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THEORY AND PRACTISE

In taking up a subject like wireless telegraphy from an
experimental standpoint, it is absolutely necessary that
we give some attention to its theoretical side as well as
to its practical side. Many students have a desire to skip
everything that has a theoretical flavor; and while I ad-
mit that too much theory has a tendency to produce men-
tal indigestion, we can not dodge the fact that theory is
really the foundation upon which most of the practical
work is built. This has been the case in wireless teleg-
raphy, for practical results came along far behind the
theoretical side of the subject.

In the following chapters theé author has tried to pre-
sent the theoretical discussions in a practical way; that
is, in connection with actual experiments that may be
performed by the student.

Full details have been given for making nearly every-
thing that will be needed for experimental work, and
the student should not fail to take up the subject in this
way to thoroughly fix the elementary principles in his
mind.

Considerable space has been given to the discussion
of sound and light, because these are familiar subjects
and because they can be studied with very simple appa-
ratus. If the student will carefully perform the exper-
iments and read the preliminary discussions he will find
that the chapters on ‘electric-waves and practical wire-
less telegraphy will be easily understood.

24



WIRELESS TELEGRAPHY

" For Amateurs and Students

CHAPTER 1

EARLY METHODS OF WIRELESS TELEGRAPHY

1. Various Methods of signaling have been used from
the most remote periods, and many ingenious devices have
been invented for this purpose. There were regular sys-
tems for sending messages without wires and without
electricity thousands of years ago; and while these crude
methods were then sufficient, present civilization demands
systems that are more perfect and more rapid.

2. Voice Wireless. Perhaps the simplest method of
signaling is that in which calls are shouted and passed
along from man to man. This method was used for hun-
dreds of years, and by this plan messages could be sent
with considerable rapidity.

3. Sign Wireless. Another method was that in which
combinations of torches were used to represent letters by
which words could be spelled out. The author has seen a
modified form of this plan used by boys; in fact, he used
it himself when a boy. It is quickly

. . 4 2 4 5
learned and, with practise, the gen- , °aTg g pE]
eral plan can be used several ways. elFlelHlZlT

Fig. 1 shows an arrangement of 1
letters in horizontal rows and in 9 | i [MIN 10_
vertical columns. The letter C, for 4|Pla|R|S[T]
example, is in row 1 and in col- 5 UV wiX YZI

umn 3; so one motion of the arm, Fig. 1
13
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a pause, and three motions would mean 13, or C. One
tap upon a table, a pause, and three taps would do as well,
if in a room. Messages may be sent by bells and in
various other ways when this system is used, although it
is much slower than the Morse system. To send the
letter R we should give four taps, a pause, and then three
taps.

In operating with this it will be found very convenient
to learn the first vertical column by heart; that is, A, F,
K, P, U. As three taps, for example, come to the ear,
or as motions of the arms are seen at a distance, the let-
ters A, F, K are repeated to correspond to the motions.
As the pause comes, you know that the sender is to begin
upon the third horizontal row. As soon as he begins the
second group, begin with K again and say K, L, M, etc.,
until he stops. This plan is given for those who want to
try it, as the author has found that it is very helpful, the
whole scheme being learried in an hour or less.

4, Dinner-bell Wireless. An ordinary dinner-bell
sends out a wireless message that brings gladness to all
who hear, and it is often surprising to see how the sound
of a small bell of this variety can be heard.

5. Signaling with Light. There are several practical
methods of signaling by means of light, and every-day
use is made of some of these by the armies and navies of
the world.

At night, use may be made of any form of light that
can be seen at a distance. In practise, electric lamps of
various kinds are used, such as search-lights, flash-lights,
etc.

In the daytime, various mirror systems are used. The
heliograph, for example, is used extensively. It is an



EARLY METHODS OF WIRELESS TELEGRAPHY 15

instrument containing mirrors, and these are used to flash
rays of light from one point to another.

Wig-wagging systems are very popular for short dis-
tances at which small flags or even the arms, alone, can
be seen. For longer distances, telescopes are used to aid
in reading the signals.”



CHAPTER 1II
WAVES IN SOLIDS, LIQUIDS AND GASES

6. Water-waves. I do not remember of ever having
read an article upon wave-motion in which was not men-
tioned the effect of throwing a stone into a pond. As I
do not wish to break any records by not saying anything
about the matter—and especially as I am now writing
within a stone’s throw of my own pond at Montaqua
Farm—1I can not resist the temptation to tell you some-
thing about the fun I have had while throwing stones.
I trust that the photographs herein reproduced will make
the subject more interesting than mere statements.

7. Ripples. There is a considerable difference between
irregular ripples, which are produced by mere gusts of
wind, and regular waves, which are caused by a stone
and radiate in all directions. It will be seen, by examin-
ing Fig. 2, that the ripples are more or less parallel and
that they vary greatly in size and shape. They are pro-
duced by a force which constantly varies in intensity, al-
though its direction remains practically the same. (See
Exp. 1.)

It is easily seen that it would be impossible to transmit
a message from one side of a pond to the other by means
of such a jumble of small waves.

8. Regular Water-waves. Fig. 3 clearly shows con-
centric rings produced in water by a stone. As will be
seen by the photograph, the center is very much disturbed
by many little waves that are caused by the irregular
motion of the water when it rushes in to fill the hole made

16



Fig. 2—ORDINARY RIPPLES

Fig. 3—CONCENTRIC WATER-WAVES

17



18 WIRELESS TELEGRAPHY

by the stone, and by the shower of drops that fall and
start hundreds of little wave-systems. This particular
set of waves was made by a stone as large as my assist-
ant could conveniently throw. Such waves are not nearly
so distinct and beautiful as those made by smaller stones,
because the agitation is too complex.

The tent, which is shown near the top of the photo-
graph, is the author’s summer workshop.

9. Interference. When one wave meets another, a

Fig. 4—INTERFERENCE-

combination of results may be expected. (See Sec. 99.)
At some places the two crests will come together to make
a large wave, and at other places a crest may join with a
trough in such a manner as to nearly destroy the wave.
In Fig. 4 are shown several distinct circles, each growing
larger-and running out to meet other circles. Small
waves are also shown side by side with large waves, all
tending to interfere with each other. Such a collection
of waves is very different from one distinct set of
waves, as shown in IFig. 3, and it is clear that in order to

-
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transmit signals from one point to another it is best to
have well-formed waves and not a jumbled mass of waves
that start from different centers.

EXPERIMENT 1. To show small irregular water-
waves or ripples. :

9a. Directions. (A) Place a pan of water upon the
table and see what will happen when you blow upon its
surface. Note the shapes and direction of the ripples.

(B) Have a friend assist you and see how the ripples
form when both blow side by side at the same time.

EXPERIMENT 2, To study concentric waves.

10. Directions. (A) Move a small object up and

Fig. 5

down in the center of a pan of water at regular intervals
and note .the resulting waves. ,

(B) Try the effect of rapid motions of the body and
then of slow motions.

(C) Allow the water to become quiet, then tap one side
of the pan with a stick to see if rings will be formed.
Which way do these waves travel?

11. Signals over Water. When a substance like water
is set in motion, its-particles are affected for a consider-
able distance, and it is evident that by some prearranged
system of signals messages can be sent over its surface.

12. Wave Detector for Water-waves. In Fig. 5 is
shown a simple scheme for detecting waves upon the sur-
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face of a pond or for receiving signals sent along over the
water. A great variety of apparatus could be made that
would be suitable for this work. The author found that
the following experiment and apparatus were sufficiently
delicate and simple for most purposes:

EXPERIMENT 3. To study water-waves by means
of a detector.

13. Directions. Fig. 5 shows the general arrangement
of parts which are very simple, and Fig. 6 is a photograph

Fig. 6—~WATER-WAVE DETECTOR

of the apparatus. The base, or foundation upon which
the apparatus is built, consists of a board at least 1 inch
thick, 4 inches wide, and about 3 feet long. In the pho-
tograph is shown a piece of “two by four,” as this was
handy and it gave sufficient weight. It should be noted
that the base may be placed at an angle by blocking up
with stones. It should be so adjusted that the two con-
tacts, UC, LC, will be about%4 inch apart when the sur-
face of the water is quiet.

At the left-hand end of the base are nailed two uprights,
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U, that may be made of pieces of lath. These are about
4 inches long, and they are used to support the lever, L,
which is also made of a piece of ordinary lath 2 feet
long. A short length of lath, D, is nailed to the end of
the lever, and to the lower end of D is nailed the top of '
a tin can.

The axle or fulcrum of the lever may be made in vari-
ous ways. In the photograph is shown a 6-inch length
of dowel that passes through a spool and through the
lath. Small nails are used to hold the lath to the spool,
which serves as a face-plate. The dowel is long enough
to extend over the ends of the uprights, U, and small
nails are used to keep it in place.

A strip of tin from a cracker-box is used for the upper
contact, UC, and for the lower contact, LC. The upper
strip passes entirely around the end of the lath, and is
held by a screw, under the head of which is fastened one
end of the wire, W. So as not to interfere with the free
motion of the lever, this wire is passed back and around
the axle before it goes to one binding-post of the electric
bell. :

The lower contact is nailed to the base directly under
UC, and a wire from this leads to one post of the dry
cell, the other post of which is connected to the bell, as
shown. It is evident that as soon as the lever is depressed,
the contacts will come together, the circuit will be closed,
and the bell will ring. :

The better the lever balances the more sensitive will be
the apparatus. It is a good idea to balance it upon your
finger, after the can has been attached, and to make the
hole for the dowel at the point found.

Adjust the distance between the contacts, after placing
the apparatus at the edge of a pond, if possible, then tilt
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the base as directed until the contacts are about 4 inch
apart. Have a friend throw a stone into the pond and
adjust until it works properly.

Students will find it worth while to experiment a little
with such apparatus, if possible, as it certainly gives a
definite idea of wave-motion.

14. Air-waves. We have seen that water, when dis-
turbed, sends out waves in all directions. The same thing
happens when air is disturbed, and although we cannot

=B

Fig. 7

see these waves we know that they exist. The human
voice sets up waves in the air and these pass out as sound-
waves.

EXPERIMENT 4. To show how disturbances in the
air can produce effects at a distance.

15. Apparatus. Fig. 7 shows a covered pasteboard
box in one side of which has been cut a round hole that
is about 2 inches in diameter. A lighted candle is also
needed.

16. Directions. (A) Fill the box with smoke. A
friend who smokes can be an assistant for this experiment.
If you have access to a laboratory, you may use a piece
of cloth or sponge on which are placed a few drops each
of ammonia and hydrochloric acid. These will produce
a dense white “smoke” of ammonium chloride, and by
placing the cloth in the box enough will be made for the
experiment.
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(B) Light the candle and place it a few feet from the
box and opposite the hole. Strike the box gently on the
side opposite the hole, and note the effect of the smoke
rings as they strike the candle. The experiment may be
performed without the smoke, but it is more interesting
with it, as you can see what is going on.

17. Discussion. This experiment makes it evident
that air disturbances can be passed along from one place
to another. Air-waves are not visible to the eye, like
water-waves, but their effect can be studied by various
" methods.

18. Sound-waves. When a bell vibrates, it produces
an effect in the air that is quite similar to the water-waves
previously discussed, for the air is packed together in
some_places and made thinner in other places. These.
are said to be alternate condensations and rarifactions,
and they reach out in all directions from the point at
which the disturbance takes place.

We can not think of heariig a sound unless air is be-
tween us and the sounding body. We say that air is the
medium through which the sound passes; that is, it is
the substance which is made to vibrate by the original
vibrating body.

The following is the familiar experiment which proves
that sounds can not be transmitted through space in which
there is no air. An air-pump is used to pump the air
from a large glass jar in which may be placed an electric
bell or an ordinary alarm-clock. Before the air is ex-
hausted, the bell can be plainly heard; but as soon as the
air is removed from the jar, no sounds can be heard
although the bell is seen to ring.

The human ear cannot detect all sounds for, like a
piano, it has but a limited range. When the number of
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vibrations per second is less than 24, and more than about
40,000, they do not make an impression upon the ear.

19. Sound. Strictly speaking, sound is merely the
sensation produced upon the ear by rapid vibrations of
either solid, liquid, or gaseous bodies. The body which
transmits the vibrations must be elastic, of course, or it
could not be made to vibrate.

EXPERIMENT 5. To see whether sound-waves can
travel in liquids.

20. Directions. (A) The next time that you are in
bathing, have a friend gently tap two stones together
under water, while you hold your head entirely under.

(B) Try the experiment at the same distance as before,
but with your head and the stones out of water. Compare
the loudness in the two experiments..

21. Sound through Liquids. You will, no doubt, be
surprised at the loudness of sounds under water. We
have, in liquids, plenty of substance in which the vibra-
tions can be carried; so sound travels much faster in
liquids than in air.

EXPERIMENT 6. To see whether sound-waves are
transmitted by solid bodies. _

22, Directions. (A) Place one end of a broomstick
to your ear and have a friend hold a watch near the other
end of the stick. Listen carefully.

(B) Have him touch the broomstick with the watch
and compare this result with the first.

23. Sounds through Solids. It is evident, from the
results of this experiment, that solids transmit sounds
much better than air. The next time that you go skating
have a friend assist you with the following experiment:
Take two pieces of board, each a few inches square, and
two hammers, and stand a few hundred feet aparf. Place
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the boards upon the ice, one at each end of the line. If
you wish to try the experiment first, have your friend
strike his board vigorously with his hammer, while you
listen carefully for results. You should hear two distinct
sounds, the first coming almost instantly through the solid
ice, and the second through the air. This experiment
shows plainly that the particles of ice transmit sound-
waves much more rapidly than air.



CHAPTER III
WAVE-MOTION

24. Ordinary Matter. We have already discussed
water-waves, which can be seen, and air-waves, which
affect the ear. Water and air stand for characteristic
forms of matter in the liquid and gaseous states, and we
have also discussed experiments which show that solids
are very good conductors of sounds. Ordinary matter—
that is, matter in the solid, liquid or gaseous form—has
definite molecules which are capable of passing vibrations
along.

25. Molecular Vibrations. When one molecule is
made to vibrate, it pounds against the next molecule,
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Fig. 8

which, in turn, imparts its motion to the next, and so on.
We call these molecular vibrations, and it is by the impact
of one molecule on another that actual waves can pass
through ordinary matter.

EXPERIMENT 7. To see how energy can be trans-
mitted through the particles of a body.

26. Directions. (A) Lay several coins in a straight
line upon a table, Fig. 8, and have them touch each other.

(B) Slide another coin upon the table so that it will
strike one end of the line, as shown by the arrow, and
note the result.

(C) If you have access to a billiard table, try the ex-
periment with billiard balls.

26
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27. Transmission of Energy through Molecules. If
we imagine the molecules of a solid body enlarged until
they are as large as the coins that were used in the above
experiment, we can see how energy can be passed along
from one molecule to the next. It seems queer, at first
sight, that the last coin, only, shows actual motion, the
others remaining in their places; but when we think a
little more about it, however, we do not see how one little
coin could produce so very much motion in a whole row
of other coins. The motion taken up by the last coin of
the row is nearly the same as that given to the original
sliding coin.

28. Molecules and Waves. When we look at the
waves upon any body of water, it appears to us that ‘the
entire body of water is rushing towards the shore; hut
when we notice a floating cork or a piece of wood, we see
that it does not move along with the wave-form. A cork
will bob up and down with the waves for hours without
much horizontal motion, provided, of course, that it is
not driven sidewise by the wind.

Waves are made up of molecules, and while the wave
may travel many miles, the molecules of which it is com-
~ posed have but a slight motion compared with that of the
wave-form.

One may often see waves upon a field of grain. These
have the same general appearance as water-waves, yet
we know that the grain itself can have but a slight motion
to and fro. '

29. Motion of Molecules in Water-waves. The par-
ticles of water, in a water-wave, move in closed curves;
that is, the particles themselves travel in approximate
circles. If the wave is progressing from left to right,
for examnle, the particles of water will have a clockwise
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motion. When water-waves reach the shore, the lower
parts are held back by the friction upon the bottom, but
as the tops are free to continue their motion, they fall
over and break upon the shore. It should be noted that
the particles of water vibrate back and forth in the line
of propagation; that is, the vibrations are longitudinal.
30. Motion of Air Particles in Sound-waves. We
have, in sound-waves, an effect that is quite similar to
that in water-waves. When a bell is rung, for example,
its whole substance is made to vibrate very rapidly. The
molecules of the bell strike against the air particles and
give to them a correspondingly
rapid motion. The particles of
\ the bell do not run away or
DMM/h) travel long distances; they merely
; vibrate to and fro, so we must
Fig. 9 expect that the air particles will
also vibrate to and fro. As men-
tioned before, the particles of air pass the energy along
until it is heard. Such vibrations can not pass a vacuum,
because there is nothing in a vacuum that can carry them.
Sound-waves, then, are also due to lengthwise vibrations.
31. Longitudinal Vibrations. We have already dis-
cussed the to and fro vibrations in the particles of air and
water when waves are produced. The piston of an engine
has a longitudinal motion as it moves back and forth.
Spiral springs, Fig. 9, also illustrate longitudinal vibra-
tions, for when they are compressed by an end motion,
waves of compression pass from one end to the other.
Longitudinal vibrations come from end-thrusts, and they
are in the same direction as that of the waves.
32. Transverse Vibrations are at right angles to the
direction in which the waves move; that is, if the waves
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are moving towards the north, the vibrations are east and
west. In other words, the vibrations are across the line
of propagation.

33. Heat-waves. If we heat one end of a metal rod
or wire-in a flame, the whole wire will soon become hot
and we say that the heat has been conducted. - This means
that the heat has been passed along from molecule to
molecule.

We know that the air about the earth gets thinner and
thinner as we go higher and higher, and we are told that
there is practically no air a few hundred miles from the
earth’s surface. How, then, do we receive heat from the
sun, when it has to pass through millions of miles of space

Al ~N— 1 N - - -
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Fig. 10

that is devoid of air? Here is where the ether comes to
our rescue, and we call this heat radiant heat. We can
feel the warmth of a fire at a distance because the inter-
vening air aids in transmitting the vibrations; but when
we get heat from the sun, it reaches across a gulf in
which there are no ordinary molecules that are capable
of vibrating.

34, Waves shown by Diagrams. In Fig. 10 let the
horizontal line, AB, represent the level surface of water
in a pond. As soon as waves are produced, one part of
the wave, C, will rise above the general surface and the
rest will be below. We may represent the wavy surface
of the water by a curved line, the points C being called
the crests of the waves.
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The curved line in the diagram shows the height of
the waves, their relative sizes, and their distance apart,
crest to crest. We shall make practical use of this plan
in showing various kinds of waves by diagrams. Fig. 10
shows the position of the waves at but one instant.

35. Wave-length. In Fig 10, which shows a section
or ordinary water-waves, we say that a wave-length is
the distance from one ridge, or crest, to the other or from
one trough to the other; that is, it is the distance between
corresponding points in two adjacent waves. Wave-
lengths for water vary greatly, as the crests are some-
times near each other and sometimes very far apart. The
wave-lengths depend upon the velocity of the wave and
the frequency of oscillation of the particles of water.

In order to figure the wave-length of a sound, for ex-
ample, we must know two things about it. We must
know the velocity of the wave, which, for sound is ap-
proximately 1120 feet per second, and the number of vi-
brations the particular note is making per second. While
all sounds travel through the air at the same rate per
second, every different note has its particular number of
vibrations per second. Suppose that we consider a note
that is making 256 complete vibrations per second; that
is, the particles of air vibrate back and forth 256 times
while the sound travels 1120 feet. If we divide 1120 by
236 we will get 4.37 fect as the wave-length for this note.
The octave above this note would have 512 vibrations per
second, hence its wave-length would be but one-half that
of the former, for twice as many vibrations occupy the
same 1120 feet.

36. Amplitude. In water-waves the amplitude is the
difference in level between the crest and trough. Take
a banjo string, for example; if it be plucked gently, a
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certain tone will be produced that will have a definite
number of. vibrations per second, but on account of the
small amount of swing or amplitude given to the string,
the sound will not be loud. If the string be now given
a more vigorous picking, the tone will be the same as
before ; but it will be a loud sound, because its amplitude
has been increased.



CHAPTER 1V
ETHER

37. Ether is the name given to that something which
fills all space, and which allows light to travel from one
place to another. When the air was exhausted, in an
above-mentioned experiment, it was evident that the ether
still remained, for we could see the bell. The particles of
the ether are so small that a glass jar is a perfect sieve
to them, and we believe that it finds its way in between
the particles of all substances. The vast ocean of ether
reaches from us to the farthest ends of the heavens, and
bodies move about in this thin substance like transparent
ghosts.

We believe that ether is the great universal medium
for transmitting radiant energy and that, without it, light-
waves, electric-waves and magnetism would have nothing
in which to travel.

38. Early Investigators. While it is not necessary for
the student to go into the hlstorlcal, part of the subject
thoroughly, he should at least know the names of a few
of the original investigators and thinkers to whom we
owe our present ideas of ether and ether-waves.

As far back as 1650 Sir Isaac Newton gave us certain
theories of gravitation, and in his various discussions he
brought out the idea that there was some sort of an un-
known substance that transmitted energy. In 1678
Christian Huygens, a Dutch scientist, brought out his
undulatory theory of light. He believed in an ether, for
it aided in explaining the transmission of light.

32
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Michael Faraday, in 1845, made a great many experi-
ments along these lines while studying the relations be-
tween light and magnetism, and the results of his experi-
ments have had great value in establishing definite ideas.
We are indebted to Faraday for a large number of dis-
coveries, and while he did not succeed in showing the
existence of ether by actual experiments, the results of
his other experiments gave the subject a new life and
started others on the right path.

In 1861 James Clerk Maxwell took Faraday’s work in
hand and gave to us what is known as the Faraday-Max-
well electromagnetic theory of light. He believed that
magnetism, electricity and light are all transmitted by
vibrations in the one common ether. He finally demon-
strated his theory mathematically, and stated that the
waves of light and electricity differ chiefly in wave-length.

As soon as Maxwell’s electromagnetic theory of light
became public, various investigators began to experiment
with new vigor. The theory was plausible and it was
based upon mathematical evidence. It now remained for
some oOne to prove by actual experiment that electric-
waves exist in space.

In 1887 Prof. Heinrich Hertz succeeded in proving
that the theory was correct, and to him we owe a great
deal. Hertz was a practical worker and he did an enor-
mous amount of patient experimenting before he made
his great discovery. The results of his labors ended the
discussion of theories, for they proved conclusively that
there is an ether and that light, electricity and magnetism
use it as a common medium.

As to the exact properties of ether, we are still in the
dark, although a great deal has been done of late towards
reaching definite ideas as to its nature. Some think that
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it is a continuous substance, while others say that it is
made up of little corpuscles. One thing is certain: the
organs of sense are not delicate enough to detect the ether
itself. It has been estimated that the ether is fifteen tril-
lion times lighter than air and that a globe of it as large
as the earth would weigh only 250 pounds. It must have
weight and it must be a real substance in order to trans-
mit vibrations. ‘

"It is generally agreed that ether is a very uneasy sub-
stance and that it is always in motion. It vibrates under
certain conditions, and when it forms whirls, which have
motions like those of vortex rings of smoke, it produces
peculiar effects.



CHAPTER V
LIGHT AND LIGHT-WAVES

39. Light is the form of radiant energy that acts upon
the retina of the eye and renders visible the objects from
which it comes. When a lamp burns, for example, the
ether is set into vibrations and these vibrations reach our
eyes. The sun is our great source of light, and it so stirs
up the ether that the vibrations reach us after passing
through millions of miles of space.

Light travels with a velocity of about 186,000 miles
per second, and although various other kinds of radiant
energy have the same velocity, that which affects the eye,
only, is called light. Special names are given to the other
forms of energy, as we shall soon see.

The time spend in studying light will aid the student
greatly in understanding the following chapters on elec-
tromagnetic-waves.

40. Light-waves travel with the same velocity, no
matter whether the light is red, yellow, or any other color.
This is also true of sound-waves, for we know that the
notes that are produced by a band at a distance reach our
ears in perfect order.

The wave-lengths of light differ according to the color,
in the same general way that the wave-lengths of different
musical sounds vary according to the pitch. As we shall
soon see, these differences in light give us peculiar results.

41. The Human Eye is a detector of ether-waves, al-
though it is limited in its powers, for we can see only a

35
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part of these transverse waves that come to us. The eye
is sensitive to vibrations which are very rapid, and it is
often likened to a camera, for it is so constructed that the
light is brought in through a lense. The image is formed
upon the retina, which takes the part of a sensitive plate.
The retina is stimulated by the light, and its minute rods
and cones send the message to the brain through the optic
nerve. The image is perhaps transmitted to the brain
by some form of electromagnetic action.

42. Reflection of Light. If we throw a ball against
a wall, we know that it will bound away from the wall
in a direction that depends
upon its original path to-

1 wards the wall. By looking

y | X into a mirror, Fig. 11, the

IP eye being at E, we can see

E3\ objects at O that are not

| directly in front of the mir-

Fig. 11 ror. The rays of light coming

from the object are reflected by the mirror and reach the

eye. If a line, P, be drawn perpendicular to the mirror,

angles X and Y will be equal. Light-waves, which are

but a variety of ether-waves, are reflected when they
come in contact with the proper kind of a surface.

43. Refraction of Light. Suppose that a company of
soldiers is required to march across a swamp where the
walking is hard and tiresome. If they march “six by six,”
for example, and are required to “keep in line,” it is evi-
dent that there will be but little trouble in obeying orders
when the walking is equally good or bad for all; but sup-
pose that they reach the edge of the swamp at an angle,
as shown in Fig. 12. The men who are at the right of
the various lines will find it impossible to keep up with

irror
)
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the others who have good walking, and the tendency will
be for each line to swing around a little until every man
_in that particular line is in the swamp; then they can go
ahead in a straight line again, as every man has an equal
chance. Upon leaving the swamp, the men at the op-

Fig. 12

posite end reach the solid ground first and are able to get
ahead of their fellows again, thus swinging the line
around once more. As soon as every man of a line has
equally good walking, they can again go on in a straight
line.

The refraction of light—that is, bending it out of its
course when it passes from one kind of a medium to an-
other—is somewhat similar to the case of the soldiers.
We have already seen that the vibrations of light are
transverse vibrations, or perpendicular to the line of
propagation. In this case, when
a ray of light passes from air to
a glass prism, for example, as in
Fig. 13, one end of the wave will
strike the glass before the other,
and as light does not travel in. Fig. 13
glass so readily as in free air, we have a slowing up of
one end of the wave. As the ray of light leaves the
prism, we get another change of direction, as in the case
of the soldiers. :

Light-waves, then, will change direction when they

A C
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pass from one medium to another of different density.
As light-waves differ greatly in wave-length, they are not
all refracted equally; this gives us the spectrum.

44, The Visible Spectrum. If we allow the white
light of the sun to pass through a triangular glass prism,
a band of colors will be spread out before us upon the
wall. This band contains the seven primary colors of
which the original white light is composed, and as the
.different colors are unequally refracted, we get this
spreading effect. At one end of the visible spectrum we
have the violet, which is bent out of its course consider-
ably, and at the other end we have the red, which has the
least deviation.

The different rays of light are arranged according to
their refrangibility or wave-length, so that all of the same
wave-length are grouped together. The colors are violet,
indigo, blue, green, yellow, orange and red.

The violet end of the spectrum is capable of producing
more chemical effects than the red end, as it is richer in
chemical rays.

45. The Invisible Spectrum. The human eye, as has
been stated, is capable of detecting but a part of the ether-
waves which come to it. The light of the sun is really
broken up into more than seven bands, when it passes
through a prism, but the eye cannot grasp anything be-
yond the visible spectrum.

The colors which we see are only a part of the radiant
energy that comes from the sun, so we should expect to
find something on both sides of the visible spectrum with
the proper apparatus. It seems queer that our eyes should
be outdone by mechanical and chemical contrivances in
the search for scientific facts, but they have been designed
for one particular line of work, and this they do admir-
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ably. It is very probable that if the eyes were constructed
so as to have a wider range of action, we should lose by
the change.

Beyond the violet we have what is known as the ultra-
violet spectrum, and beyond the red is the infra-red
spectrum. These can be detected by chemical and other
means. Photographic plates are very sensitive to chemical
rays and they show the presence of the invisible radiant
energy in the ultra-violet spectrum.

To ascertain very slight differences in the temperature
of various parts of the spectrum, the bolometer is used.
This is an instrument that will measure accurately to less

Fig. 14 Fig. 15
than one-ten-thousandth of a degree Fahrenheit. With
this the infra-red spectrum can be studied.

The ultra-violet radiations have extremely short wave-
lengths, and yet the photographic plate can detect the
presence of ether-waves that are much shorter than these.

The waves of radiant heat are found at the infra-red
end of the spectrum. These wave-lengths grow longer
as we pass from the visible spectrum, and, finally, we
reach the electric-waves, which are brought into use by
wireless telegraphy.

46. The Polarization of Light. Fig. 14 represents a
window barred with vertical rods of iron, and Fig. 15
shows another window with horizontal bars. Now sup-
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pose that these bars are 2 feet long, and that we want
to stand back from them a ifew feet and throw sticks
through the grating. Even if the sticks are but 1 foot
long it will not be an easy matter to throw them so that
they will get through the bars. As the sticks leave the
hand, they will take some definite position as they fly
through the air towards the window. Fig. 16 illustrates
four possible positions, and from this we can see that
stick A could pass the first set of bars, sticks B and D
would be stopped at either window, and stick C could get
through the other window in Fig. 15.

In case the windows were placed as suggested in Fig.

A

Fig. 16 Fig. 17 Fig. 18

17, it would be impossible to throw a stick through the
grating unless it were passed through lengthwise, and
this we are not considering.

Certain minerals act like a grating upon the transverse
vibrations of light. Tourmaline, for example, will allow
light-waves to pass, provided they reach it in the proper
position. The molecular structure of tourmaline is such
that vibrations in one plane are allowed to pass, while
those in other planes are more or less blocked.

Now light-vibrations are in all planes and perpendicular
to the line of direction, as suggested in Fig. 18, which may
be considered a cross-section of a ray of light. When
these vibrations strike a tourmaline plate, those that are
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parallel to its axis can pass, while all others are held
back. The light is then said to be polarized by the polar-
izing plate and, although this is not apparent to the eye,
polarized light is different from the original. Fig. 19 is
intended to show that vertical vi-
brations, only, pass through the
polarizer.

Now if a second tourmaline plate
be held with its axis parallel to that
of the first, as shown in Fig. 20,
the polarized light will easily pass
through the second plate, which is Fig. 19
called the analyzer. In Fig. 21 the analyzer is shown
at right angles to the polarizer, and in this position light
will be excluded.

Tourmaline plates are frequently mounted so that they
can be used as lantern-slides. One of them, mounted
upon an axle, can be turned about upon its axis; and

Fig. 20 Fig. 21

when in the position shown in Fig. 21, a dark spot will
be thrown upon the screen. When the plates are not at
right angles, some light can get through.

We have now considered the reflection, refraction and
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polarization of light-waves, and we shall see, later on,
how Hertz succeeded in proving that electric-waves are
also capable of these three modifications; in fact, it was
his experiments that gave us absolute proof of the ex-
istence of such waves.



CHAPTER VI

ACTION OF MAGNETISM THROUGH SPACE

The general subject of magnetism need not be discussed
in an elementary book on wireless telegraphy, but there
are certain features of it which will be helpful to the
student, as it plays an important part in the apparatus
which will be discussed in future chapters.

EXPERIMENT 8. To see what is meant by the mag-
netic field.

47. Directions. (A) Lay a bar magnet upon the table
and place a piece of stiff paper over it.

(B) Sprinkle some iron-filings upon the paper directly
over the magnet, then tap the paper gently to assist the
particles to take final positions.

48. The Magnetic Field of a magnet is the space im-
mediately about it through which the lines of force travel.
As will be seen in Fig. 22, the filings have arranged them-
selves in curved lines, which extend from one pole to the
other. The position and direction of some of the lines
of force are shown by the lines of filings. These lines
of magnetic induction, as they are also called, are sup-
posed to flow from the north pole of a magnet to its
. south pole.

The ether surrounding the magnet is certainly in a
peculiar state, for ordinary air, alone, cannot transmit
energy in this way.

4
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EXPERIMENT 9. To
study the action of magnetism
through space.

49. Directions. (A) Place
a horseshoe magnet with its
armature and a magnetic
needle upon the table, as
shown in Fig. 23, and see
how near you can place the
magnet to the needle without
affecting it.

(B) Without disturbing the
magnet, withdraw the arma-
ture and note the effect upon
the needle.

50. Discussion. Very few
lines of force leak out into the
air when the armature is in
place, provided it is a good
armature; consequently few
lines of force can reach the
magnetic needle so as to af-
fect it. As soon as the arma-
ture is removed, the field of
the magnet is instantly en-
larged and it reaches out into
space.

We must not lose sight of the fact that something be-

= ©

Fig. 23

Fig. 22
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sides the magnet is needed. We must have some form of
telltale that will show us that something is going on in
- the space about the magnet. Our eyes and ears are not
so constructed as to detect the presence of a magnetic
field, and it seems queer that a little piece of magnetized
steel should have this wonderful power. When we think,
however, that the little magnetic needle also has a mag-
netic field, we can see that we have really two magnets
acting upon each other. (See “The Study of Elementary

Secee..

S teeaad
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P

Fig. 24

Electricity and Magnetism by Experiment,” Part One,
for experiments on magnetism.)

EXPERIMENT 10. To see whether magnetnsm can
reach through space and make another magnet at a dis-
tance.

51. Directions. (A)Test a sewing-needle for mag-
netism with iron-filings and be sure that it is not mag-
netized.

(B) Place the needle upon a sheet of glass or card-
board (Fig. 24) and move a horseshoe magnet back and
forth immediately under it.

(C) Now test the needle again for magnetism.
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52. Magnet Produced by Induction. We say that the
steel needle in Exp. 10 was magnetized by induction ; that
is, there was no contact between the metal and the needle.
Many other experiments may be performed to show how
magnetism can act at a distance.

EXPERIMENT 11. To study the inductive action of
a magnet upon a piece of soft iron.

53. Directions. (A) Fig. 25. On one end of a bar-
magnet suspend two or three nails, as shown.

(B) With a compass-needle test the polarity of the
lower end of the last nail to see whether it is like or un-
like the pole of the bar magnet to which the nails are
suspended. It is best, while testing, to use repulsions as
your guide, remembering that

? =~ like poles repel each other.
(C) Remove the lower nail

== _ and test its upper end to see
Fig. 25 if it has been permanently

magnetized. Also test to see what pole it has.

54. Polarization. In Exp. 11 we saw that the lower
nails clung to the upper ones, which must have received
their magnetism from the bar magnet. We say that the
nails were magnetized by induction. Upon testing the
nails, it was found that their lower ends were the same
as the pole of the magnet to which they were attached,
and that their upper ends were just the reverse of the
lower ones; that is, the nails had been permanently mag-
netized.

If pieces of very soft iron be used instead of the nails,
they will also become magnets while suspended; but as
soon as they are removed from the bar magnet, nearly
all of their magnetism will disappear. The pieces of soft
iron are said to be polarized by the magnet, and they have
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temporary, and not permanent, maguetism. We shall soon
see how practical use is made of temporary magnetism.

§5. Magnetism and Ether. It may be shown by ex-
periment that magnetic lines of force can pass through a
vacuum, and that ordinary substances, like glass, wood,
and various other insulators, have no power to shut in a
magnetic field. What is it, then, which has the power
to carry the energy of a magnet through space?

It is now believed that the ether, which transmits light
and other forms of radiant energy, also transmits mag-
netism.

56. Ether-whirls. Magnetic lines of force are believed
to be whirls in the ether. If we consider an ordinary
revolving body, like a wagon wheel on which there are
particles of mud, we know that the mud will be thrown
off when the wheel revolves fast enough. The particles
of the wheel itself also tend to fly off into space, and we
frequently hear of accidents that are caused by the burst-
ing of high-speed emery-wheels or grind stones. (See
Exp. 12.) ,

Let us imagine an ordinary clothes-line so held at the
" ends that it can freely revolve upon its axis. We have in

this the effect of many small wheels placed side by side
to form a continuous cylinder, and when this cylinder is
revolved, its particles will tend to fly off into space and
pull the ends of the line with them; that is, a revolving
cylinder tends to shorten.

Now ether is so perfectly elastic and so readily set in
motion that if we imagine a revolving cylinder of it we
can see that this cylinder will also tend to shorten. This
is supposed to produce magnetic attraction; that is, small
pieces of iron are pulled towards the magnet as the ether-

- whirls shorten.
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EXPERIMENT 12. To illustrate how ether-whirls
tend to shorten.

57. Apparatus. Fig. 26. Cut a band of writing-paper
about an inch wide and about a foot long. Bend this
into a circle and paste or pin the ends together. Make
two holes on opposite sides of the paper band, as shown,
and push the band upon a pointed penholder so that the
paper will be firmly held at A.
The hole at B must be large
enough to slide easily over the
penholder.

58. Directions. (A) Arrange

Fig. 26 as directed above, then whirl
the penholder between the palms of the hand and see
what effect it has upon the band of paper.

(B) Another way to whirl the penholder is to lay it
upon the edge of a table so that the paper band extends
over the edge. By pressing the hand upon the penholder
and moving it along it will turn rapidly.

59. Discussion. In this experiment it is evident that
as the paper band whirls it gradually takes an oval form.
This shortens it along the axis and illustrates what is
cupposed to take place when cylinders of ether revolve.




CHAPTER VII

'ACTION OF STATIC ELECTRICITY THROUGH
SPACE

EXPERIMENT 13. To see whether static electricity
can reach out through space and produce effects at a
distance.

60. Directions. (A) Fig. 27. Rub a sheet of ebonite

Fig. 27

or glass with a flannel cloth and hold it near a small piece
of moistened tissue-paper.

61. Discussion. The electrified ebonite sheet seems to
act very much like a magnet ; that is, it has a field of force
and can produce effects across a space.

EXPERIMENT 14. To see if static electricity can
charge a body at a distance.

62. The Electrophorus is an electrical device for pro-
ducing static electricity. It consists of an ebonite sheet,
ES, Fig. 28, a round tin box or electrophorus cover, EC,
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and an ebonite rod, ER. The two insulators and the one
conductor form this simple electrical machine.

The ebonite rod is fastened into a small tube that has

been riveted in the top of the cover, and it is used as an
insulating handle. Let us now see how this machine
works. ' ,
63. Directions. (A) Thoroughly electrify the ebonite
sheet with a flannel cloth. If necessary, warm the cloth
a little but do not attempt to heat the ebonite.

(B) Test the electrophorus cover, to be sure that it

Fig. 28 Fig. 29

does not contain a charge, by seeing whether it will at-
tract a bit of tissue-paper.

(C) Hold the cover by the end of the insulating handle
and lower it until it is within about one-quarter of ‘an
inch from the ebonite sheet, as in Fig. 29, which is for
the next part of the experiment. Touch the cover with
your finger for an instant, raise it again, then test with
the tissue-paper once more. It should now have a charge
and be able to attract pieces of paper.

(D) Thoroughly electrify the ebonite, place the cover
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directly upon it, touch the cover for an instant, then raise
it. See if you can draw a spark from it with your knuckle.
This is the way to charge the electrophorus cover for
various experiments where sparks are required. It is
not necessary to electrify the ebonite after each spark.
(See “The Study of Elementary Electricity and Mag-
netism by Experiment,” Chap. VIII, for further details
of the electrophorus and its workings.)

EXPERIMENT 15. To illustrate what is meant by
an electric field.

64. Directions. (A) Thoroughly electrify the ebonite
sheet of the electrophorus, place the electrophorus cover
upon it, touch the cover, then slowly lift it, holding the
ebonite down if necessary.

(B) Raise and lower the cover until you can decide
whether there is any attraction between them when they
come near together.

(C) Lift the charged ebonite sheet from the table,
place the cover upon it and see if the attraction between
them is sufficient to hold the ebonite up.

65. Electric Field. When the positively charged elec-
trophorus cover is held above the negatively charged
ebonite sheet, we have a strong electric field between
them. The intervening ether is in a peculiar state and
there is a strong attraction between the two. We agree,
for convenience, that the lines of electric force in an elec-
tric field pass from the positively charged body to a neg-
atively charged one, or to a neutral body.

66. Static Induction. The electrophorus cover, in
Exp. 15, was charged by induction. As soon as it was
brought into the electric field of the ebonite sheet, it be-
came polarized in a manner similar to that in which pieces
of iron become polarized when brought within the field
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of a magnet. (See “Study,” Chap. IX, for various ex-
periments on Induced Electrification.)

67. Electric Separation is another name often given
to the electric polarization. It is assumed that there are
two kinds of electrification in neutral bodies, and that
when a charged body is near, the two electricities are
separated because one is attracted and the other is re-
pelled by the charged body.

Fig. 30 shows what is supposed to happen when the
electrophorus cover is charged by induction. The nega-
tively charged ebonite attracts the positive electricity in
the cover, while the negative in
the cover is forced to the top,
as indicated.

If we withdraw the cover

- Fig. 30 without touching it, we shall
find that the two electricities have joined again and that
the cover is again neutral. If we touch the cover, while
it is still held in the electric field of the ebonite, we remove
the negative part that is trying to escape. The positive
part can not escape through the hand, because it is held by
the negative of the ebonite. As soon as the electrophorus
cover is lifted beyond the polarizing influence of the
ebonite, the positive electricity is free to flow all over the
cover. Thus we get a charge of positive electricity from
a negative source, by induction. This principle of induc-
tion comes into play in understanding condensers for
induction-coils.




CHAPTER VIII

ACTION OF CURRENT ELECTRICITY
THROUGH SPACE

EXPERIMENT 16. To see what effect a current of
electricity has upon a coil of wire.

68. Directions. (A) Fig. 31 shows a coil made up
of 15 or 20 feet of ordinary magnet wire. The coil need
not be over 2 inches in diameter, and the wire may be
wound around a bottle to get the shape. Bind it with
thread so that the coil will not unwind.

(B) Connect one end of the coil with one bmdmg-post
of the dry battery, as shown, hold a magnetic needle near

= —3

Fig. 31

it, then touch the free end of the coil to the remaining
binding-post of the battery and note any action of the
compass-needle.

(C) Place the coil on the opposite side of the mag-
netic needle and repeat the experiment.

69. Electromagnetism. From the above experiment
we see that a current-carrying coil acts in a peculiar man-
ner. It has poles, like a magnet, even though it is made
of copper wire. It has lines of force that reach out into
the air like those of a steel magnet.

A coil of wire, when it carries a current of electricity,

‘ 53
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is called an electromagnet. While such coils are generally
used with an iron core to produce the best results, we have
seen from the experiment that we may get magnetism
without iron or steel. This question now comes up: Will
the lines of force from this coil affect another coil of
copper wire?

EXPERIMENT 17. To see whether a current of elec-
tricity flowihg in one coil can affect another coil of wire
at a distance.

70. Directions. (A) Make another coil of wire like
that described in Exp. 16, and connect its ends to an
astatic galvanoscope. (For home-made astatic galvan-
oscopes see “Electrical Handicraft.”) The ends of the

Fig. 32

coil may be joined to an ordinary telephone receiver, if
desired.

(B) In Fig. 32 the apparatus is shown by diagrams
only. A strap key is placed in circuit with the other coil
and a dry cell, so that the current can be conveniently
turned on and off.

(C) Place a sheet of glass or ebonite between the two
coils, so that there can be no possible connection between
them, and see if the galvanoscope is affected when the
current is turned on at the key.

(D) If any motion is given to the astatic needle, when
the key is pressed, see whether the needle comes back to
its original position while the key is still held down; that
is, does the needle keep to its new position so long as the
current flows through the upper coil ?
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(E) Close the battery circuit at the key and hold the
key down until the astatic needle regains its original posi-
tion; then open the circuit again by raising the key. Is
the needle affected when the circuit is broken?

71. Primary and Secondary Currents. The current
that comes from the dry cell is called the primary current,
and the upper coil is called the primary coil. The under
coil, as arranged in Fig. 32, is the secondary coil.

From this it is evident that the current in the primary
coil must have acted in some way through the glass upon
the secondary coil. We say that the secondary current
was produced by electromagnetic induction. As the cur-
rent rushed through the upper coil, thus making it an
electromagnet, lines of force shot out through space and,
being dependent upon ether for their transmission, they
passed with perfect ease through the glass. As they
cut through the wire of the secondary coil, their energy
is changed back again to electricity.

The secondary current flows but for an instant, as the
needle immediately returns to its original position, even
though the primary current still flows. As soon as the
circuit is broken in the primary, we get another secondary
current ; but it is opposite in direction to that of the first
induced current.

From this we see that electricity, or its effects, can act
through space. It is not possible here to give further
experiments. The above have been placed herein, as they
have a direct bearing upon the induction-coil, which will
be described later. (For experiments on induced cur-
rents, see Chap. XXV, “Study of Elementary Electricity
and Magnetism by Experiment.”)

72. Induction Telegraphy. We have seen from the
previous experiments that magnetism, static electricity
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and current electricity have more or less power to send
out lines of force. These lines of force indicate that the
ether is disturbed and under a strain and, with proper
telltale appliances, we have seen that we can detect the
inductive influences of these forms of radiant energy.

Many experiments have been made, from time to time,
to devise methods by which practical telegraphy could be
carried on by bringing into use these well-known prin-
ciples of electromagnetic induction.

The first experiments, made by Faraday and Henry,
were carried on with crude apparatus in which ordinary
coils of wire were used in a manner similar to that of
Exp. 17.

By properly arranging coils and delicate current de-
tectors, induced currents may be noted at some distance
from the source of energy.

Various methods have been used by Phelps, Preece,
Edison and others to develop practical induction telegraph
systems, and considerable success has been achieved.
Telegrams can be sent from a moving train by several
systems. Long parallel wires are used at the sending and
receiving stations when possible, but in some of the
methods the parallel wires are as long as the distance
through which the inductive influence is transmitted, so
this limits inductive telegraphy to comparatively short
distances. '



" CHAPTER IX
THE INDUCTION-COIL

We have already described several experiments which
illustrate electromagnetic induction on a small scale. Let
us now proceed with experiments which bring into use
the principles already learned and which have a direct
bearing upon wireless telegraphy.

EXPERIMENT 18. To study the effect of a piece of
iron placed inside of a magnetized coil of wire.

73. Apparatus. Almost any form of hollow coil will
do for the experiment. If you have no such coil, one may
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Fig. 33 Fig. 34 Fig. 35

be easily made. Wrap four or five layers of writing-paper
around a lead-pencil and on this wind two layers of No.
24 magnet wire. The coil need not be over an inch long,
and this will make about 75 turns of wire. Remove the
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Fig. 36
pencil and you will have a hollow coil. A long iron rivet
or even a large nail may be used for a core. Figs. 33,
34 and 35 show how the coil is made.
74. Directions. (A) Place the coil and a dry cell in
circuit, as shown in Fig. 36, so that the circuit may be

57
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closed at K. The iron core, however, should not be used
in this part.

(B) Test the coil to find out at which end its south
pole is located, then place it in a north and south line with
its south pole to the north, as in the diagram.

(C) Place a compass in line, also, and see how far
away from its south pole you can have the south pole of
the coil and still get repulsions when the circuit is closed.
This will give you an idea of the strength of the hollow
coil.

(D) Without changing the distance, slip an iron rivet
or a nail into the coil so that its end will just be even with

the end of the coil. Close

the circuit again and see

whether there is a stronger
S repulsion than before.

75. Magnetic Permeabil-

ity. When we endeavor to

Fig. 37 make an electromagnet out

of a simple coil of wire, we find that it takes considerable

current to produce much magnetism. Something seems

to use up the baitery strength without giving us magnet-

ism in return. '

In an ordinary hollow coil, the lines of magnetic induc-
tion have to force themselves through a great deal of air
on their way from the north to the south pole. As sug-
gested in Fig. 37, the lines of force pass through the air
on all sides of the coil until they reach the south pole of
the magnet, then they crowd together and return to the
north pole through the central tube. By this plan, the
lines of magnetic induction are greatly retarded by the
air, which is not a good conductor for them; that is, the
air has little permeability.
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As soon as the core is put into the coil, the strength of
the electromagnet increases greatly, because the lines of
force have a return path that offers very little resistance.
Soft iron has a greater permeability than hard iron or
steel; so the cores of electromagnets should be made of
soft iron.

As the strength of an electromagnet is increased by the -
use of a soft iron core, we must also expect an increase
in its power to induce currents in
other coils. In speaking of electro-
magnets, we usually take it for
granted that a core of soft iron is
used.

Air is taken as the standard or
unit of permeability. Soft iron may
have thousands of times as much
permeability as air. As more and
more lines of force crowd through
a core, it finally gets to the point at
which it can not carry any more—no
matter how strong the current; the core is then said to
be saturated.

76. Transformation of Currents. Fig. 38 shows an
iron ring on which are wound two coils. The primary
coil, P, consists of a few turns of insulated wire, while
the secondary coil has many turns. Such an arrangement
is called a transformer, and it may be used to change the
. voltage and current strength of an alternating current.
If the secondary coil has 100 times as many turns of wire
as the primary, a current of 100 volts can be taken from
the secondary when the primary current has an electrical
pressure of but one volt ; but the strength of the new cur-

Fig. 38
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rent in amperes will be but one-hundredth that of the
primary current.

77. Direct Currents through Transformers. If an
ordinary direct current be passed through the primary
coil of a transformer like that shown in Fig. 38, we would
not get a steady direct current from the secondary. No
matter how strong the direct primary current, a momen-
tary current only would appear in the secondary coil.
We would get another momentary current in the second-
ary by breaking the primary circuit, and this would have
a direction through the coil opposite that of the first sec-
ondary current. These principles were shown in Exp. 17.
It is evident, then, that in order to change the voltage of
a direct current we can use this kind of a transforming
device by constantly making.and breaking the primary
circuit.

78. Induction-coils are instruments for producing cur-
rents of high voltage by means of electromagnetic induc-
tion. The principles upon which they work are similar
to those explained for ordinary transformers, although
induction-coils have some special features which do not
appear on ordinary transformers. By placing an auto-
matic current interrupter in the primary circuit of a trans-
former, and by adding a condenser across the contact-
points of the interrupter, we get the induction-coil. Each
of these features will be discussed separately.

Induction-coils are used in wireless telegraphy for
producing sparks of enormous voltage. Small coils are
suitable for some experiments, but a coil that will give
about an inch spark will be found to be better for those
who want to take up the subject experimentally.

The author could give, herein, directions for making
coils for experimental purposes, but it has been his ex-
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perience, in working with a large number of students,
that few are willing to take the time and care necessary
to get the best results with a coil. A poor coil is a nui-
sance, and as the materials alone cost the student nearly
as much as a reliable coil that has been made by expe-
rienced workmen, there is no object in making one.

It does not require much material or experience to
make medical coils and shockers, and a great deal of fun
can be had with them; but a coil that will give a good
spark for wireless experiments is a different matter. (For

Fig. 39 Fig. 40
the construction of small coils see the author’s “Electrical
Handicraft.”)

It is found best to wind the secondary upon the pri-
mary, the two being carefully insulated from each other,
and not side by side as suggested in Fig. 38. In regular
induction-coils the secondaries consist of many turns of
fine wire and the cores are generally made of annealed
iron wires. If the cores of large coils are made of solid
iron, currents are also induced in them in the same way
as in any other conductor placed in the magnetic field of
the primary. When iron wires are used, these eddy cur-
rents cannot cross from one wire to the other on account
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of the oxide of iron that has formed upon their surfaces
during the process of annealing. Any currents that are
allowed to form in the core by careless construction tend
to produce heat and a loss of power, for currents cannot
be generated without using up energy.

The greatest care must be used to protect the secondary

Fig. 41

coil, as the high-voltage currents are liable to break
through the insulation. Reliable manufacturers avoid ac-
cidents to the coils by winding the secondaries in sections.
The various sections are carefully insulated from each
other, their terminals being joined in series.

Fig. 42

Figs. 39, 40 and 41 show different styles of induction-
coils suitable for experimental work.

EXPERIMENT 19. To study the construction of a
simple induction-coil.

79. Apparatus. Fig. 42 shows a primary coil, P, of
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two layers of No. 24 insulated wire wound upon an iron
core, as directed in Sec. 73. An iron rivet, one-quarter of
an inch in diameter, will do for the core, and the coil
need not be over an inch long. The terminals of the coil
are connected in series with a strap key and a dry cell,
so that the circuit can be readily opened and closed. A
band of paper should be wound around the primary coil
before the secondary is put on. The secondary coil, S,
also consists of two layers of wire so wound that the
terminals come out as shown and connect with an astatic
galvanoscope.

80. Directions. (A) Connect the apparatus, as shown
in Fig. 42, and note the action of the astatic galvanoscope
when the circuit is closed.

(B) Leaving the circuit closed long enough for the
needle to regain its original position, open the circuit
again and watch the needle.

81. The Secondary Current is produced by electro-
magnetic induction, as previously explained. It is evident
that it will be an alternating current even when the pri-
mary circuit is rapidly opened and closed, for the astatic
needle turns in one direction when the circuit is closed
and in the opposite direction when it is opened. The
secondary currents produced by regular induction-coils
have enormous voltage. -

EXPERIMENT 20. To study the action of a smple
automatic “contact breaker” or “current interrupter.”

82, Apparatus. Fig. 43 shows an experimental elec-
tromagnet mounted upon a base, the ends of the coil being
marked 2 and 3. Wire 3 goes to one binding-post of a
dry cell. A piece of soft iron, A, acts as the armature
or vibrating part, and to it is attached one end of wire 1,
which is also joined to the cell.
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- 83. Directions. (A) Hold the left-hand end of A in
one hand, and with your other hand close the battery
circuit by touching the free end of wire 2 to the top of
the armature, the free end of which should be near the
core of the magnet.

84. Automatic Interrupters are used on bells, buzzers,
induction-coils, etc. The current that comes from the
carbon of the cell in Fig. 43 is obliged to stop when it
reaches the armature unless we touch it with wire 2. As
soon as the current passes, the electromagnet draws down

Fig. 43

the armature and the circuit is broken at contact C. The
spring of the fingers brings A back to place, and the
operation is rapidly repeated. In regular instruments,
platinum contact-points are used when the circuit is
broken, to withstand the constant sparking at this point.

85. Vibrating Interrupters. Many forms of automatic
current interrupters are used -on induction-coils. The
simplest form is the ordinary vibrating interrupter, which
is placed in the primary circuit. The rapidity of vibration
can be made to suit by using a spring of proper size and
stiffness.

Several vibrating interrupters make use of two or more
vibrating parts.

86. Electrolytic Interrupters depend upon the decom-
position of a liquid conductor for their action. In the
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Wehnelt electrolytic interrupter the current passes from
a small platinum anode through dilute sulphuric acid to
a large lead cathode. As the current passes, small bubbles
of gas are formed upon the anode and, as these are not
conductors, the current is temporarily blocked. There
are several forms of interrupters which depend upon this
principle. It is not necessary to use condensers when
electrolytic interrupters are used, as the interrupters them-
selves serve as a capacity. Alternating currents may be
used with liquid interrupters,

87. Miscellaneous Interrupters. Certain forms of
rotary interrupters are frequently used. In these the
circuit is opened and closed by modified forms of com-
mutators and brushes. In the mercury turbine interrupter
conducting jets of mercury serve to open and close the
circuit. Mechanical interrupters are made in many forms.
In some of them the circuit is opened and closed by a
reciprocating arm that dips slightly into mercury. For
large coils the interrupters are generally built as separate
pieces of apparatus.

EXPERIMENT 21. To study the action of a simple
“condenser.”

88. Apparatus. Fig. 44 shows a simple condenser of
static electricity. It consists of an ebonite sheet and two

round tin boxes. The ebonite
sheet insulates the boxes. An §
electrophorus is also required,

to produce the sparks for the Fig. 44
experiment. (For home-made condensers see the au-
thor’s “Electrical Handicraft.”)

89. Directions. (A) Place the condenser upon a table,
and have the ebonite sheet properly placed between the
tins.
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(B) Charge the electrophorus cover so that you can
draw sparks from it, as explained in Sec. 63-D. Pass
ten or a dozen sparks into the upper tin of the condenser,
recharging the cover after each spark.

(C) To see whether the condenser holds any charge,
touch the lower tin with one end of a hairpin or bent
piece of wire and swing the other end over to touch the
upper tin. A bright fat spark should be seen.

90. Condensation of Electrification. In this experi-
ment the several sparks were collected and discharged as
a unit. The condenser depends upon the principles of
induction for its action, and it is evident that although
the potential of the upper tin could be no greater than
that of the electrophorus cover, a large quantity of elec-
trification was stored. The
capacity of the upper tin
was greatly increased by
having another conductor
placed near it, the two be-
ing thoroughly insulated

i from each other. (See

{ “Study of Elementary Elec-

{ tricity and Magnetism by

: Experiment,” Chap. X, for

: i practical experiments on

© © © | the condensation of electri-
~L- - M-~ --R - fication.)

EXPERIMENT 22. To
see what is meant by self-
induction in coils of wire.

91. Apparatus. [I%ig. 45 shows a top view of two ex-
perimental electromagnets of ordinary size, like those on

Fig. 45
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a telegraph sounder or large electric bell. A couple of dry
cells are also needed.

92. Directions. (A) Join binding-post, L, with one
pole of the battery and touch binding-post, R, with the
end of the wire leading from the other pole of the battery
so as to magnetize the coils, which should be in series.
Open and close the circuit several times and be careful to
see at what times small sparks are produced where the
contact is made ; that is, do you get sparks when you open
or when you close the circuit?

93. Self-induced or Extra Currents. When a circuit
which includes an electromagnet is broken, a bright spark
appears at the contacts. We have seen by experiment
that a magnetized coil can induce a current in a neighbor-
ing coil. In the case of a single coil, like that of an elec-
tromagnet, the lines of force from each turn of wire cut
all the other turns of the same core and induce currents
in them. When the circuit is broken, this self-induced
current adds its strength to that of the battery current.
The bright spark shows that this current is of high volt-
age, and as similar currents are generated in the primaries
of induction-coils, it is necessary to know how to handle
them in order to get the best work out of the coils.

94. Condensers on Induction-coils. We have just
seen how bright sparks may be made by self-induced cur-
rents. As the magnetism in the primaries of good induc-
tion-coils is étrong, powerful extra-currents are produced
as the circuit is rapidly opened and closed. The continued
action of these sparks tends to destroy the contact-points,
which must be made of the best platinum contact-metal.

To get the best results from an induction-coil, the mag-
netism of the core must be built up quickly, when the
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circuit is closed, and it must be destroyed quickly when the
circuit is opened. Anything that drags out these opera-
tions will lessen the efficiency of a coil. '

When an arc is drawn between the contacts as they
separate, it is evident that the current is not being shut
off instantly, and we cannot expect the magnetism of the
core to be rapidly destroyed when the current in the
primary coil is slowly turned off.

Condensers are placed across the contact-points to
swallow up this extra current. By this plan, sparking is

Fig. 46

avoided to a great extent and better results are obtained
because the magnetizing and demagnetizing of the core
are more sudden. The condenser is charged when the
contact-points separate and the circuit is opened, and it
discharges when they come together again.

The size of the condenser must be adapted to the special
coil to which it is attached, or excessive sparking will be
the result. Adjustable condensers are used on large coils.
(For home-made condensers, see the author’'s “Electrical
Handicraft.”)

95. Coil-connections. Fig. 46 is a diagram of the
main parts of an induction-coil and the connections. "The
primary coil is of coarse wire in series with a key, batter_
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and automatic interrupter. The condenser is shown across
the contact-points. The secondary coil is thoroughly in-
sulated from the primary coil, its terminals ending in
spark-balls. The spark passes between these terminals
when the coil is operated.



CHAPTER X
ELECTRIC-WAVES

96. Electric-waves and Radiant Energy. We have
already considered various forms of radiant energy. We
have seen that light travels from the sun at the rate of
about 186,000 miles per second and that it uses the ether
as a medium through which the vibrations push their
way. Itis now known that electric-waves are very similar
to light-waves, that they travel at the same speed as light,
and that they may be reflected, refracted, and polarized.
They have longer wave-lengths than light, and as they
appear in the invisible spectrum they succeeded in keeping
out of the way of investigators for a long time.

97. Electric Sparks. Every spark of electricity pro-
duces more or less electric-waves in the ether. Every
one of the early investigators who experimented with
static electricity was surrounded by these waves—and, in
fact, some of them were convinced from theoretical con-
siderations that there must be electric-waves. As has
been stated, Cletk Maxwell demonstrated mathematically
that electric-waves ought to be produced by certain dis-
turbances in the ether.

98. Heinrich Hertz used the spark of an induction-coil
to stir up the ether which, being perfectly elastic, trans-
mits the waves in all directions. Besides the regular in-
duction-coil, he used what he called an oscillator to aid
in producing waves of sufficient strength. (See chapter
on oscillators.) The oscillator adds capacity and, when

70
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the spark passes, electric-waves start from the complete
oscillator system.

The simplest form of apparatus used by Hertz to detect
electric-waves was circular in form and it included a small
spark-gap.

Hertz found that when this resonator was placed at
certain distances from the oscillator system, small sparks
passed between the knobs, and at other distances no. re-
sults were obtained. This seemed very much like the
nodes and loops that form in the vibrating strings of
musical instruments, and in the inclosed air of organ
pipes when the vibrations produce sound-waves.

99. Interference of Waves. If we start water-waves
by dropping a stone into' a pond, these waves will travel
on and on until they gradually die out unless something
gets in their way. If the waves meet an obstruction—a
dock, for example—they will seem to bound back and re-
trace their steps; provided, of course, that the side of the
dock is perpendicular to the original direction in which
they were moving. If the waves strike the dock at an
angle, they will not retrace their original path, but will
take another direction in the same way that a baseball
will rebound from a wall in a direction depending upon
its original path towards the wall. The ordinary laws
of reflection come into play in each case.

As the waves of water continue to travel towards the
dock for some time after the stone is thrown, it is evident
that they will be met by those coming from the dock.
Now when two crests come together, we may expect a
large wave to be the result, and when the crest of one set
of waves falls in the trough of the other set, the water
will show but a slight wave. We have here what..is
" called the interference of waves. (See Sec. 9.)
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100. Stationary Waves. If one end of a long clothes-
line be tied to a tree and the other end be snapped with
the hand, a wave will be seen to pass away from the hand
towards the tree. If the tree were a very long distance
away the wave would gradually disappear in the distance;
but as it is but a short distance to the tree, the wave soon
reaches it and begins to come back along the line again.
You can easily see such a wave and feel it as it returns
to the hand.

When the string of a banjo is picked, the whole string
seems to vibrate and produce a musical tone, but as both
ends of the banjo string are stationary, each end will
reflect the waves that come to it; so we will expect to find
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waves constantly going towards and reflecting from each
end. This is what happens; and by experiment it can be
shown that certain parts of the string have considerable
amplitude, while other parts are practically standing still.
Fig. 47 shows such a string with two nodal points, and
at these points we can put paper riders which will cling
to the string and not be displaced while it is vibrating.
Between the nodes we have the loops. At these points
the string has its greatest motion because two crests come
together. At the nodes the crest of one wave fits into the
valley of the other that is returning as a reflected wave.

It is an easy matter to measure wave-lengths, if we
know where the crests of the waves are located; so the
nodes and loops of a vibrating s®ing furnish us the means
by which the wave-length of a tone can be measured.
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Such waves—those in which we can locate the nodes
and loops because they remain in one position—are called
stationary waves. In a vibrating string the nodes are
fixed points and they divide the string into segments that
vibrate separately. As above explained, this effect is
produced by the interference of two waves of equal size
that are moving in opposite directions.

101. Stationary Electric-waves. In his search for
the proof of electric-waves of definite wave-length, Hertz
kept in mind the experiments which have been mentioned
in connection with sound-waves and light-waves. He
knew that he could produce stationary electric-waves if
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a proper reflector were provided, and that he could locate
the nodes and loops provided he had the proper kind of
a detector. He finally hit upon his resonator, which he
used as a detector.

To reflect the electric-waves back upon themselves he
used a reflector made of sheet zinc. Fig. 48 shows the
spark-balls and metal plates of an induction-coil from
which the electric-waves start, and the metal reflector, R,
which sends back reflected waves that interfere with the
original waves and produce nodes and loops. The res-
onator consisted of a wire bent in the form of a circle on
the ends of which were small metal balls. These form a
tiny spark-gap, and he had it so arranged that by means
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of a micrometer-screw he could regulate the distance be-
tween the balls. By insulating the resonator and placing
it in various positions in a dark room between the oscil-
lator and reflector, Hertz located nodes and loops. At
the nodal points no sparks appeared in his resonator.
This was a wonderful achievement and in itself proved
the reality of electric-waves. He was not thoroughly sat-
“isfied with this proof, so he immediately began other
experiments to show that electric-waves may be reflected,
refracted and polarized. With these experiments he con-
vinced the world that these waves are similar to light-
waves. The whole subject of wireless telegraphy began
as a real thing when Hertz discovered that an induction-
coil could produce electric-waves, and that these waves
could act at a distance upon a detector. Practical in-
ventors began to study the subject, and it was not long
before the great scientific discoveries of Hertz were used
as a foundation for large commercial enterprises.

102. Electric-waves and Light-waves differ chiefly
in wave-length. The shorter the wave-length the greater
" the number of transverse vibrations per second. Electric-
waves vary in length, but we generally consider them as
being long in comparison to light-waves.

Electric-waves travel in straight lines when passing .
through a dielectric of uniform density, and they travel
through space with the same velocity as through wires.



CHAPTER XI
OSCILLATING CURRENTS

103. Pendulum Oscillations. We all know that when
a pendulum-bob is drawn to one side, as at L in Fig. 49,
it takes force to hold it in that position because gravity
is trying to pull it downwards. When we let go, the
pendulum swings towards M and increases its velocity
until the central point is reached, at which time is has
energy enough to carry it up to R, a point nearly as high
as L. This pendulum will continue to swing back and
forth for some time, the arc
through which it swings gradually \
decreasing in size. We say that .
the pendulum oscillates or moves \
back and forth over the same path. .

104. Actual and Potential En- - Yo’
ergy. When the pendulum-bob ¢ ‘“-f\-"’"‘i
was at L, it had stored up energy
because work had to be done in
order to pull it up to that position. We say that it had
energy of position or pofential energy. As soon as it
reached M it had the greatest velocity and was then
in shape to do actual work. When it was moving we
say that it had actual energy. Upon reaching R it
again had potential energy.

In this form of oscillation we have a constant change
from potential energy to actual energy and the reverse,
and as the oscillations continue, both*forms of energy

decrease in value until the pendulum comes to rest. We
75

Fig. 49
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shall soon see that electrical oscillations also have these
forms of emergy.

105. Oscillations in Matter. I'ig. 50 shows a spiral
spring that is fastened at both ends. Oscillations may
be started by drawing some of the turns of wire a little

to one side and letting go sud-

denly. As the position of the

ends remains the same, we shall
have alternate expansions and
compressions. The oscillations
will gradually die out as the spring comes to rest.

Fig. 51 shows'a U-tube in which has been poured some
mercury or colored water. By holding the thumb over
end B while the mercury is poured in at A, enough air

will be enclosed in the left side to produce

B A the effect shown. Now if the thumb be

suddenly removed from B, the mercury

R_ will oscillate back and forth a few times

-L. " and finally come to rest at the same height

in both parts of the tube. If we let out

the compressed air in B very slowly no
oscillations will be produced.

106. Persistent Oscillations. Fig. 52 shows a tuning-
fork so arranged by holding it in a vise that it can vibrate
freely when struck. A bristle is fastened to one prong

/._’
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Fig. 52

Fig. 50

Fig. 51

by a bit of wax and under this is moved a piece of smoked
glass. The tuning-fork has weight and elasticity, so
when once started it will vibrate for some time. We say
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that it is a persistent vibrator, as the oscillations die out
slowly.

107. Damped Oscillations. A damper in a pipe is
something that tends to check the passage of smoke or
gas. Some bodies, when they are made to vibrate, quickly
come to rest again. We say that their vibrations are
damped; that is, they are quickly checked. The vibra-
tions of a tuning-fork may be damped by placing a piece
of wax upon one of the prongs.

In the glass tube mentioned in Sec. 105 the mercury
came to rest after a few oscillations ; so we say that these
oscillations were damped. The diaphragm of the ear and

Fig. 53 Fig. 54

that of a telephone receiver are made to vibrate when
sound-waves reach them, but these come to rest again
very quickly; that is, they represent violently damped
vibrations. Such vibrating bodies respond to almost any
kind of an ordinary sound.

108. Oscillations Shown by Diagrams. Fig. 53 shows
a diagram of persistent oscillations. The horizontal line
may be taken as the position of rest. The vibrations of
a particle, for example, are shown by curved lines on
both sides of the horizontal line, and as the vibrations of
the particle gradually cease the curved lines shorten. Fig.
54 is a diagram of oscillations that are feebly damped,
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and Fig. 55 shows rapidly damped vibrations. This dia-
grammatic method is used in many other branches of
. science, as it shows conditions at a glance.

109. Direct and Alternating Currents. Electric cur-
rents have different methods of getting energy from one
place to another through wires. The simplest current is

DiReCT

Fig. 55 . Fig. 56

one ‘that constantly flows in the same direction with un-
varying strength. This is called a direct current (Fig.
56). If a steady stream of water flows through a pipe
we have a direct current of water.

As the heart beats, it forces blood through the arteries
and veins, and its motion is always in the same direction ;
but we know by the action of the pulse that the blood
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does not flow equally fast at all times. A current of
electricity that has a motion similar to that of the blood
is called a pulsating current, as in Fig. 57.

If you have ever been where you could watch the water
from the ocean run in and out of a small inlet or tide-
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way, you have seen what might be called an alternating
current of water. Alternating currents of electricity—also
called oscillating currents—flow first in one direction and
then in the opposite direction. As in the case of the tide,
they gradually slow up before they reverse. Fig. 58
shows the alternating current graphically. '

110. Electric Oscillations are produced when an elec-
tric spark passes from one conductor to another. In the
case of an induction-coil, for example, the high-voltage
secondary current piles up at the spark-gap until it finally
overcomes the resistance of the air, and then it rushes
across the space. The effect upon the ether is like that
upon water when the stone strikes it: the ether is made
to vibrate.

The queerest part about the spark, however, is that it
isn’t all over at the first crash. We may consider that
the positive ball has a charge of very high potential and
that when it rushes across to the negative ball, much more
goes across than is needed to establish an equilibrium.
The charge surges back again towards the positive ball
and again fails to leave both at the same potential. The
heated air between the balls serves as a good conductor
for these high-voltage currents, and so they oscillate back
and forth millions of times per second. Our eyes see the
entire action as but one spark.

If a card be punctured by an electric spark, a burr will
form on both sides of the hole, and while this tends to
prove that the spark passes back and forth, better meth-
ods of proof have been invented. Revolving mirrors have
been used with great success to show the various surgings
of a spark, and actual photographs of them have been
made.

These extremely active currents perform like static
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electricity and confine themselves to the outside of the
conductors through which they pass.

111. Frequency of Oscillations. In the case of the
pendulum it was a simple matter to count the number of
complete oscillations per minute, and in this case the
frequency could be regulated by making the pendulum
longer or shorter. Alternating current dynamos are built
to generate currents of the desired number of alternations
per minute, depending upon the number of coils, speed,
etc. In speaking of alternating currents, however, it is
usual to say that the frequency is so much. By this is
meant the number of complete oscillations per second.
As there are two alternations or changes of direction in
each complete oscillation, the number of alternations per
minute will be 120 times the frequency per second.
Power plants produce alternating currents of various fre-
quencies, depending upon conditions. At Niagara Falls
25 periods per second are used, and in many places a
frequency of 60 is found desirable.

112. High-frequency Oscillations. When we con-
sider the induction-coil, the number of oscillations per
second in the secondary coil proper depends upon the
speed of the interrupter. The high-frequency oscillations
at the spark-gap, however, are needed to stir up the ether.
These oscillations have a frequency of millions per second,
and as no ordinary mechanical devices, like dynamos, can
produce such sparks, induction-coils and other forms of
induction apparatus have to be used.



CHAPTER XII
ELECTRIC OSCILLATORS

113. Oscillators are devices for producing rapid to
and fro motions of the current in a circuit. Although an
alternating current dynamo might be considered an oscil-
lator, we do not apply this term. In speaking of oscil-
lators we mean devices for creating high-frequency os-
cillations for the purpose .
of producing ether-waves. 7; ”
When the charge on any V-
conductor is disturbed, os-
cillations are produced. In
the production of oscilla-
tions for wireless purposes
apparatus of special designs
has been invented.

114, Oscillator System
of Electrophorus. When a Fig. 59
spark passes from the electrophorus cover to the knuckle,
Fig. 50, oscillations are produced. Electrical equilibrium
is established by the surging to and fro of the spark.

115. Oscillator Systems of
% Condensers. Fig. 60 shows a
simple condenser which may be
Fig. 6o discharged by means of a bent
wire discharger slightly turned at the ends.

116. Hertz’s Oscillator, as already mentioned, con-
sisted of spark-balls and metal plates or wings attached
to the secondary terminals of an induction-coil. The os-

8t
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cillator system proper does not include the secondary coil,
but merely the attached balls, etc. Fig. 61 shows one ar-
rangement used by Hertz.

Another plan which he used included large and small

Fig. 61

balls, as in Fig. 62. In both of these devices we may
consider the plates and balls as parts of a condenser in
which air acts as the dielectric instead of the ebonite, as
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Fig. 62 Fig. 63

in the simple condenser previously explained. The wings
add capacity to the system.
117. Lodge’s Oscillators. Fig. 63 shows a hollow

— -

Fig. 65

i

Fig. 66



ELECTRIC OSCILLATORS

83

metal cylinder, C, attached in a horizontal position to a
metal-lined box which contains the induction-coil. The

spark-balls are placed near the cylinder,
as shown.

Another form of oscillator devised
by Lodge consists of three insulated
brass balls, as shown in Fig. 64, the
central ball being considerably larger
than the others. The outside balls are
connected with the secondary of the
induction-coil.

118. Disk Oscillators, Fig. 65, may
be made of circular or square disks of
metals insulated from each other and

connected to the binding-posts of the coil.

home-made oscillators see Chap. XXII.

Fig. 67

For simple

119. Oil Spark-gaps are sometimes used. In these the

Fig. 68
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spark-balls of the oscillator system are immersed in oil,
Fig. 66, which serves as the dielectric. The spark-balls
do not tarnish under oil.

120. Ether-waves from a Cat’s Back. Every time
that you rub a cat’s back, small disruptive sparks appear,
provided the cat’s fur is in proper condition. It should
be dry and warm to produce the best results. Even these
small sparks produce ether-waves. Fig. 67 shows how
the cat feels about wireless experiments. U’?E ow ’)

121. Human Body an Oscillator-ball. By shuffling
your feet along over a carpet in dry winter weather you
can produce quite a charge upon your body. To get the
spark use your knuckle as an oscillator-ball and bring it
near a good conductor. Fig. 68 shows another form of
human oscillator system.



CHAPTER XIII
PRODUCTION OF ELECTRIC-WAVES

EXPERIMENT 23. To study some methods of dis-
charging an electrified body.

121. Apparatus. For these experiments the electroph-
orus and on ordinary pin will do.

122. Directions.. (A) Thoroughly charge the elec-
trophorus cover (Exp. 14) and test it with your knuckle
to be sure that it is working properly and gives a good
spark.

(B) Place the electrophorus cover back upon the eb-
onite and lay a bent pin upon it, Fig. 69, so that its point
projects a little beyond the top. Lift
the cover as before, wait a few mo- ¥
ments and then try to draw a spark .
from it. A slight bend in the pin will
keep it from rolling. :
) (C) Repeat the experiment in a

dark room, but have the head of the pin-
project instead of the point, and look
for a slight glow upon the pin-head.

123. Convective Discharges take place from points
and corners of charged conductors, and the very small
sparks that pass make the discharge almost silent. Par-
ticles of air about the point become charged and, as they
are repelled, new particles take their place.

124. Conductive Discharges for static electricity are
similar to those for current electricity. If any conductor

/
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takes away the charge as rapidly as it is formed we say
that we have a conductive discharge.

125. Disruptive Discharges are the ones most useful
in wireless telegraphy. Sudden discharges are needed to
produce a good spark, and that is what we must have to
properly stir up the ether.

The grandest disruptive discharge of all is the lightning
flash, and even this surges to and fro millions of times
per second before electrical equilibrium is established.

Fig. 70 Fig. 71

126. The Electrophorus may be used to produce small
sparks for experimental purposes, and this is about the
simplest form of induction machine. The small electroph-
orus described in Sec. 62 will give a spark from 14
inch to ¥4 inch long, depending upon the condition of
the atmosphere and the manner in which it is used.

127. Condensers are very useful for experiments as
quite a charge can be set free by means of one spark.
The simple condenser, Sec. 88, will do for some experi-
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ments. (See “Electrical Handicraft” for various forms
of home-made condensers.) ’

Leyden jars, fulminating panes and almost any form
of condenser can be used to produce a disruptive spark.
Fig. 70 shows an ordinary Leyden jar, the ball at the top
being connected with its inner coating. Fig. 71 shows
how the jar is discharged.

128. Electric Machines of various kinds may be used
to produce disruptive sparks. Fig. 72 shows an old form

Fig. 72

of frictional machine. In these machines the current
strength is very small while the voltage is large and, be-
sides, an ordinary frictional machine is very susceptible
to atmospheric changes; so they are not so well adapted
for regular use as machines of other designs. The prime
conducter of the machine and another insulated conductor
are used as spark-balls.

Fig. 73 shows one form of Toepler-Iloltz machine
which works upon the principles of induction. Tig. 74
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illustrates a form of Wimshurst machine. These are not
easily affected by atmospheric changes, hence they are
very useful for laboratory experiments at all times. In

Fig. 73

connection with Leyden jars, shown on the side of the
machine, fat sparks can be produced.

Fig. 74

129. Induction-coil Trans-
mitters have already been
described as a modified form
of tranformer in which a di-
rect current is used through
the primary coil. The in-
terrupted primary current in-
duces high-voltage currents
in the secondary coil, to the
terminals of which is joined
the oscillator system. The
wings and balls of such an
oscillator system are often
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likened to the plates of a condenser, which are oppositely
charged, and which discharge through the air to estab-
lish equilibrium again, only to be recharged and dis-
charged again.

Fig. 75 shows the ordinary connections for an induc-
tion-coil transmitter, as used by Marconi in some of his
early experiments with aeridls and grounds. In the com-
bination, as shown in Fig. 75, we
have at least three kinds of cur- )
rents. The primary current from Uevial
a battery, for example, is a low-
voltage direct current. The induced
current has a high voltage, but its
frequency is low. The wave-emit-
ting current, due to the disruptive
spark, is high in both voltage and g"’”’l‘{ =
frequency.

There are almost as many mod-
ifications and combinations of apparatus for producing
electric waves as there are inventors along this line.

130. Transformers have already been mentioned as
consisting - principally of an iron core and two coils of
wire. As the coils may be wound with the required num-
ber of turns, the potential of an alternating current can
be raised or lowered as desired. The commercial forms
of transformers for ordinary lighting systems are very
simple. In the case of induction-coils the interrupter
causes trouble when large currents are used. The trans-
former can be used for almost any quantity of energy
and its potential can be stepped-up, as desired, with but
small losses.

For wireless telegraphy purposes, the energy is fur- .

Fig. 75
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nished by an alternating current dynamo, which forces its
current through the primary of a transformer, as indicated
by diagram, in Fig. 76. The secondary wire has many
more turns than the primary, so in it is induced a current
of enormous voltage. By using a number of condensers
in connection with this secondary current powerful sparks
are produced. ' _

Fig. 76 shows a simple form of this arrangement which,
with more or less modifications, is used by Fleming, De
Forest, Marconi and others in connection with their long-

£ i

lSmRK=GAP C
O

IAcru\l

distance sending stations. D represents an alternating
dynamo and P the primary of the transformer. The
secondary wire, S, is in series with condensers, and in
parallel with these is the spark-gap. The high-potential
currents fill the condensers which, when they discharge
across the spark-gap, produce high-frequency oscilla-
tions of great power. Various means are used to
turn the dynamo current off and on to secure dots
and dashes.

By passing the high-voltage. currents from the second-
ary of one transformer through the primary of a second
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step-up transformer, still higher voltages have been pro-
duced by Tesla and other inventors. The frequency is
also increased by using another spark-gap placed across
the second secondary; that is, the method is a continua-
tion of that shown in Fig. 76.



CHAPTER XIV
DETECTION OF ELECTRIC-WAVES

131. The Human Eye has the power to detect ether-
waves, but, as has been stated, its power is limited to the
visible spectrum. The human eye is more than wonder-
ful, as shown by the mere fact that it can detect the rapid
vibrations of the ether and give us the sensation of light.

In order, then, to show the presence of the invisible
electric-waves, man has been obliged to invent an electric
eye; and to show the presence of the invisible chemical
rays that extend beyond the violet of the spectrum, man
has had to invent a chemical eye. In this chapter we shall
endeavor to make plain the details of some of the electric
eyes that have made wireless telegraphy possible.

EXPERIMENT 24. To study the resistance offered
by metal filings to a current of electricity.

132. Apparatus. Fig. 77. An astatic galvanoscope,
AG; a dry cell, DC; a little pile of metal filings, F, on a

o

Fig. 77

piece of glass, G; wires. (See the author’s “Electrical
Handicraft” for construction of astatic galvanoscopes.)
133. Directions. (A) Arrange the apparatus as shown

92
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in Fig. 77, then touch wire 1 to wire 2 to be sure that the
needle immediately responds.

(B) Holding wire 2 firmly in the filings, bring wire 1
nearer and nearer to 2 to see whether more and more
current passes as the distance is decreased. Does the
resistance of the filings seem large or small?

134. Resistance of Metal Filings. Among the inves-
tigators who first studied this subject were Professor
Calzecchi-Onesti, an Italian scientist, and Professor
Branly of Paris. Their investigations have made wireless
telegraphy possible, for the results of their work im-
mediately interested others who made practical uses of
their discoveries.

Metal filings offer an enormous resistance to a low-
voltage current of electricity. It seems as though the
filings are in close contact with each other and that even
the current from an ordinary dry cell should be able to
push its way through them, but experiment shows that
this is not the case. The many little spaces and poor con-
tacts between the particles shut off the current completely.

EXPERIMENT 25. To study the effect of an electric
spark upon the conductivity of metal filings.

135. Apparatus. Same as for Exp. 24, and an induc-
tion-coil, electrophorus, or other means of making a dis-
ruptive spark.

136. Directions. (A) See that the astatic needle
works properly when you touch wire 1 to wire 2 of the
apparatus as arranged in Fig. 77. It should jump vio-
lently when the circuit is closed and come to rest again
parallel to the coil as soon as the circuit is opened again.

(B) Make some nickel filings from an ordinary 5-cent
piece and place them upon a piece of glass, as before.
A little pile as large as the head of a match will do.
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Holding the ends of wire 1 and wire 2 about 1-16 inch
apart, press them down upon the filings and note whether
the needle moves. It should remain perfectly quiet be-
fore proceeding. Have a friend produce an electric spark
with an induction-coil or electrophorus held near the
filings and note the action of the needle.

137. Cohesion. We say that particles of wood are held
together by a force which we call cohesion. In the same
way, the particles of a copper wire are held or bound to-
gether by cohesion. In a little pile of filings the particles
lie loosely upon each other, and are not influenced by
cohesion until acted upon by an outside force.

In the case of the nickel filings in the above experiment,
we say that cohesion was caused by the electric-waves that
were produced by the spark. Several theories have been
advanced as to just what happens to the filings when the
spark is produced, but these need not be considered here
if we thoroughly fix in the mind the fact that the resist-
ance to the flow of the battery current is greatly reduced.
Before the spark passed, practically no current forced its
way through the filings; but as soon as the electric-waves
reached the filings, they cohered; that is, their resistance
was so reduced that the battery current easily pushed its
way through and strongly affected the needle.

138. Coherers are pieces of apparatus which make
practical use of the principle learned in Exp. 25; that is,
that the electrical resistance of metal filings is greatly
reduced by a nearby electric spark. Although many devices
have been invented during the last few years to detect
electric-waves, the coherer was the instrument that first
made wireless telegraphy a commercial enterprise.

There are many ways in which a coherer can be made
(see chapter for home-made coherers), but they all de-
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pend upon the same general principle. Fig. 78 illustrates

the main parts of the filings-coherer. The other diagrams
are merely enlargements of this idea, with binding-posts,
etc., for convenience. In Fig. 78 are shown a glass tube,

Fig. 78

two round metal rods, or conductor-plugs, CP, and a few
nickel filings that have been placed between the ends of
the plugs. The tube may be
about 14 inch in diameter,

and if the conductor-plugs fit L @ R
it nicely the filings will be ! H
kept in place. It is evident Y@ x
that we have, here, simply H ]
‘a modification of the appa- M
ratus used in Exp. 25, but it @ , ‘A

is more convenient than the
other apparatus.

Fig. 79 shows a plan of another form of coherer with
binding-posts for conveniently attaching wires. (See Sec.
195 for details of construc-
tion.) Fig. 8o is a side view
of the coherer proper. R and
X are two small binding-posts
that are joined by a wire
(shown by dotted line) to a
large binding-post A, which supports one conductor-plug.
In the same way, binding-posts L. and Y are joined to
B. It is evident, from this construction, that a current

Fig. 8o
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entering the apparatus at R can leave at L by passing
through the metal filings between the ends of the con-
ductor-plugs.

We have seen by Exp. 24 that the filings offer a high
resistance to a current when they are mixed up and that
their resistance is greatly lowered by electric-waves.

139. Detectors of Electric-waves. We see from the
two previous experiments that when metal filings are
properly arranged in a coherer, we have a means of de-
tecting electric-waves. The coherer, as brought to a state
of perfection by Marconi, is merely a modification of the
apparatus used by Branly in his experiments. There are
many other forms of detectors besides the coherer, some
of which will be described in a later chapter.



CHAPTER XV
EXPERIMENTS WITH COHERERS

The following experiments are given to make the stu-
dent familiar with various arrangements of coherer cir-
cuits and to impress upon him the necessity for certain
precautions.

EXPERIMENT 26. To study the action of a simple
coherer.

140. Apparatus. Simple coherer like that shown in
Figs. 79, 80; astatic galvanoscope; one dry cell; wires;
switch ; ebonite sheet 4 inches square; flannel cloth.

141. Directions. (A) Arrange the galvanoscope, co-

Fig. 81

herer and dry cell, as shown in Fig. 81, and be sure that
no current passes through the coherer when wires 1 and
2 are joined to binding-posts R and L. In case a current
does get through the coherer, shake it and try again, or
slightly withdraw one of the conductor-plugs.

(B) Electrify the ebonite sheet with the flannel cloth
and scrape its charged surface along over the binding-
posts that support the glass tube. The needle should
move.

(C) Tap the coherer tube with a pencil and see whether
the needle takes its original position.

97
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(D) It is best to include some form of switch in the
circuit, as shown at S, so that the dry cell will not be
spoiled if the filings cohere by accident.

142. Decohering. When the coherer-tube is tapped,
the filings regain their high resistance and we say that
they have been decohered. By tapping the coherer after
each set of .waves, we get it ready for the next signal.
In regular outfits, automatic decoherers are used; but for
the first few experiments that follow it will be best to
decohere by tapping.

EXPERIMENT 27. To test the effect of sparks
upon various parts of the coherer circuit.

143. Apparatus. Same as for Exp. 26.

144. Directions. (A) Connect the apparatus as in the
previous experiment, tap the coherer and be sure that no
current passes through it when the switch is closed.

(B) Allow sparks to pass from an electrophorus cover
to various parts of the circuit, including the dry cell,
wires 1, 2, 3, and the switch, and study the effect. It is
necessary, of course, to tap the coherer each time that
the astatic needle swings.

145. Note. In passing sparks from the electrophorus
cover to the insulated wire of the coherer circuit in this
experiment, it will be found best to touch the wire quickly
with the charged cover. This is to avoid the silent dis-
charge of the cover by the many little hair-like points of
the cotton insulation. A spark is what we want to start
the ether vibrations.

146. Discussion. In this experiment, the filings were
cohered by a spark upon any part of the short coherer
circuit. From this it seems that the effects of the spark
are carried to the coherer by the connecting wires.
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EXPERIMENT 28. To study the effect of sparks
upon an enlarged coherer circuit.

147. Apparatus. Same as for Exp. 26; and a piece of
insulated wire from 10 to 20 feet long.

148. Directions. (A) Enlarge the coherer circuit by
adding a wire loop to some part of the circuit shown in
Fig. 81, or the arrangement suggested in Fig. 82 may be
used. It is a good idea to drive nails, N, as in Fig. 82,
and to twist the wire forming the loop a few times around
them to protect your instruments. By doing this, the
loop of wire may be tied to a door knob, for example,

Dc.
N

Fig. 82

without any danger of pulling the galvanoscope around
and damaging it.

(B) Quickly pass a spark to the extreme end of the
loop and note whether the filings are affected.

(C) In city buildings gas and water pipes may be used
to increase the size of the coherer circuit. _

149. Wires as Carriers. When working with electric-
waves, wires carry the effects from one point to another.
They have been likened to speaking-tubes for sound-
waves, as they carry the energy with little loss. The
high voltage displayed by even a small disruptive spark
is capable of producing an effect upon a coherer through
a censiderable length of wire. As will be seen in follow-
ing experiments, wires are used to pick up electromag-
netic-waves and carry them to the coherer or other re-
ceiving device.
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EXPERIMENT 29. To study the effect of placing
an air-gap in the coherer circuit.

150. Apparatus. Arranged as in the last experiment,
Fig. 82.

151. Directions. (A) Be sure that your coherer is

working properly; that is, that it coheres with sparks
upon any part of the coherer circuit, and that it decoheres
promptly upon being tapped.
"~ (B) Open switch, S, so that the coherer circuit will be
broken, then pass a spark to the loop, as before. As the
battery circuit is open, no current from the dry cell can
pass through the galvanoscope even if the filings have
been cohered.

(C) Now close the switch and watch the needle. Open
and close the switch to make sure that the current cannot
pass when the switch is open.

(D) Decohere and try the experiment again, making
a small air-gap at another part of the circuit.

152. Action across Air-gap. It is evident, from this
experiment, that poor contacts and even small air-gaps
do not stop the action of the spark upon the coherer cir-
cuit. The results, then, of this small spark from the elec-
trophorus cover upon the coherer circuit are certainly dif-
ferent from those of an ordinary battery current which
cannot jump across a tiny space. If the electric-waves
can jump across an air-gap in the coherer circuit, they
should be able to find their way across other air-gaps not
in the coherer circuit.

EXPERIMENT 30. To see whether the coherer
circuit can be affected by a spark that is in no way con-
nected with it.

153. Apparatus. Same as for Exp. 28.

154. Directions. (A) Arrange the astatic galvanoscope,



EXPERIMENTS WITH COHERERS 101

coherer, dry cell, etc, as in Fig. 83. This gives a com-
paratively short, closed circuit. Experiment as previously ~
directed, to be sure that the coherer is working properly.
(B) Thoroughly electrify the ebonite sheet and test
the electrophorus to see that it gives good sparks to your
knuckle.
" (C) Hold the charged electrophorus cover and your
knuckle within 2 or 3 inches of the coherer while
a spark passes, and see whether the filings cohere. If
your coherer is properly adjusted you should get good
results. Gradually increase the distance until you find

—
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Fig. 83

the limit at which a good spark from the electrophorus
will cohere the filings.

'155. Wireless in Miniature. The short distance
through which these electric-waves pass shows us that
we are dealing with something that is entirely different
from ordinary currents. We have here wireless in min-
iature.

EXPERIMENT 31. To see whether we can increase
the distance at which a spark will affect the coherer.

156. Directions. (A) Replace the elongated circuit,
as shown in Fig. 82, and be sure that the filings are prop-
erly decohered.

(B) By several trials find at what distance a spark
from the electrophorus cover, when passed to your
knuckle, will affect the coherer. It is best to hold the
charged electrophorus cover at about the level of the
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parallel wires of the loop and opposite them. How does
the distance compare with that found in Exp. 307 Do the
wires of the loop aid the coherer in detecting waves?

EXPERIMENT 32. To study the effects of very
small sparks upon the coherer.

157. Apparatus. Same as for Exp. 28.

158.-Directions. (A) Arrange the apparatus as in
Fig. 83, and be sure that your coherer works properly.

(B) Charge the electrophorus cover and allow a spark
to pass to your knuckle so as to partially discharge it.
Do this at some distance from the coherer so as not to
affect it.

(€) The electrophorus having been nearly discharged,
touch it quickly to the coherer binding-post to see if the
feeble spark produced will affect the filings. It may be
necessary to try a few times if the coherer is not delicately
adjusted. '

159. Effects of Small Sparks. As shown by the above
experiment, very small sparks are sometimes quite active
in producing cohesion of filings. In discharging a con-
denser several sparks may be had after the main dis-
charge has taken place.



CHAPTER XIV
EXPERIMENTS WITH DECOHERERS

EXPERIMENT 33. To study the effect of ringing
an ordinary electric bell near the coherer circuit.

160. Apparatus. Fig. 84. Coherer; astatic galva-
noscope, AG; switch, S; dry cell, DC; electric bell or
buzzer to be rung by a second dry cell; wires for connec-
tions.

161. Directions. (A) Test the coherer with small
sparks from an electrophorus cover to see that it is ad-
justed.

(B) Close the bell circuit and hold it near the coherer
to see whether any effect is produced by the ringing bell.

Fig. 84

Try its effect when held near other parts of the coherer
circuit.

162. Sparking at Contact-points of Bell. When a
coherer is properly adjusted, it is affected by the small
sparks that appear at the contact-points of a bell or

103
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buzzer; in fact, we can use this as a test to see whether
our coherer is properly adjusted. We must investigate
this spark a little further, for it has peculiar powers that
the battery current does not have, although the bell is rung
by the battery current.

The student has, no doubt, made up his mind that this
spark is due to self-induction in the magnet-coils of the
bell. Although the battery current has but a small voltage,
this spark indicates a high-voltage “extra current.”

EXPERIMENT 34. To study the nature of the
spark at the contact-points of an electric bell.

163. Apparatus. An electric bell with wires attached
across the contact-points, as shown in Fig. 85. One end
of wire 3 should be soldered or fastened to the regulating-
screw post, which holds one contact-point. Wire 4 is
attached to one of the binding-posts of the bell, preferably
to the grounded one; that is, to the one that is not in-
sulated from the iron frame of the bell. In the bell shown
in Fig. 85, the left-hand binding-post is in direct electrical
connection with the contact-point on the armature through
the iron frame. Put about a teaspoonful of salt into a
glass of water, G, to make it a conductor of electricity.
Besides the above-mentioned articles, you will need a dry
cell, key or switch and connecting wires.

164. Directions. (A) Arrange the apparatus as shown
in Fig. 85. The key, K, is placed in the main bell circuit
for convenience. Bend the free end of wire 3 over the
edge of the glass of salt water, so that it will remain in
positicn during the experiment.

(B) Scrape about 2 inches of the insulation from
the free end of wire 4 to make a good contact with your
hand. Holding the bare end of wire 4 in your left hand,
dip a finger into the salt water and press the key so that
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the bell will ring. By this plan, the contact-point circuit
will be closed through your finger.

165. Shocks by Self-induced Current. As previously
mentioned, the spark at the contact-points is caused by

Fig. 85

self-induction. After trying the above experiment there
will be no doubt as to its high voltage, for it takes quite
a little electrical pressure to push the current through the
body. This experiment also shows the pulsating nature
of the current that passes through this shunt. High-
voltage pulsating currents are not good in circuits near
the coherer. ' .

EXPERIMENT 35. To see how sparking at the con-
tact-points of an electric bell can be avoided.

166. Apparatus. Bell, dry cell, key, etc.,, arranged as
in Fig. 85, together with wires 3 and 4,
as explained in Exp. 34. Also a small bot-
tle or glass of salt water.

Fig. 8 shows how the ends of wires
3 and 4 of Fig. 85 may be placed in a bot-
tle of salt water. By cutting small V-
shaped grooves in the cork the wires will
be held in place. A large cut should also be made in the
cork to allow the gas which forms to escape.

167. Directions. (A) Connect the salt and water
spark-well, as we may call it, in the circuit across the

Fig. 86
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contact-points, as before. Ring the bell by closing the
key and notice whether the spark still exists. Remove
one of the wires from the “well” and see if the spark
returns. Convince yourself that there is almost no spark
when the well is in circuit, provided the proper amount
of salt has been used.

(B) Ring the bell again for a few moments and watch
for bubbles of gas on orie of the wires in the well.

168. Liquid Spark-destroyer. In the spark-well, just
explained, we give the spark a chance to disappear. The
salt water is decomposed by the current that passes
through it at the instant the break is made, hydrogen and
oxygen gases being formed. As twice as much hydrogen
is produced as oxygen, and as it is not so readily dis-
solved in the water as the oxygen, it appears that nearly
all of the gas comes from one wire.

The spark at the contact-points of a bell shows that the
self-induced current has a high voltage and that it makes
an arc as the contacts separate. When the spark-well is
in place, this “extra current” goes from one contact-point
to the other through the shunt of salt water, which offers
a much lower resistance than the air, and in so doing its
energy is converted into chemical energy.

EXPERIMENT 36. To see how the coherer may be
“tapped-back” by an electric bell.

169. Apparatus. Same as for Exp. 33.

170. Directions. (A) Arrange the apparatus as in
Fig. 87, and pass a small spark to the coherer to allow
some current to pass and deflect the astatic needle.

(B) Bring the electric bell and its local circuit near
the coherer, close the circuit so that the bell will ring,
then gradually move it towards the tube until its tapper
strikes the glass as it rebounds from the magnets. This



EXPERIMENTS WITH DECOHERERS 107

should decohere the filings and allow the needle to re-
gain its proper position.

171. Electric Bell as a Decoherer. The bell, or tap-
per, is one form of decohering device. We saw in Exp.
33 that the spark produced at the contact-points of a
bell tends to cohere the filings; so we have, in this de-
coherer a race between the tapper and the spark. The
tapper strives to decohere the filings and the spark tries
to cohere them. The result of this strife is sometimes
perplexing, as the filings decohere promptly at times and

:
;

Fig. 87

then a dot will run out into a long dash before the tapper
wins the victory.

In performing Exp. 36 the student will find it best to
screw the coherer to the table so that it can not walk away
from the tapper. It will also be found better to close
the local bell circuit intermittently than to allow the bell
to ring continuously. It is clear, from the results of this
experiment, that a plain ordinary electric bell does not
work to advantage as a decohering device. The “spark-
well” will aid in decohering promptly.

172. Relay in Coherer Circuit. As soon as investigators
noticed the drop in resistance in the coherer circuit, due
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to the action of electric-waves, inventors began to look
for some way to make use of this principle. It was not
long before relays were brought into play, as these can
act with a small current passing through considerable
resistance.

173. How Relays Work. [Fig. 88 shows a simple re-
lay, with its two entirely separate circuits. Relay mag-
nets are generally wound with more resistance than mag-
nets for electric bells or ordinary telegraph sounders, as
they must be sensitive to small currents. In a telegraph
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Fig. 88

line, for example, the current is not strong enough to
. properly work a sounder, when it reaches a distant sta-
tion, so a relay is placed at the other end of the line.
The armature of a relay should have a delicate adjust-
ment and the magnets should be wound in such a man-
ner that they will have enough ampere-turns to create
sufficient magnetism to attract the armature when a weak
current passes. (For home-made relays see the author’s
“Electrical Handicraft.”)

In Fig. 88 the line and local circuits are shown. If
even a small current comes by way of wire 1, it will pass
through the magnets and out again by way of wire 2.
At X and Y are shown the contact-points of the local



EXPERIMENTS WITH DECOHERERS 109

circuit. The armature is so adjusted that when no current
passes through the magnets from the line, it springs
away from contact-point, X, thus breaking the local cir-
cuit. A bell, for example, may be placed in a local cir-
cuit with batteries, then every time that the armature is
attracted, the bell will ring. This arrangement of appa-
ratus is used in connection with the coherer and deco-
herer, the relay acting as an automatic key for turning the
local current on and off. The dotted line shows how
wire 3 connects by a wire to contact-point, X. As soon

Fig. 89

as the contacts touch, the current can pass on and out
through wire 4.

EXPERIMENT 37. To see how a relay can operate
an automatic decoherer.

174. Apparatus. Fig. 89. Relay, R; coherer, C; two
dry cells, DC; galvanoscope, AG; electric bell, EB; two
switches, S; wires for connections; electrophorus.

175. Directions. (A) Arrange the apparatus as in
Fig. 8. The coherer, one dry cell, galvanoscope and
relay magnets are placed in series. In the local circuit
the bell acts as the decoherer.

(B) Tap the filings to decohere them, then close the
line switch. The relay should not close the local circuit
if the filings are in proper condition.

(C) Pass a spark from the charged electrophorus cover
to the coherer. If this and the relay have been properly
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adjusted the bell will ring. Move the bell so that its
hammer will strike the tube when it rebounds from the
magnets. The bell should decohere the filings. When
the correct position has been found for the decoherer,
screw it to the table or board on which you have your
apparatus, so that it and the coherer will keep their po-
sitions permanently. '

(D) If the filings do not decohere properly, add a
liquid spark destroyer as explained in Exp. 3s.

176. Adjusting Coherers and Relays. Proper adjust-
ment of coherer and relay requires time and care. It
sometimes happens that a new coherer, when joined to
a good relay, will work fairly well at once; but it will
generally need adjusting. ‘

It is a good idea to get the relay into shape first. See
that the contacts are clean and that the armature is held
near the cores of the magnets so that a very slight motion
is needed to close the circuit. The armature must not
come in contact with the cores when it is attracted, for
it will not swing back promptly when the filings are de-
cohered. Simply keep the armature as near the cores as
possible and not let them touch. The armature need not
move more than 1-64 inch, but it should do this freely.
Enough tension should be put upon the armature spring
to overcome the residual magnetism of the cores, but no
more. If the relay is properly adjusted before the coherer
is attached, time will be saved.

The coherer may be approximately adjusted with the
astatic galvanoscope also. Join the coherer, galvano-
scope, relay, and a dry cell in series, as shown in Fig.
89. Push in the conductor-plugs until a small current
passes, as indicated by the galvanoscope. Tap the co-
herer to see if the filings decohere promptly. Sparks
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from the contact-points of an electric bell may be used
to cohere the filings and a pencil may be used to deco-
here them. A few trials will aid you in getting the plugs
at the proper distance apart. The filings should be de-
cohered by a gentle tap. Enough current should pass,
when the filings cohere, to operate the relay, and as
soon as the tube is tapped the armature of the relay
should immediately spring away from the magnets.

A few trials may be necessary to get the conductor-
plugs in the proper position for the relay you use. A
slight movement of one of the plugs will cause consid-
erable difference in the working of the coherer, so do not
slide the plugs back and forth through long distances;
merely move them a little at a time. If too close, they
will press the filings and it will be difficult to decohere
them. If too far apart, they will not cohere readily.
Here is where the skill of the student comes into play
to first see what the trouble is and to then be able to
correct it.



CHAPTER XVII
ELECTRIC-WAVE EXPERIMENTS

177. We have now considered various methods of pro-
ducing electric-waves, and we have seen how they may
be detected by at least one form of instrument, the co-
herer. Let us now consider, in a general way, how
actual experiments were made by Hertz and others who
immediately took up his work, to prove that light-waves
and electric-waves are of the same general character.

178. Apparatus for Studying Electric-waves. We
have, in previous experiments, shown that wires are good
carriers of electric-waves. Metals,
like copper and zinc, make good
shields for these waves, so if we
want to shut them in we may sur-
round the entire transmitting appa-
] - ratus with a copper box. Knowing

Fig. go that waves are sent out from the
entire oscillator system, it is evident that we must not
have any wires reaching out from the box, if we wish
to confine the waves.

In order to direct the waves that radiate from an
oscillator system, the metal box holding the induction-
coil, etc., is made with an orifice, usually round, through
which the waves can escape. By pointing this opening
towards reflectors, etc., interesting results may be ob-
tained. ‘

A small round opening is usually made in the cover
of the box, and through this a wooden rod is passed to
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press down the key that closes the primary circuit of the
induction-coil. Fig. 9o shows a side view of a simple
copper box on the end of which has been soldered a
short length of copper tubing. In the box are placed
batteries, key, induction-coil and spark-balls. The spark-
gap is near the opening. When the rod is pressed, waves
are produced, and some of these pass out through the
tube. '

The detecting end of the outfit is usually enclosed in
a similar metal box. It is at least protected from elec-
tric-waves that do not come from the transmitter. In
some forms of apparatus for studying electric-waves, the
coherer is placed in a separate box or metal tube, and all
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Fig. or Fig. 92

wires leading to the relay or galvanometer are enclosed
in metal tubes so that they will not pick up waves. A
beam of light is usually reflected by a mirror that is at-
tached to the galvanoscope, so that slight variations in
the resistance of the filings can be detected.

179. Reflection of Electric-waves. We have already
seen how Hertz arranged his apparatus to produce sta-
tionary electric-waves. He reflected the waves back upon
themselves by means of a large sheet of zinc. Fig. 91
suggests another way of showing that these long ether-
waves can be reflected. The transmitting and detecting
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apparatus, properly protected by metal, may be placed
as shown. If no reflecting surfaces are in position, the de-
tector will fail to operate when waves are sent out from
the transmitter, because they travel in straight lines.
Upon placing a sheet of copper or other metal in the
position shown, the detector responds as sparks are pro-
duced. ) '
180. . Refraction of Electric Waves. In our study of
light and light-waves we saw that a ray of light can be
bent out of its path by passing it through a glass prism.
Electric-waves, being longer than light-waves, require
such a large prism of glass that the cost is considerable.

P
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Fig. 93

Investigators soon found that any insulator would do
for a prism, and paraffine has been used by many.

Fig. 92 shows the arrangement of apparatus for ex-
periments upon refraction. The paraffine prism bends
the electric-waves out of their original path, as shown.

181. Polarization of Electric-waves. In Sec. 46 we
discussed the throwing of sticks through gratings and
we saw that light can be polarized. We have also seen
that metals reflect electric-waves.

If two frames about 1 foot square be laced with
copper wire, as shown in Fig. 93, polarization ex-
periments may be made with electric-waves. The wires
should be about !4 inch apart. When placed as shown
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with the wires of the two frames parallel, some of the
vibrations will still reach the detector; but when the
analyzer, A, is turned so as to bring its wires perpendic-
ular to those of the polarizer, all waves will be shut off.

As soon as Hertz performed experiments on the re-
flection, refraction and polarization of electric-waves,
there was no doubt left as to the similarity of light-waves
and electric-waves.

182. Simple Electric-wave Experiments. In case the
student does not care to make the metal boxes, etc., as
used by many investigators in studying electric-waves,
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he may show some of the principles described in a very
simple manner.

EXPERIMENT 38. To show how apparatus may
be shielded from electric-waves.

183. Apparatus. Fig. 94. A simple sending station,
consisting of a coil with small oscillator-balls, batteries,
key. Receiving station, consisting of a coherer, C, like
that described in Sec. 195, dry cell, DC, astatic galvano-
scope, AG, switch, S, and connecting wires. Large sheets
of tin may be used for shields.

184. Directions. (A) Arrange the apparatus as indi-
cated in Fig. 94. Two tables will probably be the most
convenient, as the two parts can then be moved about
until the proper relative positions are obtained.
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(B) The coherer should be so adjusted by moving
the conductor-plugs that it will cohere slightly when the
sending station is 5 or 6 feet away. Be sure that the
galvanoscope responds quickly as soon as a very slight
current goes through the coherer and that the needle re-
turns promptly to its proper position as soon as the co-
herer-tube is slightly tapped. Get all these details prop-
erly settled first. It may also be necessary to place the
induction-coil further away from the coherer than has
been suggested.

(C) Give the apparatus the final test and note that
the coherer acts as suggested above, then hold a large
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sheet of tin in front of the induction-coil and all of its
connecting wires and try again. Tap the coherer each
time you produce a spark. It is best to have a friend
operate the key in the primary circuit of the coil while
you watch the galvanoscope needle.

(D) In place of the sheet iron, try wood, glass, pa-
per, etc. ’

185. Metal Shields. From the above experiment the
student can soon sce that sheet iron, sheet copper, etc.,
keep back electric-waves, while insulators do not. In
the regular commercial systems of wireless telegraphy
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metal boxes are used to shield delicate receiving appa-
ratus from the powerful sparks of the sending appa-
ratus. In regular lines, switches are used to connect the
aerial either with the sending or receiving apparatus.

EXPERIMENT 39. To show how electric-waves
may be reflected with simple apparatus.

186. Apparatus. Same as for Exp. 38.

187. Directions. (A) Arrange the apparatus as shown
in Fig. 95, in which the sending and receiving apparatus
are placed at an angle. A piece of sheet iron, I, is shown
between them to protect the coherer from direct waves.

(B) Try several times until you are sure that no
effect is produced upon the filings when the spark passes
at the sending apparatus.

(C) Now place another large piece of tin, T, so as
to reflect the waves. Try at various angles until you get
the best results.



CHAPTER XVIII
HOME-MADE COHERERS

188. Materials. Home-made coherers may be built in
various ways, and numerous kinds of materials may be
brought into play. The student should have a supply of
all kinds of odds and ends if he wants to construct appa-
ratus, as almost everything in the shape of metal screws,
rods, etc.,, come into use. (See the author’s “Electrical
Handicraft” for a complete suggestive list of materials
for the construction of home-made apparatus.)

189. Conductor-plugs are used to keep the filings in
place in a coherer and they also act as conductors. In

=
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fine instruments, silver rods or silver-plated brass rods
are generally used. For experimental purposes, ordi-
nary brass or german-silver rods, heavy copper wire or
even common nails may be used.

The hardest part for those who have few tools is to
make the conductor-plugs fit glass tubing well enough
to keep the filings in place. A coherer will not remain
adjusted if the filings are jarred past the end of the
conductor-plugs by the decohering process. Several sug-
gestions will be given by which the student can overcome
most of these troubles.

118
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Nail Plugs. Fig. g6 shows a simple plug made of a
round-headed nail. The advantage of this form of plug
is that the head, only, need be fitted to the tubing. Iron
plugs are not so efficient as brass or silver, but for ex-
perimental purposes they do very well. “Wire brads” is
the proper name for this form of nail and those that are
about 2 inches long will be found most convenient.
The heads of these brads are far from round when you
get them, so care should be taken to get them as nearly
round as possible before making the exact fit. With a
little care in filing you can get the head quite round. The
best way to finish it is to file it in a lathe, if you have one.
In case you have no lathe, a hand drill may be used to
advantage; in fact, a hand drill is extremely useful for
various operations.

Fig. 97 shows how the hand drill may be used as a
lathe. The nail is held in the chuck of the drill which
in turn is clamped in a vise. The file should be pressed
against the head of the brad while the drill is turned.
This should be done, of course, after the preliminary
filing by hand, or you will not be able to get it round.

Try the glass tube frequently so as not to get the
plugs too small, as a few turns of the drill will reduce the
plug considerably, when it gets to about the right size.
It will pay to make a careful fit so that the filings will be
kept in place.

To improve the looks of this conductor-plug, heat the
finished brad in the flame of a Bunsen burner until it
takes on a blue color, then let it cool slowly. The oxide
that forms will aid in keeping the plug from rusting.

Brass Rod Plugs may be turned down to fit your glass
tubing in the same way as that described for the brads.
If the rods have to be made only a little ‘smaller to make
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them fit the tube, emery-paper may be used instead of
a file.

190. Glass tubing may be had in various sizes, but
it will be found easiest to use pieces in which the hole
is about 14 inch in diameter. In cutting off pieces of
tubing, a slight V-shaped cut should be made, as shown
at C, Fig. 98. If you simply try to bend the tubing at
this point to make it break, it will break with sharp cor-
ners and be spoiled. Hold the long tube in both hands
with one thumb on each side of C, then pull lengthwise
and bend at the same time, as suggested by the arrows.
If this be properly done, the tubing will break off nicely
and a little filing will make the ends in perfect condition.

Fig. o8 Fig. 99

It is very seldom that a tube can be found that will fit
your conductor-plugs, as a very slight difference in size
makes either a good or a poor job. In most cases it will
be necessary to fit the plugs, as previously directed.
191. Bases for Coherers. For ordinary purposes,
wooden bases, made as shown in Fig. 99, will be found
best. The top is made 374x415x3-16 inch thick and the
legs are 314x/5x3-16 inch. Small wire nails are driven
through both the top and the legs at the corners, as
shown, and when these are clinched on the underside,
the legs will be firmly held. Wood may be taken from
cigar boxes for these, and when oiled they look very well.
(See “Electrical Handicraft” for complete details for
making bases for various purposes.) Holes are easily
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drilled in this kind of a base and the legs lift it from
the table far enough to make a space for screw-heads.

Fig. 100 shows how the parts of a binding-post are put
together through the base. A wire for connections may
be fastened under the head of the screw. Two binding-
posts may be electrically connected by a wire joined to
both on the under side of the base.

Two small holes should be made near the end of the
base and just inside the cleats or legs for screws with
which the base can be fastened to a table or
board. The object of placing the glass tube
near one edge of the base, as indicated in the
coherers, is to allow the hammer of the con-

" ductor to reach it easily.

192. Filings for Coherers. A great va-
riety of filings may be used by the student for ,
experiments, and fair results may be had with ~ Fig. 100
almost any of the following when the coherer is properly
adjusted:

Among the ordinary metals from which you can read-
ily make filings are pure silver, coin silver, pure nickel,
coin nickel, copper, brass, iron, steel, and German silver.
A very convenient method is to set aside a 5-cent piece,
which we may call nickel, and a 10-cent piece which we
may call silver. While these coins are not pure nickel
and silver, they do very well. A combination of silver
and nickel filings is good, using about one-tenth silver.

Soft iron filings may be made from a soft iron rivet,
and steel may be made from almost any steel tool if it
is not too hard to be acted upon by a file. A file of
medium coarseness is perhaps the best for the purpose.
The student should experiment upon the quantity of
filings to use in a coherer. The general tendency is to
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use too many. The ends of the plugs should be from
1-16 inch to 14 inch apart and the space between should
be but partly filled with the filings.

193. Home-made Coherer No. 1. Fig. 101. In case
you have no glass tubing, a coherer may be made by using
a rubber cork in place of the glass. Of course, this does
not look so well as a glass tube, but it can be used, and
the filings can not get away. The cork hides the filings,
however, and on this account you are “working in the
dark” while adjusting the conductor-plugs. Fig. 101
shows the plugs made from wire brads as directed in
Sec. 189. These are held in two binding-posts, which

Fig. 101 Fig. 102

are fastened to the base by the machine-screws fur-
nished with them, as indicated in Fig. 100. Wires may
be fastened to the binding-posts above or below the base
to lead to the dry cell and relay.

194. Home-made Coherer No. 2. Fig. 102 shows a
method of holding the brad coherer-plugs firmly in glass
tubing after they have been carefully fitted.

As the body of a brad has a smaller diameter than its -
head, it is evident that the glass tube will not fit the body ;
and if the glass is allowed to wobble when it is tapped,
it will soon be broken.

To avoid all such troubles, conical eyelets may be used.
The hole through the eyelet should just admit the body
of the brad, and its outside diameter should be such that



HOME-MADE COHERERS 123

it will fit a 14 inch tube at about its center, as shown in
detail in Fig. 103. By the use of such conical eyelets the
plugs may be quickly fitted.

The conical eyelets should be pressed into the tube

gently so as not to break it. One binding-post should be
put into position first, to hold
one plug and conical eyelet, as
indicated in the plan, Fig. 104. '
The tube may then be held in \
position while the exact place
for the second binding-post is
marked. If necessary, ream out the holes in the binding-
posts to take the body of the nails. - After the hole has
been made for the second post, start the screw through
the hole, slide the post along upon the body of the co-
herer-plug until it is over the screw, then turn the screw
up into the binding-post.

The four small binding-posts, R, L, X, Y, are for con-
venience in making connections. A wire under the base
connects R, X and A, and another connects wire L, Y

te  o® [L©®  ©OR
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Fig. 104 Fig. 105
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Fig. 103

and B. Fig. 100 shows the details of small binding-posts
that are cheap, efficient, and ornamental.

195. Home-made Coherer No. 3 is similar in arrange-
ment of parts to No. 2, but the conductor-plugs are made
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of solid rods of metal. German silver wire or brass wire
1% inch in diameter will do very well for the purpose.
These rods should fit the tube almost air tight to keep the
filings in place.

Fig. 105 shows a plan of this form. The binding-posts
are used for connecting relays, antennz, etc.



CHAPTER XIX
HOME-MADE AUTO-COHERERS

In the previous experiments we have discussed co-
herers and we have shown how they are used in connec-
tion with other apparatus to detect electric-waves. Be-
sides the coherer, many other kinds of detectors have been
invented, and among these are the auto-coherers.

196. Auto-coherers. In ordinary electrical work a
poor contact is considered a nuisance, and yet several
devices have been invented for detecting electric-waves
that depend upon poor contacts for their action. Vari-
ous substances, like carbon, oxidized steel or copper, alu-
minum, etc., will cohere slight-
ly when acted upon by elec-
tric-waves, provided the con-
tact between two pieces of the
substance be slight. Such com-
binations are called auto-co-
herers because they automatically decohere as soon as
the wave ceases. This form of detector is used in con-
nection with a telephone receiver in place of the relay.
The telephone receiver is an extremely delicate instru-
ment, as it responds to the slightest change of current.

As auto-coherers do not require a tapper or other
mechanical decoherer, much time is saved and messages
can be sent as rapidly as by ordinary telegraph. In the
case of the coherer, much time is used by the slow-mov-
ing relay and decoherer; so messages are retarded.

Fig. 106

125
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197. Home-made Auto-coherer No. 1. Fig. 106 shows
a side view and Fig. 107 a plan of a simple auto-coherer.

The base is made as directed in Sec. 191.

Fig. 107

Two medium
binding-posts, U, L, are placed
as indicated in Fig. 106 to hold
two steel needles, N. These
needles should be roughened
with a file to make their sur-
faces full of little points and
scratches. After this is done,
oxidize them by heating them
in a Bunsen burner flame.

They should have a blue color when cold, to keep them

from rusting.

Small binding-posts, T, B, are used for convenience

@) 3" 7y
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Fig. 108

in making connections.

Binding-post, B, is joined by a
wire under the base to binding-post, L.

In the same

manner, U is to be joined t8 T. With this construction,

a current entering at T will
pass to U and go no farther
until a bridge is placed across
the gap so that it can go out
by way of L and B. Various
things may be used for this
bridge, among the handiest of
which will be found pieces of
“lead” from a lead-pencil and

small, thin, oxidized steel sewing needles.
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Fig. 109
These need

not be over 15 inches long, provided the binding-posts
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are not over an inch apart, center to center. Connections
are made at T and B, as indicated in later diagrams.

198. Home-made Auto-coherer, No. 2. Instead of
the wires under the base to join the binding-posts, as ex-
plained in Sec. 197, metal straps may be used. If these
are made of nickel-plated brass straps 3 inches long
and 3% inch wide, the result will be very ornamental.
Fig. 108 shows details of the strap and Fig. 109 a plan
of the instrument. In this design the binding-posts that
hold the oxidized needles have screws at the top. This
is a handy form of post for certain kinds of apparatus
where it is necessary to hold a needle or rod tight. The
left-hand binding-posts are the small ones shown in de-
tail in Fig. 100. (See “Electrical Handicraft” for fur-
ther details for binding-posts and their uses.)

The holes in the ends of the metal straps should be
3-16 inch in diameter. Remove the screws from the bot-
tom of the binding-posts and push them up through the
holes in base and metal strap, then turn the screws while
vou hold the body of the binding-posts until they tighten.
Lead from a lead-pencil may be used to bridge the ox-
idized steel needles, as already explained. .

199. Carbon-mercury-iron Auto-coherers. Several
forms of auto-coherers have been invented in which the
imperfect contacts are made between carbon, mercury and
iron. The Italian navy has used auto-coherers of this type
under the name of the Castelli and Solari auto-coherers.
In this style of instrument, a drop of mercury is in slight
contact on the one side by carbon and on the other side
by iron. A telephone receiver is to be used as in the
other forms of auto-coherers. New mercury has to be
put in occasionally, as the sensitiveness of the instrument
decreases as the mercury oxidizes.
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200. Home-made Auto-coherer No. 3. This is a mod-
ification of the carbon-mercury-iron auto-coherer. The
author has endeavored to simplify it so that it can be
readily made and adjusted. Figs. 110, 111 show a plan
and side view of the apparatus and Fig. 112 a detail of
the carbon and its support.

Make the base as directed in Sec. 191, put the small

binding-posts in position, as

. shown, then arrange the car-
" U bon and its support, L, Fig.
P H 112. If you can’t get a new
3] carbon plate, take one from
N an old dry cell. Small car-

@ L bons are the neatest, if you

- can get them, those that are

'8 110 7% inch wide and !4 inch
thick being about right. Break off a piece about 2 inches
long and use the end that has a hole already made for
you. If your carbon has a screw binding-post, so much

LRY
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Fig. 111 Fig. 112

the better, for this can be used to hold the carbon to the
angle-strap, L. This bent strap may be made of brass
or even of a piece of heavy tin. Cut it about 1 inch long
and 15 inch wide, then punch two holes necar the ends.
The carbon may be fastened to L. with the original screw,
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S, or it may be eyeletted. A wood-screw, WS, is used
to hold L to the base.

Cut off a piece of glass tubing, GT, about 115 inches
long and file down the head of a nail or brad (see Sec.
189) until it fits nicely inside of the tube, then oxidize
it. A conical eyelet, E, may be used to hold the body of
the nail, or if you can not get these, little wooden slivers
from a match may be pushed into the end of the tube to
hold the nail in a central position. A hole, H, should
be made through the base to take a screw so that the base
may be screwed to the wall or door. By fastening this
auto-coherer in this position instead of holding it flat
upon a table, a much better adjustment can be made.

Fig. 113 shows an end view with the carbon raised
so that a drop of mercury can be put into the end of the

Fig. 114

tube. Fig. 114 shows how to make a paper chute for
guiding drops of mercury or filings into the ends of tubes.
Fold a piece of stiff writing paper, then cut it to the shape
shown. Hold your supply of mercury over a pasteboard
box cover while you pour a drop upon the chute, then
by tilting the tube and chute a little, a drop can be guided
in without any trouble. Lower the carbon and the mer-
cury will remain in position. Connect in series with one
dry cell and a telephone receiver.

201. Adjusting Auto-coherers. When a telephone
receiver is placed in series with a dry cell and an auto-
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coherer, as indicated in Fig. 121, which also shows an
astatic galvanoscope in the circuit, a slight movement of
the parts forming the contacts will make very distinct,
clear sounds in the receiver. By a few trials you will be
able to adjust the contacts so that a slight current will
pass with more or less steadiness, and this will make a
sort of frying or sizzling sound. The contacts are in a
much better condition to detect electric-waves when a
very slight current is passing than when no current passes.
Of course it will not do for much current to pass, as this

b—
p

Fig. 115

C

would polarize the dry cell or burn the contacts so as to
destroy the delicacy of the apparatus. When the needles
are properly roughened and oxidized, little trouble will
be had in getting the proper adjustment. With the instru-
ment described in Sec. 200, the globule of mercury will
change its shape by tilting the base, thus making more
or less contact between the iron and carbon. The nail
may also be moved in connection with the tilting until the
desired results are obtained.

202. Home-made Oscillating Auto-coherer. In the
ordinary forms of auto-coherers that may be easily con-
structed by the student for experimental purposes, there
is a tendency for the contacts to lose their sensitiveness.
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To avoid the troubles arising from fatigued contacts, the
author has devised a new form of auto-coherer, which
may be called an oscillating, or vibrating auto-coherer.
The object in this construction is to keep the contacts in
motion so that new surfaces will be constantly brought
together.

Fig. 115 is a plan and Fig. 116 a side view of this
auto-coherer. The'base is made as explained in Sec. 191,
and this is fitted with binding-posts and metal straps as
shown. Wires under the base may be used to join the

| N |
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Fig. 116

binding-posts instead of the straps, if desired. The
needles used are oxidized and roughened as previously
explained, and they should be fastened in the binding-
posts so that they will project over the edge of the table.
The vibrating contacts consist of one or more round
carbon rods, C, to which are fastened wires, W, for the
pendulum. Various sizes of rods may be tried, those
from 14 inch to 3§ inch in diameter being suit-
able. The upper ends of the wire for the pendulum
may be twisted around the middle of the short carbon
rod that is used, or a small hole may be drilled through
the rod. The latter plan makes the neater job. A small
weight may be placed upon the lower end of the pendulum
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to aid it in keeping up its vibrations when once started.
Too much weight must be avoided, however, as this would
allow too much current to pass, and the wire should be
fairly stiff. A hair-pin does very well.

Connect binding-posts T and B in series with a dry
cell, astatic galvanoscope and telephone receiver, as shown

Fig. 117.

in Fig. 117. The galvanoscope will give you an idea as
to how the current flows through the apparatus and the
telephone receiver will indicate slight changes in the re-
sistance of the circuit due to the effects of electric-waves.
The sound in the telephone receiver will be a pulsating
one, due to the fact that the pendulum swings faster at
the middle of its oscillation than

at the end, but you will soon

get so accustomed to this that

the slightest outside noise will

] be noted. To decrease the pul-
sating effect somewhat and to
increase the number of moving
contacts, two pendulums may

be used, as in Fig. 118, which

Fig. 118 shows details. To get the best

results one pendulum should be shorter than the other,
so that they cannot vibrate together. This form of auto-
coherer, as well as all the detectors previously described,
work best when fitted with antennz to catch the waves.
Two single-pendulum auto-coherers may’ be placed in




HOME-MADE AUTO-COHERERS 133

series. This works well, as it reduces the pulsating effect
to almost zero. It may be necessary to use two cells in
series with this arrangement, as shown in Fig. 119. '
203. Aluyminum Contacts may be used in various
forms of auto-coherers. Roughened aluminum wires

Groond

Fig. 119

that fit into the holes of binding-posts may be used in
place of oxidized needles, and sheet-aluminum may be
used in various ways. While aluminum does not rust in
the ordinary sense of the word, it does have a sort of a

Fig. 120

skin that offers resistance enough to be useful in such
experiments.

EXPERIMENT 40. To see how resistance is offered
by poor contacts in auto-coherers.

204. Apparatus. Fig. 120. An auto-coherer made as
described in Sec. 197 ; astatic galvanoscope, AG; dry cell,
DC.

205. Directions. (A) Arrange the apparatus as shown
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in Fig. 120, and before connecting wires 1 and 3 to the
auto-coherer, touch their ends together for an instant to
see if the galvanoscope connections are all right. Then
connect as shown.

(B) Gently lay a piece of lead from a lead-pencil across
the oxidized and roughened needles, as shown, and see
whether the galvanoscope needle is affected. Try several
times.

(C) Press gently upon the lead to improve the contact
between it and the needles, and see whether the galvan-
oscope now shows that a little current passes.

(D) Try the effect of placing other materials across
the oxidized needles. :

206. Discussion. We have, in this form of apparatus,
quite a high resistance at the contacts between the pencil-
lead and the oxidized needles. The little galvanoscope,
if properly adjusted, will detect a current from one dry
cell working through a resistance of 1000 ohms. In the
above experiment no current was detected unless con-
siderable pressure was used to improve the contacts. This
gives us something of an idea as to what happens in the
next experiments when electric-waves reach the auto-
coherer.

EXPERIMENT 41. To see how electric-waves af-
fect the resistance of an auto-coherer.

207. Apparatus. Same as for Exp. 40, and an elec-
trophorus or other apparatus for producing disruptive
sparks.

208. Directions. (A) Arrange the apparatus as in
Fig. 120; then allow a spark to pass from the charged
electrophorus cover to your knuckle or, preferably, to a
piece of metal. This should be done near your auto-
coherer, Does a good clear spark affect the resistance
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of the instrument enough to show upon the galvanoscope?

(B) Try this several times and satisfy yourself whether

- the lowering of resistance is temporary or permanent.’

209. Electric-waves and Contacts. From this ex-
periment it is evident that the resistance of a poor con-
tact is decreased by electric-waves. It has been fre-
quently noted in various kinds of apparatus that lightning
flashes affect the resistance and, indirectly, the flow of
current through the apparatus. Branly’s experiments on
the resistance of filings under the influence of electric-
waves give us an explanation. Poor contacts on appara-
tus furnish us with a crude form of auto-coherer of con-

Fig. 121

siderable resistance, and when strong electric-waves reach
these contacts their resistances are greatly reduced.

EXPERIMENT 42. To see how the telephone re-
ceiver may be used in connection with an auto-coherer.

210. Apparatus. Fig. 121. Astatic galvanoscope, AG;
dry cell, DC; telephone receiver ; auto-coherer, AC; elec-
trophorus or spark-coil.

211. Directions. (A) Arrange the apparatus in series,
as shown in Fig. 121; then move the pencil-lead about
while you listen for sounds in the receiver.

(B) Place the receiver to your ear and adjust the lead
upon the oxidized needles until you hear a slight crackling
sound, which indicates that a small amount of current is
passing.
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.

(C) Pass a spark from the charged electrophorus cover
to a piece of metal and listen for any effect in the tele-
phone receiver. Have a friend produce the spark at
gradually increasing distances.

(D) Try the effect of dots and dashes sent from the
oscillator system of an induction-coil.

212. Discussion. The sharp click that is heard in the
telephone receiver when electric-waves from a single
spark reach the auto-coherer is due to a sudden rush of
current through the contacts during their momentary
cohesion. As this cohesion lasts but for an instant, the
apparatus immediately regains most of its sensitiveness
and is again ready to detect the next set of waves.

It is evident that with proper adjusting, in connection
with aerials, grounds, etc., an auto-coherer offers a splen-
did chance for space telegraphy.



CHAPTER XX
ANTI-COHERERS AND OTHER DETECTORS

213. Anti-coherers. Some substances have the prop-
erty of increasing their electrical resistance under the in-
fluence of electric-waves; that is, they act in a manner
just opposite to the filings in an ordinary coherer. Sev-
eral forms have been made which include the silvered
back of a mirror. Contacts are made by scratching the
thin film at the back, and when the scratches are covered
with the proper amount of moisture considerable resist-
ance is offered to a current when the apparatus is under
the influence of waves.

214. Magnetic Detectors of various forms are now in
use by some of the large wireless telegraphy companies,
as they are said to be more efficient than regular coherers
in which filings are used. It is claimed for magnetic
detectors that their resistance remains nearly uniform,
not constantly changing from large to small, as in
coherers, and that they are reliable and sensitive. As the
resistance of the circuit remains so nearly constant, it is
evident that a relay cannot be used; so telephone receivers
are employed in connection with magnetic detectors, as
with auto-coherers. ‘

Fessenden, Marconi and others have invented mag-
netic detectors for use on their systems. - The high-fre-
quency oscillations, started in the circuits of such detectors
by the electric-waves, produce magnetic fields of varying
strength. In some of the detectors, the varying magnetic
fields act by induction upon a secondary coil m series
with which is the telephone receiver.

137
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215. Marconi Magnetic Detector. Fig. 122 shows
the main parts of one form of magnetic detector invented
by Marconi. A primary coil, P, is wound upon an in-
sulating tube, I, the ends of this coil being connected to
the aerial and ground respectively. Over the primary is
wound a secondary coil, S, the terminals of which are
joined to a telephone receiver, T. By means of clock-
work, which operates wheels, W, iron wires in the shape
of a belt are made to pass through the insulating tube, I.
This band of flexible wire is under the magnetizing in-
fluence of two adjustable horseshoe magnets, M, so the
magnetism in the wire is under constant change, as it

moves. As soon as electric-waves from a distant source
reach the detector, high-frequency oscillations are set up
in the primary coil and a new magnetic field is therefore
produced. This changes the strength of the magnetic
field around the moving core, and in the secondary is
induced a current which affects the telephone receiver.
216. Electrolytic Detectors depend upon chemical ac-
tion for their ability to detect waves in the ether. By
electrolysis is meant the process of decomposing chemical
compounds by means of an electric current. Storage bat-
teries work upon this principle, and when a current is
passed through them, chemical changes take place.
When a current is passed through a solution containing
certain compounds of tin, lead, etc., not only is the solu-
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tion broken up into its constituents, but minute “trees”
form between the electrodes. The “tin tree,” for example,
—when magnified by throwing the glass of solution and
its electrodes upon a screen by means of a magic lantern,
—looks like a forest of rapidly growing ferns. As the
current passes, the fern-like branches reach out and finally
join the two electrodes. If the current be now reversed,
this chemical forest will rapidly disappear. It seems to
crawl back into itself as it again goes back into solution,
only to build out in the opposite direction if the current
be continued.

The electrical resistance of the circuit is reduced when
the electrodes are bridged by the “tree,” and anything

=B |

Fig. 123 Fig. 124

that tends to break down the tree increases the resistance.

217. De Forest Responders. Dr. Lee De Forest and
Mr. E. H. Smythe have taken advantage of the electro-
lytic principle just explained in the construction of a
responder. Conductor-plugs are used in an insulating
tube, and between the ends of these plugs is placed the
chemical compound, or “goo.” Tig. 123 is intended to
illustrate the conductors with the bridge, or “tree,” be-
tween them. Of course, this is an exaggerated form of
the apparatus, for in the real responder the space between
the conductor-plugs is small. In Fig. 124 the bridge has
been broken down by the effects of the oscillating current
set up by the electric-waves. In connection with a tel-
ephone receiver the responder makes a very sensitive
detector.
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218. Fessenden Hot-wire Barretter. Fig. 125 shows
a device invented by Fessenden for detecting electric-
waves. He describes it as “a current-actuated wave-
responsive device consisting of a conductor having a
small heat capacity and arranged in a vacuum.” Fig. 125
is merely a diagram of this detector. The detector proper
is enclosed in a glass bulb, 17, through
the top of which are leading-in wires, 16,
16, which are sealed in the bulb. A sil-
ver shell, 18, encloses a short section of
the leading-in wires, which are composed
of a platinum core and a silver exterior.
At 14 is shown a very short length of
wire with the outside coating of silver
dissolved by acid so as to expose an ex-
tremely short length of the platinum
core. The short silver wire is said to
be .1 inch in diameter, while its platinum
core is .003 inch in diameter before be-
ing drawn out. In the finished form, the
silver is .002 and the platinum core is .0006 inch in di-
ameter. The globes enclosing the short platinum loop
reduce the loss of heat by radiation to a minimum. A
slight current passes through the loop and a telephone
receiver. Now when the oscillating currents caused by
electric-waves begin to also pass through the loop, its
temperature quickly rises; this immediately changes its
resistance, which is at once indicated in the telephone re-
ceiver. As the loop is small, its temperature rapidly rises
and falls as the oscillating currents pass through it; this
gives rapid changes of resistance in the telephone circuit.
This form of electric-wave detector is very sensitive and
very rapid.

Fig. 125



CHAPTER XXI
MISCELLANEOUS APPARATUS

219. Keys are used to turn on and off the primary cur-
rent of induction-coils, etc., for sending dots and dashes.
It will not be necessary to illustrate the many varieties
that have been invented to overcome various difficulties,
as the student can easily construct a key that will answer.

220. Telegraph Keys, like that shown in Fig. 126,
are excellent for experimental work with small coils.

Fig. 126

These keys usually have contacts that will stand the spark-
ing caused by the self-induced currents from the primary
coil. When coils give a spark of 3 inches or more it is
best to use keys of special design.

221. Other Keys. Some keys are used in connection
with a condenser placed across the contacts. This reduces
the sparking, as in the case of the induction-coil. Several
keys have been invented in which the contacts are placed
in oil. (See Chap. XXII for home-made sparkless key.)

141
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222. Choking Coils are used by Marconi and others
to overcome the troubles arising from the oscillations set
up in the coherer circuits by sparks at the contacts of
decoherers, relays, etc. These coils are made of resist-
ances depending upon their particular use, and they are
placed across spark-gaps and coils in which self-induced
currents are produced, and they greatly aid in the proper
working of the apparatus; in fact, anything that over-
comes the tendency of the receiving apparatus to cohere
its own filings is found to be an advantage. Some of the
coils used in connection with the apparatus are intended
to produce a self-induced current of their own; these are
wound straight upon iron cores. Other coils are made
in the same way as standard resistance coils; that is, the
wire is wound on wooden spools in such a way that no
magnetism is produced. This is accomplished by winding
the wire back upon itself. Fig. 127 shows how this may

Fig. 127

be done by beginning the winding at the middle of the
wire. Such coils are called non-inductive coils, and they
merely add resistance to the circuit. ‘
Fig. 128 shows how choking coils, C, C, may be placed
in a coherer circuit to aid in making the received oscil-
lations pass through the filings. The battery current has
no trouble in pushing its way through these, but the oscil-
lating currents are held back and forced through the
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filings by the self-induced currents that form when they
attempt to go through the choking coils.

223. Relays of various kinds are used in connection
with coherers to operate the local or tapper current. For
experimental work the student can make use of relays
having from 20 ohms resistance up. For laboratory
work a 20-ohm or 50-ohm relay does very well, provided
it is so made that it can be delicately adjusted. The re-
sistance of a relay is a poor guide, however, for the
author has purchased 100-ohm relays in the open market
that did not work nearly so well as some home-made
20-ohm instruments. Do not pick out a relay for the

-beauty of its mahogany base or for the polish of its bind-
ing-posts ; these do not aid in adjusting so that the relay
will act with small changes of resistance in the circuit.

When the relay is in series with a coherer, the circuit
is of such high resistance that no current can pass when

Fig. 129
the filings are decohered. When faint electric-waves
reach the coherer, more or less resistance is cut out of
the circuit by the cohesion of the filings, so it is clear that
in order to show a small drop in resistance a delicate
relay must be employed.
There are two kinds of relays. The ordinary type,
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shown in Fig. 129, has a soft iron armature that is at-
tracted by the magnetism of the electromagnets and with-
drawn by a spring. These are wound
with from 20 to 1000 ohms resistance.

224. Polarized Relays have perma-
nently magnetized armatures and are
sometimes wound with as much as 10,-
000 ohms resistance. These can be very delicately ad-
justed; in fact, some of them are so sensitive that they
will indicate the drop in resistance caused by shunting
the coherer with the fingers. (See “Electrical Handicraft”
for complete details for making ordinary and polarized
relays.)

225. Telephone Receivers are usually wound with a
resistance of about 75 ohms for regular telephone work,

Fig. 130

Fig. 131 Fig. 132

and these are suitable for experiments with home-made.
auto-coherers. The watchcase receiver, Fig. 130, is made
with single and double poles, the latter being preferred.
The regular commercial form of the Bell receiver is shown
in Fig. 131.

In Fig. 132 are shown two watch-case receivers, ar-
ranged with a metal band for holding them to the ears.
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" When great delicacy is required, receivers are wound
with much higher resistances than are used for ordinary
telephone work. Even the ordinary 75-ohm receivers
will detect extremely slight currents that ordinary instru-
ments fail to show, and so it can be used where a relay
would refuse to work. '

226. Morse Registers are used in connection with a
coherer and relay to give permanent records of messages.

Fig. 133

This method is slow, in comparison with the telephone re-
ceiver, but when time is not considered this system has
its advantages.

Fig. 133 shows one form of commercial ink-writing
register. These machines are so constructed that they
start and stop themselves promptly. A strip of narrow
paper is slowly pulled from the reel by the machine, a
mark being made upon it every time the armature of an
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enclosed electromagnet is attracted. The inked wheel,
or “pen,” puts clean-cut black marks upon the white paper,
thus leaving a permanent message whether the operator
is at hand or not.

Besides Morse registers, various forms of siphon
recorders are used for wireless telegraph work.

-w



CHAPTER XXII
HOME-MADE ACCESSORIES

227. Home-made Sparkless Key. With most strap
keys much trouble is caused by the burning of the con-
tacts, when the key is in circuit with a primary coil that
gives a self-induced current of considerable voltage. As
soon as the contacts become burned, the resistance is so

increased that ordinary bat-
@

tery currents cannot work
the coil properly. To avoid
this excessive sparking at
the key, the author has de-
vised a simple form of strap
key that will be useful to
students who use induction-
coils for wireless experi-
ments.

Fig. 134 shows a plan of
the key, and Fig. 135 shows
how it is connected to the
coil, batteries, etc. As in-
dicated in Fig. 134, three
straps, T, M, B, are used.
T, M and B stand for top, middle, and bottom, for when
the top strap, T, is raised by its own spring, it does not
‘touch the middle strap, M. In like manner, strap M is
so placed that it is between T and B, unless T is pressed
down. Strap B lies flat upon the base and forms the
bottom contact.

147

Q

Fig. 134
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Fig. 136 will aid in understanding their positions. As
indicated in Fig. 135, the carbon, or positive pole, is joined
to the binding-post at the end of T, so the current can
get no farther until T is pressed. As soon as T touches
M, the current can pass on through the liquid spark

Fig. 135

destroyer, L (see Sec. 166), to binding-post I of the
coil and back to the batteries. This forms but a partial
circuit. By pressing T entirely down, M is pressed
against the bottom contact, and this allows all of the cur-
rent to pass, for B is also connected to binding-post I.
Most of the current goes through B when T is pressed
entirely down, for this path offers very little resistance.
Upon breaking the circuit, the greater part of the cur-
rent is cut off at once, but a bright spark does not appear
because the self-induced current
X M, forces its way through the spark
B;T #:& destroyer instead of across the
air-gap made between B and M;
that is, it uses T and M as a part
of its circuit. The tendency to form a spark between T
and M as T is raised still farther is slight, because the
core has already lost most of its magnetism.
In the form of key shown, all connections are on top
of the base, each strap having one binding-post. .\ screw,

Fig. 136
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S, holds T in place, and this strap should have spring
- enough to raise it promptly as soon as the pressure is
removed. In the model shown, strap T is 3 inches
long, while straps M and B are 2 inches long. The
base is made as explained in Sec. 191. Some sort of
button or knob looks well at the end of T, but a plain
strap will do. In case that any high-voltage currents pass
up from the ground through your hand to the Key and

Fig. 137

‘cause shocks, place some insulating material between the
top of the key and your finger,

This may be used as a simple key by joining one wire
to T and the other to B. Any form of binding-post may
be used, or the complete key may be purchased. (See
“Electrical Handicraft” for other home-made keys, etc.)

228. Home-made Oscillator No. 1. Fig. 137 shows
a simple form of oscillator. It consists of two metal
straps, in each of which are punched three holes. The
length of the strap will depend upon the distance the
binding-posts are apart on the induction-coil, provided
you want to mount the oscillator directly upon the coil.
If you ‘wish to construct the oscillator as a separate piece
of apparatus, brass straps 3 inches long and 34 inch wide
will do. Fig. 138 gives details and shows where to punch



150 WIRELESS TELEGRAPHY

or drill the three 3-16 inch holes, L, M, R. The two
straps may be made the same, then when they are finished
one may be turned end for end. A binding-post may be
fastened in hole L, hole M being used for the binding-
post of the coil or for a machine-screw if the apparatus
is to be placed upon a separate base. The right-hand
end of the strap should be bent up at a point 34 inch from
the end. In the remaining hole, R, are fastened two eye-
lets to form a tube, as shown in detail in Fig. 139. The
outside eyelet, O, is shorter but larger in diameter than
eyelet I. In putting the two in place, first slip I through
the hole in the strap, then slide O over the end of I. If
the two have the proper relative sizes they will fit snugly

R E :
oo % O]
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Fig. 138 . Fig. 139

and not wobble. To clinch them so as to hold them firmly,
place the head of I upon an anvil and slightly expand its
small end with a center-punch. This is the method of
making a short tube devised by the author to hold the
ebonite rod in the electrophorus cover for “Fun with
Electricity.” The details are herein given because this
form of riveted tube is very useful in connection with
home-made apparatus.

Spark-balls from 4 to 34 inch in diameter may now be
fastened to the upturned part of the straps. Plain brass
balls may be soldered to the tube or to the strap direct
without using the tube. In case the student cannot secure
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brass balls, metal discs may be used. The edges should
be nicely rounded and these may be soldered to the straps.

The best form of small spark-ball is one that can be
readily removed for polishing, as it is important to keep
them clean. For experimental purposes the author has
found that some of the large-head bifurcated rivets are
very useful, as they can be easily pushed in and out of
the tubes. They ,are firmly held when in use, they are
readily removed for polishing, and they make a very neat

Fig. 140

appearance. These the author calls adjustable mush-
room oscillators. Complete parts, as shown in Fig. 137,
may be purchased. Wires may be placed in the holes of
the binding-posts to form long sparks.

229. Home-made Oscillator No. 2. Fig. 140. In case
vou wish to make an oscillator with larger spark-balls
than those described in Sec. 228, hollow brass balls, about
134 inches in diameter, may be used. The brass balls
that are used as ornaments on iron and brass bedsteads
will do very well if properly made. These balls usually
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have a thread at the small end so that they can be screwed
to the framework of the bed.

A plug of wood should be made and screwed into the
hole until it presses against the top of the ball to steady
it. Make a small hole in the end of the wooden plug in
which may be started a wood-screw, S, which first passes
through the straps. Strap P is 3 inches long with
holes punched, as shown in detail in Fig. 138. Strap B,
which serves as a brace, is also 3 inches long and
3 inch wide. In this strap the end-holes only are
punched. Fig. 140 shows the way in which the brace
is bent to hold the spark-balls firmly in place so that they
will not wiggle when the spark passes.
Binding-posts, R, L, are used at the up-
per ends of straps, P, and to these may
be connected aerials, grounds, and other
apparatus for experimental purposes.

In the model shown, the author had
the binding-posts, X, Y, placed 37
inches apart. These are the terminals of

- the secondary coils of the induction-coil.
This oscillator may be placed directly upon the top of
the coil, provided the binding-posts, X, Y, are at the
above distance apart, or a special base may be made for
it. As the metal straps turn on X and Y, the length of
the spark-gap may be adjusted to suit. Keep the brass
balls well polished. Complete parts may be purchased.

230. Home-made Condensers. The method of ma-
king a small condenser has already been described in Sec.
88. Another simple form is shown in Fig. 141, which
represents a thin glass jar. An ordinary thin drinking
glass may be used. Paste tin-foil on the inside of the
glass to within 2% inch of the top, and also on the out-

Fig. 141
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side, as shown. Ordinary flour paste may be used for the
purpose. It is also a good idea to shellac the glass above
the tin-foil to increase its insulating qualities.

A cap or top may be made of pasteboard, in the center
of which is a small hole for a bare wire which connects
a small brass ball at the top with the inner coating of the
jar. A large lead bullet will do, provided you cannot get
a brass ball. :

To fasten the wire to the bullet make a cut in the lead
.with a knife, lay the bare wire in the cut, then hammer
the edges of the cut over the wire. When the top is in
position the wire should have spring enough to press
against the inside coating.

While charging this small Leyden jar the outer coating
should be held in the hand while sparks are passed to
the knob at the top. To discharge it, touch the outer
coating with one end of a bent wire or discharger, then
swing the other end over to touch the knob. A bright
spark should indicate the discharge.

If you wish to use this form of condenser in connection
with an induction-coil, or for other experiments, wires
may be joined to the knob and to the outer tin-foil. A
bare wire may be twisted around the glass, or the jar
may stand upon a metal plate to which the wire is at-
tached.



CHAPTER XXIII
INDUCTION-COIL EXPERIMENTS

The following experiments are given to familiarize the
student with the main parts of an induction-coil, and to
bring out certain points in regard to its adjustments and
attachments:

EXPERIMENT 43. To show that the core mag-
netizes and demagnetizes by turning the primary current
on and off. ,

231. Apparatus. Induction-coil; batteries; key ; pieces
of iron and tin.

232. Directions. (A) Arrange so that the current
through the primary can be controlled by the key.

(B) Hold a piece of iron near the end of the core
while you pass the key. You should feel a strong pull
as long as the current passes.

(C) Test the ends of the core for poles, with a com-
pass, and see whether the poles change position when the
direction of the current is reversed.

(D) Hold a soft iron rivet or other piece of iron near
the right-hand end of the core, just by the side of the
vibrator, to see whether the magnetism is censtant or
pulsating when the vibrator operates.

233. Discussion. From this we see that the lines of
force must be constantly cutting the secondary coil as the
magnetism rapidly increases and decreases. The pulsa-
tions which you can feel in the magnetism correspond to
the speed of the vibrator. The magnetism may not be
very strong at the left-hand end of some cores, as some

154
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coils are placed in boxes in such a manner that the core
does not extend to the end of the box. The best results
are obtained at the vibrator end.

EXPERIMENT 44. To see how the strength of the
magnetism of the core may be varied.

234. Apparatus. Same as for Exp. 43.

235. Directions. (A) Test the strength of the mag-
netism when the vibrator spring is very loose and fix in
your ear the sound given by the spark.

(B) Tighten the adjusting screw so that the vibrator
will be stiffer than before. Tighten slightly several times
and test the magnetism each time to determine whether
it increases or decreases as the vibrator is tightened.

236. Current and Magnetism. Of course, we know
that the core of a coil will be more sttongly magnetized
by adding more batteries. What we have seen in the
above experiment proves that with a given number of
cells we can vary the magnetism of the core by adjusting
the vibrator.

We have already discussed the self-induced current
that opposes the battery current when it is turned on.
Now when the vibrator is so adjusted that it is easily
pulled toward the core, it is evident that the battery cur-
rent is broken at the contact-points before the magnetism
has had a chance to build up very much.

When the spring-is tight, it takes considerable mag-
netism to pull the vibrator over enough to open the circuit,
and this gives the battery current time enough to over-
come the self-induced current and build up considerable
magnetism. Let us see what all this has to do with the
spark produced.

EXPERIMENT 45. To see how the spark may be
varied.
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237. Apparatus. Same as for Exp. 43.

238. Directions. (A) Put wires in the binding-posts
of the oscillator, as shown in Fig. 142. The details of
this are given in Sec. 228.

(B) Vary the spark-gap until you get nearly the
longest continuous spark that your coil will give, then try
the effect of varying the tension of the vibrator.

239. Discussion. As might be expected, we get the

g

Fig. 142 Fig. 143

best spark when the vibrator is fairly tight, as the mag-
netism builds up strongly before the current is cut off.
(See Sec. 236.)

EXPERIMENT 46. To study the effect of different
spark-balls upon the nature of the spark.

240. Apparatus. Same as for Exp. 43.

241. Directions. (A) Arrange one spark-ball and one
wire, as in Fig. 143, then try both spark-balls. Try various
distances and combinations and study the nature of the
spark produced.

(B) Try larger balls in place of the small ones, if pos-
sible, to see whether the length of spark remains the same
as before.

(C) Fasten on long insulated wires as antennz and
see whether the spark is as long as before.

EXPERIMENT 47. To find whether a large surface
will hold more electrification than a small one.



INDUCTION-COIL EXPERIMENTS 157

242. Apparatus. An insulating table, IT, Fig. 144,
which is like the electrophorus cover turned upside down.
The insulating handle is stuck into a shallow hole 14 inch

Fig. 144 Fig. 145

in diameter, drilled into a block of wood, W. A complete
electrophorus is needed; also a large tin basin to serve
as the large conductor.

243. Directions. (A) Test the electrophorus to be
sure that it is working properly. (See Exp. 14.)

(B) Arrange the insulating table as in Fig. 144, and
see how many good sparks it will take from the charged
electrophorus cover before it is fully charged. Recharge
the cover at each trial. As soon as IT has the same po-
tential as the charged cover, discharge it.

(C) Now carefully balance the large basin upon the
insulating table and see how many sparks it will take.
Compare the results with those in Sec. B.

244, Electrical Capacity. It takes more heat to raise
the temperature of a gallon of ice-water to the boiling
point than it takes for a quart of ice-water. We say
that the larger quantity of water has a greater capacity
for heat than the small quantity. You have just seen by
the above experiment that a large insulated surface will
take more sparks than a small one before its potential is
raised to that of the electrophorus cover. The insulated
conductors cannot get a higher potential than the elec-
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trophorus cover, so the large conductor is said to have a
larger capacity than the small one.

EXPERIMENT 48. To find whether the capacity
of a given conductor can be increased without increasing
its size.

245. Apparatus. A small condenser, as shown in Fig.
145, the upper conductor of which has an insulating
handle like that of the electrophorus. A block of wood
with a hole 14 inch in diameter to hold the top of the
condenser as in Fig. 144. Also a complete electrophorus..

246. Directions. (A) See how many sparks from the
electrophorus will be taken by the insulating table IT,
Fig. 144, as in the last experiment, and note the relative
sizes of the sparks.

(B) Place IT in position so as to make the upper part
of the condenser, Fig. 145, and see how many sparks it
will now take.

247. Condensers have already been mentioned, but we
see from this experiment that the capacity of this tin, IT,
was greatly increased by the presence of another con-
ductor, FB, insulated from IT, but “grounded.” These
are the essentials of a condenser.

Large spark-balls and spark-gaps, made of flat plates,
act like condensers, the air being the dielectric instead of
hard rubber as in the little condenser just described.

*



CHAPTER XXIV
AERIALS AND GROUNDS

248. Antennze is a general name given to wires, rods,
etc., that reach out from any apparatus to aid in collecting
electric-waves. An aerial is an antenna. The antennz
may be made in various ways. Some may be used in a
horizontal position for experimental purposes, but they
are usually vertical for distance telegraphy. Antenna
on the sending apparatus are joined on opposite sides of
the spark-balls, and on receiving. apparatus to the two
conductor-plugs of the coherer, as already described.
Antennz add capacity to the oscillator system, and they
should be thoroughly insulated.

—
e a5 5/ D
Box -

Fig. 146 -

Fig. 146 shows how short antennz for laboratory work
may be held in position. The box, described later, serves
to hold all the apparatus, and on the back of the box may
be held the antennz. Screw-eyes that will just take five-
sixteenths “dowels” will do very nicely as a means of
support, when screwed into the back of the box. Dowels
are 3 feet long, and if you join two dowels by means
of an ordinary spool, as shown at J, you can support an-
tenna that will do for short distances.

159
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Fig. 147 shows details of the method of insulating the
wire antenna from the dowels. D is the dowel, to the end
of which is screwed a piece of wood, W, 2x14x3-16 inch.
A rubber band, RB, acts as insulator, and to this is tied
the end of the wire, A. This wire should be insulated

to keep the energy of the oscillating
currents from being wasted in the air
D without producing vigorous electric-
waves. The waves themselves will
easily pass through the insulation on

e S

the wire.
y If experimenting in a building, the
ends of the antenne may be tied to
. dry strings which, in turn, may be
Fig. 147 fastened to the wall. Rubber bands

may be used if preferred. If you wish
to have your apparatus out of doors, the ends of the
antennz may be held up by placing poles at the ends or
by fastening to trees by means of insulators.

249. Aerials are vertical antenna and are most fre-
quently used. A great deal of time and money has
been spent upon experiments to ascertain the requirements
as to length, etc., and various methods of construction
have been used by different companies.

Several investigators have ascertained that the length
of an aerial should be one-fourth the length of the elec-
tric-wave emitted. It was soon found that the higher
the aerial the longer the sending distance. By experi-
ment it was found that the distance through which sig-
nals may be sent varies as the square of the length of
the aerial ; that is, if an aerial 20 feet high, with a certain
apparatus, will send a signal one mile, one 40 feet high
will send it four miles. Forty is two times twenty, and
the square of two is four.
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Many ways are used to support aerials for distance
telegraphy, and great care is used to thoroughly insulate
the wires from the supports. The aerial wires themselves
are also insulated, in order to keep the high-voltage oscil-
latory currents from losing a part of their energy in the
air.

Several parallel wires are sometimes used as aefials,
their lower ends being joined. These give a greater
radiating and collecting surface than one wire. Some
of the large companies use rectangular funnel-shaped
aerials, made up of many wires, all joined at the bottom
to lead to the receiving or sending apparatus, either of
which can be connected by means of a switch.

If you have nothing better, No. 18 annunciator wire
will do for short aerials. Rubber covered telephone wire
is also good. Glass bottles may be used for insulators,
if nothing better is to be had, and care must be taken to
have the aerial so thoroughly insulated that sparks can
not pass from it to the support.

- - - e e e me e ee - -

Fig. 148 Fig. 149

It is best to nail a short arm to the mast or pole, as
in Fig. 148, so that the aerial will be kept at a sufficient
distance from the body of the pole, for the high-voltage



162 WIRELESS TELEGRAPHY

secondary current from one spark-ball will endeavor to
cut across into the pole and back through the ground to
the other spark-ball.

For army purposes, aerial wires are sometimes held
in position by kites or balloons. For these purposes
aluminum wires are generally used on account of their
lightness.

250. Grounds. As in regular telegraphy, the ground
is made use of in wireless telegraphy to serve as a con-
ductor. When both stations are grounded, as indicated
in Fig. 149, in which S is the sending and R the receiving
station, it is evident that all that is lacking to com-
plete the circuit is the space between the aerials. This is
the space through which the electric-waves must travel,
and many think that the two aerials take the part of the
conducting surfaces of a huge condenser in which the
air acts as the dielectric. The wires leading to the
ground must also be very thoroughly insulated from all
surrounding objects. The ground plates should be placed
in damp ground to insure good connection with the earth.



CHAPTER XXV
MISCELLANEOUS AIDS

251. Telegraphic Codes. The Morse and the Continen-
tal codes are the two principal ones in use for wireless
work. The Morse code consists of dots, dashes and
spaces, as shown in Fig. 150. (See “Fun With Teleg-

A B c - D E F ¢
‘SmS wEEEE BEE GEEE ©§ SESE wmEms
H I J K L M N
SENR SR EEEGEE EEESE SN WIS &R
o P Q R S T U

v w X Y / &
SESER UENEN WENES &E EF WENE E u BED

1 2 8 4 5
SESEEE UPEEGE GENNEENR SEEEEE EEERER
6 7 8 9 0

Fig. IS50—THE MORSE TELEGRAPH ALPHABET
raphy” for details and suggestions for learning to tele-
graph.) In this figure punctuation marks are not given,
as the student will have but little occasion to use them.
The Continental code has no spaced letters, and this
163
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fact makes it better adapted for wireless purposes than

the Morse code.

252. Tripod Sending Station Support. Fig. 151 shows

how a sending outfit

may be conveniently fas-
tened to a strong camera
tripod. The top only is
shown. For out-of-door
experiments this makes
a handy arrangement.
The author wused the
threaded brass casting
from an old camera and

Fig. 151

fastened it to the under side of a board, which served as
the base to which the coil and batteries were fastened;

Fig. 152

in other words, the board
is held to the tripod in
place of the camera.
Antennz are not shown
in the illustration, but
these may be attached
to the oscillator and
held as previously ex-
plained. The batteries
are held to the board by
No. 18 annunciator wire,
which is passed over
them and through holes
in the board, on the un-
der side of which they

are twisted. The key and coil should be screwed to
the board so that the whole outfit may be handled as

a unit.
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253. Box Sending Station Support. Fig. 152 shows
"a convenient way to hold your sending outfit. When the
various parts are screwed to the box the whole may be
moved from place to place without trouble. Almost any
ordinary box may be used, but it is an advantage not
to have it too large on account of its weight and the
space occupied.

In this illustration the spark-well, sparkless key, bat-
teries and coil are joined in the same manner as previ-
ously described. The antennaz are about 3 feet long

~and these are supported and insulated as suggested, ex-
cept that the two screw-eyes that hold the dowels are
near each other and on top of the box. The position of
the dowels can be adjusted by turning the screw-eyes in
or out a little. The wires should be made about level,
and by insulating them as previously explained they will
serve as small wave catchers. The spark-well shown.is
a little different from that described, but it is made on
the same general plan, and it is mounted upon a base for
convenience, metal straps being used to hold it in place.

254. Door Receiving Station Support. For students
who have but limited room for their apparatus, a door
may be used to support the entire receiving apparatus.
The author uses a closet door, in the city, placing the
apparatus on the inside of the door at a convenient height.
Upon opening the door, the apparatus swings out into
the room, and upon closing it the apparatus is immedi-
ately out of sight and away from inquisitive eyes and
hands. For indoor experiments this does very well and
much space is saved.

Fig. 153 gives a suggestion as to how some of the ap-
paratus may be arranged. The student can use his own
judgment in fixing his apparatus, and various plans may
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be used in connection with switches to operate numerous
devices.

In Fig. 153 are shown the following: Coherer, C;
decoherer, D; relay, R;
switches, SS; astatic gal-
vanoscope, A G; battery
operating relay, B; local
battery operating decoher-
er, LB; spark-well, SW;
wire for aerial, A ; wire act-
ing as ground, G. A part
only of the door is shown.

In case you do not wish
to put too many screws in-
to the door, the whole ap-
paratus may be fastened

Fig. 153 to a wooden frame-work’
which, in turn, may be held to the door by two or three
screws. An old drawing board or even a bread board
will do.

The antenna shown are each about 3 feet long; but
these are sufficient for experiments in the room and
you will find that they aid in catching the electric-waves.
- You may take No. 18 annunciator wire for this, and
screw-eyes may be used to hold the wire in position.

Small dry cells may be used for this outfit as they are
lighter and more easily held to the door than the regular
size. Small cells may be held to the door by screwing a
metal strap, S, over them, as shown in Fig. 154, which
also shows an angle strap, A, placed under the cell. The
various parts of the apparatus should have holes in the
bases for receiving screws. Care should be taken to
avoid short circuits by using well-insulated wire for con-
nections.
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255. Box Receiving Station Support. We have al-
ready shown how a sending station may be held in posi-
tion upon a box. The receiving stations for experimental
outfits may also be conveniently held by using an ordinary
box, as shown in Fig. 155. The coherer, relay, deco-

Fig. 154 Fig. 155

herer, spark-well, astatic galvanoscope, switches, etc.,
may be fastened to the box. In this figure the antenna
are about 3 feet long, being insulated from the sup-
ports as explained. It is a good idea to also have a switch
in the spark-well circuit so that the outfit may be tried
both with and without the “well.” It is always conve-
nient to place a switch in the other circuits so that the
current may be controlled at will.

An astatic galvanoscope is a great help to the student,
as it shows at a glance what is going on in the coherer
circuit. Very slight changes in the resistance of the metal
filings are shown by the galvanoscope, even when an
ordinary relay does not respond.

Longer antennz than those shown may be used as
elsewhere suggested, or these may be replaced by aerials
and grounds for longer distances.
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INDEX

Numbers refer to paragraphs.

See Table of Contents for the

various experiments.

Accessories, home-made, Chap.
XXII.

Aerials, Chap. XXIV.

Air-waves, 14, 17; Exp. 4.

Alternating currents, 109.

Amplitude, 41.

Antennz, 248.

Anti-coherers, Chap. XX.

Apparatus, miscellaneous,
Chap. XXI.

Auto-coherers, Chap. XX.

Barretter, Fessenden's, 218.
Bases, for coherers, etc., 19I.
Bolometer.

Branly.

Capacity, electric, 244; Exp.
47, 48.

Choking coils, 222.

Codes, telegraphic, 251.

Coherer, 137, 138, 176 ; experi-
ments with, Chap. XV.,
home-made, Chap. XVIII.;
filings for, 192.

Coils, choking, 222.

Condensation of electrification;
Q0.

Gondenser, go,
Exp. 21.

Conductor-plugs, 189.

Contact-breaker, Exp. 20.

Contacts, resistance of, 206;
Exp. 40; and electric-
waves, 209.

94, 127, 247;

Cores, of coils, Exp. 18.

Current and magnetism, 236.

Currents, direct and alterna-
ting, 109; secondary, 71, 81;
self-induced, 115; transfor-
mation of, 76.

Decoherers, experiments with,
Chap. XVI.

Decohering, 142; by bell, 171.

De Forest, transmitters, 130;
responders, 217.

Detectors, electrolytic, 216;
magnetic, 214; for water-
waves, 13; various, Chap.
XX.

Diagram, of waves, 34; of os-
cillations, 108.

Discharges, conductive, 124;
convective, 123; disruptive,
125.

Electric, field, Exp. 15; spark,
97; machines, 128; oscil-

lations, 110,
Electric-waves, 96, Chap. X.;

stationary, 101; and light-
waves, 102; production of,
Chap. XIII.; detection of,
139, Chap. XIV.; experi-
ments, Chap. XVIIL.; reflec-
tion of, 179; refraction of,
180; polarization of, 181;
scientific experiments, 182;

Exp. 38, 39. 2o
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Electricity, action of static
through space, Chap. VII.;
static, Exp. 13, 14, 15; in-
duced, 71; Exp. 174 cur-
rent, action through space,
Chap. VIII.

Electrolytic detectors, 216.

Electromagnetism, 69.

Electrophorus, 62, 63, 126.

Energy, 27; Exp. 7; actual and
potential, 104.

Ether, 33, 37, 38, Chap. IV.;
whirls in, 56, 58, 59; Exp.
12; and magnetism, 55.

Eye, electric, 45; chemical, 45;
human, 41, 131.

Faraday, Michael, 38.

Fessenden, 214; hot-wire bar-
retter, 218.

Field, magnetic, 48; electric,
65; Exp. 15.

Filings, cohesion of, 137; effect
of spark upon, Exp. 25;
for coherers, 192; resist-
ance of, 134; Exp. 24.

Force, lines of, 50.

Frequency of oscillations, 111,
I12.

Glass tubing, 1g0.
Grounds, 250.

Heat, radiant, 33.

Heat-waves, 33.

Hertz, 38, 97, 101, 116, 177.

Home-made accessories, Chap.
XXII.; auto-coherers,
Chap. XIX.; coherers,
Chap. XVIII.; condensers,
230; oscillators, 228, 229;
sparkless key, 227.

INDEX

Huygens, Christian, 38.

Induced electricity, 66, 67, 71;
Exp. 17.

Induced magnetism, 52; Exp.
1.

Induction-coil, 78, 129, Chap.
IX.; Exp. 19; experiments,
Chap. XXIII.; condensers
for, 94; connections, 95.

Induction Telegraphy, 72.

Interference of waves, 9, 99.

Interrupter, automatic, 84; elec-
trolytic, 86; miscellaneous,
87, vibrating, 85.

Investigators, early, 38,

Keys, 219; telegraph,
other keys, 221.

220;

Light, 39, Chap. V.; reflection
of, 42; refraction of, 43, 44;
polarization of, 46.

Light-waves, 40, 102.

Lodge’s oscillators, 117.

Magnetic field, >47. 48, 52; Wxp.
8, 9, 10.
Magnetic permeability, 7s.

Magnetism, action through
space, Chap. VI.; and-
ether, 55.

Marconi, transmitter, 130, 139;
magnetic detector, 214, 215.

Matter, ordinary, 24.

Maxwell, James Clerk, 38.

Molecular vibrations, 25.

Molecules and waves, 28.

Motion in water-waves, 29.

Newton, Sir Isaac, 38.
Nodes and Loops, 100.
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Oil Spark-gap, I119.

Oscillations, of pendulum, 103;
in matter, 105; persistent,
106; damped, 107; shown
by diagram, 108, electric,
110; frequency of, 111, 112,

Oscillator, 97, 113, Chap. XII.;
systems, 114, 115, 116, 117,
118, 120, I21.

Oscillating currents, Chap. XI.

Permeability, magnetic, 75.

Polarization, of light, 46; of
electric-waves, 181;in mag-
nets, 54.

Radiant energy, 39; heat, 45;
electric-waves, g6.

Receivers, telephone, 225,

#Réceiving-station, support for,

254, 255.

Reflection, of light, 42; of elec-
tric-waves, 179.

Refraction, of light, 43, 44; of
electric-waves, 180.

Register, Morse, 226.

Relays, 172, 173, 176, 223, 224.

Resonator, g7, 101.

Ripples, 7.

Secondary currents, 71, 81.

Self-induced currents, Exp. 22;
shocks by, 165.

Sending station, support for,
252, 253.

Shields, metal, 185.

Signals, over water, II.

Sound, 19; through liquids, 2r1;
through solids, 23 ; and air
particles, 30.

Sound-waves, 18; Exp. 5, 6.

171

Spark, Exp. 45, 46; small, 159.
Sparking, at contact-points,
162; Exp. 34, 35.
Spark-gap, oil, 119.
Spark-well, 166, 167, 168.
Spectrum, 43; invisible, 45;
ultra-violet, 45; visible, 44.
Static electricity, Chap. VII.
Static induction, 6.
Stationary wave§, 100.

Telegraphy, induction, 72.
Telephone, receiver with auto-
coherer, 225; Exp. 42.

Tourmaline, 46.

Transformation of currents, 76.

Transformers, direct currents
through, 77, 78, 130.

Vibrations, longitudinal, 29, 31;
molecular, 25; transverse,
32.

Water-waves, 6, 8; Exp. 1, 2, 3;
motion of molecules in, 29;
detector for, 12.

Waves, in solids, liquids and
gases, Chap. IV.; and
molecules, 28; amplitude
of, 36 ; length of, 35; elec-
tric, g6, Chap. X.; electric-
waves and contacts, 209;
interference of, 9, 99 ; sta-
tionary, 100, I10I; air-
waves, 14, 17;; Exp. 4;
sound-waves, 18; Exp. s,
6; heat-waves, 33.

Wave-motion, Chap. III.

Wires, as carriers, 149.

Wireless Telegraphy, various
methods, 1, 2, 3, 4, 5.
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o TO RETAIL CUSTOMERS. »#

CASH must accompany all orders.

HOW TO SEND MONEY. There are four ways by

which money can be safely sent by mail :—by Post-
Office Money-Order, by Express Money-Order, by
Bank Draft on New York ; and, when none of these
can be had, by Registered Letter. Money sent in
any other way must be at your own risk.
One and 2 cent stamps taken for amounts less than
$1.00. Do not stick stamps upon paper. If you
send them, place them between layers of paraffine
paper. If silver coins are sent, they should be
wrapped in stiff paper before placing them in the
envelope. '

PLEASE DO NOT send personal checks on local
banks. ‘They cause delay, and we shall be obliged
to charge you with the exchange.

WE PREFER Post-Office Money-Orders. For sums not
exceeding $2.50, these cost but three cents. This is
the very best way ; you have a receipt, and there is
no delay. ‘

METHODS OF SENDING GOODS. We usually
send goods by mail, post-paid, or by express, charges
prepaid.

No small orders sent C. O. D.

No goods sent C. O. D. unless cash amounting to
one-third of the bill is sent with the order ; then the
collection charges of the express company must be
added to the bill.

PRICES. The retail prices given include packing and
cartage, postage or express charges. Discounts
given o» large orders.



REAL ELECTRIC TOY-MAKING
FOR BOYS

By THOMAS M. ST. JOHN, Met. E.

This book contains 140 pages and over one hundred
original drawings, diagrams, and full-page plates.
It measures 5 x 7% in., and is bound in cloth.

Price, post-paid, $1.00

CONTENTS: Chapter 1. Toys Operated by Permanent
Magnets.—II. Toys Operated by Static Electricity.—III. Mak-
ing Electromagnets for Toys.—IV. Electric Batteries.—V. Cir-
cuits and Connections.—VI. Toys Operated by Electromagnets.
VII. Making Solenoids for Toys.—VIII. Toys Operated by
Solenoids.—IX. Electric Motors.—X. Power, Speed, and Gear-
ing.—XI. Shafting and Bearings.—XII. Pulleys and Winding-
Drums.—XIII. Belts and Cables.—XIV. Toys Operated by
Electric Motors.—XV. Miscellaneous Electric Toys.—XVI. Tools.
—XVII. Materials.—XVIII. Various Aids to Construction.

While planning this book, Mr. St. John definitely decided that
he would not fill it with descriptions of complicated, machine-
made instruments and apparatus, under the name of ‘ Toy-
Making,” for it is just as impossible for most boys to-get the
parts for such things as it is for them to do the required machine
work even after they have the raw materials.

Great care has been taken in designing the toys which are
described in this book, in order to make them so simple that
any boy of average ability can construct them out of ordinary
materials. The author can personally guarantee the designs,
for there is no guesswork about them. Every toy was made,
changed, and experimented with until it was as simple as pos-
sible; the drawings were then made from the perfected models.

As the result of the enormous amount of work and experiment-
ing which were required to originate and perfect so many new
models, the author feels that this book may be truly called
‘“ Real Electric Toy-Making for Boys.”

Every Boy Should Make Electrical Toys.



HOW TWO BOYS MADE THEIR OWN
ELECTRICAL APPARATUS
By THOMAS I1. ST. SJOHN, Met. E.
Fourth Edition Price, post-paid, $x.00

This book contains 141 pages, 125 illustrations, and direc-
tions for making 152 pieces of apparatus. Size, 5x7%; red
cloth.

CONTENTS : Chapter 1. Cells and Batteries.—II. Battery Fluids and Solu-
tions.—I1I. Miscellaneous Apparatus and Methods of Construction.—IV.
Switches and Cut-Outs.—V. . Binding-Posts and Connectors.—VI. Permanent
Magnets.—VII. Magnetic Needles and Compasses.—VIII. Yokes and Arma-
tures.—IX. Electro-Magnets.—X. Wire-Winding Apparatus.—XI. Induction
Coils and Their Attachments.—XII. Contact Breakers azd Current Interrupt-
ers.—XIII. Current Detectors and Galvanometers.—XIV. Telegraph Keys and
Sounders.—XYV. Electric Bells and Buzzers.—XVI. Commutators and Current
Reversers.—XVII. Resistance Coils.—XVIII. Apparatus for Static Electricity.
—XIX. Electric Motors.—XX. Odds and Ends.—XXI. Tools and Materials.

*The author of this book is a teacher and writer of great ingenuity, and we
imagine that the effect of such a book as this falling into juvenile hands must
be highly stimulating and beneficial. It is full of explicit details and instruc-
tions in reﬁ?rd to agreat variety of apparatus, and the materials required are
all within the compass of very modest pocket-money. Moreover, it is system-
atic and entirely without rhetorical frills, so that the student can go right
along without being diverted from good helpful work that will 1 him to
build useful apparatus and make him understand what he is about. Fhe draw-
iélgs _are plain and excellent. We heartily commend the book."—Electrical

gineer.

“Those who visited the electrical exhibition last May cannot have failed to
notice on the south gallery a very interesting exhibit, consisting, as it did, of
electrical apparatus made by boys. The various devices there shown, compris-
ing electro-magnets, telegraph keys and sounders, resistance coils, etc., were
turned out by boys following the instructions given in the book with the above
title, which is unquestionably one of the most practical little works yet written
that treat of similar subjects, for, with but a limited amount of mechanical
knowledge, and by closely following the instructions given, almost any elec-
trical device may be made at ver{lsmall expense. That such a book fills a long-
felt want may be inferred from the number of inquiries we are constantly re-
ceiving from %elrsons desiring to make their own induction coils and other
apparatus.”—Electricity.

** At the electrical show in New York last May one of the most interesting
exhibits was that of simple electrical apparatus made by the boys in one of the
private schools in the city. Thisapparatus, made by boys of thirteen to fifteen
years of age, was from designs by the author of this clever little book, and it
was remarkable to see what an ingenious use had been made of old tin tomato-
cans, cracker-boxes, bolts, screws, wire, and wood. With these simple mate-
rials telegraph instruments, coils, buzzers, current detectors, motors, switches,
armatures, and an almost endless variety of apparatus were made. Inhisbook
Mr. St. John has given directions in simple language for making and using
these devices, and has illustrated these directions with admirable diagrams
and cuts. The little volume is unique, and will prove exceedingly helpful to
those of our young readers who are fortunate enough to possess themselves of
a copy. For schools where a course of elementary science is taught, no better
tﬁ’xt-&ook in the first steps in electricity is obtainable.”—The Great Round

orld.

THOIMMAS M. ST. JOHN, 848 Ninth Ave., New York
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The Study of Elementary
Electricity and Magnetism
- by Experiment
By THOMAS M. ST. JOHN, Met. E.
SECOND EDITION. Price, postpaid, §1.25.

The book contains 220 pages and 168 illustrations. It measures
5x7Y3 in., and it is bound in green cloth.

CONTENTS: Pdrt 1. Magnetism.—Chapter 1. Iron and Steel.—II. Mag-
nets.—11I. Induccd Magnetism.—IV. The Magnetic ¥ield.~—V. Terrestrial Mag-
netism. Partll. Static Electricity.—VI. Electrification.—VII. Insulators and
Conductors—VI1II. Charging and Discharging Conductors.—IX. Induced Elec-
trification.—X. Condensation of Electrification —XI. Electroscopes.—XII.
Miscellaneous Experiments.—XIII. Atmospheric Electricity. Part 1. Cur-
rent Electricity.—XIV. Construction and Use of AIpIpars.tus.—XV. Galvanic
Cells and Batteries.—XVI. The Electric Circuit.—XVII. Electromotive Force.
—XVIII. Electrical Resistance.—XIX. Measurement of Resistance.—XX. Cur-
rent Strength.—XXI. Chemical Effects of the Electric Current.—XXII. Elec-
tromagnetism. — XXIII. Electromagnets.—XXIV. Thermoelectricity. —XXV.
Induced Currents.—XXVI. The Production of Motion by Currents.—XXVII.
Applications of Electricity.—XXVIII. Wire Tables.—Apparatus List.—Index.

This is a text-book for amateurs, students, and others who
want to take up a systematic course of electrical experiments at
home or in school. It will give a practical and experimental
knowledge of clementary electricity, and thoroughly prepare

students for advanced work. Full directions are given for

TWO HUNDRED EXPERIMENTS.

The experiments and discussions are so planned that the
student is always prepared for what follows. Although the ex-
periments may be performed with the apparatus that is usually
found in school laboratories, the author has designed a complete
set of apparatus for those who want to have their own outfit.

If you want to take up a systematic course
of experiments—experiments that will build a
lasting foundation for your electrical knowl-
edge—this book will serve as a valuable guide.



Electrical Apparatus For Sale

A COMPLETE ELECTRIC AND MAGNETIC
CABINET FOR STUDENTS, SCHOOLS AND
AMATEURS. SOME EXTRAORDINARY OFFERS

This Cabinet of Electrical Experiments contains three main
parts: (4) Apparatus ; (B) Text-Book ; (C) Apparatus List.

(4) The Apparatus consists of one hundred and five pieces,
which are made up of over three hundred separate articles (see
‘“Condensed List”). The outfit is ready for use when received,
—a few simple adjustments, perhaps, being necessary. This set
of apparatus can be used over and over again for years, and it is
in every way practical for regular laboratory work.

(B) The Text-Book—called ‘‘ The Study of Elementary Elec-
tricity and Magnetism by Experiment’—gives full directions for
two hundred experiments. (See Table of Contents.) Price, $1.25.

(C) The Apparatus List is an illustrated Detail-Book, which is
devoted entirely to this special set of apparatus.

These Outfits have been of gradual growth, as they are the
result of years of actual work with students. Changes have
been recently made jn some of the pieces, and in placing the im-
proved apparatus upon the market Mr. St. John feels that he is
giving a great deal for the money.

If you want to build a lasting foundation for your electrical
studies, you will find this course of experiments of the greatest
value.

Offer No. I: Pieces I t0 50.......ciiiiiiniinnnnnnnnnnnnnn $1.00
Offer No. 4: Pieces 51 to 105, with part (C).............. 4.00
Offer No. §: Pieces 1 to 105, with part (C)............... 5.00
Offer No. 6: Complete Cabinet, parts (4), (B), (0)........ 6.25

Express charges must be paid by you. Estimates given.

Special Discount. To those who order the entire outfit at one
time (Offer No. 6) the special price of $5.60 will be given. This
discount of 65c. will, in most cases, pay the greater part of the
express charges.

A ‘“ New Special Catalogue,’” which pertains to the above, will
be mailed upon application.

THOTTAS M, ST. JOHN, 848 Ninth Avenue, New York City



THINGS A BOY SHOULD KNOW
ABOUT ELECTRICITY.

By THOMAS M. ST. JOHN, Met. E.

The book contains 180 pages, and 260 illustrations; it measures
§x 7% in., and is bound in cloth.

CONTENTS : Chapter 1. About Frictional Electricity.—II. About Magnets
and Magnetism.—III. How Electricity is Generated by the Voltaic Cell.—IV.
Various Voltaic Cells.—V. About Push-Buttons, Switches and Binding-Posts.—
VI. Units and Apparatus for Electrical Measur ts.—VII. Chemical Effects
of the Electric Current.—VIII. How Electroplating and Electrotyping are
Done.—IX. The Storage Battery and How it Works.—X. How Electricity is
Generated by Heat.—XI. Magnetic Effects of the Electric Current.—XII. How
Electricity is Generated by Induction.—-XIII. How the Induction Coil Works.
—XIV. The Electric Telegraph, and How it Sends Messages.—X V. The Electric
Bell and Some of its Uses.—XVI. The Telephone, and How it Transmits Speech.
_XVIIL How Electricity is Generated by Dynamos. —XVIII. How the Electric
Current is Transformed.—XIX. How Electric Currents are Distributed for
Use.—XX. How Heat is Produced by the Electric Current.—XXI. How Light
is Produced by the Incandescent Lamp.—XXII. How Light is Produced by the
Arc Lamp.—XXIII. X-Rays, and How the Bones of the Human Body are Photo-
graphed.—XXIV. The Electric Motor and How it Does Work.—XXV. Electric
Cars, Boats and Automobiles.—XXVI. A Word About Central Stations.—
XXVIL Miscellaneous Uses of Electricity.

This book explains, in simple, straightforward language, many
things about electricity; things in which the American boy is in-
tensely interested; things he wants to know; things he should
know.

It is free from technical language and rhetorical frills, but it
tells how things work, and why they work.

It is brimful of illustrations—the best that can be had—illus-
trations that are taken directly from apparatus and machinery,
and that show what they are intended to show.

This book does not contain experiments, or tell how to make
apparatus; our other books do that. After explaining the simple
principles of electricity, it shows how these principles are used
and combined to make electricity do every-day work.

Everyone Should Know About Electricity.

A VERY APPROPRIATE PRESENT



Wi ireless Telegrap_hy |

For Amateurs and Students
By THOMAS M. ST. JOHN, Met. E.

The book contains 172 pages and over one hundred and
fifty drawings and photographs; it measures 5 x 7% in.;
bound in cloth.

Price, post-paid, $1.00

CONTENTS: Chapter 1. Early Methods of Wireless
Telegraphy.—II. Waves in Solids, Liquids, and Gases.—III.
Wave-motion.—IV. Ether.—V. Light and Light-waves.—VI.
Action of Magnetism through Space.—VII. Action of Static
Electricity through Space.—VIII. Action of Current Elec-
tricity through Space.—IX. The Induction-coil.—X. Electric-
waves.—XI. Oscillating Currents.—XII. Electric Oscillators.
—XIII. Production of Electric-waves.—XIV. Detection of
Electric-waves.—XV. Experiments with Coherers.—XVI. Ex-
periments with Decoherers.—XVII. Electric-wave Experiments.
—XVIII. Home-made Coherers.—XIX. Home-made Auto-
coherers. — XX. Anti-coherers and Other Detectors.—XXI.
Miscellaneous Apparatus.—XXII. Home-made Accessories.—
XXIII. Induction-coil Experiments.— XXIV. - Aerials and
Grounds.—XXV. Miscellaneous Aids.

This book is designed especially for students and others who
want to get a practical and theoretical knowledge of wireless
telegraphy, and for those who want to experiment without being
obliged to buy the expensive apparatus usually required. Full
details are given for making, at small cost, nearly everything
that will be needed.

There is nothing more fascinating than wireless telegraphy
for those who are interested in scientific subjects, and the young
man or boy who takes it up from an experimental standpoint—
making the greater part of his own apparatus—has a great ad-
vantage over those who merely have information from books.

Any young man who wants to get at the root of the matter and
build up a solid foundation of theoretical and practical informa-
tion will find this book a great help—no matter what other books
he may have upon the subject. :

It tells what to make and how to 'make it; what to use and how to
use it; and besides, it is full of practical experiments, directions,
and discussions.




Fun With Magnetism.

BOOK AND COMPLETE OUTFIT FOR SIXTY.
ONE EXPERIMENTS IN MAGNETISM . . « &

Children like to do experiments; and in this way, better than in
anmggr, a practical knowledge of the elements of magnetism may be
ob

These experiments, although arranged to amuse boys and girls,
have been found to be very usgful in the class-room to supplement
the ordinary exercises given in text-books of science.

To secure the best possible dquah‘ty of apparatus, the horseshoe
magnets were made at Sheffield, England, especially for these sets.
They are new and strong. Other parts of the apparatus have also
been selected and made with great care, to adapt them particularly
- to these experiments.—From the author’s preface.

CONTENTS. — Experiments With Horseshoe Magnet. — Experiments
With Magnetized Needles.—Experiments With Needles, Corks, Wires, Nails,
etc.—Experiments With Bar Magnets.—Experiments With Floating Magnets.
—Miscellaneous Experiments.—Miscellaneous Illustrations showing what very
small children can do with the Apparatus.—Diagrams showing how Magnetized *
Needles may be used by little children to make hundreds of pretty designs
upon paper.

AMUSING EXPERIMENTS._gomething for Nervous People to
Try.~The Jersey Mosquito.—The Stampede.—The Runaway.—The Dog-fight.
~—The Whirligig.—The Naval Battle.—A String of Fish.—A Magnetic Gun.—A
Top Upsidedown.—A Magnetic Windmill. —A Compass Upsidedown.— The
Magnetic Acrobat.—The Busy Ant-hill. —The Magnetic Bridge.—The Merry-go-
Round.—The Tight-rope Walker.—A Magnetic Motor Using Attractions and

Repulsions.

The Book and Complete Outfit will be sent, Post-paid,
upon receipt of 35 Cents, by

THOITAS M. ST. JOHN, 848 Ninth Avye,, New York.



Fun With Electricity.

BOOK AND COMPLETE OUTFIT FOR SIXTY
EXPERIMENTS IN ELECTRICITY ¢« ¢« ¢ o o

Enough of the principles of electricity are brought out to make

the book instructive as well as amusing. The experiments are

tematically arranged, and make a fascinating science course. No
chemicals, no danger.

The book is conversational and not at all ‘‘schooly,” Harry and
Ned being two boys who perform the experiments and talk over the
results as they go aloni. )

‘“The book reads like a story.”—‘‘An appropriate present for a
boy or girl.”—*‘ Intelligent parents will appreciate * Fun With Elec-
tricity.” ”—**Very complete, because it contains both book and
apparatus.”—* There is no end to the fun which a boy or girl can
have with this fascinating amusement.” :

THERE IS FUN IN THESE EXPERIMENTS. Chain Light-
ning.—An Electric Whirligig.—The Baby Thunderstorm.—A Race with Elec-
tricity.—An Electric Frog Pond.—An Electric Ding-Dong.—The Magic Finger.
—Daddy Long-Legs.—Jumping Sally.— An Electric Kite.—Very Shocking.—
Condensed Lightning.— An Electric Fly-Trap.—The Merry Pendulum.—An
Electric Ferry-Boat.—A Funny Piece of Paper.—A Joke on the Family Cat.—
Electricity Plays Leap-Frog.—Lightning Goes Over a Bridge.— Electricity
Carries a Lantern.—And 40 Others.

. The OUTFIT contains 20 different articles. The BOOK OF INSTRUC-
TION measures 5 x 7% inches, and has 38 illustrations, 55 pages, good paper
and clear type. .

o

The Book and Complete Outfit will be sent, by mail or

express, Charges Prepaid, upon receipt of 65 Cents, by
.



FUN WITH SHADOWS

BOOK AND COrPLETE OUTFIT FOR SHADOW PIC-
TURES, PANTOIIINES, ENTERTAINMENTS, Etc., Etc.

[ Y

Shadow Making has been a very popular amuse-
ment for several centuries. There is a great deal of fun
and instru®ion in it, and its long life is due to the fa&
that it has always been a source of keen delight to grown
people as well as to children. : :

In getting material together for this little book, the
author has been greatly aided by English, French and
American authors, some of whom are professional shadow-
ists. It has been the author’s special effort to get the
subjec and apparatus into a practical, cheap form for
boys and girls.

THE OUTFIT contains everything necessary for all ordinary shadow
pictures, shadow entertainments, shadow plays, etc. The following articles
are included:

. One book of Instructions called * Fun with Shadows; 1 Shadow Screen;

2 Sheets of Tracing Paper; 1 Coil of Wire for Movable Figures; 1 Cardboard
Frame for Circular Screen; 1 Cardboard House for Stage Scenery; 1 Jointed
‘Wire Fish-pole and Line; 2 Bent Wire Scenery Holders; 4 Clamps for Screen;
1 Wire Figure Support; 1 Wire for Oar; 2 Spring Wire Table Clamps; 1 Wire
Candlestick Holder; 5 Cardboard Plates containing the following printed figures
that should be cut out with shears: 12 Character Hats; 1 Boat; 1 Oar-blade; 1
Fish; 1 Candlestick; 1 Cardboard Plate containing printed parts for making
movable figures.

CONTENTS OF BNOK: One Hundred Illustrations and Diagrams, includ-
ing Ten Full-page Book Plates, together with Six Full-page Plates on Cardboard.

Chapter 1. Introduction.—II. General Instructions.—III. Hand Shadows of
Animals.—IV. Hand Shadows of Heads, Character BPaces, etc.—V. Moving
Shadow Figures and How to Make Them.—VI. Shadow Pantomimes.—VII.
Miscellaneous Shadows.

The Book and Complete Outfit will be sent, POST-PAID,
upon receipt of 35 cents, by

THOMAS I1. ST. JOHN, 848 Ninth Avenue, New York City..




Fun With Puzzles.

BOOK, KEY, AND COMPLETE OUTFIT FOR
FOUR HUNDRED PUZZLES. . . . . . . .

The BOOK measures 5x7}% inches. It is well printed, nicely
bound, and contains 15 chapters, 80 pages, and 128 illustrations.
The KEY is illustrated. It is bound with the book, and con-
tains the solution of every puzzle. The COMPLETE OUTFIT
is placed in a neat box with the book. It consisis of numbers,
counters, figures, pictures, etc., for doing the puzzles.

CONTENTS : Chapter (1) Secret Writing. (2) Magic Triangles, Squares,
Rectangles, Hexagons, Crosses, Circles, etc. (3) Dropped Letter and Dropped
‘Word Puzzles. (4) Mixed Proverbs, Prose and Rhyme. (5) Word Diamonds,
Squares, Triangles, and Rhomboids. (6) Numerical Enigmas. (?) Jumbled
‘Writing and Magic Proverbs. (8) Dissected Puzzles. (9) Hidden and Concealed
Words. (10) Divided Cakes, Pies, Gardens, Farms, etc. (11) Bicycle and Boat
Puzzles. (12) Various Word and Letter Puzzles. (13) Puzzles with Counters.
(14) Combination Puzzles. (15) Mazes and Labyrinths.

‘“Fun With Puzzles ” is a book that every boy and girl should
have. It is amusing, instructive,—educational. It is just the thing
to wake up boys and girls and make them think. They like it,
because it is real fun. This sort of educational play should be given

in every school-room and in every home.

““Fun With Puzzles” will puzzle your friends, as well as yourself;
it contains some real brain-splitters. Over 800 new and original
puzzles are given, besides many that are hundreds of years old.

Secret Writing. Among the many things that ““F. W. P.” con-
tains, is the key to secret writing. It shows you a very simple way
to write letters to your friends, and it is simply impossible for others
to read what you have written, unless they know the secret. This,
alone is a valuable thing for any boy or girl who wants to have
some fun.

The Book, Key, and Complete Outfit will be sent, postpaid,
upon receipt of 35 cents, by

THOTAS M. ST. JOHN, 848 Ninth Avenue, New York City.



Fun With Photogram

BOOK AND COriPLETE OUTFIT.

PHOTOGRAPHY is now an educational amusement, and to
many it is the most fascinating of all amusements. The magic of
sunshine, the wonders of nature, and the beauties of art are tools
in the hand of the amateur photographer.

A great many things can be done with this outfit,and it will give
an insight into this most popular pastime.

THE OUTFIT contains everything necessary for making ordinary prints—
together with other articles to be used in various ways. The following things
are included: One Illustrated Book of Instructions, called ‘‘ Fun With Photog-
raphy;” 1 Package of Sensitized Paper; 1 Printing Frame, including Glass,
Back, and Spring; 1 Set of Masks for Printing Frame; 1 Set of Patterns for
Fancy Shapes ; 1 Book of Negatives (Patent Pending) Ready for Use ; 6 Sheets
of Blank Negative Paper; 1 Alphabet Sheet; 1 Package of Card Mounts; 1
Package of Folding Mounts ; 1 Package of ‘‘ Fixo.”

CONTENTS OF BOOK :—Chapter I. Introduction.—Photography.—Magic
Sunshine.—The Qutfit.—II. General Instructions.—The Sensitized Paper.—
How the Effects are Produced.—Negatives.—Prints.—Printing Frames.—Our
Printing Frame.—Putting Negatives in Printing Frame.—Printing.—Develop-
ing.— Fixing.— Drying.— Trimming.— Fancy Shapes.— Mounting.—IIl. Nega~
tives and How to Nake Them.—The Paper.—Making Transparent Paper.—
Making the Negatives.—Printed Negatives.—Perforated Negatives.—Negatives
Made from Magazine Pictures.—Ground Glass Negatives.—1V. Nature Photog=-
raphy.—Aids to Nature Study.—Ferns and Leaves.—Photographing Leaves.—
Perforating Leaves.—Drying Leaves, Ferns, etc., for Negatives.—Flowers.—
V. Miscellaneous Photographs.—Magnetic Photographs.—Combination Pic-
tures.,—Initial Pictures.—Name Plates.—Christmas, Easter and Birthday Cards.

The Book and Complete Outfit will be sent, by mail or
express, Charges Prepaid, upon receipt of 65 Cents, by

THOMAS TI1. ST. JOHN, 848 Ninth Ave., New York.



Fun With Soap-Bubbles.

BOOK AND COMPLETE OUTFIT FOR FANCY
BUBBLES AND FILMS . . . ¢« . ¢« . « « o ¢ o

THB OUTFIT contains everything ry for th ds of beautiful
bubbles and films. All highly colored articles have been carefully avoided, as
cheap paints and dyes are positively dangerous in children’s mouths. The
outflt contains the following articles:

One Book of Instructions, called * Fun With Soap-Bubbles,’’ 1 Metal Base for
Bubble Stand, 1 Wooden Rod for Bubble Stand, 8 Large Wire Rings for
Bubble Stand, 1 Small Wire Ring, 8 Straws, 1 Package of Prepared Soap, 1
Bubble Pipe, 1 Water-proof Bubble Horn. The complete outfit is placed in
a neat box with the book. (Extra Horns, Soap, etc., furnished at slight cost.)

CONTENTS OF BOOK.—Twenty-one Illustrations.—Introduction.—The
Colors of Soap-bubbles.—The Outfit.—Soap Mixture.—Useful Hints.—Bubbles
Blown With Pipes.—Bubbles Blown With Straws.—Bubbles Blown With
the Horn.—Floating Bubbles.—Baby Bubbles.—Smoke Bubbles.—Bombshell
Bubbles.—Dancin, ubbles.—Bubble Games.—Supported Bubbles.—Bubble
Cluster.—Suspended Bubbles.—Bubble Lamp Chimney.—Bubble Lenses.
—Bubble Basket.—Bubble Bellows.—To Draw a Bubble Through a Ring.
—Bubble Acorn.—Bubble Bottle.—A Bubble Within_a_ Bubble.—Another
Way.—Bubble Shade.—Bubble Hammock.—Wrestling Bubbles.—A Smokin
Bubble.—Soap Films.—The Tennis Racket Film.—Fish-net Film.—Pan-shapeﬁ
Film.—Bow and Arrow Film.—Bubble Dome.—Double Bubble Dome.—Pyra-
mid Bubbles.—Turtle-back Bubbles.—Soap-bubbles and Frictional Electricity.

“There is nothing more beautiful than the airy-fairy soap-bubble with its
everchanging colors.”

THE BEST POSSIBLE AMUSEMENT FOR OLD
. AND YOUNG.

The Book and Complete Outfit will be sent, POST-PAID,
upon receipt of 35 cents; by

THOMAS I'l. ST. JOHN, 848 Ninth Avenue, New York City.



Eun With Chemistry.

BOOK AND COMPLETE OUTFIT FOR SIMPLE,
FASCINATING EXPERIMENTS . . . . . .,

Chemistry is an extremely important subject; in fact, it is one
of the most practical of all the sciences.. The simple experiments
in this little book will serve as a start to get boys and girls inter-
ested in this most fascinating subject.

The experiments have been used by the author with young
boys for a number of years, and will be found excellent as a first
course in science. Children find such experiments so enjoyable
that they take pleasure in doing them over and over again.

FUN FOUND HERE.—From White to Black, or the Phantom Ship.—
Yellow Tears.—Smoke Pearls.—An Ocean of Smoke.—A Tiny Whirlwind.—A
Smoke Cascade.—An Explosion in a Teacup.—A Gas Factory in a Test-Tube.—
Making Charcoal —Flame Goes Over a Bridge.—A Smoke Toboggan-Slide.—
Fountains of Flame.—Making an Acid.—Making an Alkali.—A Chemical Fight.
—Through Walls of Flame.—An Artificial Gas Well. —A Lampblack Factory.—
Steam from a Flame.—The Flame that Committed Suicide.—Chemical Soup.
— A Baby Skating-Rink.— A Magic Milk-Shake. —The Wizard’s Breath.— A
Chemical Curtain.—Scrambled Chemicals.—And Many Other Experiments.

THE OUTFIT contains over 20 different articles, including
chemicals, test-tubes, adjustable ring-stand, litmus paper, filter
paper, glass tubing, etc.: in fact, everything needed for the forty-
one experiments. The Book of Instructions is fully illustrated,
and measures 5 x 714 inches.

The Book and Complete Outfit will be sent, by mail or
express, Charges Prepaid, upon receipt of 65 Cents, by

THOMAS I1. ST. JOHN, 848 Ninth Ave.,, New York.



Fun With Telegraphy

TWO OUTFITS FOR AMATEURS AND STUDENTS

Every boy can make use of telegraphy in one way or another, and the time
taken to learn it will be well spent—to say nothing about the fun. After
making and experimenting with about one hundred models, many of which
were good, Mr. St. John has at last perfected these outfits, which he can per-
sonally recommend. They are so practical and original that they are now
being made in large quantities—hence the low price.

The two outfits have the same general construction, although they differ
in details, each being designed for its special work. The *‘keys,” * sounders®
and *‘ binding-posts '’ are neatly mounted upon ebonized bases with nickel-
plated trimmings. No expensive gravity batteries are needed, for the sound-
ers are designed to work with dry batteries, which are clean, cheap, and per-
fectly safe. These outfits simplify the whole subject of amateur telegraphy
and make it a pleasure.

“FUN WITH TELEGRAPHY " is designed for local use as an ideal
‘ Learners’ Outfit ’ of one instrument. Two may be used from room to room,
but *“ No. 2 is better for regular line work.

Outfit: Illustrated Book of Instructions, called * Fun with Telegraphy " ;
Telegraph * Key» ; Telegraph ‘ Sounder’; Spring ‘ Binding-posts’’; Insu-
lated Wires for connections.

Price, post-paid, 50 cts; with dry cell, post-paid, 65 cts.

““ TELEGRAPHY NO. 2’ is designed for regular line work. The stations
may be several hundred feet apart, as the instruments are very sensitive in
operation. By means of an ingenious switch, either station may ‘ call” the
other at any time, even though the line is kept on *‘open circuit.” There is
absolutely no waste of current when the line is not in use, and this is certainly
a great advantage over the old fashioned methods which boys have heretofore
been obliged to use.

Outfit: Illustrated Book of Instructions, called ‘‘ Telegraphy Number
Two''; Telegraph ‘‘Key '’ ; Telegraph ‘ Sounder,” with high-resistance mag-
net, and an adjustable up-stop; Special * Switch » for controlling the batteries;
Nickel-plated Screw ** Binding-posts '; Insulated Wires for connections,

Price, post-paid, 75 cents; with two dry cells, $1.00

THOMAS M. ST. JOHN, 848 Ninth Ave., New York



Tool Sets for Students

The following tool sets have been arranged especially for those who wish to
make use of the designs contained in ‘* How Two Boys Made Their Own Elec-
trical Apparatus,” ‘" L Electric Toy-Making for Boys," ** Electric Instru
ment-Making," etc. It is very r economy to waste valuable time and
energy in order to save the cost of a few extra tools.

NOTE.—8ave money by buying your tools in sets. We do not pay exprees
or freight charges at the special prices below. .

FOR $1.00.—One Steel Punch,; round, knurled head.—One light Hammer;
polished, nickel-plated, varnished handle.—One Iron Clamp; japanned, 234 in.
—One Screw-Driver; tempered and polished blade, cherry stained hardwood

ndle, nickel terrule.—One Wrench; retinned skeleton tram&gilt adjustin,
wheel.—One Awl; tempered steel point, turned and stained w handle, wi
ferrule.—One Vise,; full malleable, nicely retinned, 13§ in. jaws, full malleable
screw with spring.—One pair Steel Pliers; 4 in. long, polished tool steel, un-
breakable, best grooved jaw.—One pair of Shears; carbonized steel blades,
hardened edge, nickel-plated, heavy brass nut and bolt.—One Ftle; trian, r,
good steel.—One File Handle; good wood, brass ferrule.—One Foot Rule;
varnished wood, has English and metric system.—One Soldering Set; contains
soldering iron, solder, resin, sal ammoniac, and directions. One Center-Punch;
finely tempered steel.

FOR $32.00.—All that is contained in the $1.00 set of tools, together with the
following: One pair of T¥nner's Shears; cut, in., cast iron, hardened, suit-
able for cutting thin metal.—One Hollow Handle Tool Set; very useful; pol-
ished handle holds 10 tools, gimlet, brad-awls, chisel, etc.—One Try Square;
6-in. blue steel blade, marked in 1gs, strongly riveted.—One 1-lb. Hammer ;
full size, polished hea&, wedged varnished hardwood handle.—One Hack Saw;
steel frame, 9%4-in. polished steel blade, black enamel handle; very useful.

FOR $3.50.—Two Steel Punches; different sizes, one solid round, knurled
head, polished; the other, point and head brightly polished, full nickel, center

art knurled.—One Light Hammer,; polished and nickel plated, varnished

andle.—One regular Machinist’s Hammer, ball peen, solid cast steel, with
varnished hardwood handle; a superior article.—Two Jron Clamps; one opens
214 in., the other 8 in., japanned.—One Screw-Driver ; tempered and polished
blade, firmly set in cherry stained hardwood handle with Lickel ferrule.—One
Wrench ; retinned, skeleton frame, gilt adjustin‘f wheel.—One Awl,; tempered
steel blade, A%round to point, firmly set in turned and stained handle with fer-
rule.—One Steel Vise; 2¥4-in., jaws, steel screw, bright polished jaws and han-
dle; a good strong vise.—One pair of Steel Pliers, 6in. long, bright steel, flat
nose, 2 wire-cutters, practically unbreakable.—One pair of ars, carbonized
steel blades, hardened edges, nickel Bhwd. heavy brass nut an& bolt.—One
File; triangular and of good steel.—One File Handle; wood, with brass
ferrule. —One Foot Rule: varnished wood, has both the English and metric sys-
tems.—One Soldering Set ; contains soldering iron, solder, resin, sal ammoniac,
and directions; a very handy article.—One Center-Punch ; finely tempe
steel.—One pair of Tinner's Shears; these are best e, inlaid steel cutting

8, polished and tempered, jagsnned handles; t! orou%}xl reliable.—One

Hollow Handle Tool Set,; very uselul; the polished handle holds 10 tools, gim-
let, chisel, brad-awl, etc.—One Try Sguare; 6-in. blue steel blade, ‘marked goth
sides in 3¢s, strongly riveted with brass rivets,.—One Hack Saw ,; steel frame
9%-in. polished steel blade, black enamel handle; very useful for sawing small
pieces of wood.

FOR $5.00 will be included everything in the §3.50 offer, and the follow-
ing: One Glue-Pot ; medium size, with brush and best wood glue ; inside pot
has hinge cover.—One Ratchet Screw-Driver ,.great improvement over ordinary
screw-drivers; well made and useful.—One Hand Drill; frame malleable iron;
hollow screw top holding 6 drills; bores from 1-16 to 8-16-in. holes; solid gear
teeth; 3-jawed nickel plated chuck; a superior tool, and almost a necessity.

GIVE THE BOY A SET OF TOOLS

THOMAS M. ST. JOHN, 848 Ninth Ave., New York



Published ¥y THOMAS M. ST. JOUN. New York

New Idea Tit-Tat-Toe.
A SPLENDID GAME FOR TWO, THREE,
OR FOUR PLAYERS . . . . +« « « « « &

Good Old Game Im-;
proved. " The regular game of l COMPLETE OUTFIT FOR
tit-tat-toe is a good old game
that has been played for ages. ' N l
It has its limits, though, and cw dca
hasnow lLeen greatly improved. . T T
New Idea Ti‘-g'l‘at-Toe contains Tlt" at‘ 0C
feat res—simple features, too—
that make it a much better game
than the old game.

The Game consists of a game board and twelve beau-
tifully colored men. Complete instruétions for playing
the different games are included in the neat box which
holds the outfit.

Just Think! Two, three, or four can play the New
Idea game. The players can work for themselves, or
they can play partners.

A Little Thought is necessary to play a real good
game—enough to make it interesting—not enough to
make it tiresome.

Parties. New Idea Tit-Tat-Toe is a splendid game
for children’s parties, young folk’s parties, old folk’s
parties. [Every one can play it—and enjoy it, as well.

Progressive Tit-Tat-Toe is New Idea Tit-Tat-Toe,
too. It has great advantages over all progressive games
with cards. It is a harmless game, a good game, and an
easy game to learn. It is the best game for children.

This enjoyable game will be sent, post-paid, upon receipt
of 15 cents, by

THOMAS 1. ST. JOHN, 848 Ninth Ave., New York.



The Electric Shooting Game

A MOST ORIGINAL AND FASCINATING GAME
PATENT APPLIED FOR AND COPYRIGHTED

SHOOTING BY ELECTTRICITY

The Electric Shooting Game is an entirely new
idea, and one that brings into use that most mysterious
something—electricity. 'The game is so simple that small
children can play it, and as there are no batteries, acids,
or liquids of any kind, there is absolutely no danger.
The eleéricity is of such a nature that it is perfedly
harmless—but very active.

The ‘‘game-preserve’’ is neat and attrative, being
printed in colors, and the birds and animals are well
worth hunting. Each has a fixed value—and some of
them must not be shot at all—so there is ample opportu-
nity for a display of skill in bringing down those which
count most.

¢ Electric bullets’’ are a®tually shot from the ‘¢ electric
gun’’ by eleéricity. This instruétive game will furnish
a vast amount of amusement to all.

The ‘‘ Game-Preserve,”’—the ‘‘ Electric Gun,’’—the ‘¢ Shoot-
ing-Box,’—the ‘¢ Electric Bullets,”’—in fact, the entire
electrical outfit, together with complete illustrated direc-
tions, will be sent in a neat box, Post-Paid, upon receipt
of 50 cents, by :

THOMAS M. ST. JOHN, 848 Ninth Ave., New York
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