a number o
very interesting and instructive experi-
ments.

Stroke a large darning-needle from end to
end, always in the same direction, with one
end of a bar magnet. Then dip the needle
in some iron filings and it will be found that
the filings will cling to the needle. The
needle has become a magnel. ‘ '

Dip the bar magnet in some iron ﬁhr.\gs
and it will be noticed that the filings cling s 4
to the magnet in irregular tufts near the ends, 05 et
with few if any near the middle.

This experiment shows that the attractive power of a

NEEOLE

BAR MAGNET

TR

Fic. 4.— A Magnetized Needle and a Bz.u' Magnet which
. have been dipped in Iron Filings.
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MAGNETS AND MAGNETISM 5

magnet exists in fwo opposile places. These are called the
poles.

There exists between magnets and bits of iron and steel
a peculiar unseen force which can exert itself across
space.

The power with which a magnet attracts or repels an-
other magnet or attracts bits of iron and steel is called

Magnetic Force. The force exerted by a magnet upon a

bit of iron is not the same at all distances. The force is
stronger when the

magnet is near the
iron and weaker
when it is farther
away.

Place some small
carpet-tacks on a

plece of paper and F16. 5. — The Lifting Power of a Bar Magnet. If
hOldamagnetabove mitst be brought closer to the nails than the lacks

theri. 1Bra dually because they are heavier.
lower the magnet until the tacks jump up to meet it.
Then try some nails in place of the tacks. The nails are
heavier than the tacks, and it will require a greater force
to lift them. The magnet will have to be brought much
closer to the nails than to the tacks before they are lifted,
showing that the force exerted by the magnet is strongest
nearest to it.
Magnetize a needle and lay it on a piece of cork floating
in a glass vessel of water. It will then be seen that the
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needle always comes to rest lying nearly in a north and

south line, with the same end always toward the north.
The pole of the magnet which tends to turn towards the

north is called the

5 DLE -
o= north-seeking pole
= /ST opposite one
£ ]'b : is called the south-
"I’:‘““IW””E*‘—“— secking pole.
——— The name is usu-
—_—_ e

N

ally abbreviated to
simply the northand
south poles. The north pole of a magnet is often indicated
by a straight line or a letter N stamped into the metal.

A magnetized needle floating on a cork in a basin of
water is a simple form of

Compass. Figure 7 shows several other different ways

F16. 6. — A Simple Compass.

- : - PUNEN
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F16. 7. — Several Different Methods of Making a Simple Compass.

of making compasses. The first method is to ‘suspend a
magnetized needle from a fine silk fiber or thread.

MAGNETS AND MAGNETISM i

The second method illustrates a very sensitive compass
made from paper. Two magnetized needles are stuck
through the sides with their north poles both at the same
end. The paper support is mounted upon a third needle
stuck through a cork.

A compass which more nearly approaches the familiar
type known as a pocket compass may be made from a small
piece of watch-spring or clock-spring.

The center of the needle is annealed or softened by hold-
ing it in the flame of an alcohol lamp and then allowing it
to cool.

Lay the needle on a piece of soft metal such as copper
or brass, and dent it in the center with a punch.

Balance the needle on the end of a pin stuck through the
bottom of a pill-box.

Magnetic Substances are those which are attracted by a
magnet. Experiment with a number of different materials,
such as paper, wood, brass, iron, copper, zinc, rubber, steel,
chalk, etc. It will be found that only iron and steel are
capable of being attracted by your magnet. Ordinary
magnets attract but very few substances. Iron, steel,
cobalt, and nickel are about the only ones worthy of men-
tion.

Aftraction through Bodies. A magnet will attract a nail
or a tack through a piece of paper, just as if nothing
intervened.

It will also attract through glass, wood, brass, and all
other substances. Through an iron plate, however, the
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attraction is reduced or entirely checked because the iron
takes up the magnetic effect itself and prevents the force
: from passing through and reach-
Nronee ing the nail.

A number of carpet-tacks may
be supported from a magnet in
the form of a chain. Each in-
dividual tack in the series be-
ear macver  COmes a lemporary magnet by

I8 pave or cuass.

NAIL

induction.

Fic. 8. — The Attractionof an Iron~ If the tack in contact with
L i the magnet be taken in the

hand and the magnet suddenly withdrawn, the tacks will

at once lose their magnetism and fall apart.

It will furthermore be found that a certain magnet will
support a certain number of tacks
in the form of a chain, but that if a
second magnet is placed beneath the
chain, so that its south pole is under
the north pole of the original mag- ——
net, the chain may be lengthened by
the addition of several other tacks.

The reason for this is that the magnetism in the tacks
is increased by induction.

Magnets will Attract or Repel each other, depending upon
which poles are nearest. .

Magnetize a sewing-needle and hang it from a thread.
Bring the north pole of a bar magnet near the lower end of

MAGNET

DaR

TACHS

Fic. g. — A Magnetic Chain.

i

MAGNETS AND MAGNETISM 9

the needle. If the lower end of the needle happens to
be a south pole it will be attracted by the north pole
of the bar magnet. If,on the other hand, it is a north
pole, it will be repelled and you cannot touch it with
the north pole of the bar magnet unless you catch it and
hold it.

This fact gives rise to the general law of magnetism:
Like poles repel each other and unlike poles altract each other.

THRKAC

NEEDLE
NEEDLE

Like Poles

F16. 10.— An Experiment Illustrating that Like Poles Repel Each
Other and Unlike Poles Attract.

Another interesting way of illustrating this same law is
by making a small boat from cigar-box wood and laying a
bar magnet on it. Place the north pole of the bar magnet
in the bow of the boat.

Float the boat in a basin of water. Bring the south pole

of a second magnet near the stern of the boat and it will
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sail away to the opposite side of the basin. Present the north
pole of the magnet and it will sail back again.

If the south pole of the magnet is presented to the baw
of the boat the lit-
tle ship will follow
the magnet all
around the basin.

The repulsion of
similar poles may
be also illustrated
by a number of
magnetized sewing-needles fixed in small corks so that they
will float in a basin of water with their points down.

BAIN OF ware,

Ay N
A

F1e. 11. — A Magnetic Boat.

F16. 12. — Repulsion between Similar Poles, Shown by
Floating Needles.

The needles will then arrange themselves in different
symmetrical groups, according to their number.

A bar magnet thrust among them will attract or repel
them depending upon its polarity.

MAGNETS AND MAGNETISM 1

The upper ends of the needles should all have the same
polarity, that is, all be either north or south poles.

Magnetism flows along certain lines called

Lines of Magnetic Force. These lines always form closed
paths or circuits. The region in the neighborhood of a
magnet through which these lines are passing is called the
Jeeld of force, and the path through which they flow is called
the

Magnetic Circuit. The paths of the lines of force can be
easily demonstrated by placing a piece of paper over a

v

F16. 13. — A Magnetic “ Phdhtom,” Showing the Field of Force
about a Magnet.

bar magnet and then sprinkling iron filings over the paper,
which should be jarred slightly in order that the filings may
be drawn into the magnetic paths.

The filings will arrange themselves in curved lines, di-
verging from one pole of the magnet and meeting again at
the opposite pole. The lines of force are considered as ex-
tending outward from the north pole of the magnet, curving

-
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F16. 14.— Magnetic Phantom showing the Lines of Force about a Horseshoe
Magnet.
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around through the air to the south pole and completing
the circuit back through the magnet. )

Figure 14 shows the lines of force about a horseshoe
magnet. It will be noticed that the lines cross directly
between the north and south poles.

The difference between the magnetic fields produced by
like and unlike poles is shown in Figure 1s.

A study of this illustration will greatly assist the mind in

Al i G

F16. 15.— Lines of Force between Like and Unlike Poles.

conceiving how attraction and repulsion of magnetic poles
take place.

It will be noticed the lines of force between two north
poles resist each other and meet abruptly at the center.
The lines between a north and a south pole pass in regular
curves.

The Earth is a Great Magnet. The direction assumed by
a compass needle is called the magnetic meridian.

The action of the earth on a compass needle is exactly
the same as that of a permanent magnet. The fact that a
magnetized needle places itself in the magnetic meridian
is because the earth is a great magnet with lines of force
passing in a north and south direction.

The compass needle does not generally point exactly
toward the true North. This is because the magnetic pole
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of the earth toward which the needle points is not situated
at the same place as the geographical pole.

Magnetic Dip. If a sewing-needle is balanced so as to be
perfectly horizontal when suspended from a silk threfld
and is then magnetized, it will be found that it has lost its
balance and that the norih end points slightly downward.

This is due to the fact that the earth is round and that
the magnetic pole which is situated in the far North is
therefore not on a horizontal line
with the compass, but below such
a line.

A magnetic needle mounted so
as to move freely in a vertical
plane, and provided with a scale
for measuring the inclination, is
called a

Dipping Needle. A dipping needle
may be easily made by thrusting
a knitting-needle through a cork
before it has been magnetized.

A second needle is thrust through at right angles to the
first and the arrangement carefully balanced, so that it will
remain horizontal when resting on the edge of two glasses.

Then magnetize the first needle by stroking it with a bar
magnet. When it is again rested on the glasses it will be
found that the needle no longer balances, but dips downward.

Permanent Magnets have a number of useful applications
in the construction of scientific instruments, voltmeters,

F1c. 16. — A Simple Dipping
Needle.
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ammeters, telephone receivers, magnetos and a number of
other devices.

In order to secure a very powerful magnet for some pur-
poses a number of steel bars are magnetized separately, and
then riveted together. A magnet made in this way is called
a compound magnet, and may have either a bar or a horse-
shoe shape.

Magnets are usually provided with a soft piece of iron
called an armature or “keeper.” The “ keeper ” is laid
across the poles of the magnet when the latter is not in use
and preserves its magnetism.

A blow or a fall will disturb the magnetic arrangement of
the molecules of a magnet and greatly weaken it. The most
powerful magnet becomes absolutely demagnetized at a
red heat, and remains so after cooling.

Therefore if you wish to preserve the strength of a mag-
netic appliance or the efficiency of any electrical instrument

provided with a magnet, do not allow it to receive rough
usage.
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CHAPTER 1II

STATIC ELECTRICITY

(%
i

_a.prasasen J

I¥ you take a glass rod and rub it with a piece of flannel
or silk, it will be found to have acquired a property which
it did not formerly possess: namely, the power of attracting
to itself such light bodies as dust or bits of thread and
paper.

Hold such a rod over some small bits of paper and watch
them jump up to meet it, just as if the glass rod were
a magnet attracting small pieces of iron instead of
paper.

The agency at work to produce this mysterious power is
called electricity, from the Greek word “ Elektron,” which
means amber. Amber
was the first substance
found to possess this
property.

The use of amber
- begins with the dawn
of civilization. Amber
: beads have been found
FI6. 17. — An Electrified Glass Rod will Attract 1n the royal tombs at

Small Bits of Paper. Liycenae and at vari-
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ous places throughout Sardinia, dating from at least two
thousand. years before our era.

Amber was used by the ancient world as a jewel and for
decoration.

The ancient Syrian woman used distaffs made of amber
for spinning. As the spindle whirled around it often rubbed
against the spinner’s garments and thus became electrified,
as amber always does when it is rubbed. Then on nearing
the ground it drew to itself the dust or bits of chaff or leaves
lying there, or sometimes perhaps attracted the fringe of
the clothing.

The spinner easily saw this, because the bits of chaff
which were thus attracted would become entangled in her
thread unless she were careful. The amber spindle was,
therefore, called the “harpaga” or “ clutcher,” for it
seemed to seize such light bodies as if it had invisible talons,

‘which not only grasped but held on.

This was probably the first intelligent observation of an
electrical effect.

In the eighteenth century, when Benjamin Franklin
performed his famous kite experiment, electricity was be-
lieved to be a sort of fiery atmospheric discharge which
could be captured in small quantities and stored in recep-
tacles such as Leyden jars.

Franklin was the first to prove that the lightning dis-
charges taking place in the heavens are electrical.

The story of his experiment is very interesting.

He secured two light strips of cedar wood, placed cross-
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wise and covered with a silk handkerchief for a kite. To
the top of the upright stick of the kite was fastened a sharp
wire about a foot long. The twine was of the usual kind,
but was provided with a short piece of silk ribbon and a
key. The purpose of the ribbon was possible protection
against the lightning running through his body, silk being
a ““ non-conductor,” as will be explained a little farther on.
The key was secured to the junction of the silk ribbon
and the twine, to serve as a convenient conductor from
which to draw the sparks — if they came. He did not have
to wait long for a thunderstorm, and as he saw it gathering
he went out with his son, then a young man twenty-two
years of age. The great clouds rolled up from the horizon,
and the gusts of wind grew fitful and strong. The kite felt
a swishing blast and began to rise steadily, swooping this
way and that as the breeze caught it. The thunder mut-
tered nearer and nearer and the rain began to patter on the
grass as the kite flew higher.

The rain soon began to fall heavily, compelling Franklin
and his son to take refuge under a near-by shed. The heavy
kite, wet with water, was sailing sluggishly when suddenly
a huge low-lying black cloud traveling overhead shot forth
a forked flame and the flash of thunder shook the very
earth. The kite moved upward, soaring straight into
the black mass, from which the flashes began to come
rapidly.

Franklin watched the"silk ribbon and the key. There
was not a sign. Had he failed? Suddenly the loose fibers
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of the twine erected themselves. The moment had come.
Without a tremor he advanced his knuckle to the key.
And between his knuckle and the key passed a spark! then
another and another. They were the same kind of little
sparks that he had made hundreds of times with a glass
tube.

And then as the storm abated and the clouds swept off
towards the mountains and the kite flew lazily in the blue,
the face of Franklin gleamed in the glad sunshine. The
great discovery was complete, his name immortal.

The cause of lightning is the accumulation of the electric
charges in the clouds, the electricity residing on the surface
of the particles of water in the cloud. These charges grow
stronger as the particles of water join together and become
larger. As the countless multitude of drops grows larger and
larger the “ potential ” is increased, and the cloud soon be-
comes heavily charged. ’

Through the effects of a phenomenon called induction,
and which we have already stumbled against in the experi-
ment with the tacks and the magnetic chain, the force
exerted by the charge grows stronger because of a charge
of the opposite kind on a neighboring cloud or some object
on the earth beneath. These charges coutinually strive
to burst across the intervening air.

As soon as the charge grows strong enough a vivid flash
of lightning, which may be from one to ten miles long, takes
place. The heated air in the path of the lightning expands
with great force; but immediately other air rushes in to
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fill the partial vacuum, thus producing the terrifying sounds
called thunder.

In the eighteenth century, electricity was believed to be
a sort of fiery atmospheric discharge, as has been said.
Later it was discovered that it seemed to flow like water
through certain mediums, and so was thought to be a fluid.
Modern scientists believe it to be simply a vibratory mo-
tion, either between adjacent particles or in the ether sur-
rounding those particles.

It was early discovered that electricity would travel
through some mediums but not through others. These
were termed respectively “ conductors” and *“ non-con-
ductors " or insulators. Metals such as silver, copper, gold,
and other substances like charcoal, water, etc., are good
conductors. Glass, silk, wool, oils, wax, etc., are non-
conductors or insulators, while many other substances,
like wood, marble, paper, cotton, etc., are partial con-
ductors.

There seems to be two kinds of electricity, one called
“ static ”” and the other “ current electricity. The former
is usually produced by friction while the latter is generated
by batteries or dynamos.

A very simple and well-known method of generating
static electricity is by shuffling or sliding the feet over
the carpet. The body will then become charged, and if the
knuckles are presented to some metallic object, such as a

gas-jet or radiator, a stinging little spark will jump out to
meet it.

by permission.,

From the author's * IWireiess Teleyraphy and Telephony "

A DounLg LIGHTNING DIsCHArGE FROM Ao CLOUD To THE KARTH.
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The electricity is produced by the friction of the feet
sliding over the carpet and causes the body to become
electrified.

Warm a piece of writing-paper, then lay it on a wooden
table and rub it briskly with the hand. It soon will become
stuck to the table and will not slide along as it did at first.
If one corner is raised slightly it will tend to jump right
back. If the paper is lifted off the table it will tend to cling
to the hands and the clothing. If held near the face it
will produce a tickling sensation. All these things happen

PAPER

F16. 19. — A Piece of Dry Writing-Paper may be Electrified
by Rubbing.

because the paper is electrified. It is drawn to the other
objects because they are neuiral, that is, do not possess an
electrical charge.

‘All experiments with static electricity perform better in
the winter time, when it is cool and clear, than in the sum-
mer. The reason is that the air in winter is drier than in
summer. Summer air contains considerable moisture and
water vapor. Water vapor is a partial conductor of elec-
tricity, and the surrounding air will therefore conduct the
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static electricity away from your apparatus almost as fast
as it can be produced in the summer time.

Some day during the winter time, when it is cool and clear,
and the cat is near a fire or a stove, stroke the cat rapidly
with the hand. The fur will stand up towards the hand
and a faint crackling noise will be heard. The crackling
is caused by small sparks passing between the cat and the

F16. 20, — A Surprise for the Cat.

hand. If the experiment is performed in a dark room, the
sparks may be plainly seen. If you present your knuckle
to the cat’s nose a spark will jump to your knuckle and
somewhat surprise the cat.

If the day is brisk and cool, so that everything outside is
frozen and dry, try combing the hair with a rubber comb.
Your hair will stand up all over your head instead of lying
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down flat, and the faint crackling noise, showing that
sparking is taking place as the comb passes through the
hair, will be plainly heard. The electricity is produced by
the friction between the hair and the comb.

Electricity may be produced by friction between a num-
ber of substances. A hard rubber rod, a glass rod, a rubber
comb or a stick of sealing-wax may be very easily electri-
fied by rubbing them briskly with a piece of dry, warm
flannel.

Electroscopes are devices for detecting the presence of
static electricity.

A very simple form of electroscope may be made in much
the same manner as the paper compass described in the

PAPER

F1e. 21. — A Paper Electroscope.

last chapter. It may be cut out of writing-paper and
mounted on a pin stuck through a cork. If an electrified
rod is held near the electroscope it may be made to whirl
around in the same manner as a compass needle when a bar
magnet is brought to it.

The Pith-Ball Electroscope is a very simple device, in
which a ball of cork or elder pith is hung by a fine silk
thread from an insulated support. A suitable elegtroscope
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may be made from a glass bottle having a piece of wire thrust
into the cork to support the pith ball. When the electri-
fied rod is presented to the pith ball, it will fly out towards
the rod.

If the pith ball is permitted to touch the glass rod, the
latter will transfer some of its electricity and charge the
ball. Almost imme-
diately the pith ball
will fly away from
the glass rod, and
no matter how near
the rod is brought,
it will refuse to be
touched again.

This action is
much the same as
that of the magnet-
ized needle sus-
pended from a thread when the similar pole of the magnet
is presented to it.

When the rod is first presented to the pith ball, the latter
is neutral and does not possess an electrical charge. When
the rod has touched the ball, however, some of the electric-
ity from the rod passes to the ball, and after this they will
repel each other.

The reason is that the rod and the ball are similarly
charged and similarly charged bodies will repel each other.

If you are a good observer you might have noticed when

’ VT
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F16. 22. — A Pith-Ball Electroscope.
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experimenting with an electrified rod and the small bits of
paper, that some of the little papers were first attracted and
flew upwards to the
rod, but having once
touched it, were
quickly repelled.
The repulsion be-
tween two similarly
electrified bodies
may be shown by a
double electroscope.
A double electro-
scope is made by
hanging two pith
balls on two silk threads from the same support.
Electrify a glass rod and touch it to the pith balls. They
will immediately fly apart
because they are electri-
fied with the same kind
of electricity.
The Gold-leaf Electro-
scope is one of the most

Fi16. 23. —A Double Pith-Ball Electroscope.

D1sK

sensitive means which
can be employed to de-
tect small amounts of
static electricity.

It is a very simple in-
strument and is easily made in a short time. A couple of

Fic. 24. — A Gold-Leaf Electroscope.
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Fig. 23. — A Double Pith-Ball Electroscope.
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F1c. 24. — A Gold-Leaf Electroscope.
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narrow strips of the thinnest tissue paper, or, better still,
two strips of gold leaf, are hung from a support in a wide-
mouthed glass bottle which serves at once to insulate and
protect the strips from draughts of air.

The mouth of the jar is closed by a plug of paraffin wax,
through the center of which passes a small glass tube. A
stiff copper wire passes through the tube. The lower end of
the wirg is bent at right angles to furnish support for the
strips of gold leaf. A round sheet metal disk about the size
of a quarter is soldered to the upper end of the rod.

If an electrified stick of sealing-wax or a glass rod is pre-
sented to the disk of the electroscope, the strips will repel
each other very strongly. If the instrument is sensitive,
the strips should begin to diverge some time before the rod
reaches the disk. It is possible to make an electroscope so
sensitive that chips formed by sharpening a pencil will
cause the strips to diverge.

There are two kinds of static electricity. Rub a glass
rod with a piece of silk and then suspend it in a wire stirrup
as shown in Figure 25. Excite a
second rod also with a piece of
silk and bring it near one end of
the suspended one. The suspended
rod is repelled and will swing away
L from the one held in the hand.

. 25‘_Meth dof Suspend.  1NOW rub a stick of sealing-wax
ing an Electrified Rod in a  with a piece of flannel until the

Wikl Berap. sealing-wax is electrified. Then

THRSAD

WIRE STIRAUP
GLass moD
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bring the stick of sealing-wax near the end of the suspended
rod. The rod will be atfracted to the sealing-wax. '

If you experiment further you will find that two sticks
of sealing-wax will repel each other. .

This experiment indicates that there are two kinds of
electrification: one developed by rubbing glass with silk

GLass RoD

. GLASS ROD
SEALING WAX
N\
F16. 26. — Similarly Electrified Bodies Repel Each Other. Dis-
similarly Electrified Ones Attract Each Other.
and the other developed by rubbing sealing-wax with
flannel. .

In the first instance, the glass rod is said to be positively
electrified, and in the latter case the sealing-wax is nega-
tively electrified.

The same law that applies to magnetism also holds true
in the case of static electricity, and similarly electrified
bodies will repel each other and dissimilar ones attract. '

The Electrophorus is an instrument devised by Volta in
1775 for the purpose of obtaining static electricity.
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It is easily constructed and will furnish a source of elec-
tricity for quite a number of interesting experiments. An
electrophorus consists of two parts, a round cake of resin-
ous material cast in
a metal dish or pan,
and a round metal
disk which is pro-
vided with an insu-
- lating handle.

To make an elec-
trophorus, first pro-
cure an old cake or
pie tin, and fill it with bits of resin or sealing-wax. Place
the pan in a warm spot upon the stove where the resin will
melt, taking care not to overheat or it will spatter and pos-
sibly take fire. As the resin melts, add more until the pan
is nearly full. When all is melted, remove from the fire and
set it away where it may cool and harden in the pan with-
out being disturbed.

Cut a circular disk out of sheet tin, zinc, or copper, ma-
king the diameter about two inches less than that of the
pie pan. Solder a small cylinder of tin or sheet brass to
the center of the disk to aid in supporting the handle. The
latter is a piece of glass tubing about three-quarters of an
inch in diameter and four or five inches long, placed in the
center of the cylinder and secured with molten sealing-wax.

In order to use the electrophorus the resinous cake must
first be beaten or briskly rubbed with a piece of warm

F16. 27. — The Electrophorus.
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woolen cloth or flannel. Then place the disk on the cake
holding the insulating handle with the right hand. Touch
the cover or the disk momentarily with the forefinger of
the left hand. After the finger is removed, raise the disk
from the cake by picking it up with the glass insulating
handle. The disk will now be found heavily charged with ¢
positive electricity, and if the knuckles are presented to
the edge, a spark will jump out to meet them.

The cover may then be replaced, touched, and once more
removed. It will yield any number of sparks, the resinous
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F16. 28. — An Electric Frog-Pond.

cake only needing to be recharged by rubbing once in a long
while.

An Electric Frog-Pond may be experimented with by
cutting out some small tissue-paper frogs. Moisten them
a little and lay them on the cover of the electrophorus.
Touch the electrophorus with the finger and then raise it
with the insulating handle. If the “frogs” are not too wet
they will jump from the cover upon the table as soon as the
cover is raised.
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STATIC ELECTRIC MACHINES

A Cylinder Electric Machine

THE electrophorus described in the last chapter is capable
of furnishing sufficient electricity for many interesting ex-
periments, but for the purpose of procuring larger supplies
of -electricity, a static electric machine is necessary.
~ An electric machine is composed of two parts, one for
producing the electricity by the friction of two surfaces
rubbing against each other, and the other an arrangement
for collecting the electricity thus formed.

The earliest form of electric machine consisted of a ball
of sulphur fixed upon a spindle which could be rotated
by means of a crank. When the dry hands were pressed
against the sulphur by a person standing on a cake of
resin, which insulated him, sparks could be drawn from
his body.

Later a leather cushion was substituted for the hands, and
a glass cylinder for the ball of sulphur, so that the frictional
electric machine now consists of a cylinder or a disk of glass
mounted upon a horizontal axis capable of being turned by
a handle. A leather cushion, stuffed with horsehair and
covered with a powdered amalgam of zinc or tin, presses

against one side of the cylinder. A “ prime "’ conductor in
30
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the shape of an elongated cylinder presents a row of fine
metal spikes, like the teeth of a rake, to the opposite side.
A flap of silk attached to the leather cushion passes over
the cylinder and covers the upper half.

When the handle of the machine is turned, the friction
produced between the leather cushion and the glass gene‘r—
ates a supply of positive electricity on the glass, which s
collected, as the cyl-
inder revolves, by
the row of sharp

points, and trans- coLLscr ‘ l

ferred to the prime

.~ RUBBER

conductor. |
The fust thingre- ||  J L 2| -
quired in the con- (I —
0 . Fie. 29.— Front View of a Cylinder Electric
struction of an elec LR oy

tric machine is a
large glass bottle having a capacity of from two to four
quarts.

The insulating power of glass varies considerably. Com-
mon green glass (not white glass colored green by copper,
but glass such as the telegraph insulators are made from)
generally insulates the best. Some sorts of white glass, the
Bohemian especially, are good insulators, but this quality
will not usually be found in ordinary bottles.

Select a smooth bottle which has no lettering embossed
upon it, and stand it upon a piece of white paper. Trace
on the paper a line around the circumference of the bottle
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so that the circle thus formed is of the same size as the
bottom of the bottle. Lay a carpenter’s square on the
circle so that the point C just touches the circumference.
Draw a line from 4 to B where the sides of the square cut

| - PAPER

F16. 30. — Method of Finding the Center of a Circle.

the circumference. The point in the middle of this line is
the center of the circle.

Place the paper on the bottom of the bottle so that the
circle coincides with the circumference, and mark the center
of the bottle.

The bottle must now be drilled. This is accomplished
with a small three-cornered file, the end of which has been
broken off so as to form a ragged cutting edge. The file is
set in a brace and used like an ordinary drill. During the
boring process the drill must be frequently lubricated with

e
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a mixture of gum camphor and turpentine. The drilling,
which will require almost an hour before the glass is pierced,
if the bottle is a thick one, should be performed slowly and
carefully, so as to avoid all danger of cracking the glass.
The hole, when finished, should be from one-quarter to
three-eighths of an inch in diameter.

After the hole has been bored, fit a wooden plug into $he
neck of the bottle and cement it there with a mixture com-
posed of one-half a pound of resin, five ounces of beeswax,
one-quarter of an ounce of plaster of Paris, and three-
quarters of an ounce of red ocher, melted together over a
moderately warm stove. Dip the plug in the molten cement
and force it into the neck of the bottle. When the cement
dries it will be impossible to remove it.

The sizes of bottles vary, so that it is quite impossible to
give dimensions which must be closely followed in construct-
ing the machine. Those in the text are approximate. The
drawings have been made to scale so as to show the propor-
tions the parts bear to each other.

A heavy wooden base will be required to mount the
machine on. Two uprights are mounted on the base to
support the axis of the bottle. Through one of these bore
a hole of the same diameter as the wooden plug fitted in
the neck of the bottle. The end of the wooden plug pro-
jecting through the upright is notched and fitted with a
crank so that the bottle may be revolved. The handle of
the crank is an ordinary spool having one flange cut off and
mounted with a screw and a washer.
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The machine is now ready for the “ rubber ”” and prime
conductor.” The rubber is a piece of wood one inch square
and from six to eight inches long. A piece of undressed
leather is tacked on as shown in the illustration and stuffed
with horsehair. The wood is
shellacked and covered with tin-
foil previous to tacking on the
leather. A strip of wood, two
inches wide and one-half an inch
thick, is fastened to the back
of the rubber. The strip should
be just long enough so that when
the lower end rests on the base
the rubber is level with the axis
of the bottle. The lower end
may be fastened to the base by
means of a small brass hinge.
Two rubber bands stretch from
hooks between the rubber and the base so as to pull the
former tightly against the bottle. The illustration shows
a method of mounting the rubber on a foot-piece held to
the base with a thumb-nut so that it may be slid back and
forth and the pressure varied at will.

The prime conductor is formed from a piece of curtain-
pole two inches in diameter and eight inches long. The
ends are rounded with a rasp and then smoothed with sand-
paper. Thewhole surface is then shellacked and covered with
a layer of tinfoil. The heads of a number of dressmaker’s

F1c. 31. — The “ Rubber.”
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pins are cut off, and the pins forced into the side of the prime
conductor with a pair of pincers. They should form a row
like the teeth of a rake about three-eighths of an inch apart.
A hole is bored in the center of the under side of the prime
conductor to receive a glass rod one-half inch in diameter.
A second hole of the same size is bored in the base in such a
position that when the glass rod is in place, the teeth on
the prime conductor are on a level with the axis of the
bottle, and their points about 3-32 of an inch away from
the glaiss. The glass rod must be used in order to insulate
the prime conductor and pre-
vent the escape sof the elec-
tricity. It is secured with some
of the cement described on page
33. A piece of water-gauge
glass may be used in place of a
glass rod.

A strip of oiled silk, or in its
place a strip of silk which has g, 33. — The Prime Conductor
been shellacked, eight or nine or Collector.
inches wide, and long enough
to reach half-way around the bottle, is tacked to the rub-
ber so that the silk covers the upper half of the cylinder
and comes over to within one-quarter of an inch of the
steel points. .

The machine is now complete, and when the handle is
turned rapidly, you will be able to draw sparks from the
prime conductor. The sparks will probably be very short,
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about one-half of an inch long. These can be increased,
however, to three inches, if the glass is of the right quality,
by treating the rubber with amalgam.

The amalgam is formed by melting one ounce of tin and
adding to it one ounce of zinc in small bits. As soon as
the zinc has also melted add to the mixture two ounces of
mercury which has been previously warmed. Be careful
not to inhale any of the vapor during this operation. Pour
the mixture into a vessel of cold water, which will reduce
the metal to small grains. Pour off the water and grind
the amalgam to a powder by pounding the grains with a
hammer.

The leather rubber should be thinly smeared with lard
and the powdered amalgam rubbed on it.

In order to obtain the greatest effect from an electric
machine, it must be carefully freed from dust and particles
of amalgam adhering to the glass, and the insulating column
rubbed with a warm woolen cloth. The best results are

obtained by placing the machine near a stove or radiator
where it is warm.

A Wimshurst Machine

The Wimshurst Machine consists of two varnished glass
plates revolving in opposite directions. On the outside of
each of these plates are cemented a number of tinfoil
“ sectors,” arranged radially. Two conductors at right

angles to each other extend obliquely across the plates, one

at the back and the other at the front. These conductors

OILED SILK

/GLASS CYLINDER

COLLEGTOR~  ff

sparx eatL’
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F16. 33. — The Complete Cylinder Electric Machi‘w.
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each terminate in brushes of tinsel which electrically excite

the “sectors” as the plates revolve. The electricity is

collected by a set of “ collectors ”’ arranged in a somewhat
similar manner to the collector on the cylinder electric
machine.

The Glass Plates are each eighteen inches in diameter.
Purchase two panes of clear glass twenty inches square

l-
8
i6"

F16. 34.— Paper Pattern for laying out the Plates.

from a glass dealer. The white glass is far preferable to the
green glass and will make the best electric machine. The
plates should be of the thickness known as “ single light ”
and should be perfectly free from wavy places, bubbles, or
other imperfections.

The work is first laid out on a piece of stiff paper twenty
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inches square as a pattern. Describe a circle four inches in
diameter. Using the same center, draw other circles, making
them respectively eight, sixteén, and eighteen inches in
diameter. Then mark sixteen radial lines, from the center,
making them equal distances apart, as shown in Figure 34.

PLATE

F1G6. 35. — Plate with Sectors in Position, and a Pattern for the Sectors.

Lay one of the glass panes over the pattern and cut out a
glass circle eighteen inches in diameter, or perhaps you may
be able to have a glazier do the cutting for you and so save
considerable trouble and possible breakage. Two such
plates should be made.

The Sectors are cut from heavy flat tinfoil according to
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the pattern shown in Figure 35. They should be made one
inch and one-half wide at the wide end and three-quarters
of an inch at the other end. They are each four inches
long. Thirty-two such sectors are required. The easiest
way to make them is to cut out a pattern from heavy card-
board to serve as a guide.

Clean and dry both of the glass plates very carefully and
then give them each two thin coats of white shellac. After
they have been dried, lay one of the plates on the paper
pattern so that the outside of the plate will coincide with
the largest circle on the paper.

Then place a weight in the center of the plate so that it
will not move, and stick sixteen of the tinfoil sectors on the
plate with thick shellac. The sectors are arranged symmet-
rically on the plate, using the eight-inch and sixteen-inch
circles and the radial lines as guides. Both plates should
be treated in this manner. Each sector should be care-
fully pressed down on the glass, so that it will stick
smoothly without air-bubbles or creases. When all the
sectors are in place the plates will appear like that shown
in Figure 35.

The Bosses will have to be turned out at a wood-working
mill or at some place where they have a turning-lathe. The
bosses are four inches in diameter at the large end and one
inch and one-half at the other. A groove is turned near
the small end of each to accommodate a round leather
belt.

A hole should be made in each boss about half-way

e e e
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through from the small end. These holes should be bushed
with a piece of brass tubing having an inside diameter of
one-half inch. The tubing should go into the hole very
snugly and be a * driven fit.”

The bosses should both be given a coat of shellac, and
after this is dry, fastened to the glass plates on the same side
to which the tinfoil sectors -
are attached. The best plan [

SECTIOI
is to lay the disks on the 1§ ey T
paper pattern and adjust * ) “f’
them until the outer edge l ”
coincides with the largest il
circle. Fic. 36.— A Side View of one of the
Then apply some bichro- Bosses, showing the Brass Bushing

used.
mate glue to the flat surface ™

of one of the bosses and place the latter in the center of the
plate in line with the smallest circle.

Place a weight on the boss to hold it down firmly against
the plate and leave it over night, or for ten or twelve hours,
until thoroughly dry.

The glue is prepared by placing some high-grade glue in
a tin cup and covering it with cold water. Allow it to stand
until the glue absorbs all the water it will and becomes
soft. Then pour the water off and add enough glacial acetic
acid to cover the glue. -

Heat the mixture until it is reduced to a liquid, stirring it
until it is perfectly smooth. Add a teaspoonful of powdered
bichromate of potash to the glue.
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The glue must now be kept in the dark, for sunlight will
“set "’ the glue so that it becomes insoluble.

The Frame of the machine is composed of two strips
twenty-five inches long, three inches wide, and an inch and

F1c. 37. — The Frame:

one-half in thickness, and two cross-pieces of the same
thickness and width fifteen inches long.

Notches are cut at both sides of the base to admit the
feet of the uprights.

The Uprights are seventeen inches long, three inches wide,
and one and one-half inches thick.

The notch at the foot is cut the same width as the. thick-
ness of the long members of the frame and is arranged so
that when fitted in

o place, the foot of the

’») ® L | upright will rest on

b . : | the table in line with
47

"the bottom of the
cross-pieces.

The Driving-Wheels are turned out of wood on a lathe.
They are seven inches in diameter and seven-eighths of an
inch thick. A groove should be turned in the edge to carry
a small round leather belt. The wheels are mounted on a

Fic. 38. — The Upright.

o
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wooden axle made from a round curtain-pole. They are
glued to the axle and arranged so that the grooves will fall
directly underneath the pulleys turned in the bosses.

CROSS szevion

F16. 39. — The Driving-Wheels and Axle.

The ends of the axle pass through the uprights, five inches
above the bottom.

The front end of the axle is fitted with a crank and a handle.

The plates are mounted on short iron axles passing through
the top of the upright into the brass bushings. One end of
each of the axles is
filed flat where it
passes through the
wood upright so that
it may be firmly held
by a set-screw and
prevented from re-
volving.

Fasten a small fiber washer to the center of one glass disk
so that it will separate the plates and prevent them from
touching when revolving.

Ve G6rooVE)

For sake of clearness, the Plate is not shown.
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The collectors, quadrant rods, etc., are mounted on glass
rods one inch in diameter. The bottoms of the rods fit in
holes (H H) bored in the cross-pieces of the base, Figure 137k
The upper ends are each fitted with a brass ball two inches
in diameter. The balls are mounted on the rods by solder-
ing a piece of brass tubing to the ball and slipping it over
the rod. The rods should
be of the proper length to
bring the center of the balls
on a line with the center of
- the plates.

Make two forks as shown
in Figure 42 out of brass
rod, three-sixteenths of an
inch in diameter and solder
brass balls at the ends.
The forks are eleven inches
long.

A number of small holes
must be bored in the “ prongs ” and pins made by cutting
ordinary dressmakers’ pins in half and soldering them in
place. These pins, mounted on the forks, form the combs
or collectors.

Bore a horizontal hole through each of the brass rods on
the top of the glass rods and pass the shanks of the forks
through and solder them in place.

One of the shanks may be provided with a discharge ball
at the end as shown by D B in Figure 44. The other is

F16. 41. — Showing how the Ball, Comb,
etc., are mounted on the Glass Rod.

-

e . A s . s
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provided with a hard rubber handle made from a piece of
rod. Bore a three-eighths hole directly in the top of each
brass ball to receive the quadrant rods forming the spark-
gap.

The quadrant rods extend over the top of the plates and
are three-cighths of an inch in diametér. They are loose

=

F1c. 42.— A Comb or Collector.

in the tops of the balls so that they may be moved about or
removed entirely.

A small brass ball three-quarters of an inch in diameter
should be soldered to the top of one of the quadrant rods
and a similar ball two inches in diameter to the other.

7z )
Z

_ THNSEL BRUSH

F16. 43. — Showing how the Tinsel Brushes are arranged on the * Neutralizer »
Rods.

Two large brass balls, two inches in diameter, are fitted
over the ends of the axles, which project through the up-
rights. Bore a one-quarter-inch hole through each ball at
right angles to the axle and slip a one-quarter-inch brass
rod through and solder it fast.
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The ends of the rods should be tipped with a bunch of
tinsel or fine copper wires and be curved so that the brushes

FiG. 44.— The Complete Wimshurst Electric Machine. B B B B, Brushes. CC,
Combs. D B, Discharge Ball. 11, Glass Rods. H, Handle. Q Q,Quadrant Rods.
S8SSS, Sectors. S G, Spark-Gap. P P, Driving-Wheels.

For the sake of cleamess, several of the sectors are not shown.
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so formed will just touch the sectors on the disks when the
latter are revolved.

These are the neutralizers and are arranged in the ap-
proximate positions shown in Figure 44.

The driving-wheels are connected to the bosses by means
of small round leather belts. The belt at the rear ®f the
machine is crossed in order to make the plates revolve in
opposite directions.

If the machine has been properly built it is now ready for
operation. It may be necessary to charge the machine the
first time that it is used by touching several of the sectors
with the charged cover of an electrophorus. Then if the
handle is turned the accumulated electricity should dis-
charge across the spark-gap at the top of the machine in
the form of bright blue sparks.

Experiments with an Electric Machine

Many interesting experiments can be performed with an
electric machine. The number is almost unlimited. A few
of the most instructive ones are described below. Others
can be found in almost any text book on physics.

The Leyden jar consists of a glass jar coated with tinfoil
part way up on both the outside and inside. Through the
wooden stopper passes a brass rod or a heavy copper wire
which connects with the inner coating of tinfoil by means
of a small brass chain. The upper and outside end of the
rod usually terminates in a brass ball or knob.

It is a very simple matter to make a good Leyden jar.
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The jar must be thoroughly cleaned and dried before coat-
ing. The inside is then given a thorough brushing over with
shellac or varnish. Before it is dry, carefully insert the tin-
foil and press it smoothly against the glass. The outside
of the jar is treated and coated in the same manner. The

COATING

F16. 45. — The Leyden Jar.

inside and outside of the bottom are also coated by cutting
the tinfoil in circular pieces and shellacking them on.

In order to charge the Leyden jar, grasp it in the hand
near the bottom and hold the knob against the prime con-
ductor while turning the handle of the machine.

Igniting gunpowder. Bore a hole one-half inch in diam-
eter and one inch deep in a block of hardwood. Pass two
small brass wires through holes in the sides, letting the ends
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of the wires be about one-eighth of an inch apart. Pour
a little gunpowder in loosely over the wires. Tie a piece
of thoroughly moistened cotton twine, three inches long, to
one of the wires and

~HOLE
attach it to the out- 0 A\
side coating of a / /////
charged Leyden jar. %iﬁl ; A__ >
Connect the knob of Vi N WIRE
-the jar to the oth;r F16. 46. — A Wooden Mortar for Igniting
Gunpowder.

wire. The gunpow-
der will immediately explode. Keep the face and hands
away from the gunpowder when performing this experi-
ment.
Electric Umbrella. The repulsion of similarly electrified
) bodies which was illustrated
[l = s by the action of the pith ball
electroscope may be better illus-
trated by pasting some narrow
streamers of tissue paper about
one-eighth of an inch wide and
four inches long to a small cork
covered with tinfoil. The cork
is mounted on the upper end of
a stiff copper wire supported in
a bottle. When the wire is con-
nected to the prime conductor and the machine set in
motion, the strips will spread out like an umbrella.
Lightning Board. A pane of glass is thoroughly cleaned

F16. 47. — An Electric Umbrella.
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and then given a coat of shellac or varnish. Before the
varnish is dry, press on a piece of tinfoil large enough to
cover one side of the glass and rub it down smoothly.

After the shellac or varnish is dry, cut the tinfoil up into
innumerable little squares with a sharp knife and ruler,

1317

CORK — il N GLASS PLATE
COVERED WITH
TINFOIL SQUARES

\
F1c. 48. — A Lightning Board.

leaving two solid strips of tinfoil at the ends of the glass
pane.

The pane is mounted by cementing it in a slot in the cork
of a bottle. Connect one of the tinfoil strips to the prime
conductor and the other to the earth or the body. When
the machine is turned, innumerable little sparks will pass
between the tinfoil squares and give an appearance very
similar to that of lightning.

The Electrical Dance. A number of little balls of cork
or pith are enclosed in a cylinder of glass about two and one-
half or three inches high formed by cutting off the top of a
lamp chimney. The top and bottom of the cylinder are
closed by two circular pieces of sheet brass or copper. The

o
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top disk is connected to the prime conductor while the
bottom one is connected to the rubber. When the machine
is set in motion, the little

balls will dance up and commagied 7h, EMIME
down. Bits of feather or \

paper cut to represent fig-
ures of men and women
may be used as well as pith
or cork balls.

The Electric Whirl. The
whirl consists of an S
shaped piece of brass wire,
pointed at both ends and supported on a needle by a
little conical depression made in the center with a
punch.

The needle is stuck in a cork in the top of a bottle
and connected with
the prime conductor of
the electric machine.
When the latter is set
in motion, the whirl
will commence to re-
volve at a high rate of

LLOWER DISK

conwEcTED T2
———_#®  ruE ROBOCA

F1c. 49. — An Electric Dance.

speed.
F1c. §0. - - An Electric Whirl. Lichtenberg’s Figures
can be produced by charging a Leyden jar by connecting
the knob or inside coating with the prime conductor and

holding the outside coating in the hand.



52 THE BOY ELECTRICIAN

Then trace a small circle on the electrophorus bed with
the knob.

Charge a second Leyden jar by connecting the outside
coating with the prime conductor.

The inside coating should be connected to the rubber
by means of a wire fastened
to the knob. The same result
may be obtained by connecting
the outside coating with the
prime conductor and touching
the knob with the hand.

Then trace a cross on the
electrophorus bed with the
knob, making the cross inside
of the circle.

Shake a mixture of red lead
and sulphur through a muslin bag from a height of several
inches over the electrophorus.

The red lead will accumulate around the cross and the
sulphur around the circle.

FiG. 51.— Lichtenberg’s Figures.

D ——

CHAPTER 1V

CELLS AND BATTERIES

In order that the young experimenter may obtain elec-
tricity for driving his various electrical devices it is neces-
sary to resort to batteries, a small dynamo, or the house-
lighting current.

All houses are not supplied with electric current. F urther-
more, many boys have no source of power from which to
drive a small dynamo. Batteries must therefore be re-
sorted to in the majority of cases.

A number of different cells and batteries are described in
this chapter. All of them are practical, but after buying
zinc, chemicals, etc., for any length of time, figure out what
your batteries cost you to make. The real value is not their
cost in dollars and cents but in what you have learned in
making them. If you have a continuous use for electrical
current for running small electrical devices it is cheaper to
buy dry cells, or what is better, a storage battery, and have
it recharged when necessary.

Build your own batteries first. Then after you have learned
how they are made and something about their proper care
buy them from some reliable electrical house.

Batteries are always interesting to the average experi-
53
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menter, and when properly made are one of the most useful
pieces of apparatus around the home, laboratory, or shop
that it is possible to construct. Many hundreds of thou-
sands of experiments have been carried out by capable men
in an effort to discover or devise a perfect battery, and the
list of such cells is very great.

Only the most common forms, which are simple and in-
expensive to construct but will at the same time render fair
service, have been chosen for description.

Cells are usually considered ore element or jar of a bat-
tery. A cell means only one, while a battery is a group of
cells. It is not a proper use of the word to say ‘ battery ”
when only one cell is implied. This
is a very common error.

The Voltaic cell is called after its
inventor, Volta, a professor in the
University of Pavia, and dates
back to about the year 1786.

A simple voltaic cell is easily
made by placing some water mixed
with a little sulphuric acid in a glass

F16. 52. — The Voltaic Cell, tumbler and immersing therein two
clean strips, one of zinc and the

other of copper. The strips must be kept separate from
each other. The sulphuric acid must be diluted by mixing
it with about ten times its volume of water. In mixing acid
with water always remember never to pour water into acid
but to perform the operation the other way and pour the
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acid into the water. A copper wire is fastened with a screw
or by soldering to the top of each of the strips, and care
must be exercised to keep the wires apart.

As has been said, the zinc and copper must never be al-
lowed to touch each other in the solution, but must be kept
at opposite sides of the jar.

The sulphuric acid solution attacks the zinc, causing it
slowly to waste away and disappear. This action is called
oxidation, and in reality is a very slow process of burn-
ing. The consumption of the zinc furnishes the electric
energy, which in the case of this cell will be found to be
sufficient to ring a bell or buzzer, or run a very small toy
motor.

As soon as the plates are immersed in the acid solution,
bubbles will begin to rise from the zinc. These bubbles
contain a gas called hydrogen and they indicate that a
chemical action is taking place. The zinc is being dissolved
and the /#ydrogen gas is being set free from the acid. It will
be noticed that no bubbles arise from the copper plate and
that there is little if any chemical action there. In other
words, it seems that the chemical action at one plate is
stronger than that at the other.

A cell might be likened to a furnace in which the zinc is
the fuel which is burned to furnish the energy. We know
that if the zinc is burned or oxidized in the open air it will
give out energy in the form of #eat. When it is burned or
oxidized slowly in acid in the presence of another metal it
gives out its energy in the form of electricity. The acid
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might be likened to the fire, and the copper to a hand which
dips into the cell to pick up the current and takes no part
chemically.

If a wire is connected to each of the plates and the free
ends of the wires touched to the tip of the tongue it will
produce a peculiar salty taste in the mouth indicating the
presence of a current of electricity.

If the wires are connected to an electric bell, the bell will
ring, or, instead, the current may be used to run a small
motor. If the cell is made of two zinc plates or two copper
plates, the bell will not ring, because no electricity will be
produced. In order to produce a current, the electrodes
must be made of two different materials upon which the
acid acts differently. Current may be obtained from a cell
made with a zinc and carbon plate or from one with zinc and
iron.

Therefore, in order to make a battery it is necessary to
have a metal which may be consumed, a chemical to con-
sume or oxidize it, and an inactive element which is merely
present to collect the electricity.

When the wires connected to the two plates are. joined
together, a current of electricity will low from the copper
plate through the wire to the zinc. The copper is known as
the positive pole and the zinc as the negative.

A simple voltaic cell may be easily made by cutting out a
strip of zinc and a strip of copper, each 315 inches long, and
one inch wide. A small hole bored through the upper end
of the strips will permit them to.be mounted on a wooden

e
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strip with a screw as shown in Figure 53. The connecting
wires are placed under the heads of the screws. Care should
be exercised to arrange the screws used for mounting the
electrodes to the wooden strip so that they d‘o not come

| -COPPER

F16. 53. — The Elements of Simple
Voltaic Cell. F16. 54. — A Home-Made

Voltaic Cell.
exactly opposite, and there is no danger of the points
touching and forming a short circuit.

An ordinary tumbler or jelly glass will make a good bat-
tery jar. The exciting liquid should be composed of

One part of sulphuric acid
Ten parts of water

One of the disadvantages of the voltaic cell is that it
becomes polarized, that is, small bubbles of hydrogen which
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are liberated by the chemical action collect on the copper
plate and cause the strength of the battery to fall off
rapidly.

There are a great number of elements, as the zinc and
copper are called, and an even greater number of different
solutions or excifants which can be employed in place of
sulphuric acid to make a cell, forming an almost endless
number of possible combinations.

Leclanche Cell. One of the most common forms of cell
employed for bell-ringing, telephones, etc., is called the
Leclanche cell, after its inventor, and consists of two ele-
ments, one of zinc and the other of carbon, immersed in a
solution of sal ammoniac or ammonium chloride. This cell
has an E. M. F, of 1.4 volts, which is about half as much
again as the voltaic cell.

The most common form of Leclanche cell is illustrated
in Figure 55. This type is usually known as a *“ carbon cylin-

4 der ” cell because the positive
element is a hollow carbon
cylinder. The zinc is in the
form of a rod passing through
a porcelain bushing set in the
@ center of the carbon cylinder.
CARBON A battery of such cells can
Fic. 55.~—Carbon-’Cylinder Cell, and only be used successfully for

T ““open circuit” work. The
“ open circuit ” is used for bells, burglar alarms, telephone
circuits, etc., or wherever the circuit is such that it is

:!
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‘““open ”” most of the time and current is only drawn occa-
sionally and then only for short periods.

If the current is drawn for any appreciable length of
tithe hydrogen gas will collect on the carbon cylinder and
the cell will become polarized. When polarized it will not
deliver much currept. -

Many methods have been devised for overcoming this diffi-
culty, but even the best of them are only partially successful.

The usual method is to employ a chemical depolarizing
agent. Figure 56 shows a Leclanche cell provided with a
depolarizer.

The carbon is in the form of a plate placed in a porous
cup made of earthenware and filled with manganese dioxide.

Chemists class manganese dioxide as an oxidizing agent,
which means that it will furnish
oxygen with comparative ease.
Oxygen and hydrogen have a
strong chemical affinity or attrac-
tion for each other.

If the carbon plate is packed
in manganese dioxide any hy-
drogen which tends to collect on SRl

the carbon and polarize the cell Fic. s6.—A Leclanche Cell,
showing the Porous Cup.

is immediately seized by the '
oxygen of the manganese dioxide and united with it to form
water. ' .
This form of Leclanche cell is called the disk type. It is
capable of delivering a stronger current for a longer period
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of time than the carbon cylinder battery. The zinc s usu-
ally made in the form of a cylinder, and fits around the out-
side of the porous cup.

Dry Cells are used extensively nowadays for all open circuit
work on account of their convenience and high efficiency.

The dry cell is not, as its name implies, “ dry,” but the
exciting agent or electrolyte, instead of being a liquid, is a
wet paste which cannot spill or run over.
The top of the cell is poured full of molten
pitch, thus effectively sealing it and ma-
king it possible to place the cell in any
position.

Dry cells can be purchased from almost
any electrical house or garage for twenty-
five cents each. It will therefore hardly
pay the young experimenter to make his
own dry cclls. For the sake of those who
may care to do so, however, directions for
building a simple but efficient dry cell of
the type used for door-bells and ignition
work, will be found below.

F1G. 57.— A Dry Cell. = .

The principle of a dry cell is the same
as that of a Leclanche cell of the disk type. The exciting
solution is ammonium chloride, the electrodes or elements
are zinc and carbon, and the carbon is surrounded by
manganese dioxide as a depolarizing agent.

Obtain some sheet zinc from a plumbing shop or a hard-
ware store and cut out as many rectangles, 8 x 6 inches,

Guaranfeed for o'

Openaircuit work

e
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as it is desired to make cells. Also cut out an equal number
of circles 234 inches in diameter.

Roll the sheets up into cylinders 234 inches in diameter
inside and 6 inches long. The edges are lapped and sol-
dered. Fit one of the round circles in one end of each of the
cylinders and solder them securely into place, taking care
to close up all seams or joints which might permit the elec-
trolyte to escape or evaporate.

Secure some old carbon rods or plates by breaking open
some old dry cells. The carbons will be in the form of a
flat plate, a round rod, or a star-shaped corrugated rod, de-
pending upon the manufacture of the cell. Any of these
types of carbons will serve the purpose well, provided that
they are fitted with a thumb-screw or a small bolt and nut
at the top so as to make wire connections with the carbon.

Make a wooden plunger of the same sltape as the carbon
which you may select, but make it slightly larger. Smooth
it with sandpaper and give it a coat of shellac to prevent it
from absorbing moisture.

This wooden plunger is temporarily inserted in the center
of one of the zinc cups and supported so that it will be about
one-half inch above the bottom.

The electrolyte is prepared by mixing together the follow-
ing ingredients in the proportions shown:

Sal Ammoniac. . . . ey adaseans o oae I part
Zinc Chloride. . . .. .. R 1 part
Plaster of Paris.. . cei....... 3parts
Flour. ...... ... .. . . . 34 part

Water. . . . .. . . 2 parts
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[ / @ | The above paste is then firmly packed into the zinc shell

/ . around the wooden plunger, leaving a space of about 34 of

i an inch at the top. The paste can be poured in very readily

when first mixed but sets and hardens after standing a short

Cross gection showing

while.
PLUNGER IN POSITION.

[
j
f
i
;

After it has get, withdraw the wooden plunger, thus
leaving a space inside of the dry cell a little larger than the
carbon. The carbon is now inserted in this hole and the

ZINC SHELL
ready for Soldering.

#- surrounding space is filled with a mixture composed of :

‘; Sal Ammoniac. . . ... 1 part

: Zinc Chloride. . . . . fooan T Mg [ DEGE

Manganese Dioxide. ... .. .. . . . 1 part

Granulated Carbon. . ‘ S I part

Flour. .. Se— . cewve. . I DRIt

Plaster of Paris. . . imt o bt o, 3 PATES

’ Water. ..... ... ... | .. . . 2 parts
s, i Cross section Cross section r The granular carbon may be had by crushing up some old

PLUNGER REMOVED,CARBON IN POSITION, ; :

L i battery carbons. The parts given in both of the above
6 @ @ formulas are proportioned so that they may be measured
‘ | by bulk and not by weight. An old teaspoon or a small cup

will make a good measure.
Each one of the zinc shells should be filled in this man-
ner. After they have all been filled, clean off the top edge

; of the zinc and pour the remaining space in the cell full of
ST L,/ molten tar or pitch so as to seal it over.
Cross gection DRY CELL ready  COMPLETE Solder a small binding-post to the top edge of the zinc to
Battery sealed over., for binding posts. DRY - CELL .,

facilitate connection. Then wrap the cells in several thick-
nesses of heavy paper to prevent them from short circuit-
62 [ ing, and they are ready for use.

Fic. 58.-— The Different Operations involved in Making a Dry Cell.
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A small hole bored through the sealing material
after it is dry will provide a vent for the escape of
gases.

Recharging dry cells is a subject that interests most ex-
perimenters.

Dry cells very often become useless before the zinc shell
is used up or the chemicals are exhausted, due to the fact
that the water inside of the cell dries up and the resistance
therefore becomes so great that it is practically impossible
for the current to pass.

The life of such cells may be partially renewed by drilling
several holes in the cell and permitting it to soak in a strong
solution of sal ammoniac until some of the liquid is absorbed.
The holes should then be plugged up with some sealing wax
in order to prevent evaporation.

An old dry cell may be easily turned into a “ wet ”* cell by
drilling the zinc full of holes and then setting it in a jar con-
taining a sal ammoniac solution. The battery should be
allowed to remain in the solution.

Wet batteries are very much easier to make than dry bat-
teries and are capable of delivering more current.

They have the disadvantage, however, of wasting away
more rapidly, when not in service, than dry cells.

The Leclanche cell is the type generally first attempted
by most experimenters.

Carbon plates for making such a battery are most easily
and cheaply obtained from old dry cells. About the only
way that a dry cell can be broken open is with a cold-chisel
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and a hammer. Care must be taken, however, in order not
to break the carbon.

Ordinary jelly-glasses make good jars for small cells.
Fruit-jars may be used for larger batteries by cutting the
tops off so that the opening is larger. The carbon plate
contained in a dry cell is usually too long for a jar of this
sort and must be
broken off before it
can be used. The
lower end is the one
which should be
broken because the
top carries a bind-
ing-post, with which
connections can be
made. A small hole
is bored in the car-
bon rod at adistance
from the bottom
equal to the height
of the jar which is
to be used.

Considerable care
must be us=d in bor-
ing carbon because
it is very brittle and
easily cracks. Only very light pressure should be used on
the drill. The carbon is fastened to a strip of wood, about

Fic. §9. — A Zinc-Carbon Element, made from
Heavy Plates.
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an inch and one-quarter wide, one-half an inch thick, and a
little longer than the top of the glass jar is wide.

A piece of heavy sheet zinc is fastened on the other side
opposite the carbon, with a screw. It isa good idea to paint
the screws and the surrounding portions of both the zinc
and the carbon with hot paraffin wax so that the solution
will not “ creep ” and attack the screws. It is also a good
plan first to soak the
wooden strip in some
hot paraffin until it is
thoroughly impreg-
nated.

Ammonium chloride,
or, as it is more com-
monly called, sal am-
moniac, should be added
to a jar of water until it
will dissolve no more.
The zinc and carbon
elements may then be
placed in the solution.

One of the great disadvantages of the voltaic cell is that
the zinc is attacked by the acid when the battery is not in
use and cannot be allowed to remain in the solution without
quickly wasting away. This is true in the case of the Le-
clanche cell only to a very small extent. The voltaic cell is
more powerful than the Leclanche cell, but the elements
must be carefully lifted out and rinsed with water every

Zine
‘Rod

F16. 60. — A Method of making a Cell Ele-
ment from Carbon Rods.
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time that you are through using the cell. By using several
carbon plates instead of one, the cell may be made more
powerful. The illustrations show several ways of accom-
plishing this. The sim-
plest method is to place
a carbon plate og each
side of the wooden strip
and use a zinc in the
form of a rod which
passes through a hole
between the two. Care
must always be used to
keep any screws which
are used to hold the car-
bons or zincs in position
in the cells from touch-
ing each other.

In Figure 62 an ar- _peeo®
rangement of using four
carbons is shown. The
drawing is self-explana-
tory. In any of the cells using more than one carbon ele-
ment, the carbons should all be connected.

In discussing the voltaic cell we mentioned the fact that
it becomes polarized, and explained this phenomenon as
being caused by hydrogen bubbles collecting on the copper
or positive pole. The same thing happens in the case of
carbon or any other material which is used as a positive.

///////M//////m &
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F1G. 61.— An Element made from two Carbon
Plates and a Zinc Rod.
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Polarization is the “‘ bugbear ”” of batteries. It can be
eliminated to a certain extent, however, by the use of a  de-
polarizer ” placed in the solution. There are several such
substances, the most common being sodium bichromate and
potassium bichromate. These are used in battery prepara-

F1G. 62.-— A Method of Mounting four Carbon Plates,

tions on the market called * Electric Sand,” “ Electropoian
Fluid,” etc.

When one of these is added to a sulphuric acid solution,
using zinc and carbon as the battery elements, it forms
a very powerful cell, having E. M. F. of two volts.

A battery solution of this kind may be prepared by add-

-
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ing four ounces of bichromate of potash to a solution com-
posed of four ounces of sulphuric acid mixed with sixteen
ounces of water. The battery will give a more powerful
current for a longer time when this solution is used in-
stead of the plain sulphuric acid and water or sal ammo-
niac. .

It might be well at this time to caution the experimenter
against the careless handling of sulphuric acid. It is not

Carbon

. F16. 63. — A Battery Element arranged for three Cells.

dangerous if handled properly, but if spilled or spattered
around carelessly it is capable of doing considerable damage
to most things with which it comes in contact. Do not at-
tempt to use it in any place but a shop or cellar. The small-
est drop coming in contact with any organic matter such as
woodwork, clothing, carpets, etc., will not only discolor
any of the latter, but eat a hole in it. The best thing to use
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to counteract the effects of the acid which has been spilled
or spattered is water in sufficient quantity to drench things
and dilute the acid enough to render it harmless. A little
strong ammonia will neutralize the acid and sometimes
restore the color to clothing which has been burned by
acid.

All acid batteries of this sort have the one objection that
it is impossible to leave the elements in the solution without

~Windlass

& — Pin to prevent
) Windlags from
upwinding

Cranhk

F16. 64. — A Plunge Battery, with Windlass.

wasting the zinc. The usual way to arrange the battery
cells so that the elements may be removed from the solution
most easily is to fasten the elements to a chain or cord
passing over a windlass fitted with a crank so that when
the crank is turned the elements may be raised or lowered
as desired.

A “plunge battery ” of this sort is illustrated in Figure

H]
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64. The construction is so plainly shown by the drawing
that it is hardly necessary to enter into the details. The
crank is arranged with a dowel-pin which passes through
\into a hole in the frame, so that when the elements are lifted
out of the solution the pin may be inserted in the hole and
the windlass preveated from unwinding.

A somewhat easier method of accomplishing the same

D

i

F16. 65. — A Plunge Battery adapted to a Set of Elements, as shown in Figure 63.
They may be lifted out and placed on the ** Arms * to drain.

result is that shown by Figure 65. In this, the elements are
simply raised up out of the jars and laid across the two
“arms ” to drain.

The Edison-Lalande cell employs a block of pressed cop-
per oxide as the positive element, while two zinc plates form
the negative. The exciting liquid is a strong solution of
caustic soda.
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The copper oxide acts both as the positive element and
as a depolarizer, for the oxygen of the oxide immediately
combines with any hydrogen tending to form
on the plate.

This type of cell has some advantages but
also many disadvantages, chief among which is
‘ the fact that the E. M. F. is very low. It is
Fic. 66. — A, Used principally for railway signal work, slot-

Edison-La- machines, etc.
lande Cell.

A Tomato-Can Battery using caustic soda as
the exciting liquid is a simple form of home-made battery
whose only disadvantage is the low voltage that it delivers.

M\4_J | LU

F16. 68.—The Tomato-Can Cell Complete.

F16. 67. — A Tomato-Can Cell;
Sectional View.

The cell is liable to polarization, but the large surface of
its positive elements protects it to some extent.
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The positive element and the outer vessel is a tomato can.
Within it is a porous cup made out of blotting paper or
unglazed earthenware such as a flower pot.

The space between the can and the porous cup is filled
with fine scrap-iron such as borings and turnings. A zinc
plate is placed in the porous cup.

The cell is filled with a ten-per-cent solution of caustic
soda.

The following table gives the names, elements, fluids,
voltage, etc., of the most useful batteries, all of which may
be easily constructed by the experimenter.

Secondary or Storage Batteries

The storage battery is a very convenient means of taking
energy at one time or place and using it at some other time
or place.

Small storage batteries are used in automobiles to supply
current for the headlights and spark-coils. Many auto-
mobiles are now equipped with “ electric starters,” consist-
ing of a dynamo-motor and a storage battery. Throwing a
switch will cause the current from the storage battery to
drive the motor and “ crank ” the engine. After the engine
is started, the motor acts as a dynamo and generates a cur-
rent for recharging the storage battery.

Storage batteries are also used to drive electric vehicles
and cars.

Many central lighting and power stations employ stor-
age batteries to supply the extra current demanded during
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rush hours. In the middle of the day, when the “ load ” is
light, the surplus current of the dynamos is used to recharge

Nameof | Positive | Negative Exciting | Depolari-| E. M. F.

Remarks
Cell Element | Element | Fluid zing Fluid| in Volts

e - g

Bunsen Carbor; Zinc Sulphuric| Nitric 17.734 ;I‘he carbon and‘ the Storage batteries. i R
aclid, di- | acid m'tlric zécid are What is really effected in the storage battery is the
ute placed in a . : .
| porous cup. electrical storage of energy, not the storage of electricity.
Bunsen “ ; “ | Chromic| 1.734 |The carbon and Properly speaking, the energy is put into the form of chem-
N acid chromic acid are

placed in a

‘ porous cup. i =
= T . | S5 :
Chromic " - Sulphuri¢| *None 2.2 ! P
acid, acid and | separate | =
single chromic
fluid acid, di- ‘
lute, il
mixed H
Daniell | Copper “ Zinc sul- | Copper 1.079 The zinc is
phate so- | sulphate placed above
lution | solution the copper and
! the solutions k )
are separated by 4 ~

: | SERIES SERIES ~-MuLTIPLE
gravity forming

As8ovr ¢ vours asovr 44 vours
the s_o-cal!ed’ E.m e E. MK
—_—— —f— . -_M F16. 69. — Two Methods of Connecting Cells so as to obtain Different Voltage
Fuller | Carbon L, Chloride | Bichro- | i.5 The carbon and and Amperage Values.
of zinc | mate of depolarizer arc
solution | potash plucec! on the . .
. s gf,pa ical energy, and there is really no more eleclricity in the cell
chloric B o, .
acid | when it is charged than after it is discharged.
Niaudet |« “ | Common | Chloride | 1.5 | The carbon and Storage batteries are made up of plates of lead (the elec-
salt of lime ' chloride of lime A , 1 :  gebg § k
solution are placed in a trodes) oran aliny of lead cast into a * grid ” or framework.
e N - The framework may be one of a large number of patterns,
Poggen- “ i Saturated| None 1.98 . g
dorf solution | separate but usually consists of a set of bars crossing one another
-4yl at right angles, leaving a space between.
P‘t’!‘“’} | The spaces are filled with a paste of lead oxide. They are
ana sul- . . . .
P'“!:lic ‘ i then “ formed ” by placing in a tank of acid solution and
acy

: connected to a source of electric current.
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The plate connected to the positive wire gradually turns
dark-brown in color, due to the changes in the paste, which
gradually turns into lead peroxide. The paste in the nega-
tive plate becomes
gray in color and
changes into a form
of metallic lead
called spongy lead.

The positive and
negative plates are
placed in a bundle
after the forming
process has been
completed. They are kept apart by strips of wood or
rubber called separators.

The negative plates of one cell are all connected in parallel
at one end of the cell. The positive plates are connected at
the other end. The liquid surrounding the plates is diluted
sulphuric acid.

When the battery has been exhausted, it is charged by
connecting a dynamo with the terminals of the battery and
sending a current through it. This current reverses the
chemical action, which goes on during the discharge of the
battery.

A Storage Battery furnishes the most convenient source
of current for performing all sorts of electrical experiments.
It is capable of giving more current for a longer period than
dry cells and is not expensive, for it merely requires re-

F16. 70. — Small Storage Cells.

e
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charging and does not have to be thrown away each time
the current is used up.

The storage cell described below is made in a very simple
manner and will well repay any time or expense spent in
its construction.

The plates are cut out of a large sheet of lead, one-quarter
of an inch thick. They may be made any convenient size

A
£ i lat 7 ted Plate,
Ssciien [ Bl [47)] eastes prace
e 0y
1, O VT & .}
l 43993 609%s)
60930 ‘s080e
7 &/
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] 30020, @02y
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F16. 71. — How to make the Plates for a Storage Cell.

to fit the jars which the experimenter may have at hand.
We will assume that they are to be made two and seven-
eighths inches wide and three and one-half inches long.
They will then fit the rectangular glass storage cell which
is already on the market and can be procured from dealers
in electrical supplies.

A long terminal or lug is left projecting from the plate
as shown in Figure 71.

Any number of plates may be placed in a single cell, de-
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pending of course upon the size of the glass jar. We will
suppose that three will just fit the jar nicely. An odd num-
ber of plates should always be used, so that a positive plate
may come between two negatives.

Each cell will give two volts regardless of the number of
plates. Increasing the number of plates, however, will give
the cell a greater amperage capacity and make the charge
last longer. Three cells (six volts) will form a convenient
set for running small fan-motors, miniature lights, etc.

Cut out nine plates and pile them up in sets of three with
a piece of thin wood (cigar-box wood) between each pair of
plates. Clamp them together in a vise and bore full of one-
quarter-inch holes.

The plates are now ready for pasting. They are placed on
a smooth slab of stone or glass and pasted with a stiff mix-
ture of red lead and sulphuric acid (two parts water to one
part acid). The paste must be pressed carefully into the
recesses of the plates with a flat

\ stick. They are then laid aside to
\3_ dry and harden.
\; After they have thoroughly dried
i SE—

they should be assembled as in
F16. 72.— The Wood Separator. Figure 73 with one positive plate
between two negative ones. The
wooden “ separators ™’ are easily cut out of wood with a saw
and penknife. The thin wood used in the construction of
peach baskets is the best for the purpose. The separators
should be made the same size as the lead battery plates.

| N—
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Each group of plates is then placed in a jar containing a
mixture of sulphuric acid and water (4 parts water to one
part acid). In mixing the
acid be very careful to pour
the acid into the water, stir- ‘
ring the mixture ‘slowly at Nesatives~i@

Lead Blocks - Positive

the same time, and not the " Band
water into the acid. Separatoradl]
eparaions iy /Q.
The plates are now ready |
for “ forming.” The bind- : Lead Block

Ing-posts on the lugs of the

plates may be secured from

the carbons of some old dry F16. 73.— The Complete Element for a
X Storage Cell.

cells. The simplest method

of “forming” the plates is to use four gravity cells and

“form ” one storage cell at a time.

F16. 74. — A Battery of Home-Made Storage Cells.

Connect the positive pole (copper) of the gravity battery
to the positive pole (center-plate) of the storage cell and the
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negative (zinc) of the gravity battery to the negative (out-
side plates) of the storage cell. Allow the current to flow
through the storage battery for several days or until the
positive plate turns to a dark chocolate-brown color and the
negatives to a gray-slate.

After the cells have once been “ formed ” all that they
require is occasional recharging from gravity cells or from a

o v

CELLS ZINC COPPER
F1c. 75. — Gravity Cells.

These consist of zinc and copper elements, immersed in a zinc-copper suiphate solution, They
cannot be easily made, and are bcst_purch:\sqd. The illustration also shows the star-shaped copper
and " crowfoot *’ zinc element uscd in a gravity cell.

dynamo, by connecting the positive pole of the charging
current to the positive plates of the storage cells and the
negative pole to the negative plates.

When the cells are fully charged, bubbles of gas will rise
freely from the plates. If a dynamo is used it must be
“ shunt ” wound and not a “ series ”’ machine. Recharging
will only require about one-quarter of the time consumed
in forming.

It is a very good plan to connect twelve gravity cells in
series and use them to recharge the storage battery. The
gravity cells can always be kept connected to the storage
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cells when the latter are not in use and thus remain fully
charged and ready to supply their maximum current.

After the cells have been in use for some time, it is a good
plan to lift out the plates and remove all sediment which
has settled to the bottom of the jars.

A set of three suth storage cells will have an E. M. F. of
over six volts. Any number may be connected up in series
in order to obtain a higher voltage.

Storage batteries are usually rated in “ ampere hours.”
An ampere hour is the amount of current represented by
one ampere flowing for one hour. A ten-ampere-hour
storage battery will deliver:

One ampere for ten hours
Two amperes for five hours
Five amperes for two hours
Ten amperes for one hour

In other words, the result obtained by multiplying the
number of amperes by the time in hours is the ampere hour
capacity.

A dynamo must have an E. M. F. of about ten volts in
order to charge a three-cell storage battery.



CHAPTER V

ELECTRO - MAGNETISM AND
MAGNETIC INDUCTION

ConNECT two copper wires to a voltaic cell and stretch
a portion of the wire over a compass needle, holding it
parallel to it and as near as possible without touching. Then
bring the free ends of the wires together and observe that
the needle is deflected and after a few movements back
and forth comes to rest at an angle with the wire.

Next form a rectangular loop of wire and place the needle

VOLTAIC CELL comeass NEEDLE
—-—

F16. 76. — A Current of Electricity flowing through a Wire
will deflect a Compass Needle.

within it as in Figure 77. A greater deflection will now be
obtained. If a loop of several turns is formed, the de-
flection will be still greater.

These experiments were first performed by Oersted, in
82

BUSNSEES
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1819, and show that the region around a wire carrying a
current of electricity has magnetic properties.

Another interesting experiment showing the magnetic
effect of a current of electricity when passing through a
wire may be per- =
formed by connect- o
ing a heavy copper / —
wire to two or three

bichromate-of-potash
cells. Dip the wire cotlrase

into a pile of fine iron Fic. 77. —If a Loop of Wire is formed about a
ﬁlings - thick Compass Needle, the Deflection will be greater.
cluster of them will adhere to the wire as in Figure 78.

As soon as the circuit is broken so that the current of
electricity ceases flowing, the filings will fall off, showing
that the magnetic effect ceases with the current.

These three simple experiments have shown that if a
current of electricity is passed through a copper wire, the

Frc. 78. — Iron Filings clustered on a Wire carrying a Current of
Electricity.

wire will deflect a compass needle, attract to itself iron
filings, etc., as long as the current continues to flow. As
soon as the current is shut off, the magnetic effect is des-
troyed.

The region in the neighborhood of a wire carrying a
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current is a field of force through which lines of magnetism
are flowing in exa,ctly the same way that they do in the
neighborhood of a bar or
horseshoe magnet.

This is readily shown by
punching a small hole in a
piece of cardboard, and pass-
ing a wire carrying a strong
current of electricity through
the hole.

If a few iron filings are sifted

~WIRE CARRRYING
on the cardboard and the lat- Eeesar
ter jarred slightly with a pen-
cil as they fall, they will ar- Fic. 79.— Magnetic Phantom formed
range themselves in circles ;l;::;i,g“e SRR
with the wire at the center,
forming a magnetic phantom and showing the paths of the
lines of magnetic, force.

By forming the wire into a coil as in Figure 80 the magnetic

coiL of wire carrvina current fleld generated s
l‘\'/)ﬂﬁ\ - much stronger and

gt | more plainly seen,
Roll up a small

for then the com-

bined effect of the

F16. 80. -~ Magnetic Phantom formed about several B ag ol t_ube X about
Turns of Wire. 14 inch in diameter

\cARoB0AaRD

\c;;apeoggo Wires iS Secured.

v
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and four inches long. Wind neatly on the tube three
layers of No. 18 insulated copper wire. Pass an electric

\ PAPER TUBE

F16. 81. — Paper Tube wrapped with Wire for
Experimental! Purposes.

current through it from two or three cells of a battery, and
test its magnetic properties by bringing it near a compass
needle. It will be found that the coil possesses very marked
magnetic properties, and will readily cause the needle to
swing about, even though it is held quite a distance
away.

If an iron bar is placed inside of the paper tube, the mag-
netic effect will be greatly increased.

The presence of the iron bar inside of the coil of wire
greatly increases the
number of lines of
force running through
the coil.

When a bar is not
used, many of the

lines of force leak out ’
F16. 82.—Showing how the Lines of Force * Leak ”

at the sides of the colly from a Coll of Wire, and how they are con-
and but few extend centrated by an Iron Core.
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from end to end. The effect of the iron core is not only to
diminish the leakage of the lines of force, but also to add
many more to those previously existing. Hence the mag-
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FiG. 83. — The Principle of an Electro-Magnet.

netic strength of a coil is greatly increased by the iron
core.

A coil of wire wrapped around an iron core forms an
electro-magnet.

If you wrap some insulated wire around an ordinary
nail and connect it to one or
two cells of a battery it will
become an electro-magnet and
pick up bits of iron and steel.

'zm“ If you wind the wire around a
small paper tube into which a
Flltz.tzs,‘;irg ‘)‘r:;xu\:;az nsogu:i .Insu— nail will slide easily, the «coil will

Nail and connect it toal;atl::;;): draw the nail in when the o

it will become an Electro-Mag-  rent is turned on. A hollow coit

b of this sort is called a solenoid.

—
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Electro-magnets and solenoids play a part in the con-
struction of almost all electrical machinery. They form
the essential parts of dynamos, motors, telephone receivers,
telegraph relays and sounders, and a host of other devices.

The form usually given to an electro-magnet depends
upon the use to which it is to be put. The horseshoe is
the most common. This
consists of two electro-mag-
nets mounted on a yoke
and connected so that the
two free pOleS are. North FiG. 85. — If you wind the Wire around

and South. a small Paper Tube into which a Nail

El ro-magnets are will slide casily, the Coil will draw the
—— g : Nail in when the Current is turned on.

made on a huge scale for

lifting large castings and heavy pieces of iron. Such mag-
nets are used in the great steel mills and in factories where
nails, bolts, etc., are manufactured.

Monster electro-magnets can be seen in wonderful per-
fection at the great steel mill at Gary, Indiana.

Ships bring the ore down the lakes to Gary, where great
steel jaws lift it out of the hold of the boat and carry it
to the furnaces,

After being melted, great machines pour it out. Itis
divided into huge ingots, and these, while hot, are carried
to the first part of the rolling mill.

The ingot is squeezed by a machine, made longer and
narrower, then squeezed again and made still longer and
narrower.
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It is started on its journey along the rollers of the mill,
squeezed and pressed here and there, as it travels hundreds
of yards —no hand ever touching it. It finally arrives, a
red-hot steel rail, the right shape and the right length.

During this time the steel has made a long journey and
changed from a shapeless ingot to a finished rail, handled
entirely by machinery guided and controlled by one or two
operators, pressing levers and switches.

When almost finished, the rail slides down an incline
before a man who grasps the rail with huge pinchers, and
standing at one end, runs his eye along it. As he looks
along the rail he sees the defects, moves the left or the right
hand, and another man at the levers of the straightening
machine, straightens the rail as directed.

And soon there are ten rails, perfectly straight, side by
side, with more coming down the incline to meet the glance
of the man’s eye.

They are still too hot for any man’s touch and so a man
sitting in a tower touches an electric switch, and along
the overhead rails there comes gliding a monster electro-
magnet.

The magnet moves along, drops down upon the ten rails,
lying side by side and weighing thousands of pounds. The
man in the tower presses another switch, thus turning on
the current, and electricity glues the rails to the magnet.

The ten rails are lifted at once, as easily as you would
lift a needle with your horseshoe magnet; they are carried
to a flat-car, and when lowered in position, the current

By permission, from * Solenoids,” by C. R. Underhill.

LIFTING-MAGNETS OF THE TYPK KNOWN AS PLATE, BILLET, AND
InGoT MaGNETS.
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is turned off, releasing the rails, and the magnet travels back
for another load.

Induction

In 1831, Michael Faraday, a famous English chemist
and physicist, discovered that if a magnet be suddenly

F16. 86. — Showing kow a Current of Electricity may be
induced by a Bar Magnet and a Coil.

plunged into a hollow coil of wire, a momentary current of
electricity is generated in the coil. As long as the magnet
remains motionless, it induces no current in the coil, but
when it is moved back and forth, it sets up the currents.
The source of electrical energy is the mechanical work done
in moving the magnet.

The medium which changes the mechanical energy into
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electricity is the magnetic field which we have already seen
exists in the neighborhood of a magnet.

A current of electricity produced in a coil in such a man-
ner is said to be an induced current and the phenomenon is
that known as magnetic induction.

Magnetic induction is met in the dynamo, induction coil,
telephone, transformer, some forms of .motors, and a num-
ber of other electrical devices.

A simple experiment in which electricity is produced by
magnetic induction may be performed by winding a number

CALvary
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F1G. 87. — A Horseshoe Magnet and a Coil arranged to produce Electric
Currents by Induction.

of turns of fine insulated wire around the armature or
keeper of a horseshoe magnet, leaving the ends of the iron
free to come in contact with the poles of the permanent
magnet. Connect the ends of the coil to a sensitive galva-
nometer,” the ends of the armature being in contact with the
poles of the horseshoe magnet as shown in F igure 87.
Keeping the magnet fixed, suddenly pull off the armature.
The galvanometer will show a momentary current. Sud-

* See chapter on Measuring Instruments.
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denly bring the armature up to the poles of the magnet;
another momentary current in the reverse direction will
flow through the circuit.

The fact that it is a reverse current is shown by the ac-
tions of the galvanometer for it will be noticed that the
needle swings in the opposite direction this time.

It will also be noticed that no current is produced when
the coil and magnet are stationary. Current is only gen-
erated when the coil and magnet are approaching one an-
other or moving apart suddenly.

This is because it is only then that the magnetic field is
changing. The field is strongest nearest the magnet, and
therefore if either the magnet or the coil of wire is moved,
the strength of that part of the field which intersects the
coil is changed. Induced currents can only be generated
by a changing magnetic field.



CHAPTER VI

ELECTRICAL UNITS

The Ampere

THERE are certain terms used in the electrical field to
distinguish various properties and qualities of the electrical
current with which it is well for the young experimenter to
acquaint himself.

One of the first units usually required, in order to make
intelligent comparisons, is a unit of measure. The guart is
the unit of measure commonly applied to liquids and is based
upon the amount of space occupied by a certain volume.
The pound is a unit of weight which determines a certain
amount of any substance by comparing the force which
gravity exerts in pulling it to the earth with the same effect
of gravity on another standard “ weight.”

Electric current is invisible and weightless, and for these
and other reasons cannot be measured by the quart or
weighed by the pound. The only way that it can be meas-
ured is by means of some of the effects which it produces.
Either the chemical, electro-magnetic, or the heating ef-
fects may be made the basis of a system of measurement.

The first method used to measure electric current was the
chemical one.

If a current is passed through a solution of a chemical
92
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called copper sul/phate (blue vitriol) by means of two copper
plates, copper will be deposited on one plate and dissolved
from the other. If the current is furnished by a battery the
copper will be deposited on the plate connected with the
zinc of the battery, If the current is allowed to flow for a
short time and the two copper plates are then taken out and
weighed it will be found that one plate is considerably
heavier than the other.

The copper has been taken from one plate and deposited
on the other by the electric currents. The amount of elec-
tric current which will deposit 1.177 grammes of copper in
an hour is called an ampere. The ampere is the unit of
electrical current measurement, and implies quantity or
amount.

The chemical method of measuring current was at one
time put to practical service in the distribution of electric
current for lighting and power. Many years ago the house
meters, used to measure the current, consisted of a jar con-
taining two copper plates. The current used in the house
would cause copper to deposit on one plate, and by weighing
the plate the power company could determine the amount
of current used, and thereby the amount of the bill. The
meters nowadays make use of the magnetic effects of the
current instead of the chemical, as described later on.

The Volt

For purposes of explanation the electric current may be
likened to a stream of water flowing through a pipe.
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If you hold your thumb over the end of a water-pipe
through which water is flowing it will push your thumb
away because of the pressure which the water exerts.

Electric currents also exert a pressure, only it is not called
pressure in electrical parlance, but, spoken of as electro-
molive force or polential.

The pressure of the water enables it to pass through
small openings and to overcome the resistance offered by
the pipe. .

Wires and other electrical conductors do not offer a per-
fectly free path to an electric current, but also possess a re-
sistance. It is the potential of the electro-motive force
which overcomes the resistance and pushes the current
through the wire.

Advantage has been taken of the fact to fix a unit of elec-
trical pressure called the volf. The pressure of the water
in a water-pipe is measured in pounds, but the pressure of
an electric current in a wire is measured by wolts. The volt
is the unit of electrical force which will cause a current of
one ampere to flow through a resistance of one olm.

The Ohm

The ohm is the unit of electrical resistance. The standard
ohm is the resistance offered by a column of pure mercury
having a section of one square millimeter and a length of
106.28 centimeters at a temperature of o.° centigrade.

The pressure which will force sufficient current through
such a column of mercury to deposit 1.177 grammes of cop-
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per in one hour is a volt, and in doing so has passed a cur-
rent of one ampere through a resistance of one ohm.

The units ohm, ampere, and volt, were named in honor
of the three great electricians: Ohm, Ampére, and Volta.

These three units bear a very close relation to each other
which is explained by Ohm’s Law.

Ohm’s Law is a simple statement of facts which it is well
for the young electrician thoroughly to understand, for it
might almost be said to be the basis of design of almost all
electrical instruments.

It is simply this: The strength of a current equals the
voltage divided by the resistance. It may be expressed in
symbols by: ¢=g. Where Cis the current in amperes,
E is the potential in volts, and R the resistance in ohms.

By way of a simple example, we will suppose that a small
telegraph sounder is connected to a battery and that the
voltage of the battery is fen volts. We will further suppose
that the resistance of the sounder connecting wires and the
battery itself is fire ohms. Knowing these two facts, it is
very easy to find out how many amperes are following
through the sounder by substituting these values in the
equation as follows:

c==<
E = 10 volts and R = 5 ohms

therefore ¢ — 42 or 2 amperes

In order to indicate fractions or very large values of the am-
pere, volt,and ohm, it is customary to use the following terms:
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Milli-volt == ; ¢ of a volt
Mill-ampera = pgvo of an ampere

Kilo-volt = 1000 volts

Meg-ohm == 1,000,000 ohms

The Watt

It is no doubt perfectly plain that the water in a certain
size of pipe at a pressure of 100 Ibs. is more powerful than a
stream of water in the same size of pipe at 25 lbs. pressure.

Likewise a current of electricity represents more power
at 100 volts potential than the same current would at 25
volts. The unit of electrical power is called the wait. A
watt is represented by a current of one volt flowing through
a wire at a potential of one ampere.

The number of watts is found by multiplying the voltage
by the amperage. In the case of the sounder and battery
used as an example to explain Ohm'’s Law, and where the

voltage was 10 and the amperage found to be 2, the number
of watts is 10 x 2, or 20 watts.

Seven hundred and forty-six watts represent one elec-
trical horse-power. One thousand watts are called a kilo-

wall.
The Coulomb

So far, none of the units have taken into consideration the
element of time.

If water should be permitted to run out of a pipe into a
tank until ten gallons had passed it would not be possible
to tell at what rate the water was flowing by knowing that
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ten gallons had passed unless it were also known how 1
the water had been flowing. Ten gallons per minute (:ng
gallens per hour would indicate the rate of flow o

One ampere flowing for one second is the electrical uni
of flow. This uni.t is called the coulomb. -

One ampere flowing for one hour is called an ampere hour
The nur.nber of ampere hours is found by multiplyin the:
current in amperes by the time in hours. :

A battery may be said to have a capacity of 10 ampere
hours. This means that it will deliver one ampere folr)
hours (1 ampere x 10 hours = 1o ampere hours) or 2 a y
peres for 5 hours (2 amperes x 5 hours = 10 ampere hourrsr;-

The §ame element of time enters into consideration m
connection with the watt. One watt flowing for one hour is

The Difference between Alternating and Direct Currents

foﬁ?;;;i-are tv(;o distinct kinds of electric current supplied
ing and po ;
y i aiematzl ger, one known as direct current and the
A direct current is one which passes in one direction onl
It may be represented by a straight line, as A in Figure Si;
An alternating current is one which reverses its directiox;
and passes first one way and then the other. It may be
represented by a curved line, shown in Figure 88. It si,art
at zero, and gradually grows stronger and stronger. Then i:
commences to die away until no current is flowing. At this
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point it reverses and commences to flow in the opposite
direction, rising gradually and then dying away again.
This is repeated a definite number of times per second;
when the current rises from zero, reverses and returns to
zero, it is said to pass through a cycle.
The part of the curved line from a to b in F igure 88 repre-
sents the first part of the current, when it is rising. From

A

- DIRECT CURRENT

F16. 88. — Graphic Representation of a Direct and an Alternating Current.

b to ¢ represents its fall. The point at which the curved line
crosses the straight line is zero. At ¢ the current crosses the
line and commences to flow in the opposite direction until
it reaches d, at which point it dies away and again crosses
the line to flow in its original direction and repeat the cycle.

In electrical parlance, that part of the current from a to ¢
or from ¢ to e is known as an alternation. From a to eis
called a cycle.
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The reason why alternating current is often used in place
of direct current is that it can be sent over the wires for
long distances more economically than direct current. This
is more fully explained farther on in the chapter dealing
with a step-down transformer.

The number of’cycles taking place in one second is known
as the frequency of the current. The usual frequency of
commercial alternating currents is 6o cycles per second or
7200 alternations per minute.
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CHAPTER VII

ELECTRICAL APPURTENANCES

Wires

ELECTRIC currents are usually led from place to place,
at will, by means of conductors called wires. There are a
great many kinds of wires, each adapted to some special
purpose.

Wires are usually covered with a material called an
insulator, in order to prevent the loss of electric current
due to the wires coming into contact with other bodies or
circuits. Insulators are substances which do not conduct
electricity.

Wires which are #nsulated by heavy braids of cotton
fiber and then impregnated with some compound, such as
creosote, are called weather-proof wires, and are best adapted
to outside service, where they must be exposed to the action
of the elements.

The wires used for interior wiring in buildings, etc., are
usually insulated with rubber, over which is placed a
cotton braid to protect the rubber.

Rubber cannot well be used as an insulator for all wires,
although its insulating value is very great, owing to the
fact that it deteriorates under many conditions.

100
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Rubber-covered and weather-proof wires are made in a
variety of insulations. Some may have only one insulating
layer, while others have a great many. Different sub-
stances are used as insulators to adapt the wire to some
special purpose. Copper is usually the only metal used
to form the wire’ or conductor itself. The reason for this
is that copper is a better conductor than any other metal
except those known as precious metals, such as gold and
silver, the cost of which prohibits their use for such pur-
poses. The wire may be solid, or made up of a number of
small conductors so that it is flexible.

The various combinations of insulating layers, together
with either a solid or a’ stranded conductor, have made
possible a variety of current-carriers, known as:

Theater or Stage Cable
Elevator Cable

Fixture Wire
Telephone Wire
Mining Cable

Feeder Cable

Brewery Cord

Heater Cord, etc.

depending upon the special use for which they were de-
signed.

The wires which the young experimenter is likely to use
in his work the most are known as magne! wires, and are
used for making electro-magnets, coils, and various wind-
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ings. Magnet wires may be insulated with either silk,
cotton, or enamel.

Silk-covered and cotton-covered wires may be obtained
with either a single or double covering.

Wires with a single covering of silk or enamel are used
when it is desirable to save space, for the covering of these
two classes of magnet wires is thinner than either the
cotton or double-silk-covered wire, and consequently they
require less room for winding. v

The size of the wire is indicated by its diameter, and in
the United States is measured by the Brown and Sharpe
gauge, often indicated by the term, “ B. & S.”

The preceding table shows the various sizes of wire of the
Brown and Sharpe gauge, and also several of their charac-
teristics, such as weight, resistance, etc.

Insulators

The covering placed over wires is not the only precau-
tion taken to insulate them, but in the case of permanent

- FIBRE -
i i i . s J 1 §
STAPLES CLEAT

F16. 89. — Staples and Wooden Cleat used for running Low Voltage
Wires. '

wiring they are usually mounted on glass or porcelain
supports.
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Wires used for batteries, bells, telephones, etc., op-
erated by batteries and where the voltage is not over 20
volts, may be run under insulated staples or wooden
cleats inside of a building. If outside and exposed to the

— L4
e iitis §
e
KNOB CLEAT e

Fic. go. — Porcelain Insulators to support Electric Light Wires.

weather, they should be mounted on suitable glass or
porcelain knobs.

Electric-light wires for inside use are commonly sup-
ported by insulators made of porcelain
and known as cleats, knobs, and tubes
according to the shape.

Telegraph, telephone, and power
lines are usually supported by glass
knobs or large porcelain insulators
which screw on to ‘wooden pins.

F16. g1. — Glass Insulator
and Pin used to support
Telegraph and Tele-
phone Wires.

Binding-Posts

Binding-posts are the most conve-
nient device to make quick connec-
tions between wires and other parts of electrical appa-
ratus.

Binding-posts may be either made or purchased. Those
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which are purchased are of course the best, and will add
greatly to the appearance of any instrument upon which
they are mounted.

Several of the best-known types of manufactured posts
are shown in Figure g2.

Fic. g2. — Types of Binding-Posts.

Figure 93 shows different ways of making simple binding-
posts and connectors from screws, washers, screw-eyes,

F16. 93. — Home-made Binding-Posts.

and strips of metal. The drawings are self-explanatory and
should need no comment.
The screws and nuts obtainable from old dry cells are
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very convenient to use for binding-posts and other similar
purposes.
Switches and Cut-Outs

Switches and cut-outs are used in electrical
work for turning the current on and off.

If the experimenter chooses to make them him-
self, care should be taken to construct them in a
strong and durable fashion, for they usually are Ft- o+

Binding-
subjected to considerable use, with consequent  Post re-
wear and tear. el fiop:

. R the Carbon
Several very simple home-made switches are of a Dry
illustrated in Figure gs. ey

The first one shown (4) has one contact, formed by

f

Fic. 95. — Simple Switches.

A, Single-Point Switch. B, Two-Point Switch. C, Three-Point Switch. D, Five-
Point Switch. E, Lever with End Rolled up to form Hand]e F, Lever with f{andle
made from part of' a Spool.
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driving a brass-headed tack through a small strip of copper
or brass.

The movable arm is a strip of copper or brass, rolled up
to form a handle at one end. The other end is pivoted
with a brass screw. The brass screw passes through a small
strip of copper or brass having a binding-post mounted
on the end. A small copper washer should be placed be-
tween the movable arm and the copper strip to make the
switch work more easily.

A somewhat similar switch is shown by B in the same
illustration, only in this case a handle made from half
of a spool is used, instead of rolling up the end of thc
arm.

The other illustrations show how the same method of
construction may be applied to make switches having more
than one “ point ” or contact.

No dimensions have been given for constructing these
switches, because it is doubtless easier for the young ex-
perimenter to use materials which he may have at hand,
and construct a switch of his own proportions. Only one
suggestion is necessary, and that is to bevel the under edges
of the arm with a file, so that it will slip over the head of
the brass tack more easily.

The switches shown in Figure 96 dre capable of carry-
g heavier currents than those just described, and more
nearly approach the type used on lighting and power
switchboards.

The base may be made of wood, but preferably should
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be made of some insulating substance such as fiber or
slate.

The patterns for the metal parts are shown in Fig-
ure 97. These are cut from heavy sheet-brass or sheet-

¢

DOUBLE POLE

F1G. ¢6. — Knife Switches.

copper, and then bent into shape with a pair of flat-nosad
pliers.

The handle of the single-pole switch is driven on over
the metal tongue.
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The double-pole switch is almost a duplicate of the single-
pole type, but has two sets of levers and contacts, actuated
by the handle, in place of one.

The ends of the blades to which the handle is connected
are turned over at right angles and a hard-wood cross-bar
fastened between
the ends. The
handle is fastened

to the center of the

o -bar.
DOUBLE POLE conract Ano cross-ba .
e After the switch

F16. 97. — Metal Parts for the Knife Switches. " assembled, —
the various parts until they “line up,” that is, are in
proper position in respect to each other, so that the blades
will drop into the contacts without bringing pressure to
bear on either one side or the other of the handle in order
to force the blades into line.

e

SINGLE POLE

Fuses

Fuses are used to prevent electrical instruments and wires
from damage due to too much current flowing through.
When an electric current passes through a resistance it
produces /eat.

A fuse is usually a short piece of lead or some alloy which
melts at a low temperature, and which is inserted in the
circuit so that the current must flow through it. If too
much current flows through the fuse it will become hot
and melt, because of its low melting-point, thus interrupt-

|
|
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ing the circuit and shutting the current off until the cause
which occdsioned the surplus current to flow can be ascer-
tained.

Fuses are rated according to the amount of current
which is required to “blow ”” them out, and therefore are
called 1, 3, 5, or’10 ampere fuses, as the case may be.

When a fuse burns out in a trolley car or in a light or
power circuit, it is because a greater amount of current is

Yz _

COPPER -7
\MICA

F1c. 98. — Simple Fuses.
A, Fuse-Block with plain Wire Fuse. D, Fuse-Black with Mica Fuse in position.

trying to pass than the circuit can safely carry. If a fuse
were not placed in such a circuit so as to shut the current
off before the danger point is reached, any electrical device
might become “ burned out,” or in extreme cases, the wires
become so hot as to cause a serious fire.

Figure 98 shows several simple forms of fuses which the

experimenter may easily make to protect the batteries,
etc., from short circuits.
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The simplest possible fuse consists merely of a small piece
of lead wire or a strip of thick tinfoil held between two
binding-posts mounted upon a wooden block.

The same form of fuse may be made from a strip of mica
about two and one-half inches long and one-half an inch wide.

A strip of thin sheet-copper is bent around the ends of
the mica strip.

A piece of fuse wire is stretched between the two copper
contacts and fastened to each with a drop of solder. Fuse
wire of any desired ampere-carrying capacity can be ob-
tained from most electrical supply houses.

Such a fuse is held in a mounting as shown by D. The
contacts are made from sheet-copper or brass. They should
spring together very tightly, so as to make perfect contact
with the copper ends on the mica strip.

Lightning-Arresters

Lightning-arresters are used to protect all wires which
run into a building from outdoors, especially telegraph
or telephone wires, so that static
electricity due to lightning will not
damage the instruments.

Lightning-arresters may be con-
structed in many ways and of dif-
ferent materials, but there are only
two types for which the average
experimenter will have any use.

The arrester shown in Figure gg

Fi1e. 99. — Lightning-Arrester
and Ground-Wire Switch.

st
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is the type known as “lightning-arrester and ground-wire
switch.” It is used principally on telegraph lines.

It consists of three pieces of sheet-brass about one-six-
teenth of an inch thick, and shaped as shown by 4, B, and
C in Figure 100.

The metal pieces are mounted on a wooden block with
a narrow space of
about one-thirty- \ l /
second of an inch |
separating them.

The two outside A
pieces are each ¢
fitted with two " | PLUG
binding-posts, and

the center triangu- ‘«——\— 37 ——\—>
lar-shaped piece is
fitted withone post.

A hole about one-eighth of an inch in diameter is bored
between each of the metal pieces.

Make a tapered metal pin which can be placed tightly
in the holes, and will make contact between the metal
pieces.

F16. 100. — Home-made Lightning-Arrester.

The two outside line wires of the telegraph circuit are
connected to the outside metal pieces 4 and B. C is con-
nected to the earth or ground.

In case of a lightning storm, if the wires become charged,
the small space between the metal plates will permit the
charge to jump across and pass harmlessly into the ground.
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If complete protection is desired, it is merely necessary to
insert the plug in one of the holes, and thus ground ”’
either wire or short-circuit both of them.

The lightning-arrester shown in Figure 1o1 is designed
for service on telephone wires. It is an ordinary fuse pro-
vided with an arrester in the shape of two carbon blocks
about one inch square. The blocks rest on a copper

TO LINEY

WIRE CONNECTED
TO GROUND

F16. 1o1. — Lightning-Arrester for Telephone Wires.

strip, and are held in place by a spring-strip connected
to B.

The carbon blocks are separated by a piece of thin sheet-
mica, of the same size as the blocks.

The post, B, is connected to one of the telephone-line
wires near the point where it enters the building from out-
doors. The post, A, is connected to the instrument; C is
connected to the ground.

An arrester of this kind should be connected to each one
of the telephone wires.

If the line wires should happen to come into contact
with a power wire, there is danger of damage to the instru-

—— et e i
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ments, but if an arrester is connected in the circuit such an
occurrence would be prevented by the blowing out of the
fuse. If the lines become charged by lightning, the charge
can easily pass over the edge of the mica between the two

blocks and into the ground.
L4
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CHAPTER VIII

ELECTRICAL MEASURING
INSTRUMENTS
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AN instrument designed to measure electromotive force
(electrical pressure) is called a voltmeter. An instru-
ment designed to measure volume of current is called an
ammeler.

There are many forms of reliable meters for measuring
current and voltage, but all are more or less expensive and
out of the reach of an ordinary boy.

Some meters are more carefully made than a watch, and
are provided with fine hair-springs and jeweled bearings,
but all depend upon the same principle for their action,
namely, the mutual effects produced between a magnetic
needle and a coil of insulated wire carrying a current of
electricity.

The little meters described in this chapter are simple
and inexpensive but quite sensitive. Unlike a meter ma-
king use of a hair-spring, they will stand considerable rough
handling, but of course should not be subjected to such
treatment unnecessarily.

Two types of meters are described. Both operate on
exactly the same principle, but one is more elaborate than

the other.
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A Simple Voltmeter and Ammeter

A base-board five inches long, two and one-half inches
wide and one-half inch thick is cut out of hard wood. In its
center, cut a slot three-eighths of an inch wide and one and
one-half inches long, with the slot running lengthwise the
board. Along each'side of the slot glue two small wooden

—
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F16. 102. — A, Base, showing Slot. B and C, Sides and Top of the
Bobbin. D, Base and Bobbir in Position.

blocks one and one-half inches long, one-quarter of an inch
thick, and one-half of an inch high.

When they are firmly in position, glue a strip of wood, two
and one-half inches long, three-quarters of an inch wide and
one-eighth inch thick to the top as shown by D in Figure 1o2.

Using these as a support, wind a horizontal coil composed
of 200 feet of No. 36 B. & S. gauge silk-covered wire.

A needle is next made from a piece of watch-spring. It
should be about one and one-quarter inches long, and one-
eighth of an inch wide.

Straighten it out by bending, and then heat the center
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in a small alcohol flame until the center is red-hot, taking
care to keep the ends as cool as possible.

The spring is mounted on a small steel shaft made by
breaking up an ordinary sewing-needle. Make the piece
one-half of an inch long. It must have very sharp points
at both ends. The ends may
be pointed by grinding.
wecoue ' Bore a small hole just large
~weamsrmew  enough to receive the needle

through the center of the
spring. Insert the needle in
o the hole and fasten it in the
oniidvensr  center by two small circular

Fi6. 103. — Arrangement of the  pieces of wood which fit tightly

Needle and Pointer.
on the needle. A little glue or
sealing-wax will serve to help make everything firm.

The pointer is a piece of broom-straw, about three inches
long. Bore a small hole in the top of one of the wooden
clamps and insert the pointer in the hole, fastening it with
a little glue. The pointer should be perfectly straight, and
in a position at right angles to the spring.

Bore a small hole in the bottom of one of the wooden
clamps and glue a small wire nail in the hole. The purpose

ﬂ NEEOLE WITM SHAFT

Anarr

of the nail is to serve as a counterweight and keep the
pointer in a vertical position.

The spring should be magnetized by winding ten or
twelve turns of magnet wire around one end and connect-
ing it with a battery for a moment.
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The needle is mounted in two small pieces of thin sheet-
brass, one inch long and one-half inch wide. Bend each
strip at right angles in the middle, and at one-quarter of
an inch from one .
end make a small o 3o <ecinren
dent by mean$ of , -
a pointed nail and
a hammer.

The strips are
now slipped down

BRASS STAIP UsED YO -
MOUNT THE NEZOLE NEEOLE

SHOWING How THE
NEEOLE 13 SUPPORTED

0 F1G. 104. — A, Bearings. B, How the Needle is
in the center of the mounted.

slot in the coil with
the dents inside of the coil and exactly opposite one another.
After the exact position is found, they may be fastened
into position by two very small screws.

The sharp-pointed sewing-needle, together with the mag-
netized spring, pointer, and counterweight, should slip
down into the dents made in the strips and swing freely

there. It may require a little filing and bending, but the

work should be done patiently, because the proper working
of the meter will depend upon having the needle swing
freely and easily in its place.

Fasten an upright board, four inches wide and one-
quarter of an inch thick, to the base-board, back of the
bobbin.

Attach a piece of thick cardboard to the upright by
means of small blocks, in such a position that the pointer
swings very close to it but does not touch it.
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The metet is now complete, except for marking or cali-
brating the scale. The method of accomplishing this will
be described farther on.

If the meter is wound with No. 36 B. & S. gauge wire it
is a voltmeter for measuring voltage. If it is wound with

RN AN SRR
>,
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F16. 105. — The Completed Meter.

No. 16 B. & S. gauge wire it will constitute an ammeter for
measuring amperes.

A Portable Voltmeter and Ammeter

The bobbin upon which the wire is wound is illustrated in
Figure 106. The wood is the Spanish cedar, of which cigar
boxes are made. It should be one-eighth of an inch thick,
and can be easily worked with a pocket-knife. In laying
out the work, scratch the lines on the wood with the point
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of a darning-needle. Pencil lines are too thick to permit
of accuracy in small work. The bobbin when finished must
be perfectly true and square.

The dimensions are best understood from the illustrations.
In putting the bobbin together, do not use any nails. Use
strong glue only. *

Two bobbins are required, one for the ammeter and one
for the voltmeter. After completing the bobbins, sand-
paper them and coat them with
shellac.

The bobbin for the ammeter
is wound with No. 14 B. & S.
double-cotton-covered magnet

—_—F

wire. The voltmeter requires rio. 106. - Details of oL
No. 40 B. & S. silk-covered
wire. In both cases the wire should be wound carefully in
smooth, even layers. A small hole is bored in the flange
through which to pass the end of the wire when starting
the first layer. After finishing the winding, about six
inches of wire should be left at both ends to make connec-
tion with the terminals. The whole winding is then given
a coat of shellac. A strip of passe-partout tape, one-half
of an inch wide wound over the wire around the bobbin
will not only protect the wire from injury, but also give
the bobbin a very neat appearance.

The armature is a piece of soft steel one inch long, one-
eighth of an inch thick and three-eighths wide. A one-
eighth-inch hole is bored one-sixteenth of an inch above the

Y
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center for the reception of the shaft. The center of gravity
is thus thrown below the center of the mass of the arma-
ture, and the pointer will always return to zero if the in-
strument is level.

The shaft is a piece of one-eighth-inch Bessemer steel
rod, seven-sixteenths of an inch long. The ends are filed to
a sharp knife-edge on the under side, as indicated in the
figure.

A onesixteenth-inch hole is bored in the top of the
armature to receive the lower end of the pointer, which is a

woce ror

L oinren L
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Cross Sceriov oF Bossin ARMATURE Snarr

F16. 107. — The Bobbin partly cut away so as to show the Bearing.
Details of the Armature and Shaft.

piece of No. 16 aluminum wire, four and one-half inches

long.

After the holes have been bored, the armature is tem-
pered so that it will retain its magnetism. It is heated to a
bright red heat and dropped into a basin of strong salt
water. The armature is then magnetized by rubbing one
end against the pole of a strong magnet.

The bearings are formed by two strips of thin sheet-
brass, three-sixteenths of an inch wide, and one and one-
quarter inches long, bent and glued to the sides of the bobbin.
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In the illustration, part of the bobbin is represented as cut
away. The center of the bearing is bent out so that the end
of the shaft will not come in contact with the sides of the
bobbin. The top of the center is notched with a file to form
a socket for the knife-edges of the shaft.

The bobbin is gfued to the center of a wooden base, seven
inches long, four inches wide and three-quarters of an inch
thick. The terminals of the coil lead down through two
small holes in the e _ e
base and thence to i
two large binding-
posts. The wires are UL
inlaid on the under \vouhwerea "
side of the base,i.e., REAY 4

ToF

-i'

they pass from the " A\

holes to the binding- Bl \\....

posts through two e e
grooves. This pre- 5 = = [
caution avoids the _Eaoncresr g /l
possibility of their [ _°%*¢ - _:/i

becoming short-cir-
cuited or broken.

The case is formed of two sides, a back and top of one-
half-inch wood. It is six inches high, four inches wide,
and two inches deep. A glass front slides in two shallow
grooves cut in the wooden sides, one-eighth of an inch from
the front.

The case is held down to the base by four round-headed

Fic. 108. — Completed Voltmeter.
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brass screws, which pass through the base into the sides.
It is then easily removable in case it ever becomes neces-
sary to repair or adjust the instrument.

The meter and case, as illustrated in Figure 108, are in-
tended for portable use and are so constructed that they
will stand up. A small brass screw, long enough to pass all
the way through the base, serves to level the instrument.
If a little brass strip is placed in the slot in the screw-head
and soldered so as to form what is known as a “ winged
screw,” the adjustment may be made with the fingers and
without the aid of a screw-driver.

Where the instrument is intended for mounting upon a
switch-board, it can be given a much better appearance by
fitting with a smaller base, similar in size and shape to the
top. The binding-posts are then mounted in the center of
the sides.

To calibrate the meters properly, they are compared
with some standard. The scale is formed by a piece of
white cardboard glued by two small blocks on the inside
of the case. The various values are marked with a pen and
ink. The glass front, therefore, cannot be put in place until
they are located.

The zero value on the meters will normally be in the
center of the scale. When a current is passed through the
bobbin, the armature tends to swing around at right
angles to the turns of wire. But since the armature is
pivoted above the center of the mass, when it swings, the
center of gravity is displaced and exerts a pull in opposition

AMMETER 17;—'
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to that of .the bobbin, and the amount of swing indicated
by the pointer will be greater as the current is stronger.
The pointer will swing either to the right or the left, de-
pending upon the direction in which the current passes
through the bobbin. The pointer of the instrument illus-
trated in Figure 108 is at zero when at the extreme left of
the scale. The pointer is bent to the left, so that the current

AMMETER

VOLTMETER

e

STANDARD
AMMETER

RHEOSTAT

BATTERY.

Fi16. 1og. — Circuits for Calibrating the Ammeter and Voltineter.

will be registered when passing through the meter only in
one direction, but the scale will have a greater range of
values. It will also be necessary to cut a small groove in
the base of the instrument in this case so that the arma-
ture will have plenty of room in which to swing.

When calibrating the ammeter, it is placed in series with
the standard meter, a set of strong batteries, and a rheo-
stat. The rheostat is adjusted so that various current read-
ings are obtained. The corresponding positions of the
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pointer on the meter being calibrated are then located for
each value.

The voltmeters must be placed in parallel, or shunt with
each other, and in series with several battery cells. A
switch is arranged so that the voltage of a varying number
of cells may be passed through the meters. To secure
fractional values of a volt, the rheostat is placed in shunt
with the first cell of the battery. Then, by adjusting both
the switch and the rheostat, any voltage within the maxi-
mum range of the battery may be secured.

This means of regulating voltage is a common one, and
of much use in wireless telegraph circuits, as will be ex-
plained later.

When using the meters, it is always necessary that the
ammeter shall be in series and the voltmeter in parallel or
in shunt with the circuit.

Galvanoscopes and Galvanometers

In the first part of Chapter V it was explained that several
turns of wire surrounding a compass-needle would cause
the needle to move and show a deflection if a current of
electricity were sent through the coil.

Such an instrument is called a galvanoscope and may be
used for detecting very feeble currents. A galvanoscope
becomes a galvanometer by providing it with a scale so that
the deflection may be measured.

A galvanometer is really, in principle, an ammeter the
scale of which has not been calibrated to read in amperes.
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A very simple galvanoscope may be made by winding
fifty turns of No. 36 B. & S. gauge smgle silk-covered wire
around an ordinary
pocket compass. The
compass may be set in
a block of wood, and
the wood provided
with binding-posts so
that connections are
easily made.

Another variety of
the same instrument is
shown in Figure 111.

Wind about twenty- 9 .
five turns of No. 30 F16. r10. — Simple Compass Galvanoscope.

B. & S. gauge cotton-covered wire around the lower end of a
glass tumbler. Leave about six inches of each end free for ter-

o minals, and then,
after slipping the

NEEOLE .
coil fromtheglass,
- 3 L / % tie the wire with
I # 7 thread in several

tn wanK U' A;%Y g
BINBTNG - POST e places so that it

will not unwind.
Press two sides of
the coil together
so as to flatten it, and then attach it to a block of wood
with some hot sealing-wax.

BASE

F16. 111. -~ Galvanoscope.
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Make a little wooden bridge as shown in Figure 111, and
mount a compass-needle on it in the center. The compass-
needle may be made out of a piece of spring-steel in the
manner already described in Chapter L.

Mount two binding-posts to the corners of the block, and
connect the ends of the wire coil to them. Turn the block
so that the needle points North and South and parallel to
the coil of wire.

If a battery is connected to the binding-posts, the needle
will fly around to a position at right angles to that which
it first occupied.

An astatic galvanoscope is one having two needles with
their poles in opposite directions. The word “ astatic”
means having no directive magnetic tendency. If the
needles of an astatic pair are separated and pivoted sepa-
rately, they will each point to North and South in the or-
dinary manner. But when connected together with the poles
arranged in opposite directions they neutralize each other.

An astatic needle requires but very little current in order
to turn it either one way or the other, and for this reason
an astatic galvanoscope is usually very sensitive.

A simple instrument of this sort may be made by winding
about fifty turns of No. 30-36 B. & S. gauge single-silk- or
cotton-insulated wire into a coil around a glass tumbler.
After removing the coil from the glass, shape it into the
form of an ellipse and fasten it to a small base-board.

Separate the strands of wire at the top of the coil so that
they are divided into two groups.

P E————
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Make a bridge or
standard in the
shape of an inverted
U out of thin wooden
strips and fasten it
to the block. '

The needles are
ordinary sewing-
needles which have
been magnetized
and shoved through
a small carrier-bar,
made from a strip
of cardboard, with
their poles opposite
one another, as
shown in the illus-
tration.

- SCREW=-ETE TO

RAISE AND LOWELR
NEEDLES

- THREAD

Fr6. 112, Astatic Galvanoscope.

They may be held in place in the cardboard strip by a

~THREAD

-+ CAROBOARD

z{)

N
S NEEDLE

F16. 113. — Astatic Needles.

small drop of sealing-wax.

A small hole is punched in
the top of the carrier, through
which to pass the end of a
thread. The upper end of the
thread passes through a hole
in the bridge and is tied to a
small screw-eye in the center of
the upper side of the bridge.
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The carrier-bar is passed through the space where the
coil is split at the top. The lower needle should hang in
the center of the coil. The upper needle should be above
and outside the coil.

The terminals of the coil are connected to two binding-
posts mounted on the base-block.

Owing to the fact that this galvanoscope is fitted with an
astatic needle, the instrument does not have to be turned
so that the coil may face North and South. The slightest
current of electricity passing into the coil will instantly
affect the needles.

An astatic galvanometer for the detection of exceedingly
weak currents and for use in connection with a * Wheat-
stone bridge ” for measuring resistance, as described farther
on, will form a valuable addition to the laboratory of the
boy electrician.

Make two small bobbins similar to those already de-
scribed in connection with the volt and ammeter, but twice
as long, as shown in Figure 114.

Wind each of the bobbins in the same direction with No.
36 silk-covered or cotton-covered wire, leaving about six
inches free at the ends for connection to the binding-posts.

Fasten each of the bobbins to the base-board with glue.
Do not nail or screw them in position, because the presence
of nails or screws may impair the sensitiveness of the in-
strument. In mounting the bobbins, leave about one-
sixteenth of an inch of space between the inside flanges,
through which the needle may pass.

—
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Connect the coils wound on the bobbins so that the end
of the outside layer of the first coil is connected to the inside
layer of the other coil. This arrangement is so that the
current will travel through the windings in the same con-
tinuous direction, exactly the same as though the bobbin
were one continlious spool.

Magnetize two small sewing-needles and mount them in
a paper stirrup made from good, strong paper, as shown in

s . ~
NEEDLE

-

BOBBIN
Fi16. 114. — Bobbin for Astatic Galvanometer.

Figure 114. Take care that the poles are reversed so that
the north pole of one magnet will be on the same side of
the stirrup as the south pole of the other. They may be
fastened securely by a drop of shellac or melted sealing-wax.

Cut out a cardboard disk and divide it into degrees as in
Figure 115. Glue the disk to the top of the bobbins. A
small slot should be cut in the disk so that it will pass the
lower needle.

A wooden post should be glued to the back of the base.
To the top of this post is fastened an arm from which are
suspended the magnetic needles.
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A fine fiber for suspending the needle may be secured by
unraveling a piece of embroidery silk.

The upper end of the fiber is tied to a small hook in the
end of the arm. The wire hook may be twisted so that

ARM

-

~THREAD

~POST

F1c. 115. — Completed Astatic Galvanometer.

the needles may be brought to zero on the scale. Zero
should lie on a line parallel to the two coils.

The fiber used for suspending the needles should be as
fine as possible. The finer the fiber is, the more sensitive
will the instrument be.
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The lower needle should swing inside of the two coils,
and the upper needle above the disk.

How to Make a Wheatstone Bridge

The amateur experimenter will find many occasions
when it is desirable to know the resistance of some of his
electrical apparatus. Telephone receivers, telegraph re-
lays, etc., are all graded according to their resistance in
ohms. The measurement of resistance in any electrical
instrument or circuit is usually accomplished by comparing
its resistance with that of some known circuit, such as a
coil of wire which has been previously tested.

The simplest method of measuring resistance is by means
of a device known as the Wheatstone bridge. This instru-
ment is very simple but at the same time is remarkably
sensitive if properly made. A Wheatstone bridge is shown
in Figure 116.

The base is a piece of well-seasoned hard wood, thirty
inches long, six inches wide, and three-quarters of an inch
thick.

Secure a long strip of No. 18 B. & S. gauge sheet-copper,
one inch wide, and cut it into three pieces, making two of
the pieces three inches long, and the other piece twenty-
three and one-half inches long.

Mount the copper strips on the base, as shown, being
very careful to make the distance between the inside edges
of the end-pieces just twenty-five inches. The strips should
be fastened to the base with small round-headed brass
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screws. Mount two binding-posts on each of the short
strips in the positions shown in the illustration, and three
on the long strip. These binding-posts should pass through
the base and make firm contact with the strips.

Then make a paper scale twenty-five inches long, and
divide it into one hundred equal divisions one-quarter of
an inch long. Mark every fifth division with a slightly

GaLvanamET. )

or
THLEPHOHL
REceiven

T SLipE ke

F1G. 116. — Wheatslone Bridge.

longer line, and every tenth division with a double-length
line.

Start at one end and number every ten divisions, then
start at the other end and number them back, so that the
scale reads o, 10, 20, 30, 40, 50, 60, 70, 80, go, 100, from
right to left at the top and o, 10, 20, 30, 40, 50, 60, 70, 80,
90, 100, from left to right at the bottom.

Solder a piece of No. 30 B. & S. gauge German-silver wire
to one of the short copper strips opposite the end of the
scale, and then stretch it tightly across the scale ard solder
it to the strip at the other end.
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Make a knife-contact by flattening a piece of heavy cop-
per wire as shown in F igure 117. Solder a piece of flexible
wire, such as “ lamp cord,” at the other end. It is well to
fit the contact with a small wooden handle, made by boring
out a piece of dowel.

The instrument is now practically complete.

In order to use the Wheatstone bridge, it is necessary to
have a set of resistances of known value. The resistance of
any unknown circuit or piece of apparatus is found by
comparing it with one of the known coils. It is just like

WIRE

Ve FLATTENED WIRE

4 vds
&L — —

CONTACT

F1G. 117. — Knife-Contact,

going to a store and buying a pound of sugar. The grocer
weighs out the sugar by balancing it on the scales with an
iron weight of known value, and taking it for granted that
the weight is correct, we would say that we have one, five,
or ten pounds of sugar, as the case may be.

The Wheatstone bridge might be called a pair of “ elec-
trical scales” for weighing resistance by comparing an
unknown coil with one which we know has a certain value.

The next step is to make up some standard resistance
coils. Secure some No. 32 B. & S. gauge single-cotton-cov-
ered wire from an electrical dealer and cut into the fol-
lowing lengths, laying it straight on the floor but using
care not to pull or stretch it.
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Y% ohm coil —- 3 feet 14 inch
1 ohm coil — 6 feet 114 inches
2 ohm coil - - 12 feet 214 inches
5 ohm coil — 30 feet 614 inches

10 ohm coil — 61 feet

20 ohm coil - 122 feet

30 ohm coil — 183 feet

50 ohm coil - 305 feet

These lengths of wire are then wrapped on the spools in
the following manner.

This method of winding is known as the non-inductive
method, because the windings do not generate a magnetic

™ soLpen
HERE

=~ HEAVY COFPER
WIRE

F16. 118. — Resistance-Coil. A4 shows how the Wire is doubled and wound on
the Spool. B is the completed Coil.

field, which might affect the galvanometer needle used in
connection with the Wheatstone bridge as described later
on.

Each length of wire should be doubled exactly in the
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middle, then wrapped on the spools like a single wire, the
two ends being left free for soldering to the terminals as
shown in Figure 118, B.

The spools may be the ordinary reels upon which cotton
and sewing-silk are wrapped.

The terminals of the spools are pieces of stout copper
wire, No. 12 or No. 14 B. & S. gauge. Two pieces of wire
about three inches long are driven into holcs bored in the
ends of each spool. A small drop of solder is used perma-
nently to secure the ends of the coil to each of the heavy
wire terminals.

The spools are then dipped into a pan of molten paraffin
and boiled until the air bubbles cease to rise.

The spools should be marked 14, 1, 2, 10, 20, 30, and 50,
according to the amount of wire each one contains as in-
dicated in the table above.

How to Use a Wheatstone Bridge for Measuring Resistance

The instrument is connected as in Figure 116.

The unknown resistance or device to be measured is
connected across the gap at B. One of the standard known
coils is connected across the gap at A. A sensitive galva-
nometer or a telephone receiver and two cells of battery
are also connected as shown.

If a telephone receiver is used, place it to the ear. If a
galvanometer is used instead, watch the needle carefully.
Then move the sharp edge of the knife-contact over the
scale along the German-silver “ slide wire ” until a point is




138 THE BOY ELECTRICIAN

reached when there is no deflection of the needle or no sound
in the telephone receiver.

If this point lies very far on one side or the other of the
center division on the scale, substitute the next higher or
lower known resistance spool until the point falls as near
as possible to the center of the scale.

When this point is found, note the reading on the scale
carefully. Now comes the hardest part. Almost all my
readers have no doubt progressed far enough in arithmetic
to be able to carry on the following simple calculation in
proportion which must be made in order to find out the
resistance of the unknown coil.

The unknown resistance, connected to B, bears the same
ratio to the known coil, at 4, that the number of divisions
between the knife-contact and the right-hand end of the
scale (lower row of figures) bears to the number of divisions
between the knife-edge and the left-hand end of the scale
(upper row of figures).

We will suppose that a 5-ohm coil was used at 4 in a test,
and the needle of the galvanometer stopped swinging when
the knife-contact rested on the 6oth division from the left-
hand end, or on the 4oth from the right. Then, in order to
find the value of the unknown resistance at B, it is simply
necessary to multiply the standard resistance at A by the
number of left-hand divisions and divide the product by
the number of right-hand divisions. The answer will be
the resistance of B in ohms.

The calculation in this case would be as follows:
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§ X 40 == 200
200 == 60 = 3.33 ohms
3.33 ohms is the resistance of B.

This explanation may seem very long and complex, but
if you will study it carefully you will find it to be very
simple. When once you master it, you will be enabled to
make many measurements of resistance which will add
greatly to the interest and value of your experiments.
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CHAPTER IX

BELLS, ALARMS, AND ANNUNCIATORS

AN electric bell may be bought almost anywhere for
twenty-five cents, and from the standpoint of economy it
does not pay to build one.

A bell is not a hard thing to construct, and the time and
money spent will be amply repaid by the more intimate
knowledge of this useful piece of apparatus which will be
gained by constructing it.

The base is four inches wide and five and one-half inches
long.

The magnets consist of two machine bolts, wound with
No. 22 cotton-covered magnet wire. Fiber ends are fitted
on the bolts to hold the wire in place.

The wire is wound on each of the magnets separately.
Cover the cores with two or three layers of paper before
winding on the wire. The ends of the wire are led through
holes in the core ends. The ends of the bolts are passed
through the yoke, and the nuts applied to hold them in
place.

The magnets are clamped down to the bell-base by means
of a hard-wood strip having a screw passed through it be-

tween the magnets into the base.
‘140
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The armature of the bell is shown in Figure 120. It is
made of a piece of iron having a steel spring riveted to

Al

CORE MAGCNETS AND YOKE
F16. 119. — Details of the Magnet Spools, and Yoke for
an Electric Bell.
it, as illustrated. The armature is fastened to a small block
mounted on the lower left-hand corner of the base.
A second block with a contact-point made from an or-

dinary brass screw by filing the end into the shape shown

;v
—’ BRASS BALL
ARMATURE
FI16. 120. — Details of the Armature, and Contact Screw.

conrTacr RIVETS

CONTACT SCREW

in the illustration, is mounted on the base so that it is oppo-
site the end of the contact-spring fastened to the armature.
The gong may be secured from an old bell or alarm



142 THE BOY ELECTRICIAN

clock. It is mounted on the upper part of the base in such
a position that the hammer will strike it on its lower edge.

The instrument is connected as shown in Figure 121.
One terminal of the magnets is connected to the contact-

STRIP TO
HOLD THE
MAGNETS
N POJ’/TIDN
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SCReEW
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CONTACT.

F16. 121. — The Completed Bell.

screw. The other end is connected to the binding-post. A
second binding-post is connected to the armature.

The armature spring should be bent so that the armature
is pushed over against the contact.

If a battery is connected to the bell, the electromagnets
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will pull the armature and cause the hammer to strike the
gong. As soon as the armature has moved a short distance,
the spring will move away from the contact and break the
circuit. The magnets cease pulling as soon as the current is
cut off and the armature spring then causes the armature
to move back ard touch the contact. As soon as the con-

BELL:

PUSH
BYTTON

BATTERY
FI1G. 122. - Diagram showing how to connect a Bell, Battery,
and Push-Button.
tact is made, the armature is drawn in again and the
process is repeated.

A little experimenting with the bell will soon enable one
to find its best adjustment. Figure 122 shows how to con-
nect a bell to a battery and a push-button. A push-button
is simply a small switch which closes the circuit when
pressed. Do not make the armature spring too weak, or
the hammer will move very slowly and with very little
life. Each time that the armature moves toward the mag-
nets, it should barely touch the iron cores before the ball
sirikes the bell.
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After you get the bell in good working order, it is well to
make a small box to serve as a cover for the working parts
of the instrument, leaving only the gong exposed.
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F16. 123. — Two Simple Push-Buttons.

Figure 123 shows two simple methods of making push-
buttons.

It is sometimes desirable to arrange two bells and two
push-buttons, so that a return signal can be sent. In that

BELL,

PUSH BUTTON @
(o}
@ PUSH
BUTTronv
BATTERY

FI1G. 124. — Diagram showing how to arrange a Bell System of Return
Signals.
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case the circuit shown in Figure 124 may be employed. It
is then possible for the person answering the bell to indicate
that he has heard the call by pushing the second button.
For instance, one push-button and bell might be located
on the top floor of a house and the other bell and button
in the basement.” A person in the basement wishing to call
another on the top floor would push the button. The
person answering could return the signal by pushing the
button on the top floor and cause the bell in the basement

to ring. )
A Burglar Alarm

A simple method of making an efficient burglar alarm
is shown in Figure 125. The base is a piece of wood about

STRING

Fr6. 125. — Burglar-Alarm Trap.

five by six inches, and half an inch thick. A small brass
strip, A4, is fastened to the base by means of two round-
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headed wood screws and the ends turned up at right angles.
The lever, B, is also a strip of brass. One end is bent out,
so as to clear the strip and the screws that are under it.
The lever is pivoted in the middle with a screw and a
washer. A small hole, D, is bored in the lower end through
which a spring and a string are passed. The other end of
the spring is fastened under a screw and washer, C.

In order to set the alarm, first fasten the base in any con-
venient place. Carry the string across the room and fasten
it. Adjust the string so that the lever is half-way between
the two ends of the strip, 4.

If the string is disturbed, it will pull the lever over against
the strip, A. If the string is cut, the spring will pull the
lever over to the opposite side. In either case, if the alarm
is properly connected to a bell and battery, the circuit
will be closed if the string is disturbed, and the bell will
ring.

One wire leading from the bell and the battery should
be connected to A, and the other to the screw and
washer, C.

The alarm may be arranged across a window or doorway
and a black thread substituted for the string. Any one
entering in the dark and unaware of the existence of the
alarm is liable to break the thread and ring the bell.

An Electric Alarm

It is often desirable to arrange an electrical alarm clock
so that a bell will ring continuously until shut off.

———
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Figure 126 shows an electrical alarm attachment. It
consists of a wooden box, large enough to receive an ordinary
dry cell. A bell is fastened
on the outside of the box.
Connect one terminal of the
battery to one terminal of
the bell. Connect the other
belland battery terminals,
each to a short piece of brass
chain, about four inches
long. The ends of the
chain are then fastened to
a small piece of sheet fiber \
or hard rubber, so that '
A il P ot
each other. The opposite
end of the fiber is fastened to a piece of wire spring
having a garter or suspender clip soldered to the end.

\CHAIN
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F1c. 127. — Details of thie Chain Electrodes, etc.

The operation of this electrical attachment is very simple.
Wind up the alarm key of an ordinary alarm clock and
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place the clip on the key. Place the clock in such a posi-
tion that the two chains do not touch each other. Set the
clock. When the mechanical alarm goes off, the key will
revolve and twist the two chains, thus closing the electric
circuit and causing the bell to ring. The bell will ring until
the clamp is removed. The outfit can be attached to any
ordinary alarm clock.

An Annunciator

Annunciators are often placed in bell and burglar alarm-
circuits to indicate where the button ringing the bell was
pushed, in case there
are several.

The separate in-
dicators used on an
annunciator are
called drops.

A drop may be
made from an elec-
tromagnet and
some brass strips,
etch

The frame is cut
from heavy sheet-
brass and shaped as shown in Figures 128 and 129.

The drop bar is a strip of metal which is pivoted on the
frame at its lower end and has the upper end turned up to
receive a numeral or letter.

i
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F16. 128. — An Annunciator Drop.
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The armature is made from a strip of sheet-iron. It is
pivoted on the frame at its upper end. The strip is bent
at right angles so as to fall in front of the magnet. The
lower part of the armature is bent into a hook. The hook
fits into a slot cut in the drop bar. A fine wire spring is
placed between the frame and the upper end of the arma-
ture so as to pull

ﬁ‘
the armature away - (L~ —r—
/,4'—,-’

from the core when -

the current is not
passing through the
magnet. '

The electromag-
net should be wound
with No. 25 B. & S.
cotton-covered mag-
net wire. F16 129. — Details of the Drop-Frame and

When a current is Araatupe;
sent through the magnet, it will draw the armature in.
This action releases the hook from the edge of the slot in
the drop bar and permits the bar to drop and bring the
number or letter down into view.

A number of “ drops ”’ may be arranged on a board and
placed in different circuits so as to indicate which circuit is
closed at any time. It is a good plan to arrange a bar to
act as a stop, so that the numeral will not drop down too
far. Each time that any one of the drops falls, it must be
reset by pushing the bar back into position.

ARMATURE




CHAPTER X

ELECTRIC TELEGRAPHS

EXPERIMENTS in telegraphy were carried out as far back
as the year 1753, when it was proposed to transmit mes-
sages by representing the letters of the alphabet by com-
binations of sparks produced by a static machine; but
these were of little practical value and nothing of any im-
portance was accomplished until after the discovery of
galvanic current.

Many of these old experiments were very crude and
appear somewhat ridiculous when compared with the
methods of nowadays. The earliest proposal for an electric
telegraph appeared in the Scots’ Magazine for February,
1753, and shows several kinds of proposed telegraphs acting
by the attractive power of electricity, conveyed by a series
of parallel wires, one wire corresponding to each letter of
the alphabet and supported by glass rods at every twenty
yards. Words were to be spelled by the action of the elec-
tricity in attracting paper letters, or by striking bells cor-
responding to letters.

The modern telegraph consists essentially of four things,
namely -

A battery which produces an electric current.

150
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A wire which conducts the electric current from one
point to another.

A transmitter for shutting the current off and on.

An electro-magnetic receiving apparatus, which gives
out in sounds, the signals made. by the pulsations of the
current from a distant point.

The battery may be almost any form of battery. Gravity
cells are preferred, however, for telegraph work.

Heavy galvanized iron wire is usually employed as the
“line.” It is necessary to use non-conductors wherever
the wire is fastened. Glass insulators placed on a wooden
pin or bracket, which is fastened to the pole or building
on which the wire is to be supported, are used for outside
work. Inside of buildings, rubber tubes are used where
the wires pass through walls, etc.

The operation of a telegraph is not, as many people sup-
pose, a complicated or difficult matter to understand, but
is quite simple.

The key is a contrivance for controlling the passage of
the electric current in much the same manner as an ordinary
switch. It consists of a steel lever, swung on trunnion-
screws mounted in a frame, and provided with a rubber
knol» which the operator grasps lightly with the thumb and
forefinger. On pressing the lever downward, a platinum
point fastened on the under side of the lever is brought into
contact with another point set into a rubber bushing in the
base of the key, so that there is no electrical connection
between the two points unless the key is pressed down or
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“ closed,” as it is often termed. The key is usually fastened
to the operating bench by two rods called “ legs.” The
lever is provided with screws which permit the stroke of
the key to be very closely adjusted.

The line wire and battery are connected to the key, so

SCREW To
ADJUST SPRING
=/

CIRCUIT CLOSE SCREW TO

ADJUST STROKE

Fic. 130. — A Typical Telegraph Key, showing the Various Parts.

that no current can flow until the key is pressed and the
contacts brought together.

A ““sounder” consists of two electromagnets mounted
on a base under a movable flat piece of iron which is at-
tracted by the magnetism of the electromagnets when a
current flows through them and is withdrawn by a spring
when no magnetism excites the windings.

This piece of iron, which is called the armature, is
mounted upon a strip of brass or aluminum called the Jever.
The lever strikes against a brass “ anvil ” and produces the
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“ clicks,” which form the dots and dashes of the telegraph
alphabet.

Every time that the key is pressed, an electric current is
sent out into the line. The current flows through thé mag-
nets of the sounder and causes the armature to be drawn
downward. THe lever strikes the anvil and produces a
“click.” When the key lever is released, the current is

SCREW TO ADJUST'.
DOWNWARD STROKE
OF LEYER———SECREW TO ADJIUST

s SPRING TENSION
Z ON LEVER

_~LEVER

SeREW TO ADIUST
UPWARD STROXE
LEVER~ ARIMA\TVRE

-
| Flvor SEREW

Fi6. 131. ~— A Typical Telegraph Sounder, showing the Various Parts.

shut up and the lever flies up and clicks against the top of
the anvil.

The period of time between the first click and the second
click may be varied at will according to the length of time
that the key is held down. A short period is called a dot
and a long period a dask. Combinations of dots, dashes,
and spaces arranged according to the Morse Alphabet,
make intelligible signals.
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How To Make a Simple Key and Sounder

The little telegraph instruments shown in Figures 132
and 133 are not practical for long lines but may be used
for ticking messages from one room to another, and can be
made the source of much instruction and pleasure.

The key is a strip of brass fastened to a wooden base in
the manner shown in Figure 132. It is fitted with a knob

BRIDGE
AnNo8

SCREW
CONTACT

F16. 132. — A Simple Home-made Telegraph Key.

of some sort on the front end, so that it is conveniently
gripped with the fingers.

The little bridge is made from heavy sheet-brass and
prevents the lever from moving too far away from the cen-
tact on the upward stroke.

Connections are made to the key lever at the back end
and the contact in front by the binding-posts, 4 and B,
The post, C, connects with the bridge.

The sounder consists of two small electromagnets
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mounted in a vertical position on a wooden base. The
magnets are connected at the bottom by a strip of heavy
sheet-iron which acts as a yoke.

The armature is made out of sheet-iron, rolled up in the
manner shown in the illustration. One end of the armature
is fastened to a wboden block in such a position that the ar-
mature comes directly over the magnets and about one-

\ romnn
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ARMATURE

BLOCK

F1c. 133. — A Simple Home-made Telegraph Sender.

eighth of an inch above them. The opposite end of the
armature moves up and down for about an eighth of an
inch between two screws, each fastened in a wooden block
mounted on an upright board in the back of the magnets.
The purpose of the screws is to make the * click ” of the
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sounder louder and clearer than it would be if the armature
only struck the wood.

A rubber band or a small wire spring passing over a screw
and connected at the other end to the armature will draw
the latter away from the magnets when the current is not
passing.

The terminals of the magnets are connected to binding-
posts mounted on the base.

The key and sounder should be placed in series with one
or two cells of a battery. Pressing the key will then cause

SOUNDER
LiveE

KEY ey . KEY
)
%ii
BATTERY LINE BATTERY

FIG. 134. — A Diagram showing how to connect two Simple Telegraph Stations.

the armature of the sounder to be drawn down and make
a click. When the key is released, the armature will be
drawn up by the spring or rubber band and make a second
click.

Hardly a boy interested in mechanics and electricity has
not at some time or other wished for a telegraph instrument
with which to put up a ““line ” with his chum.

A practical working set of such instruments can be very

=
i a"'\." .
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easily constructed, and with little expense, by following
the sketches and instructions given here.

The magnets for the sounder may either be constructed
by the intending telegraph operator or secured from some
old electrical instrument such as a magneto-bell. In the
latter case, the hardest part of the work will be avoided.

If they are to be home-made, the following suggestions
may prove of value in carrying out their construction.
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F16. 135. — A Complete Telegraph Set, consisting of a Keyboard and a Sounder.

The cores are made from one-quarter-inch stove-bolts
with the heads cut off. The magnet heads are cut out of
hard-wood fiber, one-eighth of an inch thick and one inch
in diameter. They should fit tightly and be held in place
with glue. They are separated so as to form a winding
space between of seven-eighths of an inch. The mag-
nets should be wound full of No. 25 B. & S. gauge cot-
ton-covered wire.
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The yoke is made of enough strips of sheet-iron, one-half
inch wide and two inches long, to form a pile one-quarter
of an inch thick. Two one-quarter-inch holes are bored in
the opposite ends of the yoke, one and one-half inches apart.
The lower ends of the magnet cores are passed through
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F16. 136. — Details of the Telegraph Set shown in Figure 135.
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SOUNDER LEVER KEY LEVvER

these holes. The ends should project one-half of an inch
beyond the yoke.

They are passed through two holes in a base-board three-
quarters of an inch thick. The holes are countersunk
from the lower side, so that a nut can be screwed on the
lower end of each and the magnets held tightly in an up-
right position. The remaining parts of the instrument are
very easily made, and are so clearly shown by the drawing
that it is hardly necessary to say more than a few words in
explanation.

The lever or tongue, the anvil, the standard, and the
lever of the key are all cut out of hard-wood according to
the pattern shown in the illustration.

ELECTRIC TELEGRAPHS 159

The armature is a piece of soft iron fastened to the lever
with a small brass screw.

Tacks are placed under the heads of the adjusting screws
on the sounder so that it will click more loudly.

The rubber band acts as a spring to counteract the weight
of the armatire and lever and draw it up as soon as the
current is cut off. The movement of the lever should be
so adjusted that it is only sufficient to make an audible
click.

Use care to avoid friction between the lever and the
standard, so that the former will move with perfect free-
dom.

All the screws used in the work should be round-headed
brass wood screws with the points filed flat. Bore a small
hole before screwing them into place so as to avoid splitting
the wood.

The construction of the key is even more simple than that
of the sounder. It should move up and down without any
side motion.

The circuit-closer should be kept closed when the instru-
ments are not in use, and when you are receiving a message.
As soon as you are through receiving and wish to transmit,
you should open your circuit-closer and your friend close
his.

The tension of the spring under the lever of the key must
be adjusted to suit the needs of each individual operator.

The diagram for connecting the instruments is seli-ex-
planatory. In cities or towns where a “ ground ” is avail-
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able by connecting to the gas or water pipes, one line wire
may be easily dispensed with. Or, if desirable, a ground
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F1e. 137. — A Diagram showing how t» connect two Complete
Telegraph Sets, using one Line Wire and 2 Ground.

The Two Point Switches throw the Batteries out of Circust when the Line is
not 1n use.

may be formed by burying a large plate of zinc (three or
four feet square) in a moist spot and leading the wire to it.

How To Build a Telegraph Relay

In working a telegraph over a long line or where there
are a large number of instruments on one circuit, the cur-
rents are often not strong enough to work the sounder
directly. In such a case a relay is used. The relay is built
on the same principle as a sounder, but the parts are made
much lighter, so that the instrument is more sensitive.
The armature of a relay is so small and its movement so
little that its clicking is scarcely audible. It is therefore
fitted with a second set of contacts and connected to a bat-
tery and a sounder, which is to set in operation every time
the contacts close. The principle of a relay is that a weak
current of insufficient strength to do the work itself may
set a strong local current to do its work for it.

e L ettt e s e iy
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There are many forms of relays, and while that which is
described below is not of the type commonly used on tele-
graph lines, it has the advantage of being far more sensitive
than any instrument of the regular line relay type that the
average experimenter could build.

Make the magnets from one-quarter-inch stove-bolts,
and cut them off so that they will form a core about two and
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MAGNET SFPOOL CONTACT LEVER
F16. 138. — Details of the Relay Parts.

one-quarter inches long. Fit each of the cores with two
fiber heads to hold the wire in place. Insulate the legs with
paper and wind each with about fifty layers of No. 30 B. &
S. gauge single-cotton-covered magnet wire. The winding
space between the magnet’s heads should be one and one-
eighth inches.

The upper ends of the magnet cores should be allowed to
project about one-quarter of an inch beyond the fiber head.
The end of the core is filed flat, as shown in the illustration.
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The magnets are mounted upon an iron yoke, three-
sixteenths of an inch thick. The holes in the yoke should
be spaced so that there is a distance of one and one-half
inches between the centers of the magnet cores.

The armature of the relay is mounted on a small steel
shaft with sharp points at each end. The exact shape of
the armature may be best understood from the illustrations.

The lower end of the shaft rests in a small cone-shaped
depression made by driving a center punch into the yoke
half-way between the two magnets.

The top bearing is a strip of brass projecting from a
wooden support. The end of the shaft rests in a depression
similar to that in the yoke.

The contact lever is made of brass and forced on the
shaft below the armature. It swings between a small brass
clip fastened to one side of the support and a little screw
held in a similar clip on the opposite side.

The contact clip is made of spring brass about No. 22
gauge in thickness. It may be adjusted by a screw passing
through the support.

The armature may be controlled in its movement so
that the latter will be very slight by adjusting the screws.

There should not be any friction in the bearings and the
armature should move with perfect freedom. The arma-
ture should approach the ends of the magnet cores until a
space about the thickness of heavy paper separates them
and should not touch them.

The spring is made of fine brass wire. Tt is fastened to

.
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F16. 139. — The Completed Relay.

the armature shaft, and the screw mounted on the wooden
support with a piece of silk thread. The thread is passed
around the shaft once or twice so that the tension of the
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F16. 130. — A Diagram showing how to connect a Relay, Sounder, and Key
Closing the Key will operate the Rclay. The Relay will then operate the Sounder in turn.
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spring will cause the armature to move away from the pole
pieces just as soon as the current flowing through the mag-
nets ceases.

The tension of the spring may be adjusted by turning
the screw with a screw-driver. If the armature tends to
stick to the magnet poles fasten a small piece of paper to
the poles with some shellac.

The terminals of the magnets are connected to two bind-
ing-posts marked 4 and B. The binding-posts marked C
and D are connected respectively to the contact clip and the
brass bearing on the top of the wooden support.

The diagram in Figure 140 shows how the relay is con-
nected to a telegraph line.

How To Learn To Telegraph

The instruments so far described have been practical
working telegraph instruments, but they lack the fine
points of commercial apparatus and it is not possible to
become as efficient an operator with their aid as with a real
key and sounder.

If the young experimenter desires to become a proficient
telegraph operator, the first thing to do is to purchase a
Learner’s telegraph key and sounder.

Connect a dry cell to the binding-posts on the back of
the instrument. Screw the set down on a table about
eighteen inches from the front edge, so that there is plenty
of room for the arm to rest. See that none of the various
adjustment screws about the instrument are loose and
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that the armature of the sounder moves freely up and
down through a distance of about one-sixteenth of an
inch.

The spring which draws the lever upwards away from the
magnets should be set only at sufficient tension to raise the
lever when no ‘current is passing. If too tight, the spring
will not allow the armature to respond to the current flow-
ing through the magnets.

The key is provided with several adjustment-screws to
regulate the tension and the play of the lever to suit the
hand of the operator. A little practice will enable the
student to judge best for himself just how the key should
be set.

The next step is to memorize the alphabet, so that each
character can instantly be called to mind at will. The
punctuation marks are not used very frequently, and the
period is the only one which the student need learn at first.

The Morse alphabet consists of dots, dashes, and spaces.
Combinations of these signals spell letters and words.

Many of the characters are the reverse of others. For
example, A4 is the reverse of N. Band V, D and U, C and
R,Qand X, Z and &, are the other reverse letters, so if the
formation of one of each of these letters is memorized the
reverse is easily mastered.

It is important that the beginner should learn how
properly to grasp the key, for habits are easily formed and
a poor position will limit the sending speed of the operator.

Place the first or index finger on the top of the key-handle,
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with the thumb under the edge; and the second finger on
the opposite side. The fingers should be curved so as to
form a quarter-section of a circle. Bring the third and
fourth fingers down so that they are almost closed on the
palm of the hand. Rest the arm on the table in front of
the key and allow the wrist to be perfectly limber.

'The grasp on the key should be firm but not rigid. Avoid
using too much strength or a light hesitating touch. En-

F1G. 141. — How to hold a Telegraph Key.

deavor to acquire a positive, firm up and down meotion of
the key. Avoid all side pressure, and do not allow the
fingers to leave the key when making the signals. The
movement is made principally with the wrist, with the
fingers and hand perfectly elastic.

A dot is made by a single instantaneous, downward
stroke of the key. A dash is made by holding the key down
for the same period of time that it takes to make three
dots. A long dash is made by holding the key down for
the same time that it takes to make five dots.

A space in the letters, such as, for instance, the space
between the first and last two dots in the letter R should
occupy the time of one dot. The space between each letter
should occupy the time required for two dots, and the space
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between words should occupy the time required for three
dots.

Commence the use of the key by making dots in succes-
sion, first at the rate of two every second, and increasing
the speed until ten can be made. Practice should be con-
tinued until three
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