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PREFACE

MANY of those attending classes with the intention of becoming
wireless operators have little, if any, preliminary knowledge of
electrical matters, or indeed of scientific phenomena in general.
Many amateurs, who are quite expert in the ordinary manipula-
tion of radio apparatus, miss much of the fascination of this
interesting hobby because they do not understand the fundamental
principles on which it is based.

The author, in the course of writing this Text-Book on Wire-
less Telegraphy, has always kept before his mind the special
requirements of such students.

Several excellent treatises on Radio-Telegraphy are at present
available; as a general rule, however, these deal with theoretical
considerations in a manner which can be thoroughly understood
only by those who have already become acquainted with the
theory of electrical science, and who understand, to some extent,
the significance of the technical terms associated therewith.

Time after time the author has been requested by students of
this subject to recommend to them an elementary text-book on
Eleotricity and Magnetism. It has always been with great
reluctance that the author has made any recommendation, and
that for several reasons :—

In the first place our elementary text-books are, for the most
part, hopelessly out of date; they juggle with one fluid, two
fluid, and atomic theories; they labour over Faraday’s crude
though pioneer experiments, and fog the practical student with
long dissertations on potential gradients or moments of complex
arrangements of magnets.

In the second place our elementary text-books are written to
serve as a preliminary to the study of general electrical engineer-
ing, and are not at all adapted to the elucidation of the principles
of energy radiation,

Lastly, no elementary text-book on magnetism and electricity
adequately introduces some of the most important phenomena
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applied to radio-telegraphic circuits, such as self-induction,
mutual induction, oscillatory currents, and the true significance
of magnetic or electric lines of strain in the all-pervading ether.

Therefore, in the opening chapters, the author has tried to
introduce the subject of radio-telegraphy by demonstrating its
place in the natural order of things, and its intimate relation to
other branches of science.

The electron theory has been used; on it has been based all
theoretical considerations, the author believing that this theory,
modern, simple, direct, and well established, will present fewer
difficulties to the student than the vague fluid theories which it
has replaced.

In dealing with the technical portion of the subject, calcula-
tions and formule have been made as simple as possible, while
long accounts of historical developments and researches have
been avoided. Only the best types of modern radio apparatus
have been fully described, and the author has tried, at each point,
to explain fully the theory governing each system of connection
or the development of each design.

The author has been indebted to the Marconi Wireless Tele-
graphy Co. and to Captain R. Sankey for much valuable
information on Marconi apparatus, also for the loan of blocks and
photos for the purposes of illustration, on which the value of such
a text-book materially depends. A like remark applies to
Messrs. Siemens Bros. & Co., who placed at the disposal of the
author blocks, photos, and many particulars concerning the
Telefunken System ; to the Compagnie Universelle de Télégraphie
et de Téléphonie sans Fils for photos and particulars of the
Goldschmidt apparatus. To Messrs. The Electrical Co., Ltd.,
Messrs. The Cambridge Scientific Inst. Co., Messrs. Isenthal &
Co., Messrs. The Union Electric Co., and to Mr. S. G. Brown like
acknowledgments are due. The author has also to thank Prof.
J. Earls and Mr. W. J. McCracken, B.A., B.L., for much assist-
ance and advice in the compilation of the work. Lastly, the
author wishes to place on record how much he is indebted to
Mr. James Craig, Sirocco Works, Belfast, for preparing all the
diagrams with which the book is illustrated. There are un-
doubtedly many literary faults in the text, perbaps many
descriptions and explanations which are vague and insufficient ;
it is therefore hoped that any failings of this description may be
outweighed by the merit of the help which Mr. Craig has given
to the author. '

In conclusion, a word of advice may be given to those who
wish to obtain an intimate knowledge of this engrossing subject.
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When they have mastered the fundamental principles of radio-
telegraphy they will only be in a position to really appre-
ciate the interest which further reading will open up to them.
Valuable information can then be gained by reading the papers
and contributions of such well-known authorities as Signor
Marconi, Dr. J. A. Fleming, Dr. W. Eccles, Dr. Erskine Murray,
Dr. Austin, and many others.

Reprints of these papers, contributed to such learned institu-
tions as the British Association and the Physical Society, can
constantly be found in the pages of The Electrician, The Wireless
World, and other well-known periodicals.

It is hoped that this text-book may serve as an introduction
to a full appreciation of the work of scientists who have done, or
are doing, so much to elucidate the outstanding problems of
radio-telegraphy.

RUPERT STANLEY.

BELFAST,
July, 1914,
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TEXT-BOOK ON WIRELESS
TELEGRAPHY

CHAPTER 1

THE EARTH, THE ATMOSPHERE AND THE ETHER

IN its first state the earth was a mass of gaseous matter or
“nebule ” at a very high temperature, revolving round the sun.
Through the sons of time it was gradually cooling down, until
about 200,000,000 years ago, as calculated by Lord Kelvin, it began
to be solid on the outer surface, just as the surface of water turns
into ice when cooled. This solidification of the earth’s surface
continued until it became an irregular solid mass, in the aggregate
shaped nearly like a sphere; but the surface is all uneven with
high ridges and points called mountains, and deep depressions
where the seas and oceans have collected. The cooling of the
earth is going on continuously, and the surface is cooler than the
interior, as can be easily proved by taking the temperature when
one descends & mine. The lower we go the more the temperature
rises, and the middle of the earth is still at a very high tempera-
ture, as shown by voleanic eruptions.

The earth is a ball 8000 miles in diameter, and is surrounded
by a mixture of gases called the atmosphere. The principal gases
in the atmosphere are nitrogen and oxygen. This atmosphere
covers the earth like the chamois skin of a tennis ball, and forms
a layer probably about 200 miles thick. It is most dense at the
surface of the earth, and gets lighter and lighter until the gases
which compose it fade away into nothing; just as a vertical
column of smoke which is dense at the bottom gradually spreads
out and lightens more and more as it ascends.

In the atmosphere of the earth float clouds and vapours formed
from dust, water vapour, and gases which have risen from the
earth’s surface; but the highest of these is never much farther
than 4 or 5 miles from the earth’s surface.

B
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The earth and its atmospheric envelope is always spinning
round on its axis and at the same time is travelling round the sun
in a big circle, whose radius is about 93 millions of miles. These
rotations of the earth are similar to those of a spinning top, which
spins on the floor and at the same time travels round and round
in a circle on the floor. It is the spinning of the earth on its axis
which causes night and day, and the travel of the earth round the
sun which causes winter and summer.

Now we must not forget that the earth is only a very small
portion of the universe; there are lots of other planets travelling
in circles or in elliptical orbits round the sun. We have to ask
ourselves : what fills all the space of the universe in which these
planets move? Is there anything in that space? The fact that
we can see nothing in it does not justify us in assuming that
there is nothing. We cannot see the air, 7.e. the atmosphere,
but we know it is there, and we know many facts concerning it.

There is indeed another medium which pervades the whole
universe. Evidence of the existence of this medium will accumu-
late as we proceed, but for the present we will consider one or two
very elementary facts which show that such a medium does exist.
We know that light and heat come to us from the sun; they
travel millions of miles before they reach our atmosphere, and
then they travel through the atmosphere until they affect our
eyes or sense of touch. We know that light and heat travel in
the form of lines or rays: if we let the light come through a hole
in a shutter into a darkened room, we see it in the form of what
are called rays of light, traced out in the dust particles of the
room. Now every student of science knows that light and heat
are forms of energy, and energy implies movement of something,
so that the light and heat which come to us from the sun across
space imply movement of something in that space.

It cannot be the atmosphere, for the atmosphere extends a com-
paratively short distance into that space. There must therefore
be some other medium in that space, whose motion conveys these
forms of energy to us. It is easy to prove that atmosphere or air
has nothing to do with the conveyance of light and heat. If we
put an electric bell into a glass globe we can hear it ringing, but
if we exhaust all the air out of the globe we can no longer hear
the bell, so that the air is necessary for the conveyance of sound.
But if we put a lamp into a glass globe from which all the air or
atmosphere has been exhausted we shall still see the light of the
lamp, and feel the heat radiated from it. It is thus evident that
air is not the medium by which light and radiant heat are
conveyed.
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The Dutch philosopher Huyghens first propounded the theory
of the existence of an all-pervading medium, through which heat
and light travel with a definite velocity of 300,000,000 metres per
second, or roughly 186,000 miles per second.

All the accumulated evidence of modern science confirms the
theory that such a medium does exist, and the demand for a
rational explanation of many phenomena in nature makes it easier
to believe in such a universal ether rather than to believe that
interplanetary space is void or entirely empty.

We may now consider how heat and light travel through the
ether. Sound is caused by the vibrations of the sounding body
setting up waves in the air, the length of a wave depending upon
the number of vibrations per second which excite it. These waves
are detected by the ear and a sensation of sound is conveyed to
the brain. A number of sounding bodies may all be- vibrating at
different frequencies, setting up waves of different wave lengths in
the air, and the ear will detect that there are different sets of
waves arriving at it. Also we know that a body may vibrate so
slowly, setting up long air waves, or so fast, setting up short
wave lengths, as to cause no impression on the ear; in other words
the air waves may be too long or too short for the ear to detect
them. Thus one can set up waves in the air of all wave lengths ;
all exactly identical in character, but our sense of hearing can
only detect a certain limited range of them.

Now every elementary student in science knows that heat
is due to motion of the molecules of a body. Heat can be excited
by friction or by collision, and if a moving body is suddenly
stopped it is heated because the energy of its motion is transferred
to the atoms of its structure. Again, radiant heat and light have
many properties in common, which show that they are identical
in their natures.

We do not believe that heat and light are shot from the sun
through space, like a bullet shot from a ship to disturb a target;
but rather that disturbances in the sun set up waves in the ether
medium. These waves excite our senses of touch and sight, in
the same way as a ship by violent movement might set up waves
in the water to disturb a distant target. And just as the sense of
hearing can only detect a limited range of air waves, so our sense
of touch can only detect ether waves of lengths which lie within
a limited range, i.c. the heat waves; and our sense of sight detects
ether waves of another range,—the light waves. But some heat
waves affect our sense of touch as well as our sense of vision, which
leads us to conclude that light waves and heat waves are identical in
nature and only differ in the lengths of the waves. Also, as it is
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possible for air waves to be too long or too short to affect the
sense of hearing, so there are ether waves too long or too short to
affect either our sense of touch or our sense of vision.

Air waves from } inch long to 12 or 13 yards long affect
the sense of hearing, ether waves 36 x 10—* cms. long give the
sensation of violet light, 45 x 10—* cms. long the sensation of
blue light, and as they increase in length we receive the different
colours of the spectrum until waves 80 x 10— cms. long give
the sensation of red light; ether waves longer than these do
not affect the eye. If waves of all these different lengths
arrive at the eye together, we get the sensation of white light,
as in sunlight, whilst waves from 80 x 10—® cms. long to
80 x 10— cms. long give the sensation of heat. Ether waves
longer than 80 x 10— cms. or shorter than 36 x 10—* cms.
do not affect the human senses of sight and touch, at the same
time ether waves shorter than violet light waves have chemical
effects, and can act on photographic plates. These waves carry
what is sometimes called the invisible or actinic rays, whilst
waves 2 X 10— cms. long are what are known as X rays, dis-
covered by Sir Wm. Crookes.

Thus we see that as waves of varying lengths can be set up in
air, so in the all-pervading ether medium various lengths of waves
can be set up, and are being continually set up by natural means;
also that we can detect many of these waves by their direct effect
on the human senses of touch and sight, and can detect others
by artificial means.

As we proceed we shall find that the problem of Wireless
Telegraphy is simply to make and arrange apparatus so that long
waves will be set up in the ether, and to make and arrange
other apparatus to detect these waves, for they are far too long
to be detected by the senses of sight or touch. Waves in any
medium are caused by setting up strains in the medium, and we
must first study how strains can be set up in the ether, and how
they can be combined to cause a wave motion.

QUESTIONS ON CHAPTER I

1. How would you demonstrate the difference in the natures of light waves and
sound waves ?

2. What is the evidence for the existence of an all-pervading medium in the
universe ?

8. What range of ether wave lengths can be received, using the eye as a
detector ?

4. If waves are set up in the ether shorter than those which affect the eye,
how can they be detected, and what use is made of them ?

6. Describe the changes which take place in the ether disturbances set up
;ound an iron ball, as the latter is slowly heated from a cold state to a white

eat.



CHAPTER II

MATTER AND ELECTRONS

WE know that any portion of a substance, be it a solid, liquid, or
gas, contains innumerable smaller portions, each of which can act
on other bodies. The smallest portion of any substance which
can take part in chemical action is called an atom. It is far
too small to be seen by the most powerful microscope. There is
a form of fine dust which can be taken from the bed of the ocean
called globigerina; it looks like a very fine powder and a few
particles of it could not be seen by the naked eye. Yet if put
under a powerful microscope each particle is seen to be a beautiful
structure in appearance like a miniature sea shell. Thus it
could be broken up into smaller portions; the little globigerina
can only be seen under a powerful microscope, and an atom
of any elementary constituent of it cannot be seen under any cir-
cumstances. Thus it is with an atom of any element, there are
billions of them in one cubic centimetre : In ancient times atoms
were considered to be hard like miniature pellets of shot; as Dr.
Preston wrote :—“ The hard atom was conceived by the Greek
philosophers Democritus and Leucippus, and was subsequently
glorified in the poetry of Lucretius.” But modern science has
conclusively proved to us that the structure of an atom of any
form of matter is in itself very complicated; our knowledge of
the subject has been largely increased during the last few years
by the brilliant researches of Sir J. J. Thomson and others on
electricity passing through gases, and by the equally brilliant
discovery of Professor and Madame Curie of radium and radio-
active substances. The work of these modern scientists has proved
the truth of what was already suspected—that an atom of matter
contains within it still smaller forms, which by Sir J. J. Thomson
are called “corpuscles,” but by many scientists * electrons.” We
shall speak of them as electrons in this treatise.

Modern science teaches us that an atom of matter consists of a
number of electrons in motion round a central nucleus. To a

5
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person who is accustomed to think of the molecules of a body as
being in a constant state of vibration, the rate of which depends
on their temperature and rises as they are heated, it may not be
difficult to appreciate the existence of electrons moving in the
atoms of matter. But others, who chiefly realise the fact that
atoms are far too small to be seen, may find it difficult to believe
in the existence of electrons. Yet Sir J. J. Thomson and other
scientists of the present day have carried out experiments to
prove the existence of “electrons.” They have discharged them
through vacuum tubes and measured their velocity and their mass;
they have by these experiments discovered that electrons are
identical with what was called negative electricity. It has been
proved by them that an atom of any matter consists of electrons
moving in a central nucleus, that one or more of these electrons
can be torn out of the atoms of one form of matter and placed
on another. A body which is negatively electrified is simply one
on which free electrons have been placed; a body which has
lost electrons from some of its atoms is positively electrified.
This explains the phenomenon that when two substances are
rubbed together, one is found to be positively electrified, the
other negatively electrified, and the positive electrification of the
one is equal to the negative electrification of the other. There
are several methods of making electrons move from one body to
another, or move from the atoms of one portion of a body to those
in another portion. The radiations from radium and radio-active
substances are simply due to the fact that some of their atoms are
always spontaneously breaking up, and electrons flying off into
space.

The difference between an atom of copper, for instance, and
an atom of lead is simply that there are a different number of
electrons in the atom, and probably that the motion of the
electrons in the atom is also different. If electrons are taken
out of the atoms of any form of matter the structure of the atom
changes, and if all the atoms were thus changed the matter would
be changed into something else. If four people stand so as to
form a square, and one drops out, then, in order to form a new
symmetrical figure, the remaining three would arrange themselves
in an equilateral triangle. In the same way it is found that
when Thorium has given out radiations for some time (owing
to discharge of electrons) a new substance is formed which has
been called Thorium X. The old alchemists who were seeking
for a method of turning lead into gold were working on a
hypothesis which modern science seems to confirm, though at
present no one is likely to follow their pursuit, for Sir J. J.
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Thomson has calculated that a piece of radium, continously
throwing off electroms, would take 50,000 years to change into
another form of matter.
Fig. 1 (a) is a picture of an atom of hydrogen on this modern
theory. The white
specks represent the
electrons in the
atom, Fig. 1 (b) simi-
larly shows an atom
of radium in which
electrons are seen
to be flying off,
some escaping into
space, others being
pulled back into the
atom by the attrac- (@) Fic. 1. ®
tive force which acts towards its centre.
Fig. 2 shows a glass globe exhausted of air, with a glass stem
holding a small plate of platinum at the centre, and two electrodes

Fia. 2. Fic. 8.

sealed through the glass. If wires from an induction coil which
is generating a very high electric pressure, or difference of potential
measured in volts, are joined to the electrodes, the negative wire
to the top terminal and the positive wire to the bottom a discharge
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of electrons will be driven from the top terminal and will strike
against the platinum plate. The plate will be seen to become red
hot. This proves that the electrons, though so small as to be quite
invisible, yet travel in such numbers and with such velocity that
their bombardment heats the platinum.

In like manner one might heat a target by bombarding it with
a rain of bullets; the emergy of the high velocity bullets would
be turned into heat on the target, though here again one does not
see the bullets.

Fig. 3 shows another vacuum tube with electrodes, and in the
centre is pivoted a small wheel with very light vanes. If the
electrodes of this tube are suitably joined to a source of high

electrical pressure, the discharge of electrons will
—  be seen to turn the little wheel rapidly, and at
the same time make its vanes phosphoresce.

Fig. 4 shows another such vacuum tube, having
at the centre a plate covered with barium sulphide.
When electrons are made to discharge across it
and strike the plate the latter is seen to give off
a brilliant light. Indeed, in all these experiments

the glass of all the vacuum tubes is seen to glow
with phosphorescent light. Since light is due to

' waves of definite length set up in the ether, we

have here a proof that a sudden stoppage of elec-
<+ trons may so disturb the ether that there is set -
up in it those small ripples or waves which give

the sensation of light; the length of the waves,

in other words the colour of the light, depending
upon the form of matter (whether glass, barium

sulphide, etc.) in which the ether was as it were

entrapped where the waves started.

These experiments are carried out in vacuum
tubes, that is in tubes in which the air is very attenuated, or
at a very low pressure, because the electrons are so tiny that their
motion would be quickly stopped in air at ordinary pressure
unless very high voltages were used, and even then they would
heat up the air so much that it would itself become incandescent
and thus obscure the other effects.

Thus lightning is a discharge of electrons, generally from one
cloud which is highly negatively charged to one highly positively
charged. The electrical pressure or voltage is so great as to make
the electrons burst their way through the resistance of the air,
and raise it to a white heat as they pass through it. An electric
spark discharge from an induction coil is similarly a discharge of

FiG. 4.
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electrons ; a current of electricity through a wire is a steady flow
of electrons from atom to atom through the wire.

The student will now see the importance of a knowledge of
the electron theory, because it not only shows him how different
forms of matter are related to each other, but also explains the
nature of electricity; he will also realise that electron dis-
charges can be made to set up light waves in the all-pervading
ether medium. If electrons were not constituents of matter, and
had not mass, their discharge like little invisible bullets would
not make the platinum red hot, or turn the wheel of the second
vacuum tube. Besides the experiments already described there
are many other facts in science to show that the atoms of matter
are complex structures, and that they all have something in
common, ’

For instance, whether we produce electrons from radio-active
substances such as radium, or from incandescent metals, or from
light sources giving rays beyond the violet (ultra violet light), or by
discharges from electrodes in vacuum tubes, using various metals
for the electrodes or various gases in the tubes, we always get the
sam@ kind of electrons, with exactly the same properties in each
case. Again, in chemistry we have what is known as Mendeleeff’s
Periodic Law, according to which if we arrange the elements
according to the weights of their atoms, we find that an element
(say lighium) has certain properties which are not shared by the
elements which follow it immediately, but that similar properties
appear again in some element further onm, in this case sodium,
only to disappear again in the immediately succeeding elements
and reappear in potassium, and so on. This would seem to show
that these elements have something in common, as in the case of
octave notes in music—one note has twice the frequency of the
last and so on. In lithium, sodium, and potassium, sodium may
have twice the number of electrons which lithium has, or the
arrangements of the electrons in the atom may be something
similar.

Again spectroscopic work with the elements show that there
is some similarity between elements which follow each other at
regular intervals in the periodic series.

Thus we are led to conclude that electricity is a constituent
of all forms of matter, and that it is of a material nature ; that
it has mass, and by its motion can convey energy; while by a
change of its motion it can cause disturbances in the ether
medium.

It is possible that the whole universe may consist only of two
essentials, ether and electrons.
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NorEs.

The mass of a hydrogen atom is i—olg‘ grams.

The charge corresponding to an electron is

i sz coulomb.
The number of electrons cqual in mass to an atom of hydrogen is 1835.

- QUESTIONS ON CHAPTER II.

1. Define ‘‘ matter,” *atom,” ‘electron,” *‘ radio-activity.”

2. Deduce some evidence of the fact that electrons have mass.

8. Write a short account of the structure of the atoms of matter.

4. On the electron theory how does an atom of copper differ from an atom
of hydrogen ?

5. If the electron theory is taken as the correct one, what is electricity ?
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CHAPTER III
MAGNETISM AND MAGNETIC STRAINS IN THE ETHER

IRrON is the most abundant metal in the world ; how interesting
then to think that it is practically the only metal which can be
magnetised, and if it is hard iron or steel it will retain its
magnetic properties when magnetised. A magnetised bar of
steel if pivoted at its centre of gravity will point in the magnetic
N. and 8. direction; the end pointing N. is called the N. pole—
the other end the S. pole. Either pole of a magnet will attract
iron or steel, but there is no property of attraction at the middle
of the magnet. Now if we suspend a straight steel bar magnet
through its centre of gravity, and bring a pole or end of another
magnet near one of its poles, we find that the latter is either
attracted or repelled and the suspended magnet moves round.
Like poles repel each other, unlike poles attract each other. But
fix your attention on the fact that while the approaching magnet
is still at a distance of perhaps a foot or more from the suspended
one the latter moves. Some force is making it move, a force due
no doubt to the approaching magnet, but what conveys that force
to the suspended one and makes it move ? If we wish to move
something we can do so by pushing it with a rod, or pulling it
with a string, or by directly acting on it; but there must
always be some connecting medium between the force applied and
the thing moved, a fact which holds throughout the whole range
of mechanics. In the case of the magnets there must be a medium
conveying the force from the one magnet to the other. It is an
invisible medium and it is not the air, as the experiment will
take place equally well across a space from which all air has been
exhausted.

‘We must conclude it is the ether medium which acts in this
case; just as it conveys light energy, and radiant heat energy :
so here we have it conveying force, acting as a connecting link
between the applied force and the body on which it acts. Now
we know that when we apply a force by pulling a string or

I -

4




12 TEXT-BOOK ON WIRELESS TELEGRAPHY

chain, or by pushing through a lever, the string or chain or
lever is strained in a definite way. How is the ether strained
around a magnet so that the magnet can attract iron, or cause a
motion of other pivoted magnets
near it? If we put a magnet
under a sheet of thick paper, and
sprinkle fine iron filings over the
paper, we find that the filings
arrange themselves as shown in
Fig. 5.

The filings arrange themselves
in definite symmetrical lines
around the magnet showing that
the ether all round a magnet
is in this peculiar state of strain.

These lines of strain in the ether are called “ magnetic lines
of force,” and we should find that the extent to which the ether
round a magnet is strained depends on the degree to which the
steel has been magnetised, or, as we say, on the strength of the
magnet. We see that the lines of magnetic strain in the ether
stretch from one pole to the other outside the magnet, and no
doubt the ether in the steel magnet is also strained. The direction
of the lines is for convenience taken as the direction in which a
north pole of a magnet would be
urged, and since we know by . L. .o %
experiment that a north pole will ) SN
be repelled from a north pole and
attracted towards a south pole, the
lines of force therefore emerge from
N. poles of magnets and enter at AR ]
8. poles. Each line of force coming " /\\ -2l
from a N. pole and entering a S. '
pole is completed through the
magnet itself from the S. pole to
the N. pole, so that the lines are
really links which have no end.

If the student wishes to see
why two like poles of two magnets
repel each other and two unlike
poles attract each other, he has
only to repeat the experiment with
the iron filings using two magnets. The result will be as shown
in Fig. 6.

Tgese lines of magnetic strain set up in the ether are always

~

v

/
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tending to shorten themselves. That is why the S. pole of one
magnet is pulled towards the N. pole of another near it, as if they
were connected by invisible elastic strings. The lines never cross
each other, for if one places poles in any position near each other
the lines peculiar to each disappear and new irregular curves of
ether strain take their place, just as in mechanics a number of
forces gives a resultant force which has the same effect.

The lines of magnetic strain are self-repellent, that is why
those farthest out in what is termed the “ MAGNETIC FIELD ” are
pushed into curves by those inside them in the field. Thus the
ether can be strained in a peculiar way, known as a magnetic
strain ; we represent this magnetic strain by “magnetic lines,” and
any space in which magnetic lines exist is called a “magnetic
field.” The “strength of a magnetic field” at any point is
measured by the number of magnetic lines which cross a square
centimetre at that point, the square centimetre being taken at
right angles to the direction of the magnetic lines. This strength
of field is usually denoted by the letter H.

‘We must now consider the difference between an ordinary bar
of iron and one which is magnetised. They may be alike in
appearance but the latter has got properties of attraction and
repulsion not possessed by the former. The difference is in the
arrangement of the atoms of iron in the bar; in an ordinary
bar of iron the atoms are all massed together without any order;
in a magnetised bar some of the atoms are arranged in definite
lines or chains along the bar, and the more of these chains
formed, the stronger is the magnet. The bar would be completely
magnetised, or as we say “saturated,” if all the atoms were
arranged in definite lines. It is much the same as the difference
between an irregular heap of bricks and a brick wall or another
heap of bricks, in which at least the outside ones were arranged in
definite order.

Again we must remember that an atom of iron consists of
electrons in motion, the motion being in definite directions in each
atom, and when the atoms are rearranged in magnetising a bar
they are not only arranged in definite lines, but are also arranged
so that the motions of the electrons in the atoms synchronise with
each other, We cannot say how electrons revolve or move round
the centre of an atom, but a chain of atoms in a magnetised bar
of iron may be compared with a row of pulleys on a long shaft.
When driven the pulleys all revolve in the same sense, and from
them a line of belts will move in the same direction conveying
forces to machinery placed beneath,

The scientist Ampére many years ago propounded the idea that
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each atom of iron had electric currents flowing round it. Before
magnetisation the atoms were in disorder and hence the currents
moved irregularly; but when magnetised some of the atoms
become parallel to each other and are arranged in chains along
the bar so that the currents round these atoms are flowing round
in the same direction or sense. Thus order is established out
of disorder and the magnetic properties appear. We see how
well this hypothesis agrees with the more definite knowledge we
have obtained in later years regarding the constitution of an atom.
Fig. 7 illustrates this conception of the magnetisation of iron,
and the student is referred to works on Magnetism and Electricity,
where experiments are described which go to prove the correctness
of this explanation.

Let us now consider how iron can be magnetised, in other
words, how some of the atoms in an ordinary bar of iron can be
properly rearranged so that the bar evinces magnatic properties,
and magnetic lines of strain are set
up in the ether around it. This can
be done by simply laying the bar or
rod of iron on the table and drawing
a pole of a magnet along the bar
from end to end, taking care
always to rub along the bar in -one
direction. The more we rub the
more strongly will the bar become
magnetised, and we shall find that the end where we leave off
rubbing is of opposite polarity to the pole used for rubbing, in
consonance, a8 it were, with the rule that unlike poles attract each
other. Note that nothing goes out of the magnet into the bar of
iron. It is simply that the magnetic lines of strain in the ether at
the pole of the magnet affect the atoms of iron in the bar so that
some of these atoms are turned into definite directions along its
length, in line with the path of the ether strain lines of force,
which move along the bar as the pole is pulled along it.

But there is a more interesting and instructive method of
magnetising iron. If we coil a long piece of insulated wire into a
cylindrical coil, called a solenoid, and pass a current of electricity
through the wire, we shall find that the coil behaves like a magnet.
If free to move, one end of it will be repelled by one pole of a
magnet and the other end attracted; if threaded through a sheet
of cardboard and iron filings sprinkled on the cardboard, we shall
find the filings arrange themselves just as they do with a steel
magnet. These experiments show that there are magnetic lines of
strain all round and through the coil. One end of the coil repels
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the N. pole of a magnetic needle, the other end repels the S.
pole showing that the coil has N. and S. poles. If the direction
of the current is reversed, the polarity of the coil is reversed, so that
the direction of the magnetic lines, which indicates the direction of
the strain in the ether, depends on the direction of the current. To
distinguish the N. and S. poles of such a coil the following rule
can be applied :—look at one end of
the coil, if the current is flowing round
that end in the same direction as the
hands of a watch move, that end is a
S. pole; if the current is flowing
round that end in the opposite direc-
tion to the hands of a watch it is a
N. pole; see Fig. 8.

Now, if the core of the coil is
filled with iron or if a bar of iron is
placed in the coil, the iron will be
found to be strongly magnetised, its
polarity agreeing with the rule given
above. There will be far more mag-
netic lines now passing through the
coil than when it had no iron core, for
the magnetic strain lines of the ether
inside the coil have rearranged many
of the atoms of iron, so that the iron
is now a magnet, setting up magnetic
lines in the ether in addition to those
set up by the coil In this way the
iron multiplies the magnetic lines, its
multiplying power for magnetic lines
being called its Permeability, which
will depend (1) on the quality of the
iron, (2) on the extent to which it
has been magnetised, (3) on its tem-

rature.

We shall find that hard iron or
steel retains much of its magnetism
after being taken out of the coil, and retains it for a long time;
in other words many of the atoms remain rearranged : after the
influence of the current-carrying coil has been removed. If, how-
ever, the iron core is soft iron, it will lose most of its magnetism
as soon as the current is stopped. Thus, if we wind insulated wire
on a soft iron core we can have a magnet which will be very strong
even with a small current, and whose magnetism is stopped by

Fia. 8.
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switching off the current. This effect is made use of every day in
bells, arc lamps, motors, dynamos, etc. The strength of the magnet
depends on the magnetising force of the coil, and this is directly
proportional to the current flowing in it; also to the number of
turns in the coil per centimetre of length: Thus 1 ampere of
current through 200 turns of wire has the same effect as 2 amperes
through 100 turns of wire wound on the iron; the magnetising
effect depends on what is called the “ampere turns,” current
multiplied by turns of wire per centimetre of length.

Now a current of electricity is simply a regular movement or
flow of electrons from atom to atom along the wire. Thus when
electrons flow or move round a bar of iron the iron becomes
magnetised, and its atoms or some of them are rearranged in
definite chains, The atoms thus rearranged are set in such
directions that the electrons in the atoms are all moving round the
centres of the atoms in the same sense. It was this effect of a
current-carrying coil which caused Ampére to formulate his
hypothesis of magnetisation which so closely agrees with the facts
brought out by more recent investigations (see Fig. 7).

Magnetic lines of strain are set up in the ether by movement
of electrons. The particular way in which electrons move in iron
atoms sets up these magnetic lines in the ether; if the atoms
are so arranged that they do not annul each other’s effects, .
the iron becomes a magnet. But any motion of electrons sets
up magnetic strains in the ether. If we pass a wire through a
sheet of cardboard and sprinkle iron filings on the cardboard,
when a flow of electrons takes place along the wire (such as
occurs when a current of electricity is passed through the wire),
we shall see the filings rearrange themselves in such a way as to
show that the ether round the wire is in a state of magnetic strain.
The lines of strain will be concentric circles round the wire. If
the wire is made into a long coil and a current passed through it,
the magnetic lines of ether strain now pass up through the coil,
in just the same way as ether strain is set up by parallel chains
of iron atoms in a magnetised bar of iron. The direction of the
magnetic lines depends on the direction in which the electrons
_ move. If we reverse the current in the wire, or in the coil, we
shall find the direction of the magnetic lines reversed, as shown
by the direction in which the N. pole of a small magnetic needle
points when placed in the magnetic field or magnetically strained
ether. These effects are illustrated in Fig. 8.

That ether can be strained in this peculiar way, known as the
magnetic strain, is of supreme importance in Wireless Telegraphy,
as indeed it is in all commercial applications of electricity. The
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design of most electrical machinery and apparatus is based on the
use that can be made of this ether strain. It must never be
forgotten that the principal use of magmets, either permanent
or electro magnets, is to provide magnetic lines, and although
they are invisible, roughly pictured to us by iron filings, as one
pictures rays of light by letting them flow through a hole in
a shutter into a dusty room, the student must always remember
that the actual magnet is only a means to an end. The thing he
is really concerned with is the magnetic strain in the ether, which
is represented by the magnetic lines in front of the poles of the
magnet, or in the centre of the current-carrying coil, or around
the current-carrying wire, as the case may be.

EXPERIMENTS AND QUESTIONS ON CHAPTER IIL

1. Suspond a magnet by its centre of gravity, and try the effect of bringing a
pole of another magnet (a) near its N. pole, (b) near ite S. pole.

2. Place a bar magnet under a sheet of white cardboard. Dust soft iron filings
lightly over the cardboard ; tap the cardboard lightly with a pencil and note how
-the iron filings map out magnetic lines.

8. Place two magnets in a line with their N. ‘Poles opposite each other and
about two inches apart. Repeat experiment 2 and note how the magnetic lines
show why N. poles repel each other.

Repeat experiment with two S. poles opposite each other, and with a N. pole
opposite a S. pole; note why unlike poles attract each other.

4. Fill a glass tube loosely with hard iron filings; proceed to magnetise it
a8 if it were a bar of iron, usin%ea pole of a magnet; note how the filings re-
arrange themselves, see if the tube has magnetic properties. Shake up the tube
and test again.

5. Carry out the experiments described in this chapter with a current-carrying

wire, and a current-carrying coil,

QUESTIONS.

1. What are ‘“magnetic lines”? What is meant by the direction of a
magnetic line ?

2. fxplain how a current-carrying coil of wire sets up a magnetic strain in
the ether.

8. Draw an iron core wound with insulated wire; show the direction of a
current of electricity through the coil and the resulting N. and S. poles of the
iron.

4. Show how a coil could be wound and a current passed through it so that
it would have a N. pole at each end of the coil and a S. pole in the middle ?

5. The magnetising force of a current-carrying coil isi—g X C—E; if a coil,
10 inches long, has 200 turns of wire, and the current flowing in it is 0'6 ampere,
what is the magnetising force of the coil? In the formula given C is the current
in amperes, T is the number of turns in the coil, and ! is its length in cms.
1 inch = 2-54 cms.



CHAPTER IV
ELECTRICITY AND ELECTRIC STRAIN IN THE ETHER

IF an ordinary ebonite ruler is rubbed with a piece of fur or
flannel, and the rubbed part held near light objects, such as small
pieces of tissue paper, the latter will be attracted to the ebonite.
A dry glass rod rubbed with silk shows the same phenomena, and
a like result can be obtained with an amber mouthpiece of a pipe,
or a stick of sealing-wax rubbed on the sleeve of a coat. These
bodies are then said to be electrified.

When a rod of brass, or of any metal, is held in the hand and
rubbed in a similar way it evinces no such property of electrifica-
tion ; however, if we mount the brass or other metal on a support
of ebonite, amber, or sealing-wax, and flick it with a piece of fur,
we find it has now the property of attracting light substances; in
other words it is electrified. Thus bodies can be divided under
two headings: those in which the electrified portion remains
isolated or insulated, termed ¢ Insulators,” and those over which
the electrification passes freely, and can pass into other similar
bodies in contact with them, termed “ Conductors.”

Ebonite, sealing-wax, amber, silk, shellac, dry glass, and air
are good insulators; metals and alloys, the human body, and
most vegetable matter are good conductors.

A brass rod held in the hand is electrified by friction, but the
electrification can spread all over the brass into the body through
the hand, and into the earth through the body, so that no signs of
electrification appear; when the brass is insulated, while the
electrification can spread all over the brass, it cannot spread any
farther, so that the brass as a whole shows signs of electrification.

All bodies can be electrified by friction or other processes.
What is meant by electrification ? Taking the case of the ebonite
and fur, when they are rubbed together some of the atoms are dis-
turbed, and electrons torn out of them in such a way that, after
the rubbing, a number of free electrons, independent of atoms, are
found on the ebonite, and a number of atoms of fur which have not

18
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their proper number of electrons remain in the fur. If the fur
were insulated, it also would be found to have the property of
attracting light bodies. This statement would seem to show that
there are two ways of electrifying a body, a fact amply proved
by experiment.

If one electrified ebonite rod is suspended at the centre by
a thread, and another electrified ebonite rod is brought near the
electrified end of the suspended one, the latter is seem to be
repelled. But if a glass rod, electrified by rubbing it with silk,
is brought near the suspended electrified ebonite, the latter will
be attracted and move round towards the electrified glass rod.
The rubbed glass and the rubbed ebonite will each attract light
neutral bodies; they are each electrified, but there is evidently
some difference in their electrification. If the fur which rubbed
the ebonite rod had been insulated, it would have attracted the
electrified ebonite rod as the glass did; and, indeed, it can be
easily proved that if two insulators, or insulated conductors, are
rubbed together, they both become electrified to exactly the same
extent but with different states of electrification, one repelling
another electritied body, the other attracting it with exactly the
same force. Frauklin tried to explain this, in his “One Fluid
Theory,” by saying that when two bodies are rubbed together one
loses something which the other gains; the first was negatively
electrified and the second positively electrified, the negative and
positive electrifications being necessarily equal.

With our modern knowledge of the structure of atoms we can
explain it by saying that one body has gained free electrons, the
other is left with some atoms which have not their proper quota
of electrons. Experiment proves that a body on which free
electrons are placed has the same effect as what is called a
negatively charged body, and a body robbed of electrons acts as
a positively charged body; thus to put free electrons on a body
is to charge it with negative electrification, to rob a body of
electrons is to charge it with positive electrification.

In other words it would seem that the atoms of any form of
matter are made up partly of electrons or negative corpuscles
and partly of positive charges; the latter probably constituting
the nucleus of the atom mentioned in the previous chapter. In
ordinary neutral matter the positive and negative charges in each
atom neutralise each other, but if electrons can be taken from
some of the atoms, or added in exrcess as free electrons, the body
18 positively or negatively charged respectively.

Some bodies are more easily electrified than others; this will
depend upon the structure of the atom, how many electrons it
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contains, and how the electrons are arranged in the atom. Sir
J. J. Thomson has shown that from some atoms only one electron
can be freed, from others two, and so on. The difference between

electrons and the positively charged
-1 residue of the atoms from which the
electrons are obtained is beautifully
shown by experiment, with a special
form of vacuum tube which is shown
in Fig. 9.

There are two plates or electrodes
in the tube, one of which is joined to
a source of great positive electrical
4 Dressure, the other is joined to a
source of great negative pressure.
This may be effected by joining the

Fia. 9. terminals to the secondary wires of an
induction coil. The negative electrode
plate is cut in the formof a grid,with horizontal slits or openings in it.

When joined to a sufficiently great difference of electrical
potential or pressure, a discharge will take place between the
electrodes in the tube; electrons will be torn out of the atoms of
gas in the tube near the negative electrode, and shot with great
velocity towards the positive electrode. They will be like little
invisible pellets flying across this space
in the tube, and will make it phosphoresce
with the usual yellowish-green coloration.

Now when a shot is fired from a gun,
the gun itself recoils, and similarly in
this case when electrons fly forward from
atoms, the robbed atoms themselves fly E=——
backward ; they will pass through the
openings in the negative electrode and
there will be seen behind it rays of quite
a different colour to those due to the
flying electrons in front. These rays will
be of a reddish colour, and are due to the

positively charged atoms flying backwards —
from the recoil.
One insulated conductor can be charged
by bringing it into contact with another F1e. 10.
charged conductor, or by joining them
together with a conducting wire. A simple little instrument for

studying effects of electrical charges is the Gold Leaf Electroscope
(Fig. 10).
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It consists of two little gold leaves hanging side by side on
a metal bar connected by a metal rod to a disc, and the whole
well insulated by ebonite, paraffin wax, or glass, from a case which
surrounds the leaves, the case having glass windows through which
the leaves can be seen ; it may be of glass and wire netting.

If the electroscope is charged, the leaves will stand apart, for
being electrified in a similar semse (both positively or both.
negatively charged) they repel each other. Thus, if joined to
a conductor and the conductor is charged the leaves stand apart.

If the electroscope is charged, say positively, and another
charged conductor is brought near it, the leaves will collapse if
the conductor has a negative charge but will stand still further
apart if the conductor is positively charged. This instrument can
only be used for dealing with very small charges, as the little gold
leaves would be torn off if the effects are too strong ; we shall use
it later in studying the action of con-
densers.

Potential. —When a body is charged
positively or negatively, it is said to
have a positive or negative electric
pressure. When one puts water into
a tank there is a certain pressure of
water in the tank which could be
measured by the height of water in

the tank.
Water will flow through a pipe
connecting two tanks if one tank Fra. 11,

has a greater height of water than the

other; that is to say if the water pressure in one is greater than in
the other; the first would have positive pressure with regard to the
second ; the second negative pressure with regard to the first. Sea
level is taken as the zero of water pressure ; and a tank in which the
water level was lower than sea level might be said to have negative
water pressure. The case of electricity is exactly analogous to
these effects; but instead of using the word “ pressure,” we more
often use the word “ potential,” so that potential means pressure
when applied to electrical effects. The earth is considered to be
always at zero electrical potential just as the sea is the zero of
water pressure. A body with negative electrification is at negative
electrical potential analogous to a tank in which the level of
water is below sea level ; a body with positive electrification is at
positive potential, analogous to a tank in which the water level
is above sea level. Two bodies may be both at positive potential
or both at negative potential, or one at positive potential and



22 TEXT-BOOK ON WIRELESS TELEGRAPHY

the other at negative potential; but if in either case there is a
difference of potential, electricity will flow from the one to the
other when they are joined by a conductor of electricity, just as
water will flow through a pipe from one tank to another if the
water pressures in the tanks are different, no matter how the
tanks are situated as regards sea level. And the flow of electricity
between two bodies tends to equalise their potentials, ceasing
when there is no difference of potential, as water will flow between
two tanks until the pressure, as seen by the surface levels, is the
same in both tanks.

A body charged with electricity has therefore a certain
electrical potential, and to obtain a discharge of electricity along
a conductor it is necessary that the conductor should have applied
to its ends different electrical potentials; or as we say, a difference
of potential is applied to it.

Such a difference of potential might be set up by electrifying
two conductors as already described ; one might be positively
electrified, the other negatively electrified, or one might be
electrified to a greater positive (or negative) potential than the
other. A conductor joining the two would then have applied to
it a difference of potential, and a discharge of electricity will pass
through it until they are at the same potential. This would only
take an instant of time, and is nothing else but a redistribution
of electrons, which pass along the conductor until as many of the
disturbed atoms in the two bodies as possible are in a neutral
condition again. If one could, by continuous rubbing, keep up
the difference of potential, then the discharge would be continuous,
and would constitute what is called a “current of electricity.”
In commercial practice we do not employ this frictional method
of obtaining a difference of potential. The plates of a primary
cell, such as a Leclanché cell, are at different potentials, the zinc
being lower in potential than the other plate, so that a discharge
would take place along a wire joining the terminals of these
plates; the cell has the advantage that the chemical action of the
liquid on the zinc keeps up the difference of potential ; thus the
discharge is continuous, and we therefore obtain a current of
electricity in the wire. If a number of cells are joined in series : —
the high potential plate of the first joined to the low potential
plate of the second, and so on, the difference of potentials of the
cells are added together; in this way a greater difference of
potential is obtained, with consequent increase in the strength of
the current. As in the water analogy, one might have tanks on
all the floors of a house with pumps sending the water up from
tank to tank; the rate of water current in a pipe leading from
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the top tank back to the bottom one will depend upon the sum-
of all the pressures due to the several tanks; each tank is like
a cell, and each pump has a similar effect to the chemical action
in a cell. Again in a dynamo the
ends of each wire on the armature
are at different electrical potentials, [|=—=
and as a number of wires are joined |- A
in series the resultant difference of |
potential is the sum of all those due
to the several wires. In practice,
therefore, it is more convenient to
obtain a suitable difference of poten-
tial by using a battery of cells, or
a dynamo, than by the frictional
method.

Capacity.—Now, when a tank is filled with water the resulting
water'pressure depends not only on the quantity of water put in, but
also on the size of the tank, and on the shape of the tank. This
if equal quantities of water are put into the vessels A and B.
The pressure at the tap in A is greater than that at the tap in B
(Fig. 12).

Similarly, when a conductor is electrically charged, negatively
or positively, the resulting electrical potential depends not only
on the charge, but on the size of the conductor, on the shape
of the conductor, and, unlike the water analogy, on the position
of other conductors near it. These considerations define what

is called the electrical capacity of
the conductor, so that the potential
depends on the charge put on the
conductor and on its capacity. We
shall return to this in the subse-
quent chapter, when methods and
formulee for calculating capacity will
be given.

Electric Strain in the Ether.—We
have seen that an electrified body
attracts neutral bodies; that one
electrified body will attract or repel

- another electrified body even though
some distance apart; that two gold
leaves will stand apart from each

other when similarly electrified.

If a brass ring is insulated and has attached to it some little
balls of pith by light threads, as shown in Fig. 13, when the ring

Fia. 18.
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and balls are electrified it will be found that the balls rise up in
the air and stand well away from the ring. An invisible force has
lifted them up, acting against their weight, similar to the invisible
force which acts on the neutral bodies, or across space between
electrified bodies, in the experiments already described.

As was the case in magnetism, the air has nothing to do with
this force, for the actions described would take place in a vacuum.
Thus we learn that the ether round an electrified body is in a
state of strain, and as we have pictured the magnetic strain in the
ether in the form of magnetic lines of strain, so round an electrified
body there are said to be electric lines of strain in the ether. This
electric strain in the ether conveys the force with which an

electrified body acts on a neutral

body or another electrified body near

it : each line represents a unit of strain

force in the ether. Since a force acts

always in a definite direction it is

convenient to assume the direction of

A an electric line of force as the direc-

tion in which a positive charge would

be urged along it. In magnetism we

assume the direction of a magnetic

line of force to be that in which a

“ N. pole would be urged along it and

as it is repelled by N. poles and

. attracted by S. poles, the magnetic

lines of strain in the ether are said

to be directed from N. poles to S.

poles. Similarly a unit of pesitive

charge would be repelled by positively

charged bodies and attracted by negatively charged bodies, hence

the electric lines of force in the ether issue out from positively
charged bodies and go in at negatively charged bodies.

Each electric line of force or strain in the ether starts at a unit
of positive charge and ends at a unit of negative charge ; they issue
out and enter conductors always at right angles to the surfaces of
the conductors, and their shape in space depends on the arrange-
ment of charged bodies in the vicinity.

Thus if an insulated metallic sphere is isolated from other
conductors and charged, the electric lines of strain in the ether
round it are as shown in Fig. 14 (A). The arrows on the lines
show the direction of the strain.

If two insulated spheres are charged, one positively and the
other negatively, and placed near each other, the electric lines of
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strain in the ether will be shown in Fig 14 (B). Note that though
the lines are curved between the spheres, yet they are at right
angles to the surfaces of the spheres where they enter or leave.

If an insulated metal plate A is charged positively, and a
similar metal plate B is charged negatively and placed near A,
the electric lines of strain between the
plates will be as shown in Fig. 15. In ,
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this case the electric lines are straight ‘' R
except near the edges, and are uniformly ST P
distributed in the space between the o
plates; that is to say there are a uniform number of lines per sq.
cm. in the space between the plates. This is an example of what
is called a “ uniform electric field.” In each of the cases described
only a few electric lines are drawn, the actual number whiqh. exist
in the ether space will depend upon the amount of the positive or
negative charges on the bodies which are causing the strain. The
electric field is the space in which the ether is strained, the
strength of the field being measured by the number of strain lines
Eer 8¢. cm. at any point. We cannot have free electrons without
aving atoms which have lost electrons, and electric lines of
strain which start from positive charges, due to atoms which have
lost electrons, end on negative charges which are the comple-
mentary number of froe electrons. We can thus see why a
neutral body is attracted by a charged body; some lines of ether
strain stretch from the positively charged body in Fig. 16 to the
neutral body ; each line issues from an atom which has lost an
electron on the charged body, and where it enters the
neutral body there is a free electron constituting a negative
unit of charge. In other words the electric strain in the
ether has disturbed some of the atoms of the neutral body
pulling free electrons to that side of it nearest the charged
body; then the lines of strain being like
elastic strings tend to shorten, and if their
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A number is great enough this force of con-
ol traction will pull the neutral body up to the
’f:, charged body. We see, then, that bqure a
S neutral body is attracted by a positively

charged body it is really negatively charged

Fia. 16. on the nearest side, by the influence of the

electric lines of force set up in the ether,

and then the positive charge attracts the negative charge. The

attraction of a negatively charged body for a neutral body is
explained in a similar manner. . .

The forces of attraction and repulsion round bodies electrically
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charged are therefore due to the strain set up in the ether around
them. We picture this strain as lines of electric forces which
have the peculiar property of being like stretched elastic strings,
and therefore always tending to shorten themselves, or to pull
their positive and negative ends towards each other until they
disappear. In the same way a N. pole of one magnet attracts a
S. pole of another, because the magnetic lines of force in the ether
between them tend to contract, pulling the poles towards each
other. There is therefore much similarity between magnetic
lines of strain and electric lines of strain, and that some
relationship exists between them will now be considered.

It has been already noted that when a current of electricity
flows in a wire, or through a coil of wire, a state of magnetic strain
exists in the ether near the wire or
coil ; but a current of electricity is
simply a continuous flow of electrons,
and can only take place when the
wire or coil is connecting two con-
ductors which are charged to different
electrical potentials. A body charged
with electricity is surrounded by ether
in a state of electric strain; if the
charge disappears the electric strain
disappears, but for the charge to

disappear there must be a flow of
i electrons either to or from the body,
g according as it is positively or nega-
Fia. 17, tively charged. This flow of electrons
constitutes a discharge, or current,

which is surrounded by a magnetic strain in the ether.

Hence we see that when an electric strain in the ether disappears
a magnetic strain is immediately set up.

Also it will be evident that these two states of strain act in
directions which are at right angles to each other.

Thus in Fig. 17, if the two spheres are at different potentials
(and note that this may mean that one of them is not charged at
all, or neutral) the electric lines of strain in the ether will be
somewhat as shown in the upper diagram.

If a discharge passes across the air gap from the one to the
other, or if they are joined by a wire to obtain a discharge, then
magnetic lines of force are set up in the ether round the discharge
as shown in Fig. 17, the direction of these lines being at right
angles to that of the electric lines which they replace.

Thus electric lines of strain owing to a charge, or charges, act at

-
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right angles to the magnetic lines of strain which replace them at the
discharge. '

The existence of electric and magnetic strains in the ether
owing to the electrical charges and discharges, and the fact that
they act at right angles to each other, are of supreme importance
in connection with radio-telegraphy, therefore a preliminary idea
will now be given of how these strains cause wave motion in the
ether, by which energy is conveyed through it in a similar manner
to the energy conveyed in the form of heat and light.

An analogy with wave motion set up in a familiar fluid will
simplify the explanation, so let us consider what happens when
waves are set up in water. When the surface of some water is
disturbed, so as to change the shape of the surface, it tends to
resist that change by its elasticity ; if its surface shape is changed
its force of elasticity brings it back to its original shape unless
prevented from doing so. This force is generally called the force

of surface tension, Also water, like all material substances, has a
certain amount of the property of inertia, and when in a state of
rest or motion, a force of inertia tries to prevent any change in
that state. In large waves gravity takes the place of surface tension.

We might here consider with advantage the action which takes
place when two different wave motions are set up in a medium at the
same time. If we throw into some water two stones close to each
other the resulting rings of wave motion will intermingle with
each other and provide us with an example of what we are now
discussing.

Suppose two wave disturbances are set up simultaneously in
the same medium, one of which swings backwards and forwards
at a slightly quicker rate than the other. The resulting effect
is shown in Fig. 18, where the two waves are shown dotted. If
they start in step, as at A, they will gradually get out of step
until one is swinging upwards when the other is swinging down-
ward, as at B. These effects will therefore annul each other at B,
and in fact the result of the two is a slow wave motion as shown
in the figure by a thick line wave.
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We shall see later that this action is made use of in wireless
telegraphy ; on it is based the working of Fessenden’s heterodyne
receiver and of Goldschmidt's tone wheel, desoribed in Chap. XVI.

A discussion of how the waves spread out in the ether will not
be undertaken at present, the above explanation being given at
this stage in order that the student may realise how important it
is that he should familiarise himself with the phenomena of
magnetic and electric strains in the ether, as a knowledge of them
is all important when dealing with ether waves.

From what has been said it will be clear to the student that
bodies are charged, or electrical potentials set up,in order that two
results should be obtained (1) that the ether should be put in a
state of electric strain, or (2) that currents of electricity should be
made to flow along wires or circuits to set up the accompanying
magnetic strains in the ether. It may be that some subsidi
property of the currents is turned into service, such as their heating
effects to give light, or their chemical effects to charge batteries or
electroplate objects; as far as radio-telegraphy is concerned -our
attention must be concentrated on the electrical and magnetic
strains in the ether.

QUESTIONS AND EXERCISES.

1. Explain the difference between positive and negative electrification.

2. Mention some good insulators ; in what way do they differ from conductors ?

8. What is meant by the * electrical potential "’ of a charged conductor? On
what two things does it depend ?

4. ¢ Arou.ngs an electrified body a state of strain is set up in the ether ;”’ what
experimental facts su%port this statement ?

5. What is meant by the direction of an electric line of force ?

6. Show that when electric strain in the ether disappears a state of
magnetic strain is set up, and that the latter acts at right angles to the original
electric strain.

7. What is meant by joining cells in series? If the difference of potential
between the plates of & cell is 2 volts, what is the difference of potential between
the terminals of a battery consisting of 10 such cells in series ?

8. What is a “ uniform electric field "’ ?



CHAPTER V
ELECTRICAL MEASUREMENTS AND CALCULATIONS

ALL units of measurement used in electrical calculations are based
on the Metric, or, as they are usually called, the C.G.S. units. In
this system of units the centimetre is the unit of length, the
gramme is the unit of mass, and the second is the unit of time—
hence the name—C.G.S. units.

Force.—In the British system of units, a unit of force is the
force which would give a mass of 1 1b. an acceleration of 1 foot
per second every second. In the C.G.S. system the unit is that
force which would give a mass of 1 gram. an acceleration of
1 cm. per second every second. This is called a “dyne.”

A weight of 1 gram. exerts a force of 981 dynes, i.e. gravity would
give a mass of 1 gram. in falling an acceleration of 981 cms. per
second every second.

Work.—Work is always done or energy is expended when a
force is moved through a distance, and the work is measured by
the product of the strength of the force and the distance through
which it has been moved. Thus if a force of 1 1b. is moved through
1 foot, the work or energy is said to be 1 ft. lb.; if agallon of
water (weighing 62} 1bs.) is raised 20 feet the work done is
624 x 20 ft. 1bs. = 1250 ft. lbs.

Similarly in the C.G.S. system if a weight of 2 grams is raised
through 6 cms. the work done is 12 gram. cms. and the unit of work
is the work done when unit force (1 dyne) is moved through
unit distance (1 cm.), that is to say, the unit of work is a
dyne-em. ; this is called an “erg.”

Hence unst of work or energy = 1 erg = 1 dyne-em.

Ten million ergs (107 ergs) s called a joule.

Power.—Power is the rate of doing work—in British units we
measure power by the number of f. lbs. of work done per second : if
there are 550 ft. 1bs. of work done per second, we call that a horse-

work done in ft. lbs,
seconds of time it took to do it
work done in ft. lbs.

seconds taken X 550
29

power. Thus power =

and horse-power =

|
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In the Metric System power is also measured by the number
of units of work done per second.

Hence power unit = 1 erg per second.

In electrical calculations a larger unit is adopted. If work is
being done at the rate of 10 millon ergs (107 ergs), or 1 joule per
second, we say the power is 1 watt,

Watts = joules per second = *“Lp‘i’;)_fec"_ml.

Thus there are the “absolute” units and, in general, larger units
based on them which may be used if found more practical,
Length.—absolute unit—a centimetre. )
larger units—metre = 100 cms.; Kilometre = 1000
metres. ‘
Time.-—absolute unit—a second.
Mass.—absolute unit—a gramme.
Force.—absolute unit—a dyne.
larger unit—weight of 1 gramme = 981 dynes.
Work.—absolute unit—an erg.
larger unit for electrical purposes—a joule = 107 ergs.
Power.—absolute unit—an erg per second.
larger unit for electrical purposes—a watt = 107 ergs
per second = 1 joule per second.

The units used for electrical and magnetic measurements are
based on the above; unfortunately there are two sets of absolute
units in use, called the electro-static
and electro-magnetic units : there are
also practical units used for ordinary
commercial applications.

For our purposes it will be
sufficient to consider the absolute or
C.G.S. electro-magnetic units and

their relation to the practical units.
\ Current.—When a current of
electricity flows round a circle of
wire magnetic lines of strain are set

up as already described, and it will
t 1 deflect a magnetic needle placed at
Fio. 19. the centre of the circle. When the

circle is in the first place parallel
to the needle the current acts on the needle with a certain force,
which can be measured in “dynes,” and which will depend



ELECTRICAL MEASUREMENTS AND CALCULATIONS 31

directly on the strength of the current and inversely on the radius
of the circle. (See Fig. 19.) Current is quantity of electricity
flowing per second, and it is found by experiment that the force in
}lyneslwit,h which the current acts on the magnet is given by the
ormula

F dynes = 21r.f.m

where m = surength of magnet’s pole, 7 = radius of the circle,
and C is the current.

Nowifm =1, = 1cm., C = 1, then F = 27 dynes, or 1 dyne
for each centimetre of the circumference (which = 27 cms. when
r =1cm.).

Thus we see that unit current is that current which, flowing in
a circle of unit radius, acts on unit magnet pole placed at the centre
with one unit of force per each unit of length in the circle.

It is evident why the unit is called an electromagnetic unit, as
its definition is based on the magnetic effects of a current in a wire.

There is no special name given to this absolute or C.G.S. unit
of current, but, being too large for ordinary purposes, one-tenth of
it is used as a practical unit, and is called an “ampere.” One-
millionth part of an ampere is called a *“ microampere.”

Quantity or Charge.—A current is quantity per second, or dis-
charge per second; thus the C.G.S., or absolute unit of current, is
the C.G.S. or absolute quantity of electricity flowing per second,
and a current of 1 ampere is 4},th of an absolute unit of quantity
or charge per second. This practical unit of quantity is called a
“coulomb.” For some purposes a much smaller unit is required
and the millionth part of a coulomb is called a “microcoulomb.
Just as a current of water is measured in gallons per second, so a
current of electricity is measured in coulombs per second, but
a coulomb per second is called an ampere.

Potential and EM.F.—When water flows through a pipe the
force causing it to move is the water pressure, which might be
called the “water motive force” ; in the same way a current of
clectricity flows when a difference of potential is applied to a
circuit, and this difference of potential is called the Electro Motive
Force, or, shortly, the E.M.F.

When water flows through a pipe, we know that for a given
rate of flow, or current, the work which can be done by the water
depends on its pressure ; thus, if the current is at the rate of 1 lb.
of water per second and it flows with a force which is due to a
difference of level of 20 feet, then the water-flow can do 1 X 20 =20
ft. Ibs of work per second. If the force is due to a difference of
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level of 50 feet, the work done by a current of 1 1b. of water per
second is 50 ft.1bs.: thus, the work done per second by what
might be called unit strength of water current is a measure of its
pressure, or the difference of level which constitutes the force acting
on it: 20 feet lbs. of work on unit current represents 20 feet
difference of level, 50 feet lbs. of work on unit current represents
50 feet difference of level.

In the same way, if water is raised to a height, the height to
which it is raised can be measured by the work done on each 1b.
of water per second.

An exactly similar method is adopted in electrical science for
measuring difference of potential : the units of work here used are
ergs and the C.G.S. unit of current is one-C.G.S. unit of quantity
per second. :

If one erg of work is done by one C.G.S. unit of current in
flowing from one point .to another, we say that the difference of
potential between the two points is one absolute, or C.G.S. electro-
magnetic, unit of potential. This is much too small a unit of
potential for practical purposes, and one hundred million of these
units (or 108 ergs) are used to form the practical unit of difference
of potential or E.M.F., which is called a volt.

Thus, if the difference of potential between two points in a
circuit is 1 volt it means that on each C.G.S. unit of current flow-
ing between the points 108 ergs of work are done : since an ampere
= ¢, C.G.S. unit, on each ampere of current flowing between the
two points 107 ergs of work are done.

Thus a volt represents 107 ergs of work done per second on each
coulomb of charge or discharge, it being always remembered that
“Coulombs per second ” means the same thing as “amperes.”

Electrical Work.—The C.G.S. unit of work is, of course, the
“erg,” and it has been shown that this is the work done by the
C.G.S. unit of current when it flows from one point to another;
between which unit difference of potential exists.

A larger unit is 107 ergs, called a joule; it is the work done
by one ampere of current in flowing between two points, A and B,
when the difference of potential between A and B is one volt.

Now V volts represent V joules of work by each ampere of
current, therefore if the current is C amperes the work done per
second is VC joules, and if the current flows for ¢ seconds the
total work done equals = VC¢ joules.

Thus, if an electromagnet takes 2 amperes of current when 8
volts are applied to it and the current is kept up for ten minutes
(600 seconds), the total electrical work done, or energy expended
on the coil is—
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VCt =8 x 2 x 600 = 9600 joules
= 9600 x 107 ergs.
The flow of electricity (2 amperes) = 2 coulombs per second
= } C.G.S. unit per second.

Electrical Power.—Power is the rate of doing work ; the C.G.S.
unit is 1 erg per second ; so that the power in C.G.S. units is the
ergs of work done divided by the time in seconds taken to do it.
The practical unit of work is a joule, and therefore of power is a
joule per second.

The joules per second are obtained by multiplying the volts
and amperes together, and a joule per second has been given a
name, .¢. @ watt, which is therefore the practical unit of measuring
electric power.

Thus watts (W) = VC = volts X amperes
= joules per second.
A larger unit—the kilowatt = 1000 watts.

Electrical Resistance.—When water flows through a pipe the
resistance it meets with depends directly on the length of the
pipe, inversely on the cross section of the pipe, and directly on
the conditions of the pipe, that is the number of bends in it, and
how much obstruction there is in it due to leaves, roughness, or
other cause.

When a difference of potential is applied to any electrical
circuit, a current flows through the circuit, and the ratio of the

volts applied to the current that flows, (2)—’), is called the resistance

of the circuit measured in units called ohms. Thus if 10 volts
are applied and 2 amperes of current flow, the resistance (R) is
10 = 5 ohms. An ohm is therefore the practical unit of electrical
resistance ; it is the resistance of a circuit through which 1 ampere
will flow when 1 volt is applied, or 6 amperes will flow, when
6 volts are applied, etc.

As in the water analogy it is found by experiment that the
electrical resistance of a circuit depends— :

(1) Directly as its length—the greater the length the greater
is R.

(2) Inversely as its cross section—the greater the cross section
the less is R.

(3) Directly on the conditions of the circuit, that is to say on
the materials of which the circuit is made, for different materials
allow electrons to pass along them at different rates,

The resistance effects of different materials are compared by

D
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calculating, from experiments, the resistance of a piece of each
material 1 inch long and 1 sq. inch section (or 1 cm. long and
1 sq. cm. seotion in some Tables). The resistance of such a piece
of a material is called its specific resistance. Then to find the
resistance of any piece it is only necessary to multiply the specific .
resistance by the length in inches (or cms.) and divide by the
cross section in 8q. inches (or sq. ¢ms.), using the English or metric
units according to the system on which the specific resistance is
calculated.

Thus cf;fpgfe‘”ﬁc resistancel _ (-00000066 ohm per inch cubo
p = 0:00000066 ohm

Then R = ’%l ohms.
The resistance of a piece of copper wire 100 yards long and
092 sq. inch section is

0-00000066 x 100 x 36
0-02

The specific resistance of German silver is 000001181 ohm, of
iron is 0000003569 ohm; the values for any materials can be
found in electrical pocket-books and text-books.

It will be pointed out in a later chapter that the above method
of calculating resistance is only applicable when steady currents
are used ; with oscillating discharges or currents, the resistance
will be higher than for steady currents.

Resistance in Series.—When resistances are joined in series
the resulting resistance is the sum of their resistances.

R = (1'1 4 79 + T 4 etc.) ohms

and the current will be of the same strength in all parts of the
series circuit. If a long thin wire is joined in series with a short
thick one, and an E.M.F. applied across the terminals, the current
will be of the same strength in both wires, just as a water current
must be of the same strength in a row of pipes joined in series
no matter how their diameters may vary. But the volts used up
in the first resistance is C X R, and in the second resistance is
C X Rj; these are called the drops of potential across the resist-
ances, and we see that the drop of volts (or wvolts required) to
send a current through a resistance is directly proporiional to
the current and to the resistance, and is equal to their product.
(V = CR). This relationship is known as ghm’s Law.

R = = 01188 ohm.
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The current flowing in a circuit is measured by an ammeter,
which is joined in series with the apparatus or circuit, just as a
gas meter is joined in series with the pipes through which the gas
flows. A gas meter offers little resistance to the flow of gas, so
that not much pressure is wasted in it, similarly an ammeter has a
very low resistance, so that the drop of volts in it will be very
small even if the full current is flowing. It usually consists of
two parts, a shunt of manganin strip through which most of the
current flows and a small working coil joined in parallel with
the shunt through which a definite fraction of the current flows, the
current dividing between them inversely as their resistances, or—

current in coil _ resistance of shunt
current in shunt ~ resistance of coil

The resistance of the shunt islow and
depends on the current to be car-
ried ; thus if the ammeter measures
up to 5 amperes, the resistance of the
shunt part of it might be about 0-0145
ohm. The coil has a small resistance
of not more than 2 ohms, and, as the
coil and shunt are joined in parallel,
it is easily seen that the resistance of
the whole instrument is very small.
A voltmeter is very similar in
design to an ammeter, but is a high
resistance instrument : its coil works
exactly in the same manner as that
of an ammeter, but instead of being
shunted with a low resistance it is
joined in series with a very high
resistance, which usually consists of
a long thin insulated manganin wire
wound on a frame which is fixed at
the back, inside the instrument. Thus
a Weston voltmeter to measure up to
220 volts may have a resistance of
16,000 ohms, of which 3 ohms is the
resistialnce of the little wo;king c<l)lil
and the remaining 15,997 ohms is the
resistance joined in series with it. A VOLTMETER.
voltmeter is never joined into the Fia. 20.
main cireuit, but is always joined across the points in any circuit
whose difference of potential it is desired to measure. 1t is made
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to have a high resistance because in measuring a difference of

otential we wish to do so with &n instrument which takes the
east possible current. One does not measure the steam pressure
going to an engine by diverting a lot of the steam and bringing it
to the steam gauge: if this were done the pressure in the
engine cylinders would be seriously reduced. A small pipe leads
a small quantity of the steam to the steam gauge, and for a
similar reason a voltmeter has a high resistance so that very little
current will be used in it when measuring the voltage; the wires
connecting the voltmeter to the points desired can therefore be of
small diameter. The difference between an ammeter and a
voltmeter is shown in Fig. 20.

An ammeter is joined in series with the circuit or apparatus,
a voltmeter in shunt across it as shown in
Fig. 21. If an ammeter is joined in shunt
across a circuit by mistake it is likely to
be burnt out. Thus in Fig. 21 suppose
there are 100 volts applied to the appa-
ratus and that the ammeter, of 0:03 ohm
resistance say, is joined across the circuit
instead of the voltmeter, then by Ohm’s
Law the current which flows through it
= % = 01?)% = 3333 amperes, which would
burn it out.

If a voltmeter is joined by mistake
in series in a circuit, nothing would
happen, for it has such a high resistance
that only a very small current would flow.

The author has seen a student join an ammeter to a battery,
nothing else being in the circuit, to see what the current of the
battery was! Naturally the current was that which flowed
through the low resistance ammeter, and promptly burnt it up.

It is not intended here to describe the different designs of
ammeters and voltmeters, as these can be studied in any elec-
trical engineering text-book ; a special design much used in radio
telegraphy, known as the hot-wire ammeter, will be described
in Chap. XIX.

When resistances are joined in parallel, the combined resist-
ance can be found from the formula

1_1,1,1 1
R—;;+’I'g+7‘s+1'4+etc.

Fia. 21.

where R is the combined resistance.
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Thus, suppose A and B, in Fig. 22,are two mains which are
at a difference of potential s volts, and are joined by three resist-
ances 7, 73, and 7, in parallel.

The by Obr'’s Law VWV

Current in 7, = v r
m
oy A e
Current in 73 = ;2 r,
Current in ra=Y VVVVVYV
T3 . r:
Total current --"—7+V+—Y A B
Ta "s e —V/.voLTS-
- V(
7'2 Fia. 22.

is their combined resistance by Ohm’s Law also

t if
o y-v()
SRRt EAE
It is very usual to have two resistances in parallel, in which case
1 1 +1_=’M- or R = r1Xr,

R n ' m rmxr r+r’
. 5% 50 _ 250
Thus, if 7, =5 ohms and 73 = 50 ohms R= 5450 55 = = 4% 0hms.

It will always be found that the combined resistance is less
than the least of the resistances in parallel : if 1 ohm is Jomed in
parallel with 10,000 ohms, the combined resistance

_ 1 x 10,000 _ 10,000
=1+ 10,000 ~ 10,001

which is less than 1 ohm.

If a number of equal resistances are joined in parallel, the
combined resistance is that of one divided by the number in
parallel. Thus, if a Tungsten Lamp has 1600 ohms resistance,
and ten such lamps are joined in parallel, the resulting resistance

1600

=<0 = 160 ohms.

ohm
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Again, if two resistances are joined in parallel, the main
current divides between them into two parts which are inversely
proportional to their resistances, or—

current in 7; _ resistance of 7,
current in 73 resistance of 7,

When a current C flows through a resistance R, the drop of
potential across the resistance (V) = CR, thus the watts used up
in the resistance = VC = CR x C = C*R and the joules ex-
pended in it in ¢ seconds = C3Rt.

Therefore, watts in any circuit or portion of a circuit equals
current X volts drop across it, or equals (current)® X its resistance.

Joules of work expended in any circuit equals volts across
it X current X time in seconds, or equals (current)® X its resist-
ance X time in seconds.

In order that the student may become familiar with the
methods of working electrical calculations, a few examples will
now be given :—

1. A current of 5 amperes is required to drive a 100 volt
motor; what is the power given to the motor, the total energy used
in half an hour, and, if the efficiency of the motor is 80 per cent.,
what is its horse-power ?

Power given to motor in watts = VC = 100 x 5 = 500 watts.

Watts are joules per second, therefore energy used in half
an hour equals 500 x 30 x 60 = 900,000 joules = 900,000
% 107 ergs.

Power given out by motor is 809, of 500 watts

500 x 80
100

2. If 2 amperes of current flowing in a circuit do 600 million
ergs of work per second in that circuit, what is the applied voltage ?
600 million ergs = 600 x 10° = 60 x 107 ergs. Now 1 volt
represents 107 ergs of work (1 joule) done per second per ampere
of current, therefore 2 X 107 ergs on 2 amperes: thus voltage
60 x 107 _ 30 volt
S 107 = 30 volts. .

3. If 300 microcoulombs of electricity flow per minute in a
circuit across which a difference of potential of 100 volts exists,
what is the electric power in the circuit, and the electrical work
done in each minute ?

300 microcoulombs per minute = 5 microcoulombs per second,
therefore the current is 5 microamperes.

= 400 watts = $00 H.P. = 053 H.P.

applied =
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Power = VC = 100 x 5 = 500 microwatts.

Work done per minute = VOt = 100 x 5 x 60 = 30,000
microjoules = 01820 joules = 1(3), x 107 ergs = 300,000 ergs.

4. If the resistance per 1000 yards of a 7/22 8.W.G. copper
cable is 5:672 ohms, what is the resistance of (a) 350 feet of 1t
(b) four lengths of 350 feet joined in parallel ?

Resistance is directly proportional to length,

Res. of 350 ft. .
o 5672 = 3’())006 = '67'0"

- resistance of 350 feet of ; = 5:672 X ¢y = 0'6617 ohm.
Resistance of four such)lengths in parallel

- 9_621_7 — 0-1654 ohm.

5. What is the combined resistance of three resistances in
parallel, these being of 5, 10, and 100 ohms respectively ?

‘2041041
R =b+to+rdo="q50 =1

s R =100 = 3-236 ohms.

6. The working coil of an ammeter has a resistance of 2 ohms
and can safely carry 3'; ampere. What must be the resistance of
its shunt if the instrument is to measure up to 15 amperes?

When the maximum current is flowing through the instru-
ment, ¢.e. 15 amperes, the current through its coil is not to be
more than # ampere, therefore the current in its shunt must be
1413 ampere.

Res. of shunt C,_ ;10
“ “Res. of coil TG, 141 ¢ zbs

. Resistance of shunt = 2 X 335 = 3345 ohm.

7. How could the above instrument be arranged to measure up
to 30 amperes ? By changing its shunt to one of lower resistance,
7o ampere going through the coil when 291} amps. goes through
shunt.

]
*. Resistance of new shunt = 2 X 23;‘, = 43, ohm.
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EXERCISES ON CHAPTER V.

1. A lamp of 400 candle power takes 1-5 watts per candle power; how many
amperes of current flow through it if the applied voltage is 220 ?

2. Find the combined resistance of four wires connected in parallel, their
resistances being 6+25, 8, 20, and 100 ohms respectively.

8. If a current of 10 amperes flows along a wire of 0015 ohm resistance to an
instrument of 20 ohms resistance, find the drop of volts across the wire, across
the instrument, and across the whole circuit.

4. If the voltage a{)pliod to a potentiometer wire of uniform section is 4 volts
what is the drop of volts across jth of the wire ?

5. An oscillating current of 10 microamperes eflective flows in a receiver
aerial of 25 ohms resistance ; find the watts of oscillating energy.

6. When a volt is applied across a carborundum orystal the current flowing
in it is found to be 8 microamperes ; what is the resistance of this crystal? Draw
the connections of ammeter and voltmeter to make the above measurements.

7. What is the resistance of 1200 yards of a conductor jth inch diameter if
the resistance per mile of a wire of the same material § inch diameter is 2 ohms ?

8. If 800 watts are used in a transmitter find the joules of work done in half
an hour, and the ergs of work done in (}; second.

9. Two points A and B are at a difference of potential of 5000 volts. How
many ergs of work are done on each coulomb of electricity passing between A and
B, and how many joules of work are done per second, if the quantity per second
is 5 coulombs ?

10. Calculate the resistance of 220 yards of a copper cable made of 7 strands
of No. 22 S.W.G. wire, the cross section of No. 22 wire being 0-0006 sq. inch.

11. Define a volt, a watt, a coulomb, an erg, and specific resistance.

12. What is the relation between the O.G.S. electromagnetic units, and the
p;actic«;l units of (a) current, (b) potential, (c) work, (d) power, (¢) quantity or
charge



CHAPTER VI
CAPACITY AND INDUCTION EFFECTS

Capacity Effects. —When a vessel is filled with water the pressure
in the vessel depends on how high the level of the water is
raised ; the pressure will be directly proportional to the quantity
of water put into the vessel, and inversely proportional to its size
and shape. The size and shape will qualify what we might call
the capacity of the vessel. If the vessel is connected to a tank
containing water, a discharge will flow into it until the levels or
pressures are the same in both, and the greater the capacity of the
vessel the more water will flow in to equalise the pressures.

Similarly, if we have an insulated conductor, with no other
conductors near it, and we proceed to charge it, connecting it
by contact or by a wire to a charged conductor, a charge will flow
into it until the two are at the same potential. Every conductor
has a certain electrical capacity depending on its size and shape,
and the larger this capacity the more charge is required to bring
it to a given potential. Thus the potential is directly propor-
tional to the charge, and inversely proportional to the capacity,
as in the water analogy; or in symbols V = B where V =
potential, Q = quantity or charge, and K = capacity.

Unity capacity would be that of a conductor which is raised
to unit potential by unit charge. The practical unit of capacity
is called a farad (after Faraday). A conductor whose capacity is
1 farad would be raised to a potential of 1 volt by a charge of
1 coulomb. TUnfortunately, a farad is far too large a unit for
ordinary purposes, so we use a& millionth part of it as a working
unit, called a microfarad (10° microfarads = 1 farad). Thus a
capacity of 1 microfarad is charged to a potential of 1 volt by
1 microcoulomb of electricity. There are, of course, scientific or
absolute units of capacity, based on the C.G.S. units of measure-
ment. In these units a sphere of 1 cm. radius has a capacity
of 1 unit, called a centimetre; 900,000 of these scientific units

41
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equals 1 microfarad, and since all formule for calculating capacity
are based on the centimetre as a unit of length, and give the
capacity in absolute units, we shall have to divide by 900,000
when it is desired to express the capacity in microfarads.

If a conductor is positively charged and some one brings
near it another body negatively charged, or even a body at zero
potential, such as the hand, the potential of the first body is
immediately lowered. This can easily be seen by experiment.
Attach an insulated conductor to a gold-leaf electroscope by a
wire, and charge the whole system, gradually raising its poten-
tial and noting its value by the increasing divergence of the gold

SHEWING HOW A NEUTRAL BODV BROUGHT NEAR

LOWERS THE POTENTIAL OF A CHARGED BODY,

DOTTED LINES SHEW POSITION OF LEAVES IF
HAND IS TAKEN AWAY

Fia. 28.

leaves (Fig. 23). Having raised it to a certain potential, bring
the hand close to any part of the charged system, and note that
immediately the divergence of the leaves is decreased. If the
system is positively charged, bring near it a negatively charged
body, and the effect is seen to be still greater. If the negatively
charged body is taken away the potential rises to its former
value, but if left there the potential is permanently lowered.

To bring it to its former potential while under the influence
of the negatively charged body, we would have to put a greater .
positive charge on it, therefore its capacity is greater than it was
before. It is just as if one had a tank filled with water up to
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a certain level or pressure, and suddenly the tank became lowered
in its position so that it was not so high above sea-level; to get
the same water pressure as before more water will have to be put
into the tank. Considering the question from another point of
view we must remember that a charged conductor is sur-
rounded by a strain in the ether in the shape of electric lines of
force ; if the conductor is of symmetrical shape the strain in the
ether round it will be symmetrical, the electric lines leaving the
conductor everywhere at right angles to its surface. But if we bring
another conductor near the charged conductor, the ether between
the two will be more strained than that around other parts of the
charged conductor. Thus, if the charged conductor is a plate, and
another plate joined to earth is brought parallel to it and near it,
almost all the ether strain will exist in the space between the two
conductors ; that is to say, this space will be filled with electric
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lines of force, as shown in Fig. 24. This condensing of the electric
lines into a smaller space is accompanied by a fall of potential for
a given charge, or, what is the same thing, an increase of the
capacity of the system. This change will be greater the smaller
the distance across the space. It is found that the effect also
depends on the insulating material filling the space between the
conductors. So far we have only considered the case of air in
the space, but if we fill it with ebonite, or glass, or paraffin wax,
we shall find the capacity is increased by using one of these sub-
stances, the increase depending on which we use.

Dielectrics.—An insulator used in this way is called a * diclec-
tric,” and the ether strain set up by the system, and therefore the
capacity of the system, depends on the material in which the ether
is strained or the electric lines of force set up; in other words, it
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depends on the dielectric used. Thus the capacity of a conductor
depends—

1. On its size.

2. On the presence of other conductors.

3. On the dielectric in which the electric lines are set up
between the charged conductors and neighbouring con-
ductors.

4. On the distance between the charged conductor and the
neighbouring conductors—that is on the thickness of
the dielectric ; the thinner it is the greater the effect.

If we experiment with the effects of ebonite and air as dielectrics

we shall find that an ebonite dielectric increases the capacity 2:5
times as much as air. This number is called the “ specific inductive
capacity ” or “dielectric constant” of ebonite. Similarly the
dielectric constant of glass varies from 6 to 10, depending on the
kind of glass used ; of paraffin oil is 2; that of air being 1.

The “dielectric constant” of a substance is therefore its effect

when used as a dielectric as compared with an air dielectric.

Condensers.—Conductors placed parallel to each other and

separated by a suitable dielectric constitutes a “condenser” ; it
usually takes the form of one metallic plate, or set of plates joined
together, separated from a similar plate or set of plates by a
dielectric of glass, ebonite, paraffin oil, or air. The plates may be
ﬂatt) reotangular or circular sheets, or may be in the form of
tubes.

If A = area in sq. cms. of one set of plates or surfaces,
k = dielectric constant, or specific inductive capacity, of
the dielectric used,
t = thickness of the dielectric between the plates, or
surfaces, measured in cms,,

then the capacity of the condenser—
K= AXEk
" 4m x ¢ % 900,000
A simple form of condenser is the Leyden jar; it consists of
a glass jar, coated to about halfway up the sides both inside and
out with tinfoil, the inside coating being connected to the circuit
by a metallic rod ending in a small sphere above the jar, and fitting
into an ebonite cover on the jar which aids the insulation of the
rod and inside coating. The glass above the coatings is generally
coated with shellac for the same reason. To apply the above
formula to a Leyden jar—A is the area of one of the tinfoil
coating in sq. cms,, £ has a value varying between 6 and 10,

mfds.
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depending on the quality of glass,and ¢ is the thickness of the
glass measured in cms.

A Leyden jar of what is known as pint size has a capacity
of about 0:001 microfarad, a quart size has a capacity of about
0-0017 microfarad. Special tubular forms of Leyden jar condensers
are used in wireless telegraphy, as shall be described hereafter, but
ordinary Leydon jars can be used as condensers for obtaining
oscillatory discharges.

Another form of condenser, much used for ordinary electrical
purposes, consists of sheets of tinfoil separated by thin sheets of
paper well soaked in melted paraffin, alternate sheets being joined
together to form as it were one large sheet, and the other alternate
sheets joined together to form the other large sheet with the

5. ZINC PLATES
GLASS DIELECTRIC.

PLATE CONDENSER. I
J/

J

“ J

Fia. 25.

paraffined paperas dielectric. The whole is inclosed in a hard wood
or ebonite box. In this way a condenser can be made to have a
comparatively large capacity, though its bulk is quite small. Such
condensers are not much used in wireless telegraphy for reasons
which shall become apparent later.

A transmitter condenser might be made of zinc plates sepa-
rated by sheets of glass, the glass sheets being much larger than
the zinc plates, so as to avoid any likelihood of a discharge taking
place round the edges of the glass. Suppose each zinc plate has an
area of A sq. cms. and that the condenser consists of 2 zinc plates
joined together, separated by the glass sheets from 3 similar zinc
plates joined together at shown in Fig. 25. Then it must be noted
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that the total active area is 4 A sq. cms. for each side of the two

zine plates is acting as a surface separated by the dielectric from a
similar surface. Thus if each zinc plate is 5°4 ¢cms. by 6°5 cms. and

MOVING VANE VARIABLE CONDENSER.

SLIDER 8 CONNECTING ROD.
TUBULAR VARIABLE CONDENSER.

Fia. 26. .
the glass is 04 cm. thick (it would be about 11 cms. by 10 cms. in

area), then, taking the dielectric constant of glass as 8, we would
have for the capacity of the condenser—

4%54%x65%x8 — 0
K= s X 0-4 X 900,000 mfd. = 0:000248 mfd.
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Small condensers, used as shunts across telephone receivers, may
be made with tinfoil and paraffined paper embedded in paraffin
wax, and enclosed in wooden boxes with ebonite tops, on which are
mounted the terminals to which the two sets of plates are joined.

Thin mica sheets whose dielectric constant is 6'7 would be
preferable to paraffin paper as a dielectric; thusa small condenser
having 41 plates joined in groups of 20 and 21, each 2 cms. by 4:35
cms. and separated by mica 0°1 mm. thick would have a capacity—

40 X 2 % 4:35 X 67

K = 4n % 001 x 900,000

= 0029 mfd. (approx.)

In making plates for condensers, it- is well to round off the
corners of the plates slightly, as an accumulation of electric strain
always takes place at sharp points or corners on charged conductors,
and in all electrical apparatus which is required to be charged to
high potentials it will be noted that sharp corners, points, or edges
are always avoided.

Condensers whose capacity may be varied are made by having a
set of fixed plates and a set of movable plates, separated by air,
paraffin oil, glass, ebonite, or mica. The movable plates are
mounted on a spindle, so that by turning it round, all or only a
portion of the movable plates may be placed opposite the fixed
plates. Such a condenser is shown in Fig. 26. Another form is
a tube of metal, over which is fixed a tube of ebonite and on the
ebonite another tube of metal slides, having fixed to it an insulating
handle. By sliding the outer tube over the ebonite more or less
of its surface can be made to cover, or be opposite, the fixed
tube inside, and thus the capacity can be varied. These variable
condensers are, however, only used in small sizes for dealing with
small potentials.

Other forms of condensers will be described in connection
with the different systems of radio-telegraphy ; for the present we
shall confine ourselves to a study of the general theory underlying
the design of a condenser.

Returning to the consideration of the capacity of a condenser,
we note that the thinner the dielectric, everything else being
equal, the greater the capacity. But we must not make the
dielectric too thin, or we shall be limited in the potential to which
we can charge it. If we raise the potential too high, a discharge
will take place through the dielectric, puncturing it, and thus the
plates would no longer be efficiently insulated from each other.
In much the same way, a great potential strain between two
clouds charged with electricity of opposite kinds, finally breaks
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down the insulation of the dielectric (air) between them, and we
see a discharge, in the form of lightning, forcing its way through
the air. Similarly when a great difference of potential exists
across a spark gap, the insulation of the air dielectric between the
spark balls breaks down, and a spark passes. The breaking down
potential for any dielectric depends on its thickness as well as on
the material ; consequently the thickness of the dielectric which
must be used in a condenser depends on the potential strain it
will be required to stand, also on the material used as a dielectric.
Thus the dielectric strength is measured by the voltage which
will break down the insulation of unit thickness of the material.

F1a. 26 (a).—Marconi variable condenser for receiver
cirouits.

For instance, 3000 volts will discharge across 1 mm. of air, but it
would take 200,000 volts to discharge across 1 mm. of mica, and
about 50,000 volts to discharge across 1 mm. of ebonite. These
values vary according to the shape of the electrodes between
which the dielectrioc is placed. Thus, while capacity is increased
by decreasing the thickness of the dielectric, for a given potential
there is a certain minimum thickness for each dielectric that may
be used, and the best dielectric has not necessarily the highest
dielectric strength.

Another important consideration in choosing a dielectric for a
condenser, is what is known as “dielectric hysteresis.” If a
charged Leyden jar is discharged and left undisturbed, for, say,
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30 seconds, a second small discharge can be got from it, and
sometimes even a third one. This is due to the fact, that when
charged, the strain across the dielectric causes the charges to leave
the plates and really settle on the surface of the dielectric, through
which they are tied by the electric lines of force, or ether strain,
in the dielectric. When the opposite sets of plates are suddenly
discharged through a circuit joining them, such as a piece of wire
or a spark gap, the flow of electrons rushing round the circuit
neutralises the positive and negative charges, but some are still
left straining across the dielectric, trying as it were to get across
that way instead of taking the easier path that has suddenly been
provided for them; thus the dielectric does not entirely recover
from the strain when the discharge takes place.

This effect will be again referred to when dealing with
transmitter condensers.

We must now obtain an expression for the amount of
energy stored in a condenser. The energy of a flow of water is
determined by the product of the quantity of water that flows and
the pressure at which it flows; thus the power of a waterfall is
the product of the quantity of water flowing per second, and the
pressure of the water, calculated from the height of the fall. If W
Ibs. equals the weight of the water discharged per second, and 2
equals the height of the fall in feet ; the energy per second = Wk
1b. feet, and 550 ft. lbs. per second equals one horse-power.

Again, if a tank is filled with W lbs. of water to a height of
h feet, and the water is allowed to flow out at the bottom, the
quantity of water discharged is W lbs., but the pressure of the
water is due to a height of 4 feet at the commencement of
the discharge, and falls to 0 when the discharge is complete, so
that the average pressure is that due to 4 % feet of water. Thus
the total energy of the discharging water is W x 4 A& 1b. ft., and
this must be a measure of the energy stored in the tank before the
discharge. Similarly, when a condenser is discharged its potential
at the commencement of discharge is V volts, at the end is zero,
therefore the average potential is 4 V volts, and thus if the
quantity of elecmclty is Q coulombs, the total energy of discharge
is § QV joules. This must also equal the energy stored in the
circuit before the discharge.

In a circuit charged to V volts with a charge of Q coulombs
the energy stored = 4 QV joules.

If the charge is Q microcoulombs this equals %; coulombs.

 E = * ch volu j oules
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Now 1 microfarad is charged by 1 microcoulomb to a potential
of 1 volt.

.. K mfds. is charged by K microcoulombs to a potential of 1
volt.

.. K mfds. is charged by KV microcoulombs to a potential of
V volts.

.. If a condenser of K mfds. is charged to V volts, the charge
Q = KV.

S E=3

QxV KV x V Kntds. X Voits
T =3 g = b yge o doules.

In diagrams a condenser is usually denoted as shown in Fig. 27 ;

1 e Ky
CONDENSER.
L e ks
l ) ®
VARIABLE CONDENSERS  CONDENSERS
CONDENSER. IN SERIES. IN PARALLEL.
1 1.1.1 =k
K ik Kokithatks
Fia. 27.

if its capacity is variable an arrow is generally drawn across it.

If we join condensers in parallel, as shown in the figure, the

- combined capacity is equal to the sum of their capacities,

K=K, +K; + Ks

It is easily seen that by joining them in parallel we are simply
adding the size of their plates together if they are similarly con-
structed, and has just the same effect as if we had increased the
size of the plates of one of the condensers to the same extent.
If three condensers of 1 mfd. each are joined in parallel the
resulting capacity is 3 mfds.
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If condensers are joined in series, as shown in the figure, the
capacity of the series is less than that of one alone, and is given
by the formula

1 1 1 1

K=K TKTK

If each has a capacity of 1 microfarad the capacity of the
three in series is obtained thus

1 1
+i=3

g

A==
I

Copms b=l =t
+
i)

Thus the capacity of any system of electrical conductors for
storing electrical energy can be decreased by joining a condenser
in series with the system. We shall see later that the capacity of
an aerial circuit in radio-telegraphy is often thus decreased.

If a condenser of 002 mfd. capacity is joined in series with
one of 0'04 mfd. capacity, the resulting capacity is given by

1 1 1 0044002 006 6
K =602 * 0°04 = 0:02 % 0:04 = 0:0008 = 008
008

It is seen that this is less than the capacity of either condenser.

Every circuit or wire has some capacity, and while that of
wires or isolated conductors is very small compared with a
condenser arrangement, yet in wireless telegraphy they must be
taken into consideration. For instance, there are circumstances
when we may wish to increase the number of turns in a coil to
increase what is known as the inductive effect, yet by so doing
we are increasing the capacity of the coil; for this reason it is
better to attain our object by some other means. We shall
discuss these circumstances later in connection with Wireless
Telegraphy Receivers.

The capacity of a straight vertical wire, far removed from other
conductors,—

l

2

- mfds.
46052 log 7 x 900,000

where { is its length in cms., and d its diameter in cms.
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The capacity of a straight horizontal wire, raised high above
the earth and not close to other conductors,—

l
46052 log%h x 900,000

mfds,

where ! and d are its length and diameter in cms., and A is its
height in cms. above the earth.

If two or more such wires are joined in parallel, their combined
capacity is not quite the sum of their capacities, biit no simple
formula can be given for the resultant capacity since it depends
very largely on how close they are together, and on local circum-
stances such as the presence of other conductors near them.

An aerial, or antennz, used in radio-telegraphy, consists of one
or more wires stretched horizontally, at as great a height as
possible, with vertical wires leading down from each, all joined
together at the bottom, to apparatus which either charges the
aerial or through which it may discharge. A ship’s aerial of
ordinary dimensions would have a capacity of the order of about
0-0012 mfd.

Induction Effects.—We have already seen in Chapter III. that
when a current of electricity flows along a wire the surrounding
ether is subject to a magnetic strain; in other words, the wire
is surrounded by magnetic lines in the form of concentric circles,
and if the wire is coiled up the magnetic lines pass along the
axis of the coil, their number and direction depending on the
strength and direction of the current in the coil. An iron core
will greatly increase the number of magnetic lines through the
coil for a given current.

There is a converse effect which we shall now proceed to
study. If a wire is surrounded by ether in a magnetic state of
strain, and that magnetic strain suddenly changes in value,
electrons will flow along the wire, and one end of it will momen-
tarily be at a higher electrical potential than the other end. A
wire surrounded by magnetic lines of force, or placed in a magnetic
field of lines of force, is said to be interlinked with the magnetic
lines, so that we can describe the above phenomena in this way :—
if a wire is interlinked with a magnetic field, and the number of
magnetic lines interlinked with the wire changes, a momentary
difference of potential is set up between the two ends of the wire.

If the magnetic field interlinked with the wire continues to
change, the difference of potential set up in the wire will continue,
and 8 value at any moment will depend upon the rate of change
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of the magnetic field at that moment. We can insure this con-
tinuity by having a magnetic field which is not uniform in strength
across which the wire can be moved ; if it moves from a position
where the field is weak to one where the field is stronger, the
induced difference of potential will increase, and vice versi. If
we keep the wire stationary and move the magnetic field we
obtain just the same effect. It is not sufficient simply to make
the wire move through magnetic lines, for if the wire is inter-
linked with the same number of magnetic lines every instant
there would be no difference of potential in the wire. The wire
must be interlinked with a magnetic field, and one or other must
move in such a way that the number of magnetic lines interlinked
with the wire, cut by the
wire, or cutting through the
wire, is changing.

There may be a number
of such wires all interlinked
with magnetic lines, and
moving in such a way that
an E.M.F. or difference of
potential is induced in each
wire ; if then all the wires
are properly joined in series
with each other, an E.M.F.
is obtained which is the sum
of their individual E.M.F.s.

This explains what hap-
pens in a dynamo or gene-
rator; in it we have a
magnetic field of ether strain F1a. 28.
between the N. and S. poles
of one or more electro-magnets and constrained to act in the
space between the poles by filling the centre of the space with
a core of soft iron, so that between this core and each pole there
exists a field of invisible magnetic lines. Copper wires are made
to move through this field between the core and the poles, the
method adopted being to fasten the wires on the surface of the
core and make it revolve, carrying the wires with it, therefore
making them cut through the magnetic lines. Such an arrange-
ment is shown in Fig. 28. The core with its wires is called the
armature of the machine. Consider any wire A ; at the moment
shown, it is not cutting any magnetic lines, but as it revolves it
begins to cut them in a slanting manner, the angle at which
it cuts them getting steeper and steeper until it cuts them
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straight down, as at B, after which the reverse action takes
place.

Thus we see that the number of magnetic lines cut through by
the wire is continually changing, therefore the induction of an
E.M.F. in the wire will be continuous, but its value will rise and
fall. When a number of such wires are suitably joined in series
with each other the resultant E.M.F. will be increased. Thus we
can get 200 or 400 volts, or whatever is desired by such an
arrangement, The free ends of the two wires (at the ends of the
series) are joined to two insulated conducting rings on the shaft
of the revolving armature, and the circuit (through which a current
is required) is connected to these rings by sliding contacts of
copper or carbon, called brushes; thus the E.M.F. obtained by
induction effects can be utilised, just as we use the EM.F. of a
battery of cells,
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Now the question at once arises—which is the positive and
which is the negative end of a wire which cuts through a magnetic
field? A simple experiment will help us to answer it: join a
wire to the terminals of a galvanometer, or, better still, a number
of wires in series with each other in the form of a coil, so as to
increase the effect; make the wires of one side of the coil cut
down through the magnetic field between the poles of a horseshoe
magnet. Immediately it will be seen the galvanometer deflects to
one side, showing that a current has flowed through the galvano-
meter coil, and therefore an EM.F. must have been applied to the
circuit. This was the E.M.F. induced in the wires in series with
each other which cut through the magnetic field. The deflection
is only a momentary one; therefore the current and therefore the
EMF. induced is only momentary.

Now make the wires cut up through the magnetic field ; again
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the galvanometer deflects, but this time in the opposite direction,
therefore the current is flowing in the opposite direction, and
thus the EM.F. is induced in the opposite direction. So that
the direction of induced difference of potential in a wire depends
on the relative directions of the motion of the wire and of the
magnetic lines. Fig. 29 shows the result when the wire cuts
down through the field there shown, the direction of induction is
such that the front end is negative, and when it cuts up through
the field the front end is positive. To find the current direction,
imagine the magnetic lines to bend round the wire as it cuts
through them as shown in Fig. 30, and imagine a corkscrew to
be turned in the same direction as the curve of the magnetic line
shows. Then the current will flow along the wire to the outside
circuit, when joined to it, in the same direction as the corkscrew
would move in a cork if screwed as shown. In the figure the

-
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current flows from front to back ; therefore the current goes to
the outside circuit from the back, which is thus the positive end
of the wire.

In the armature wires of a dynamo the EM.F.s are induced in
one direction when they pass through the magnetic lines coming out
of a N. pole and in the opposite direction when they pass through
the magnetic lines going into S. poles. Thus the resulting current
in the wires and outside circuit will be continually reversing its
direction ; this is called alternating current, and the E.M.F. an
alternating EM.F. If the current is required to flow only in one
direction in the outside circuit, this can be accomplished by con-
necting it through brushes, not to two insulated rings on the
shaft, but to a number of insulated contacts joined to the wires,
which constitute what is called the commutator. In this way we
get what is called direct current, making the machine a direct
current generator.

Returning to our experiment with the galvanometer, if the
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side of the coil in the magnetic field between the poles of the
horseshoe magnet is not moved, there will be no deflection on the
galvanometer, so that it is not emough to put a wire, or wires
in series, in a magnetic field. Only when the wires are moved
into or out of the field is an induced E.M.F. obtained ; the
wires must interlink with the magnetic field, and the number of
interlinkages must change per instant of time. The wires may
move from a stronger field to a weaker one or wvice versd, or the
strength of the field may increase or decrease to produce the
effects.

The experiment can be repeated by joining a stationary coil
of wire to the galvanometer, and bringing near it, or inserting in
it, a pole of a magnet. When the pole is inserted or brought up,
induction takes place in one direction, when it is taken out or
removed induction takes place in the opposite direction. A N.
pole will set up induction in one direction, a S. pole will set up
induction in the opposite direction, because the direction of induc-
tion depends on the direction of the magnetic lines with respect
to the wires of the coil ; magnetic lines come out of N. poles, they
go in to S. poles,

Again it will be noted that the strength of the induced E.M.F.,
as shown by the deflections, depends on how quickly the magnet
pole is moved; the faster the magnetic lines interlink with the
coil, the stronger the induced EM.F. The E.M.F. is set up by
change in the number of magnetic lines interlinked with each
wire, and its strength is proportional to the rate of change; thus
of the number of magnetic lines interlinked with one wire or turn
changes at the rate of M lines per second, the voltage induced in the
wire or turn 1s 10
in series and each turn experiences the same rate of change of M
lines per second, then the E.M.F. induced at the terminals of the
coil is %{61": volts. Note carefully that M is not the number of
magnetic lines which has interlinked with the coil, but is the
change per second in the number of magnetic lines so interlinked.

Self-induction.—A wire carrying a current is surrounded by
magnetic lines in the form of concentric circles all along its
length; forget for a moment what causes these magnetic lines,
that is to say, do not think of the current, but think only of the
magnetic lines and the wire. The wire is interlinked with these
magnetic lines, therefore any change in their number will cause
an E.M.F. to be induced in the wire; if their number decreases, in
other words if some of them collapse into the wire, an EM.F. will

5 volts. In the case of a coil, if there are T turns
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be induced in it in one direction, but if they increase an E.M.F.
will be induced in the wire in the opposite direction, and this will
happen no matter what causes the decrease or increase of the
magnetic lines. A decrease or increase of current in the wire will
decrease or increase the number of magnetic lines interlinked
with it, thus any change of current in a wire will induce in it an
EMF. If there is no change of current there will be no induc-
tion. This effect set upin a circuit by a change in its own current
is called self-induction.

The self-induced E.M.F. will always be in such a direction as
to oppose the change of current which produces it; if the current
decreases, the induced E.M.F. will be in the same direction as the
E.M.F. applied to the circuit; it as it were increases it so as to
stop the decrease of current. If the current is increasing, the
induced E.M.F. is in the opposite direction to the applied EM.F.,
thus tending to decrease the effective E.M.F. and stop the increase
of current.

Self-induction in electricity is like tnerfia in mechanics; if
a truck is moving along a set of rails and we try to decrease its
velocity, or rate of displacement, its inertia will tend to make it go
on just as before, and the inertia will have to be overcome before
any decrease in its velocity can be accomplished. If the truck is
at rest, or moving only slowly, and we desire to increase its
velocity, its inertia will oppose the change and must be overcome
before the velocity can be increased. But once the inertia is
overcome, once the truck is started and moving with a uniform
velocity, there will be no inertia. So it is with self-induction,
if the current, or rate of displacement of electricity, is flowing
steadily there is no self-induction, for there is no change in the
number of magnetic lines interlinked with the circuit; but if the
current is decreased or increased, stopped or started, then an
inductive effect is set up.

With direct current, self-induction effects are only produced
at switching on or off, or when the current is increased or decreased,
but with alternating current which is not only flowing backwards
and forwards in the circuit but is also continually rising and
falling in value, self-inductive effects are also continually rising
and falling, and reversing in direction as the current reverses;
always opposing the change of current. Oscillating currents or
discharges are alternating currents changing at a very high rate,
so that with these also self-induction effects are ever present, and
have an important bearing on the electric conditions of the circuit.

If a wire carrying a current is made up into a coil, the magnetic
lines which were strung out along the wire are now congregated
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together, threaded along the axis through the coil, and the
magnetic lines due to the length of one turn will not only inter-
link with that turn, but with others near it, so that any change
of current in the coil will set up a greater E.M.F. of self-induction
than would be the case if the same length of wire were stretched
out straight. The presence of an iron core in a coil greatly
increases the number of magnetic lines through it for a given
current, therefore will cause an increased change in the number
of magnetic lines interlinked with the coil if the current
changes.

Thus the self-induction effect in a coil of wire is much
greater than that of the same length of wire stretched out straight ;
also the presence of an iron core in a coil greatly increases its
self-inductive effect, except in the case of a coil carrying a current
or discharge oscillating at a very rapid rate. With rapidly
oscillating currents’ an iron core does not increase the self-
inductive effects.

The amount of self-induction effect set up in a wire or coil
depends on the rate of change in the number of magnetic lines
interlinked with it, either decreasing or increasing; and this we know
depends on the rate at which the current is changing since the
number of magnetic lines depends directly on the strength of the
current. Thus, if the current is changing at the rate of one ampere
per second in any wire, coil, or circuit, there will be a certain
amount of self-induction effect, or, as it is sometimes called, induc-
tive effect, depending on whether it is a wire, or a coil, or on the
shape of the circuit. In order to be able to compare the self-induc-
tion effects in different circuits, we calculate, or find by experiment,
its amount in any circuit when the current i changing at the rate
of one ampere per second and call this ““ The Coefficient of self-induc-
tion ” of the circuit. Such a change of current can be produced by
suddenly switching on or off one ampere of direct current. If an
alternating current of C effective amperes is flowing in a circuit at
a frequency of f oycles per second, the rate of change of the
current is 27fC amperes per second. The coefficient of self-
induction is measured in units called kenrys—if a circuit has a
“ coefficient of self-induction,” sometimes called ““ inductance” of 1
henry, it means that if the current in the circuit is changing at the
rate of 1 ampere per second there will be induced iun that circuit
an EMF. of 1 volt. If the circuit consists of one turn of wire,
the change of magnetic lines would in this case be 100,000,000 or
108 per second, if there are T turns the change in the number of

magnetic lines is —ngs per second.
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If a coil of T turns has an inductance of L henrys and the
current in it is changing at the rate of C amperes per second, the
volts induced in it by the change of current = LC and the change

- . LC x 108
of magnetic lines through it per second = —p

When, therefore, we wish to introduce a self-induction effect into
a circuit, a condition necessary in wireless telegraphy circuits, we
do so by making part of the circuit in the form of a coil, as it has
a greater inductance than a straight wire. With the high frequency
currents used in radio-telegraphy the inductance of a coil would
not be increased by inserting in it an iron core, nor would it be
worth while to wind the coil in more than one layer, as high
frequency oscillating currents would, in the case of more than one
layer in the coil, confine themselves mostly to the top layer.

The symbol used for the “inductance ” of a coil or circuit is the
letter L, and as already noted it is measured in units called henrys.
This is the practical unit, the scientific unit being very much
smaller and called a centimetre; there are 10° cms. in a henry.
The henry is really too large a unit for most practical purposes, so
we have smaller subdivisions of it, 1,5 part called a millihenry,
and 1443000 part called a microhenry.

1 henry = 1000 millihenry or 10° mhys.
= 1,000,000 microhenrys or 106 microhys.
= 1,000,000,000 centimetres or 10° cms.
Thus 0:02 Mhy. = 0:00002 hy. = 20 microhys. = 20,000 cms.

The inductance of a straight wire / cms. long and d cms. diameter
4
L= 21(2'3026 logio i 1) cms,

The inductance of a coil, or helix, of one layer of D cms. diameter,
{ cms. long, and having N turns per cm.—

L = DNYu[1 — 0424(D) 4+ 0125 (2)" - 0:0156(2) ] ems.

If the coil is long compared to its diameter, its inductance is
approximately L = (x DN)* cms. .

If a coil is wound in the form of a flat spiral, let D cms. be the
mean of the diameters of its various turns, N the number of turns,
and / the width of the spiral in cms., then the above formula
for helix coils can be applied to a spiral coil. For greater accuracy
in the case of spiral coils increase the result by 35 per cent.

To reduce any of above values to millihenrys divide by 10°.
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Mutual Induction.—If the lines set up by a current in one circuit,
interlink with a second circuit in such a way that they produce
inductive effects in this circuit, we have what is known as mutual
induction between the circuits. This effect will be dealt with
when we come to consider the magnetic coupling of circuits.

QUESTIONS AND EXERCISES ON CHAPTER VL

1. A condenser has a capacity of 0002 microfarad. If the number of the
plates was doubled and the thickness of the dielectric also doubled, what would
be its new capacity ?

2. If the above-mentioned condenser were charged to 10,000 volts, what is the
energy stored in it ?

8. What is meant by the * dielectric constant ” and the * dielectric strength "
of a material ? What are their values for air ?

4. If an aerial has a capacity of 0-0015 mfd., what is the new value of capacity
when a condenser of 0:0004 mfd. is joined in series with it ?

6. The capacity of a condenser used in the primary circuit of a Marconi Half
Kilowatt transmitting set is found to be 00074 mfd. It has 16 pairs of plates
and the dielectric is glass 3 mms. thick. Taking the dielectric constant of glass as
being 8, what is the size of each zinc plate ?

6. An aerial consists of two wires each raised 120 feet vertically and then 800
feet horizontally, the diameter of the wires being 2743 mms. If the capaocity of
the two wires is 40 per cent. greater than that of one used alone, find the capacity
of the aerial.

7. What is meant by the * coefficient of self-induction’ of a circuit? If a
coil has 20 turns and a coefficient of self-induction of 0:001 henry, what is the
change in the number of magnetic lines interlinked with it when the current
flowing in it is changing at the rate of 1 ampere per second ?

8. Find the coefficient of self-induction of a coil consisting of 875 turns of
enamelled copper wire : the diameter of the coil being 6:56 cms. and its length
86 cms.

9. In Question 8 calculate the change of magnetic lines in the coil when the
current changes at the rate of 10 amperes per second.

10. Describe how a coil used to give inductance effects with rapidly changing
oscillatory currents differs in design from one used with alternating currents at
ordinary low frequencies.

11. The coil of a Wavemeter has a coefficient of self-induction equal to 150
microhenrys. What is its value in (a) millihenrys, Sl;) cms. ? .

1d2x; A condenser has a capacity of 10,000 cms. ; what is its capacity in micro-
farads ?



CHAPTER VII
INDUCTION COILS, ALTERNATORS, AND TRANSFORMERS

THE Induction Coil has a core built up of soft iron wires over
which is wound a coil, 200 or 300 turns, of insulated copper wire,
whose size depends upon the size of the induction coil. This is
called the primary coil, and when joined in series with an inter-
rupter to a battery a current flows in the coil, setting up a great
number of magnetic lines in the iron core, but the interrupter
immediately breaks the circuit, and so the magnetic lines dis-
appear. The interrupter makes and breaks the circuit alternately
with great rapidity, and thus magnetic lines are set up and
collapse in the iron core with an equal rapidity.

It is these magnetic lines which we wish to make use of to
obtain a high voltage. Over the primary is put a good coating of
insulation ; mica, ebonite, or paraffin wax—the former two being
best—and over all is wound a secondary coil, consisting of many
thousands of turns of wire, double silk covered and much thinner
than the primary wire.

Now it has already been explained that when magnetic lines
interlink with a coil of wire there is an E.M.F. set up in each turn
of the coil, and the value of this E.M.F. depends on the rate of
interlinkage per second. That is to say, it depends on how many
magnetic lines there are, and how fast they start up or collapse
inside the coil. In Fig. 31 we have magnetic lines set up in the
core and collapsed every time the current in the primary is made
and broken. These magnetic lines, when starting up and col-
lapsing, interlink with the secondary coil, and thus induce in
each turn of it an EM.F.; all the turns are in series with each
other, therefore all the induced EM.F.s are added together, and
thus between the two terminals of this coil we can get a great
E.M.F. by putting a sufficient number of turns in it.

Each time the magnetic lines start up in the coil, there will be
induced in the secondary an E.M.F. in one direction, and each
time they collapse an E.M.F. induced in the opposite direction.

61
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In the case of an Induction Coil these induced E.M.F.s are
not equal ; their values depend on the turns in the secondary coil,
on the number of magnetic lines, and on how rapidly the lines
interlink with the coil—that is, how rapidly they start up and
collapse. Now they collapse much more suddenly than they
start up, therefore the E.M.F. induced in the secondary is very
much greater at the break of the current by the interrupter than
at the make; in fact, so great is the EM.F. at break compared
to that at make, that we neglect the latter effect altogether, and
simply consider that a high E.M.F. is induced in the secondary
coil each time the current is broken.

To understand why there is this difference, we must con-
sider the effect of the magnetic lines on the primary coil itself ;
they interlink with it as with the secondary. Each time the
current starts, the magnetic lines interlinking with the primary

Fia. 81.

induce in it a voltage which is opposed to the current, and there-
fore prevent the current from rising to its full value quickly. As
the increase of magnetic lines depends on the increase of current,
it is seen that the magnetic lines do not start up quickly, hence
the induced voltage in the secondary is not very great. On the
other hand, when the interrupter stops the current, the collapsing
magnetic lines induce in the primary a voltage which hastens the
break of the current; hence there is a sudden stoppage of current
and a rapid collapse of the magnetic lines, which causes a high
voltage to be induced in the secondary coil.

When a hammer or interrupter breaks the circuit, another
effect arises and has to be dealt with; it is that the voltage
induced in the primary coil by the collapsing magnetic lines, and
acting with the current, tends to drive the latter across the break
at the interrupter in the form of a spark or arc. This arc is a
conductor of electricity, and if it is allowed to form, the current
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is never completely stopped at all ; hence the magnetic lines are
not all swept out, and the voltage induced in the secondary coil is
not anything like as great as it should be. To avoid this arcing .
at the interrupter contacts, a condenser is joined across them,
so that the moment the break occurs the extra current due to the
induction in the primary flows into the condenser and does not
arc across. Also the condenser, in immediately discharging
through the circuit formed by the battery and primary coil, tends
to complete the collapse of the magnetic lines in the core.

The connections of the complete induction coil are shown in
Fig. 32.

The secondary coil is wound in sections, each section consist-
ing of a spirally wound coil on a thin ring of paraffined paper, and

et
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brushed over with hot paraffin so that it sticks to the paper. All
these sections are then threaded over the insulating cover on the
primary, joined in series with each other, as shown in Fig. 33,
pressed close together, and hot paraffin run in to impregnate the
whole mass. It is important to make certain that the sections are
joined as shown, so that the current will flow in the same direc-
tion round each section, and that there will be no undue potential
strain between the end of one section and the end of the next
section to which it is joined.

Coils used for radio-telegraphic purposes are specially designed,
in that the secondary is wound with thicker wire than usual;
this is because the coil is used to charge up a condenser, and if
the secondary resistance is too high, we shall not be able to
charge the condenser to a voltage great enough to give an effective
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spark length, even though the coil may give a very long spark,
showing high voltage, when the condenser is disconnected. It takes
about 3000 volts to spark across 1 mm. of air, therefore a 1-inch
spark coil has about 70,000 volts induced in its secondary;
if, however, this is joined to a condenser, we shall find that
the condenser can only be charged to a few thousand volts, and
hence will only discharge across a spark gap whose length is
a small fraction of an inch. The resistance of the secondary is
partly responsible for this, hence it is kept lower than usual.

The condenser joined across the make and break of the
interrupter generally consists of sheets of tinfoil separated by
paraffined paper. It should have a capacity of } to 1 microfarad

Fia. 88.

according to the size of the induction coil, and is designed by
applying the formula given for a plate condenser—

K= AK
4t x 900,000

The interrupter should have good platinum contacts, and
should make and break the primary circuit as rapidly as possible.
Various new rapid working interrupters, giving up to 100 breaks
per second, have been designed for coils used in radio-telegraphy
and this rate of sparking gives satisfactory results. Besides the
contact or hammer interrupter there are other designs, such
as the Wehuelt electrolytic interrupter, and the mercury jet
driven by a motor; these are very suitable when the induction
ceil is used for X-ray work, but are too troublesome to use
for ordinary radio-telegraphic purposes, and therefore will not be
described here.

mfds.
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There is another very important physical phenomenon made
use of in the design of induction coils for radio-telegraphic
purposes ; it is the phenomenon of electrical resonance. When a
current pulsates or alternates in a circuit containing inductance
and capacity effects as well as resistance, its value is not generally
given by Ohm’s Law, 4.c. C is not generally equal to X

If the frequency of the current pulsations is f, and the induct-
ance i8 Lyy,., the voltage set up across the inductance is 2xfLC.
Similarly, if there is capacity K., in the circuit, the volts set

up across the capacity is These voltages act in opposition

2zfK’
to each other (capacity effect acting like a spring, inductance
effect like inertia), hence the resultant voltage effect due to these

2_15—/’K—)' It can be seen that both these

reactance voltages in the circuit may be very great, but if they are
equal the resultant voltage is zero, and the only volts required to
be impressed in the circuit is the CR volts required to send
the current through its resistance. Under these conditions
a circuit is said to be in a state of resonance. A circuit in a
state of resonance is, then, one containing capacity, inductance,
and resistance effects, but supplied with current alternating or
pulsating at such high frequency that—

reactions is (2mfLC —

_i_ __1_ or f= _]i .

2nfK’ 2nfK’ T 2m/LK

In such a circuit there may be great potentials set up across
the inductance and across the capacity, but they are balancing
each other, hence a much smaller voltage applied may send
currents through the circuit to give these effects. An induction
coil has considerable capacity effects in its circuit as well as
inductance effects, hence if designed so that resonance is pro-
duced by the intermittent current impulses, much greater potential
strain or voltage will be set up across the secondary coil than
would otherwise be the case. The pulsating current flowing in
a circuit containing inductance and capacity as well as resistance

2nfLC = or 2nfL =

is not equal to % but is given by the formula—

o v
Vs (2"fL - 21;}}{)2
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We see that the denominator of this fraction is least and the
current greatest when 2_11"1]".[{ = 2nfL, .. when a state of resonance
exists.

To understand why an induction coil, which would ordinarily
give, say, a 10-inch spark, gives a very small one when a con-
denser is joined across its secondary terminals, we have to
remember that the condenser must first be charged before a spark
can take place, and that the voltage to which the condenser is
charged is the voltage which sends a discharge across the spark
gap. Now the voltage induced in the secondary of the induction
coil rises very suddenly at the break, but it also falls very quickly
to zero again; also the charging current which it sends into the
condenser must flow through the resistance of the secondary and
connecting wires, which means that it takes an appreciable time
to build up the condenser potential. Suppose the voltage induced
in the secondary rises to 100,000 volts, this would instantly send
a discharge across a long spark gap; if, however, there is also
a condenser joined across it, the secondary voltage first sends a
current into the condenser, and before this has time to charge the
condenser to more than 20,000 volts, the 100,000 volts have
decreased to 20,000. Thus, under these circumstances, unless the
spark balls are placed close enough to allow 20,000 volts to send
a discharge across, no spark passes.

This shows two things: (1) the necessity of having the
secondary wound with comparatively thick wire, so that the
current encounters lit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>