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PREFACE

This manual, first published in January, 1907, was revised in 1909 by
L. W. Austin, Ph. D. The present (2d) revision contains the results of
some of Dr. Austin’s later researches as well as more detailed instructions
relative to installation, care and operation, also additional appendices,
containing extracts from Service Regulations adopted at the International
Wireless Telegraph Convention in Berlin, October, 1906, and the U. S.
Statute of 1910, relative to wireless telegraph apparatus on merchant
vessels.

The author is also indebted to Mr. J. Martin, of the Navy Yard, New
York; Mr. Geo. F. Hanscom, of the Navy Yard, Mare Island; Mr. Geo.
R. Clark and others for figures, illustrations and suggestions.

July, 1911.
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Chapter 1.

GENERAL REVIEW OF FACTS RELATING TO HIGH
FREQUENCY CURRENTS.

ELECTRIDITY.

1. If amber is rubbed with gilk a change in the condition of the amber
and of the silk is produced which can be detected in various ways.

This change in condition is described by saying that the amber and
the silk are electrified or charged with electricity by friction. Both of
these terms are derived from the Greek word “ elektron,” meaning amber.

The silk and amber thus electrified attract each other and bodies in
their vicinity, but the silk will repel another piece of silk similarly
clectrified and the amber will repel another piece of amber similarly
electrified. Since amber and silk have no effect on each other when not
electrified, the qualities of attraction and repulsion are said to reside in
the electric charges, and the fact is expressed by the statement that like
charges repel, unlike charges attract each other. The silk is said to be
positively, the amber negatively, electrified or charged. Positive and
negative charges are indicated by plus (4 ) and minus (—) signs.

The charges are said to consist of static or frictional electricity.

Bodies thus charged when not brought into contact with each other
or with what are called conductors remain in an electrified condition for
some time.

Bringing oppositely charged bodies in contact generally removes all
evidences of electrification. The charges are said to unite and, being of
opposite signs, to neutralize each other, and the bodies are said to be
discharged.

Sparks accompanied by a sharp crackling sound are produced between
highly electrified bodies when brought very near each other. After the
spark has passed the bodies are found to be discharged.

Charged bodies which can be discharged by sparking at greater dis-
tances than others are said to be charged to a higher potential.

All bodies, whatever their nature, are capable of being electrified.

The presence of static charges of electricity can be shown by what
are called electroscopes. One of the most sensitive, the gold-leaf electro-
scope, consists of two small pieces of gold leaf, which, becoming charged
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in the same sense (i. e., positively or negatively), by touching a charged
body, repel each other, and diverge, and show by their divergence the
presence of electric charges.

2. Certain bodies, notably metals, have the quality of transmitting or
carrying electric charges through themselves and are called conductors.
Bodies lacking in this quality, or possessing it to & very limited degree,
are called nonconductors, or insulators, or dielectrics, according to the
purpose for which they are used.

3. When pieces of zinc and carbon are immersed in a conducting
liquid (fig. 1) the combination is called a primary cell. If a wire is
connected to the zinc and one to the carbon and the free ends of the
two wires brought near each other, these ends are found to be electrified ;
the end of the wire connected to the carbon electrified like the silk (+4-)
and the end of that connected to the zinc like the amber (—). The
carbon is called the negative element or positive pole of the cell and the

~

X+ -~
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Fre. 2.

zinc the positive element or negative pole. A number of cells together is
called a battery. The liquid in which the elements are immersed is called
the battery solution. If the free ends of the wires are brought together
an electric current is established, of which the positive direction is said
to be from the carbon to the zine, through the wires; from the zine to
the carbon, through the liquid. (See fig. 2, and note 1, appendix.)

The current is said to be caused by a difference of potential between
the carbon and the zine. It is supposed to be made up of small electric
charges transmitted through the wire in quick succession, the charges
being produced by chemical or electric action between the carbon and
the zinc in the liquid.

The force which causes the movement of the electric charges which
make up the current is called the electro-motive force and is usually
written E. M. F.

If the free ends of the wire in fig. 2 instead of being directly con-
nected are immersed in another conducting liquid, as in fig. 3, the cur-
rent will flow through this liquid. The immersed ends are called
electrodes. The one at which the current enters is called the positive
and the one at which it emerges the negative electrode. These are also
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called the anode and the cathode, respectively. The conducting liquid
in this cell is called the electrolyte.

4. If the anode and cathode in fig. 3 are made of lead (or prepara-
tions of lead) plates, and the electrolyte is a solution of sulphuric acid
in water, the combination is called a secondary or storage cell or accu-
mulator and a number of such cells is called a storage battery. The

Fia. 4.

anode is called the positive plate and the cathode the negative plate. If,
after a current has been forced through such a cell for a time, the wires
from the primary cells are disconnected and the positive and negative
plates connected by a wire (fig. 4) outside of the electrolyte, a current
will flow, the positive direction of which will be from the positive to
the negative plate in the wire, and from the negative to the positive
plate in the electrolyte.

5. For convenience, a battery of primary or secondary (storage) cells
is indicated as in fig. 5, the elements forming positive poles by the light

Fia. 65.—Cells in Series. F16. 5A.—Cells in Parallel.

lines and the elements forming negative poles by the shorter, heavy lines.
Cells connected as in fig. 5 are said to be in series; connected as in fig.
Ja, in parallel. ’
MAGNETISM.
6. A magnet situated at a distance from other magnets and pivoted
so that it is free to move, will point toward the north magnetic pole of

the earth, which in some localities coincides with the north star in
2

| T
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direction. That end of the magnet which points in the direction of
the north star is called the north-seeking pole, or simply the north pole
of the magnet. The other end is called the south pole.

Similar magnetic poles, like similarly charged bodies, repel each other.
Dissimilar magnetic poles, like oppositely charged bodies, attract each
other—i. e., two north poles or two south poles repel each other: a north
and a south pole attract each other. The north pole is sometimes called
the positive pole and the south pole the negative pole of the magnet.

Wrought or soft iron can be magnetized but only retains its magnet-
ism while under the influence of the magnetizing force; steel or hard
iron once magnetized retains its magnetization permanently, and special
means to demagnetize it are required.

All bodiés can be electrified, but all bodies can not be magnetized.

7. If a sheet of paper is held over a powerful magnet and iron filings
sprinkled on the sheet, the filings will assume positions approximately

F1a. 6. Fre. 7.

as shown in fig. 6. Some force connected with the magnet must make
the filings assume these positions, which are different from what they
would be if the magnet was not under the paper; and from the way the
filings are arranged, this force must act in the space surrounding the
magnet. This space is called the field of magnetic force, or simply the
field of force, and the lines in which the filings tend to arrange them-
selves are called the lines of force, and we shall see in chapter II that this
conception is used as a basis for electric measurements. The direction of
the lines of force at any point indicates the direction of the magnetic
force at that point, and their number in any area, the strength of the
field in that area.

It is found that a small magnetic needle, pivoted so that it is free to
move and brought near the large magnet, will lie parallel to the direction
of the lines of force at any point at which it may be placed in the field,
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and that the north pole of the needle always points along the lines of
force in the direction leading to the south pole of the magnet.

The direction in which the north pole of the needle points is called
the positive direction of the lines of magnetic force, and the direction
in which the south pole points, the negative direction of the lines of
magnetic force.

Lines of magnetic force are said to run from the north pole of the
magnet to the south pole through the air, and back to the north pole
through the steel (fig. 7).

ELECTRO-MAGNETISM.

8. If the wire in fig. 1 is coiled into a spiral, as in fig. 8, with the
positive direction of the electric current as shown by the arrows and

the battery connections, a field of magnetic force which can be explored
by a small magnetic needle, or outlined by iron filings, as in fig. 6,
will be found to exist around the spiral, and the direction of the lines of
force will be found the same as those around the magnet in fig. 7. If the
current is reversed, the lines of force are reversed in direction.

Such a spiral, when traversed by a current, is found to have all the
properties of a magnet, and is called an electro-magnet or solenotd.

The strength of the magnetic field around an electro-magnet rises
and falls with the rise and fall of the current, and its polarity depends
on the direction of the current.

The positive direction of the lines of magnetic force which surround
a solenoid is from the north to the south pole outside of the spiral, and
from the south to the north pole inside of it, just as the positive direction
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of an electric current is from the positive pole to the negative pole out-
gide of a battery and from the negative to the positive pole inside of it.
If the number of turns of the spiral is reduced to ome it does not
lose its magnetic character. The lines of force then form circles around
the wire, their positive direction being shown in fig. 9, the upper side
being a north pole and the under side a south pole. If the turn is
straightened out, as in fig. 10, the lines of force still form circles around
the wire, and the north pole of the exploring needle points in the positive
direction of those lines. This direction is found to be always at right

angles to the wire.
o —
Q!Mlll 3

Fie. 9. Fra. 10.

rallls

9. It appears from the foregoing that what is called the positive
direction of motion of electric currents, or charges, is related to what
is called the positive direction of the lines of magmetic force, in the
manner shown by the arrows in figs. 8, 9, and 10, and, further, that
the terms positive and negative as applied to electric and magnetic effects,
and so largely used in connection with them, are purely conventional.
(See note 2, appendix.)

10. Returning now to the statement in article 8 that the strength
of the magnetic field around a solenoid rises and falls with the strength
of the current, and its polarity (i. e., the direction of the lines of mag-
netic force produced) depends on the direction of the current, it can be
further stated that a magnetic field exists around every wire carrying
an electric current (fig. 10). The direction of the lines of force in this
field depends on the direction of the current. These lines of force always
enclose circles in planes at right angles to the wire.

11. Since a current is conceived to be made up of a quick succession
of moving electric charges (art. 3), the above facts may be stated in
another way, viz., that moving electric charges produce magnetic fields
in which the lines of magnetic force enclose circles in planes at right
angles to the direction of motion of the moving charges, This has been
proved to be true for single static charges.*

ELECTRO-MAGNETIC INDUCTION.

12, Fig. 11 represents a primary battery, with the two poles of the
battery connected by a conducting wire, broken at K. A straight portion

* By Professor Rowland, Johns Hopkins University.
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A B of this wire is parallel to, and at a distance from another conducting
wire C D. When the break at K is closed, a current flows in the circuit,
and a field of force is created around the wire. Let us consider the
straight portion A B in which the direction of the current is shown by
the arrows, and the direction of the lines of force by the circles (shown
as ellipses), at right angles to A B. Several of these lines of force are
shown emhracing the parallel wire C D. '

If gold-leaf electroscopes (art. 1) are attached
to the ends C and D of the wire C D, and if the
current started in A B when the break is closed
is sufficiently powerful, the gold leaves will be
observed to diverge, momentarily, whenever the
circuit is made or broken at K. The stronger the
current iy A B, and consequently the stronger
the magnetic field produced, the more pronounced
the indications of the electroscope will be.

This shows that the ends C and D of the wire
C D are electrified when the current is made or
- broken in A B. When the current is made, the
end D is negatively charged like the amber and
like the wire attached to the zinc element in fig. 1, the end C positively,
like the silk and like the wire attached to the carbon element in fig. 1.

When the circuit is broken at K the electrification of C D is reversed,
C becoming negatively and D positively electrified. A sudden increase
or decrease of the current in A B produces the same effect as when the
current is made or broken.

It is to be noted that the electrification of C D is only momentary.
As soon as the causes producing it are removed, the electric charges
unite and neutralize each other through the hody of the conductor.

We know that when the current in A B is made, a magnetic field is
created around A B which extends to and beyond C D, and that when the
current in A B is broken, the magnetic field disappears, and that the
only thing common to A B and C D is this magnetic field, the lines of
force in which surround them both, and since we see that one kind of
electrification is produced in C D when the lines of force are being
created, and the opposite kind when they are being dissipated, we con-
clude that the movement or creation of these lines creates the electric
charges that we observe in C D.

13. In art. 11 it is stated that moving electric charges create magnetic
lines of force. Now, we see the truth of the converse, viz., that moving
magnetic lines of force create electric charges.

These two facts are of gemeral application and are the basis of all
electro-magnetic calculations.
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14. It is of great importance to keep clearly in mind the fact that
electrification in C D only takes place when the current is made or
broken or changed in A B. When there i8 no current in A B there are
no magnetic lines of force, and consequently there is no electrification
in C D. When there is a constant current in A B the magnetic field is
constant and there is no electrification in C D.

It is while the current in A B is rising or falling, and the lines of
force expanding from or contracting toward A B and cutting through
C D as they pass, that C D is affected. A movement of the lines of force
is required to electrify C D, and this movement is produced by changes
in the current in A B.

If the ends C and D are joined to form a complete circuit, a momen-
tary current will flow when changes in the magnetic field around C D
take place. .

We have just seen that a moving magnetic field in the vicinity of C D
creates electric charges in C D. We would also find that moving C D
in a magnetic field has the same effect. The change of current in A B
is said to tnduce the current in C D, and the action is called electro-
magnetic induction.

The preceding facts can be stated as follows: When magnetic lines
of force cut or are cut by a conductor, electric charges (i. e., a tendency
to current flow) are induced in the conductor, and currents flow if the
conductor forms a closed circuit, the direction of the induced currents
depending on the direction of cutting.

15. When the current in A B is rising, the magnetic lines of force
are expanding, and cutting C D in the direction from left to right, the
direction of the momentary current in C D being as shown in fig. 11a.

F16. 11A.—Current in A-B Rising. F16. 11B.—Current in A-B Falling.

When the current in A B is falling, the magnetic lines of force are
contracting, and cutting C D in the direction from right to left, the
direction of momentary current in C D being shown in fig. 11b. These
momentary currents or movements of electric charges in C D themselves
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produce momentary magnetic fields around C D, the direction of the
lines of force of which are shown by the arrows in figs. 11a and 11b.
It will be seen that these lines of force are opposite in direction to those
which created the current in C D. The field of force created around
C D reacts upon A B, tending to create in A B a current in the opposite
direction to that already in A B, i. e., to stop it.

In other words, the change of primary current in A B induces a
secondary current in C D. The latter current in turn induces a tertiary
current, which is in A B. This influence of two currents on each other
is called their mutual induction.

16. The electric charges produced by friction (art. 1), by chemical
action (art. 3), and by the movement of lines of magnetic force are all
identical in their properties, and the magnetic fields produced by the
movement of these charges are also identical in their properties. It is
therefore evident that a very close relation exists hetween electricity and
magnetism.

17. We have seen that the field of magnetic force around a wire
carrying a current or around a magnet can be mapped out by iron
filings. In a similar manner the field of electric force around charged
bodies can be shown by the use of various light powders.

Figs. 12 and 12b show the eléctric field between unlike and like
charges, respectively. Figs. 12a and 12c show the magnetic field between

L - -

F1a. 12.—Electric Field Charges of Opposite Sign.—Attraction.
F16. 12a.—Magnetic Field between Unlike Poles.—Attraction.
F1q. 128.—Electrie Field Charges of Same Sign.—Repulsion.
F1o. 12c.—Magnetic Field between Like Poles.—Repulsion.
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unlike and like poles, respectively. The electric field between two
charged bodies is found to resemble very closely the magnetic field be-
tween magnet poles. In all figures it can be seen that in electric as well
as magnetic fields each line of force appears to repel its neighbor, and
that they have their ends on points of opposite electrification or magnet-
ization. If these lines tend to shorten in the direction of their length
this tendency will cause the attraction between the bodies from which
they proceed.

18. It may be asked,—what are these lines of force which are not
visible and which can not be physically grasped? The only reply is
that we believe all electric and magnetic phenomena to be the results
of the disintegration of the atoms of matter or the rearrangement of
their constituent parts (see note 2, appendix), the movements of which
produce stresses and consequent movement or strains in what is called
the ether, an almost infinitely elastic, infinitely tenuous substance which
surrounds and permeates all matter and all space.

The earth is immersed in an illimitable ocean of ether, just as fishes
are in water.

We move about in a sea of it.

What we call electric and magnetic fields are places where ether move-
ments and ether stresses can be detected by the phenomena which they
produce, and which are being described.

An electric field is a state of strain (stretch or compression) in the
ether; it can be removed between any two points by connecting them
with a conductor. The release of the strain starts movements of electric
charges in the conductor. Movements of these charges produces another
state of strain in the ether at right angles to the first. We call this a
magnetic field.

We have seen that movement of either field creates the other, and that
the lines of force in the two fields when they are thus produced are in
planes at right angles to each other. When equilibrium is restored one
field or the other has disappeared, though they can coexist in a transitory
state.

19. It has been proved that light and heat are forms of ether motion
also, and that all movements (clectric and magnetic) in the ether ara
propagated with the velocity of light.

It has also been proved that electric movements progress along stratght
wires at practically the same speed that magnetic movements progress al
right angles to them—i. e., with the speed of light.

Thas velocity has been measured many times and found to be 186,000
miles, or approzimately 800,000,000 meters per second.

We must learn therefore to think of light movements and of electric
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and magnetic actions not as being instantaneous, but as being restricted
to a definite measurable speed.

1t takes time for electric and magnetic effects to be propagated in the
ether, time for them to be propagated along a wire. The wire guides or
strikes out the line of maximum disturbance.

20. Let us now return to fig. 11. Before connection at K is made,
the field of magnetic force does not exist, but the wires are electrified
by means of action between the zinc and carbon in the battery solution.
When the break at X is closed, a magnetic field is established ; when the
connection at K is broken, the magnetic field disappears. The question
arises,—how is this magnetic field created? How is it dissipated? The
reply is: It is created by movement of electric charges in A B which
disturb the ether and this disturbance is propagated through the ether
at right angles to A B, with.the speed of light, i. e., at the rate of 186,
000 miles or 300,000,000 meters per second. This disturbance is of such
a nature as to produce a state of strain in the ether which may be
compared to that produced in a piece of rubber by compression or
tension. The strain is relaxed as soon as its cause (i. e., the movement
of the electric charges) is removed. ,

The amount of strain (i. e., the strength of the magnetic field) de-
creases as the distance from the moving charges increases. It spreads
in all directions, but except with very delicate instruments can not be
detected at any great distance from A B.

The creation and dissipation of this state of unstable equilibrium
in the ether, which must be brought about by some kind of movement
in it, produces electrical movement in C D, or, as it is perhaps better
to say, produces electric charges in C D. C D stands in the way of and
is disturbed by an advancing or receding wave of movement in the ether,
originated at A B. C D is, like all other conductors, an obstacle in the
path which creates an eddy, so to speak, in the ether wave and reacts,
however minutely, on A B, because the movement of the electric charges
produced in C D also creates an ether movement, but in the opposite
direction to that proceeding from A B.

21. We have now reached a point where the electric and magnetic
actions under discussion are directly applicable to wireless telegraphy,
but before proceeding with this subject it is desirable to consider more
fully the action of A B on C D, because the creation of electric currents
by moving or varying magnetic fields, and vice versa, is the basis of
industrial electric power—of that used in wireless telegraphy as well
as in other branches of electricity; and other facts or developments of
this fundamental fact will appear which will lead to a clearer compre-
hension of it.
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22. In fig. 11, C D is shown parallel to A B.
If C D is slowly revolved around its own center
as an axis the effect on it of making, breaking,
or changing the current in A B will be found to
decrease until C D is at right angles te A B,
when it will disappear altogether. The lines of
force are circles at right angles to A B; they do
not cut C D when it is at right angles to A B
because it is parallel to them, and consequently
no effect is produced.

The induced effects in C D will be found to
increase as it is brought nearer A B and to decrease as it is removed
from A B. The field near A B is stronger, and more lines of force are
created there or dissipated there than at a greater distance from A B—
i. e., a greater disturbance in the ether takes place.

23. If the two ends of C D (fig. 11), are brought close together, but
without touching, and if the current made or broken in A B is very
strong, a spark will pass between the ends of C D at each make and
break. If C D is separated from A B by an opaque, nonmetallic screen
and the makes or breaks in A B are made to represent the characters of
a code, messages sent in this code from A B can be received at C D
when each is invisible from the other. By the addition of a battery to
C D, similar to that producing current in A B, replies can be sent, and
thus a crude wireless telegraphy produced.

24. If A B is coiled into a spiral or heliz and C D into a similar spiral
or heliz (fig. 13), the effect of making, breaking, or changing the current
in A B is much greater than where both wires are straight; for the
d.isturba.nce created in the ether—that is, the number of lines of force
produced by the moving charges in A B—is equal, for equal lengths of
the wire, and since a greater length is concentrated in the same space,
the number of lines of force in that space, assuming the current in the
spiral to be the same as that in the straight wire, are correspondingly
greater. This stronger field would produce an increased effect on a
straight wire; but the length of C D is also concentrated. Therefore
the effect is increased still more.

25. We know that A B when coiled as in fig. 13 and traversed by a
current forms a solenoid (art. 8, fig. 8). The space inside the coil is
called the core, and it has been assumed that the surrounding substance
(excluding the ether, which is present both in the interior and on the
exterior of all bodies) is air. It is found, however, that if the core of
the solenoid is iron, as in fig. 14, instead .of air, the effect on C D is very
much more powerful—i. e., the numbers of lines of force created with the
same current is very greatly increased.
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This shows that it is easier to create lines of force in iron than in air;
or, to state the fact differently, lines of force permeate iron more easily
than they do air. The relative ease with which magnetic lines of force
are created in a substance is expressed in figures and called its magnetic
permeabslity. The permeability of air at atmospheric pressure is called

CURRENT IN A-B RISING

unity, and on that basis the permeability of the purest wrought iron is
3,000. In other words, within limits the same current will produce 3,000
times as many lines of force in iron as in a body of air of the same
length and area of cross section.

Fre. 14.

26. If the iron of fig. 14 is extended to include C D, as in fig. 14a, the
effect of changes in A B is increased still more, because in fig. 14 the
lines of force are partly in iron and partly in air, while in fig. 14a they
have an iron path throughout, and are consequently much greater in
number. C D can also be placed inside of A B or outside of it, with
or without an iron core (figs. 14b and 14c).
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F16. 14B.—Open-Core, Step-Down Transformer or Induction Coil (current in
A B rising).

- A

J

5 D ——
F1a. 14p.—Auto Step-Down Transformer (current in A B rising).
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27. Since the tendency to current flow in C D is produced by lines
of magnetic force cutting C D, and since on making or breaking cur-
rent in A B each line of force cuts C D once, for each turn in C D, if
the turns'in C D are decreased or increased, as in figs. 14b and 14c, the
tendency to current flow—i. e., the electro-motive force—is raised or
lowered. From this fact, and from the fact that the current in C D is
opposite in direction to that in A B, the arrangements in figs. 14a, 14b,
and 14c are called transformers. Fig. 14a is called a closed-core trans-
former; fig. 14b an open-core transformer or induction coil; fig. 14c an
air-core transformer.

Transformers are called step-up or step-down with reference to
whether the number of turns in the coil C D is greater or less than
those in A B. TFig. 14b is a step-down; fig. 14c a step-up transformer.
The coil A B is called the primary and the coil C D the secondary wind-
ing, and where A B and C D have some turns common to both, as in
fig. 14d, the arrangement is called an auto-transformer.

28. Referring again to fig. 13: When the break at K is closed, a
current is started, which progresses upward through the coil, the mov-
ing charges composing it creating a magnetic field around the wire.
The lines of force, as they expand from the current in the first turn of
the spiral, cut the second turn of A B in the same way that they cut
C D a little later. They induce a current in the second turn opposite
in direction to that in the first turn—i. e., tending to stop it. The same
effect is produced in the third and succeeding turns. In other words,
the different parts of the coil A B react on each other just as the coil
C D reacts on A B. This reactive effect of the turns on each other
makes the rise in current slower than in a straight wire, and is greater
when the core of the coil is of iron than when it is of air, because of the
greater number of lines of force produced.
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29. We find that a stronger current is produced by the same battery
in a short wire than in a long wire of the same size and material, and in
a thick wire than in a thin wire of the same length, and we say that this is
is due to the greater resistance of the long wire and of the thin wire as
compared with the short or with the thick wire. To establish the same
current in the longer or the thinner wire as in the shorter or thicker
wire requires a larger battery—that is, greater E. M. F.

30. Now, we find that when the wire is coiled into a spiral and a
change in the current is taking place, the turns react on each other and
resist the change of the current. This resistance does not depend on
the size nor the material of the wire, but only on the amount and quick-
ness of the change in the current, and is therefore of a different character
from the resistance referred to above. The resistance of a wire to changes
in current established in it,"is called its reactance, and during the change
the total effect of the true resistance and the reactance is called the
tmpedance of the wire or circuit.

In circuits having reactance the production or progression of electrical
effects is retarded. It takes longer to create a given current than in the
same length of straight wire. It may be said, therefore, that coiling a
wire increases its electrical length—i. e., increases the time it takes an
electrical movement created at one end of it, to reach the other.

The currents in C D are said to be produced by the tnduction of A B
on C D. The retarding effect of the coils in A B to the rise and fall of
current in A B is said to be due to the self-induction of A B. It has
been shown that the amount of both kinds of induction depends on the
shape and arrangement of both circuits and the material (iron or air)
in and around them. ‘

METHODS OF PRODUCING CURRENTS BY ELECTRO-MAGNETIO INDUOTION.

81. The currents under discussion have been illustrated as being pro-
duced by batteries of primary cells, and for many purposes these are
very valuable, but for the production of very powerful electrical effects
advantage is taken of the fact, stated in art. 14, that when magnetic
lines of force cut or are cut by a conductor, electric currents flow in the
conductor, if the latter forms a closed circuit.

The direction of current flow can be determined by the following rule :*
(a) An increase in the number of lines of force embraced by a circuit
induces 2 current in the opposite direction to that in which the hands of a
watch move, while a decrease in the number of lines of force induces a
current in the same direction as that in which the hands of a watch move,
the line of sight being in both cases along the positive direction of the
lines of force. (Art. 7 and fig. 7.) Or rule (b) The positive direction

* From Fiske’s “ Electricity and Electrical Engineering.”



MANUAL OF WIRELESS TELEGRAPHY. 25

of the lines of force is with the hands of a watch when the current is
flowing away from the observer. And rule (c) The currents induced by
moving lines of force always tend to prevent change in the inducing
current. Induced currents are, therefore, in the opposite direction when
the inducing current is rising and in the same direction as the inducing
current when the latter is falling. (Art. 15.)
Rule (a) is illustrated by fig. 15; rule (b) by fig. 15a.

From rules (b) and (c) can be deduced the following illustrated in fig.
15b, which represents a conducting wire C D below a line N S represent-
ing a field of force and its direction. When in the relative positions shown
movement of either wire or line of force toward the other creates a cur-
rent to the rear, moving either one away from the other creates a current
to the front.

/.
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FIG. 15

It will be seen that the field N S can be revolved through any angle
around the wire C D as an axis so as to be to the right, left, or above or in
any intermediate position without changing the truth of the above state-
ment. '

These three rules show the relation between what we call the positive
direction of the lines of magnetic force and what we call the posttive
direction of electric current.

32. Now let the wire C D in fig. 11 be bent until it forms a rectangle,
and let it be placed in the magnetic field between the north and south
poles of a powerful electro-magnet having an iron core. By bending the
core into the shape shown in fig. 16, the north and south poles are oppo-
gite each other and a greater number of lines of force are produced,
because the distance they have to travel through the air is very much
shortened as compared with fig. 14.
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Ezxploration of the field in fig. 16 by means of iron filings or by
means of a small magnetic needle will show that the lines of force
extend directly from a point in the north pole to the opposite point in
the south pole. In other words, that they are straight and parallel to
each other, and they are so shown in fig. 16. The field is also found
to be of uniform intensity, which indicates that the number of lines of
force are equally distributed throughout its area.

Now, if C D is moved up or down in the magnetic field, no indica-
tion of a current can be perceived, and it appears that the statement in
art. 14 (that when magnetic lines of force cut or are cut by a conductor
electric currents flow in the conductor if the latter forms a closed circuit)
is in error, but when we consider that when C D is moved upward (the

Ar 3

Fic. 16.

field being of uniform intensity) as many lines of force are cut by the
bottom half as by the top half of C D, the currents induced in the two
halves must therefore be equal, and since both flow to the rear we see
that they neutralize each other, and the result is zero. Another way to
explain this is to consider that portion of the field inclosed by C D as
containing a certain number of lines of force. Those coming in when
C D is moved induce a current in one direction, those going out induce
a current in the opposite direction, and if as many come in as go out
no effect is produced.

838. If C D were straight, electric charges would be produced on its
ends and would be maintained there as long as the cutting of the lines
of force continued, but bending it into a closed circuit changes condi-
tions to the extent that cutting of lines is going on all around the cir-
cuit, some inducing charges in ome direction, some in the other, and it
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is only when there is a preponderance of cutting in one direction that
a current actually flows. This would occur if C D were moved from a
point where the field is weak to where it is stronger, or vice versa, but
the field under discussion is supposed to be uniform. (See rule a.)

If C D is rotated around one of its diameters as an axis (say the hori-
zontal diameter at right angles to the lines of force) when it is hori-
zontal, as in fig. 17, the lines of force included will be zero, and when
vertical, as in fig. 17a, the lines of force included will be the maximum
number possible in that field, so that a revolution of 90° will make an
entire change in the number of lines of force passing through the
rectangle.

For instance, if the revolution is in the direction of the hands of a
clock—i. e., if the top of C D moves to the right (see fig. 17a)—the
upper half of C D is cutting lines of force in the direction which induces
movements of electric charges to the front, while the lower half is cutting
lines of force in the direction which induces movements of electric
charges to the rear, so that an electric current is established in C D in
the direction shown, or the number of lines of force included in C D is
decreasing, and looking from N to S, the current moves with the hands
of a watch.

F1e. 17. F1o. 17aA.

If C D’s rate of revolution is constant, a little consideration will show
that when it has revolved through 90° and its plane is horizontal it
is then moving at right angles to the lines of force, and consequently
cutting them faster than when, its plane being vertical, it moves parallel
to the lines of force for an instant and is not cutting any; also that
the increase in the rate of cutting is progressive from one position to the
other. It will therefore be seen that the electric current produced is a
maximum when C D is horizontal, and that it is zero for an instant
when C D is vertical because during that instant it moves parallel
to the lines of force and therefore there are none being cut. (No change
in number included.) It is also evident that the increase of the
current from zero to a maximum is progressive during the first 90° of
revolution, that it then progressively decreases until C D has revolved
through 180°, and is again moving parallel to the lines of force when it
falls to zero.

3
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As the revolution continues, that half of C D which during the first
half revolution was cutting lines of force in such a manner as to induce
a current to the front now cuts them in such a manner as to induce a
current to the rear, its former place being taken by what was originally
the lower half, so that the direction of current in C D is reversed.
(Rule c.)

Another maximum rate of cutting lines of force and consequent maxi-
mum of current is produced when C D has revolved through 270°. The
current progressively increases from 180° to 270° and then decreases
until when the original conditions are restored by the completion of one

revolution the current has again fallen to zero.
" From the above and from an inspection of fig. 17a it will be seen that
current is always flowing to the front in that half of C D which is going
down to the right and to the rear in the half going up on the left, and
that each half revolution the current changes in direction. Such a cur-
rent is called an alternating current.

F1e. 18.

34. This can be shown graphically in fig. 18, where the rate of cut-
ting and therefore the rate of change of number of lines included in the
circuit at different equidistant points in one revolution is represented by
equidistant vertical lines proportional to the cutting rate, and conse-
quently to the current strength. Vertical lines above the horizontal line
represent current strength in one direction and below it current strength
in the opposite direction. A regular curve is produced by joining the
tops of these lines. This curve is the curve of sines, because the rate of
cutting and the strength of the induced current are proportional to the
sine of the angle of revolution.*

* Since the lines of force are horizontal, the number cut during the revolu-
tion of C D through any angle is proportional to the vertical movement of the
extremity of the radius of C D which generates the angles. The amount of
this vertical movement is the sine of the angle, and therefore the induced
current is proportional to the sine of the angle.
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85. If C D instead of forming a closed circuit entirely in the mag-
netic field has its ends connected to two rings which revolve with it and
touching these rings are the ends of a coiled wire (E F, fig. 19), the

r

currents induced in C D also flow through E F and make of it a sole-
noid whose strength varies with the strength of the current and whose
polarity reverses with the reversal of the current. If a small magnetic
needle were pivoted in E F, its direction would tend to change with each
reversal of the current, and it can thus be made to indicate both the
direction and the amount of current flowing through the coil E F.
Such an instrument is called a galvanometer.

The currents in the coil E F are supplied from C D, and thev are
induced in C D by its movements in a magnetic field. C D has become
a source of electricity like the battery in A B. E F corresponds to the
coil A B in fig. 13, and the rise and fall of current in E F will produce
a rise and fall of current in another coil near it, just as the make and
break at K in fig. 13 induces momentary currents in C D.

The currents in C D, fig. 13, were induced by interrupted current.
Those induced by E F in coils near it are induced by alternate current.
Interrupted current was used almost entirely in wireless telegraphy in
its earlier development. It has now been replaced by alternate current.

86. It only remains now to make C D produce the magnetic field in
which it revolves, and we can dispense entirely with the primary battery
in A B. This can be done as follows:

In fig. 20 instead of having each
end of C D connected to a ring of
conducting material, ag in fig. 19,
one ring is removed and the other
split into two equal parts and an
end of C D connected to each part,
the ends of E F being adjusted so
that as the split ring revolves with
C D one end of E F is always con-
nected through the split ring with
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that half of C D in which the current is flowing to the front and the
other end to that half in which the current is flowing to the rear. This
arrangement makes the current in E F always flow in the same direction.
It rises and falls with the current in C D, but does not reverse, because
just as the current reverses in C D, E F changes ends, so to speak, by
breaking connection with one half of the split ring and making con-
nection with the other. The current in E F is now said to be a pulsai-
tng instead of an allernating current, and the change can be graphically
represented by transferring the part of the curve below the line in fig. 18
to a corrésponding position above it, as in fig. 18a.

FI1G. 18A.

The alternating current in C D is said to be rectified into a direct
current in E F. The split ring by means of which it is rectified is called
a commutator, and the entire apparatus (either with or without a com-
mutator), a dynamo.

87. With a single coil, C D, rotating in the magnetic field the cur-
rent in E F can be made to flow always in the same direction, but in
order to make it constant a large number of coils, equally spaced, must
be used, so that one of them is passing through the position (horizontal)
in which maximum current is produced practically all the time. If there
were 10 such coils, each connected to its own split ring (fig. 21), and
all connected to E F, the currents in each would overlap, so that the
resultant current in E F to another scale might be indicated by a line
joining the highest point of each (fig. 18b). In other words the current
in E F is practically constant.

Fr10. 18B.

The revolving coils are held in place on a cylindrical drum or ring
and the whole is called an armature. If this ring is made of iron the
strength of the magnetic ficld is much increased, because the iron affords
a path for the lines of force from one pole to the other and thereby
lessens the distance through which they have to pass in the air. (See
art. 25.)
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The tendency to current flow in C I created by cutting lines of force
ig called the electro-motive force in C D (see art. 3), and is found to
depend on the number of lines cut in a given time, so that the faster
C D revolves, and the stronger the magnetic field, the greater the electro-
motive force and the greater the current produced in any given circuit.
Now, if the current induced in C D, instead of all lowing through E F,
is divided, so that part of it flows around the core of the electro-magnet
(fig. ?1), this current can take the place of that produced by the battery
in A B and the battery can be dispensed with.

N S /

Fia. 21.

38. In art. 6 it is stated that wrought or soft iron can be magnetized,
but only retains its magnetism while under the influence of the magnet-
izing force. Steel or hard iron, once magnetized retains its magnetiza-
tion permanently and special means to demagnetize it are required. It
is found that electro-magnets with soft-iron cores can be made more
powerful (i. e., will give a stronger field) than if the cores are of steel,
and that electro-magnets with either kind of core can be made to give
much stronger fields than any permanent magnet. Also, that soft-iron
cores retain a very small part of their magnetism and polarity when the
current is broken, so that, if the magnet poles between which C D re-
volves are made of the most efficient material (wrought iron or mild
steel containing no phosphorus), when C D stops they still retain their
polarity in a slight degree.

When C D starts to revolve agam the weak field generates a small cur-
rent in C D, which sends this current through the wire around the poles;
this current increases the strength of the poles and consequently of the
field which increases the current in C D and so on. This is called
generating or butlding up, and continues until the limit of the power
moving C D in the continually strengthening field is reached, or until
the iron core is saturated, in which condition no increase of current will
increase the field.
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39. When alternating current is desired, a dynamo, in order to be
gelf-exciting, i. e., to produce its own field, must have part of its cur-
rent rectified by means of a commutator. It is more usual, however,
to drive a small direct-current dynamo by means of the same ‘power
which drives the larger one, the current from the small dynamo being
used to create the magnetic field in the larger one. Such a machine is
called an exciter.

40. The fact that magnet poles of unlike polarity attract each other
(art. 6) applies to electro-magnets, with or without iron cores, as well
as to permanent magnets. Hence two electro-magnets placed as in fig.
13 will attract or repel each other according to their polarity. Each line
of force apparently tends to contract in the direction of its length, and
by so doing exerts a mechanical pull on the conductors which it sur-
rounds.

The same effect is observed between a magnet and a wire carrying a
current (which, as we know, has a magnetic field around it) and between
two wires, each carrying a current. They actually pull or push each
other according to the quality of their magnetism, which is determined
by the direction of the current.

41. If in fig. ®1 the armature instead of being revolved to the right by
some outside agency, is supplied with a current flowing through it in the
same direction as the current it generates, it will revolve to the left.

The current flowing to the front in the winding of the right half of
the armature and to the rear in the winding of the left half makes of it
an electro-magnet with a north pole at the bottom and a south pole at the
top. The revolution is caused by the attraction of the north pole of the
armature by the south pole of the field magnet, and its repulsion by the
north pole of the field magnet. This action is reversed in the south pole
of the armature.

The movement will be continuous, because, as the top of the arma-
ture moves toward the north pole of the field magnet, the commutator
acts to maintain the flow of current as before, and the consequent arma-
ture poles are always at the top and bottom halfway between the field
magnets.

The armature thus creates a current when made to revolve, and re-
volves when supplied with current.

In the first instance we have seen that the entire machine is called
a dynamo; in the second it is called a motor. Every dynamo will run
as a motor if supplied with current. Every motor will act as a generator
or dynamo if made to revolve in its own field.

The motor can be made to drive another armature in another field.
Such a machine is called a motor-generator. It can be run with direct
or alternating currents and made to generate direct or alternating cur-
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rents of a higher or lower E. M. F. For this reason it is sometimes called
a rotary transformer, as distinguished from the stationary transformers
already described. ‘

ELECTRIC AND MAGNETIC FIELDS.

42, Electricity produced by friction (art. 1) is sometimes called fric-
tional electricily; by primary batteries, voltaic electricity; by electro-
magnetic induction, dynamic electricity. But however produced and
transformed, all kinds of electricity are tdentical, and the same is true
of all kinds of magmnetism. Wherever there is an electric charge, sta-
tionary or moving, emanating from the charge are electric lines of force
which end at other electric charges. Wherever there are moving electric
charges (currents) there are magnetic lines of force also, and these
magnetic lines of force are always at right angles to the direction of the
motion of the charges and to the electric lines of force proceeding from
them.

And, finally, motion, or state of strain in the ether, which these lines
of force represent, travels with the speed of light, and the fields of force,
while more pronounced and therefore more easily detected near the
moving charges, are really all pervasive. They have no limits.

43. Imagine a disturbance—say an expansion of a gas—to take place
in the center of an immense rubber ball. A wave of tension, which be-
comes less as its distance from the center increases, progresses outward
to the farthest confines of the ball. When the gas contracts, a wave of
contraction, also starting from the center, and decreasing with its dis-
tance from the center, progresses outward to the farthest confines of
the ball. If expansion and contraction are equal the ball’s former state
of equilibrium is restored.

In this way it can be imagined that starting a current produces a
state of strain in the ether or stretches it in one direction; stopping it
releases the strain. Action in both cases starts at the point where the
current is produced and progresses outward with the speed of light, and
a little consideration will show that it can have no limit, though it soon
ceases to be perceptible except under certain conditions, to be later de-
scribed. :

The function of wireless telegraphy is to produce these ether move-
ments at will. :

ELECTRIO CAPACITY.

44, We can produce momentary currents in conductors, whether open
or closed, by the cutting of lines of force, and the evidences of electrifi-
cation are most pronounced at the ends of an open conductor, but these
disappear as soon as the cutting of lines of force ceases. We find, how-
ever, that electrification of amber, glass, silk, and other bodies remains
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after the rubbing ceases, and if glass plates or other nonconductors be
connected to the ends of a conductor in which an E. M. F. is being
generated, so that connection is made all over the surface of the glass
(as it is when rubbed), the glass when separated from the conductor
will be found to be electrically charged the same as when electrified by
rubbing. When two plates oppositely charged (art. 1) are connected
through avires leading to a galvanometer, the amount of deflection of the
galvanometer needle (caused by the magnetic field of the momentary
current created as the charges unite and neutralize each other) is a
measure of the quantity of electricity on each plate.

In testing plates of different sizes, shapes, and materials, charged to
the same potential by being connected to the poles of the same source
of electricity, it is found that different values of the throw of the gal-
vanometer needle are produced. Other conditions being equal, plates having
the greatest amount of surface are found to have the largest capacity.
Plates of the same capacity will give a larger throw of the galvanometer
when charged from a source of high than a source of low potential, so
that the amount of electricity stored in an electrified body depends on
its potential as well as on its capacity.

45. If two plates, oppositely charged by being connected to the poles
of a battery, as in fig. 22, or to the terminals of a dynamo or transformer
are discharged by being connected through a galvanometer, the throw
of the galvanometer will not be as great as if the same plates, charged
to the same potential by the same battery as in fig. 22a, are discharged
through the same galvanometer. By being brought closer together the
plates seem to have their capacity increased. It takes a greater amount
of electricity to bring them to the same potential than when farther
apart. If two plates charged at a distance from each other, as in fig. 22,

and then disconnected from the battery are brought to the position shown
in fig. 22a, their potential, as measured by an electroscope, is found to
be lowered. The electricity is said to be condensed by the approach of
the plates, and such an arrangement is termed a condenser, a somewhat
misleading term, but one generally used.

'This is analogous to the increased strength of magnetic field produced
hy shortening the magnetic circuit while retaining the same magnetizing
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force. In both cases the field of force represents stored energy which can
be made to reappear in the discharge of the condenser or the dissipation
of the field.

The two plates can be reduced to one if of nonconducting material,
but since a nonconductor can not transmit electric charges, in order to
utilize the two surfaces of the plate, each must be covered with a con-
ductor which will permit the charges to distribute themselves over its
area.

ELECTRIC INDUCTION.

48. Electric lines of force permeate a nonconductor—i. e., electric
induction takes place through it,—in a way analogous to that in which
magnetic induction takes place through iron or air.

The permeability of air for magnetic induction is taken as a standard
and called unity. (See art. 25.)

Its permeability for electric induction is also taken as a standard and
called unity, and as we find that iron, nickel, cobalt, and oxygen have a
greater magnetic permeability than air, so we find that glass, beeswax,
paraffin, nearly all kinds of oil, and indeed most bodies we call insulators,
have a greater electric permeability than air. The quality of a body as
compared with air in this respect is called its specific inductive capacity,
and bodies when considered with reference to electric induction through
them are called dielectrics. (Art. 2.)

It is found that the best quality of glass has nine times the specific
inductive capacity of air. This means that when subjected to the same
potential, the electric field, when this glass is the dielectric, is nine times
as strong as that created when the medium intervening between the
charges is air, it requires nine times as much work to create it, and its
discharge can do nine times as much work.

47, Bodies such as iron or nickel through which magnetic induction
is taking place are found to change slightly in shape, and sudden
changes in the induction or lines of force permeating them produce
slight sounds. The action is also accompanied by the production of
heat, but as the magnetizing force (magneto-motive force) increases,
the lines of force tend to reach a maximum which no increase of mag-
netizing force will increase. When in this condition the magnetized body
is said to be saturated. There is, however, apparently no limit to the
magnetization of air.

In the same way bodies (dielectrics) through which electric induction
is taking place are found to change (enlarge) slightly in shape, but in-
crease of electro-motive force (in this case potential) does not appear to
tend to a maximum of electric induction. The physical strain on the
dielectric, however, continues to increase and finally reaches a point
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where it pierces or ruptures the dielectric, the action being accompanied
by a sharp crackling sound and by the production of light and heat,
which we call an electric spark. If the dielectric is air or a liquid, the
rupture is immediately repaired by the action of the surrounding sub-
stance on that heated by the passage of the spark; but if the dielectric is
a solid the rupture is permanent. Magnetization is limited by saturation.
The limit of electrification is marked by rupture. The electric charges
are found to have been dissipated after the spark has passed. The con-
denser is said to be discharged. If the oppositely charged plates are dis-
charged without sparking, a slight sound is produced if the dielectric is
glass. This is analogous to the minute sounds given out by magnets
when magnetized or demagnetized suddenly.

Magnetization or electrification seems to consist of forcing to point in
the same direction the magnetic or electric polarities of the molecules of a
substance.

We have seen that the capacity of an electrified body depends on the
area of its electrified surface, on the nearness of its charge to charges
of opposite sign, and on the material of the dielectric—i. e., the substance
intervening between the charges.

ELECTRIC CONDENSERS.

48, Bodies capable of being electrified and arranged so as to present
a large capacity in a small space are frequently called simply capacities,
but this term is misleading, and though the term condenser is not
entirely satisfactory it will be used. The total charge in a condenser
depends on its potential as well as its capacity. Its potential depends
on the potential of the source of electricity only, but its capacity, as
stated above, depends on its size, material, and arrangement.

Condenser capacities may be said to be related to each other in the
same way as rubber bags inflated by gas. A large bag charged to a
given pressure contains more gas than a small bag charged to the same
pressure. The gas in the large bag is making no greater effort to escape
per square inch (i. e., has no higher potential) than the gas in the small
bag; but it requires a longer time and more gas to charge the large bag
than the small one.

So when connected to the same source of electricity it requires a
longer time to charge a condenser of large capacity to a given potential
than it does to charge a small one to the same potential, and its power
to do work is correspondingly greater.

In the same way it requires a longer time to create the magnetic field
of a large electro-magnet than that of a small one, and a stronger mag-
netic field (within limits) is created by a large current than by a small
one under the same conditions, and the energy stored in the strong field
and its power to do work is correspondingly greater.
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49. Tt is evident that a close analogy can be drawn between the electric
field in a condenser and the magnetic field around an electro-magnet.
We have seen that any movement of either field creates the other; that
they can exist independently only in a static condition; that, though
they have no limits, the center of effort, the point of greatest activity in
each, is at the body which we consider electrified or magnetized; that
bodies differ in their qualities in these respects; that an actual physical
change takes place in the dielectric when electrified and in the iron or
nickel when magnetized, and, finally, that both electric and magnetic
fields represent stored emergy in an infinitely elastic medium, and we
shall see that this medium, on account of its elasticity, vibrates and
oscillates when either an electric or a magnetic field is suddenly created
or destroyed in it.

50. The most common and best known form of condenser is the Leyden
jar, which consists of an inner and outer coating or film of tin foil or
copper on a glass jar, the glass being the dielectric. Electric induction
takes place through the glass and the energy is stored in the electric field,
the tin foil merely serving to increase the area over which electric in-

duction takes place, and hence the capacity of the condenser.

" Condensers are often made up of ‘a large number of interlaced plates
or films of conducting material, having between them for a dielectric

Fixeo ConpenserR VARIABLE CONOENSER
F1a. 23. Fi1a. 23a. Fi1a. 23B.

larger pieces of glass, mica, or oiled paper, alternate plates being simi-
larly charged. Condensers are represented either as in fig. 23 or fig. 23a.
They will be represented in this book as in fig. 3. Condensers are also
made in which the relative position of the plates, and therefore the
capacity, can be varied at will. These are called variable condensers,
and will be represented as in fig. 23b. In variable condensers the
dielectric may be glass, air, oil, mica, or paper.

DISOHARGE OF OONDENSERS,

51. If, after being charged by connecting the inner coating to one
pole of a source of electricity and the outer coating to the other, the two
coatings are connected by means of a conducting wire the charges
neutralize each other and the condenser is said to be discharged. The
discharge of a condenser being a movement of electricity creates a cur-
rent and consequently a magnetic field around the wire through which
the discharge takes place.
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If the potential is high enough the condenser can be discharged with-
out actually connecting the two coatings, for when the opposite ends of
wires connected to them are brought within a certain distance of each
other sparks will pass, and the condenser will be found to be discharged,
the same as if the wires were actually connected. The charges unite by
rupturing the air dielectric. The energy stored in the electric field
appears as sound, light, heat, and other invisible ether vibrations.

This spark discharge is found when analyzed to consist usually of
several sparks, passing first in one direction, then in the other. Each
condenser coating is charged positively and negatively in rapid succes-
sion, each charge being somewhat less than the preceding unmtil the
entire energy of the original charge is dissipated. This form of con-
denser discharge is oscillating. The released charge acts like a released
musical string which vibrates until its energy is dissipated, and as the
same string gives out the same note, whether stretched strongly or only
a little, o a condenser when discharged through the same wire always
vibrates or oscillates in the same period, regardless of its potential. Just
as the note given out by the string depends on its material and length,
so the rate of vibration of a condenser depends on its capacity, which, as
we have seen, depends on its material and arrangement.

52. Another illustration of oscillatory condenser action can be given:
Let fig. 24 represent two glass vessels connected by a U tube with a
- stopcock at the bottomn of the tube. One vessel is filled with water and
the other empty. If the U tube is large enough to permit free passage
of the water, when the stopcock is opened quickly the pressure in the
filled vessel will cause a sudden rush of water up the other side of the
tube into the empty vessel, which will continue until it has reached
nearly the same height as before (fig. 24a). It will then rush back into
the first vessel, and so on, reaching a little lower level each time until
equilibrium is reached at the same level in both vessels (fig. 24b).

The only action which prevents the oscillation from being continuous
is friction of the water on the walls of the tube and internal friction
between its molecules.

Released condenser charges would also continue to oscillate indefi-
nitely if it were not for the resistance in the discharging wires and in
the dielectric and the sound and light produced by the spark. These
absorb the energy of the charge, and, being relatively large, a position
of equilibrium is reached after a few oscillations.

If the U tube in fig. 24 is very small or the stopcock only slightly
opened the water will gradually rise on the other side and will finally
reach a position of equilibrium without any oscillation, and it is found
{hat if the condenser discharge takes place through a long thin wire
instead of a thick one the condenser ig slowlv discharged through it
without any oscillation.
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53. The oscillation of the water in fig. 24 is due to its tnertia. Inertia
is a property of all bodies and is in amount proportional to their weight.
It is represented by their resistance to change of condition, either of
motion or of rest.

The water in the first vessel falls by the action of gravity. Once in
motion its inertia (resistance to change of condition) causes it to rise
on the opposite side against the action of gravity. When gravity has
overcome its inertia it falls again by gravity and is carried on by inertia.

It continues to overshoot the mark, so to speak, until friction, internal
and external, brings it to rest.

Though the electric charges on condenser coatings appear to be inde-
pendent of gravity, they do possess tnertia, as is shown by their resist-
ance to change of direction and by their oscillatory movements.

54. Let us consider a charged condenser (fig. 25) discharged through
a thick wire connecting the coatings. A break in the wire prevents the
discharge until the potential is high enough to cause sparks to cross the
break. One condenser coating before discharge is at a certain positive
potential, the other at an equal negative potential. Both discharge
through the wire in the same time, and when they have reached zero
potential the electric field has heen dissipated, but the moving charges
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in the wires have induced a magnetic field around the wire. The
strength of this magnetic field depends on the amount of the moving
charges, i. e., the strength of the current, and on the self-tnduction
(art. 30) of the wire which, as we know, depends on its shape and the
material (air or iron) in which the magnetic field is created. All the
energy (except that lost by friction) which was stored in the electric
field is now in the magnetic field (fig. 25a). The magnetic field, having
no continuous source of magneto-motive force (current) to maintain it,
collapses on the wire, producing movements of the electric charges into
the condenser coatings, which now become charged in the opposite sense
(fig. 25b). The electric field is again set up, containing all the remain-
ing energy, and the magnetic field disappears until the charges again
move toward each other.

E:_J SIS,

AT START ENERGY ALL ELECTRIC. END OF QUARTER CYCLE ENERGY
ALL MAGNETIC.

F1a. 26. F16. 26A.
¢ ;: : ; +
€ND oF €vee Ex or THREE-QUARTEA CYCLE YCLE
ENERGY ALL ELECTRIC ENERGY ALL MAGNETIO ENERGY ALL ELECTRIC
RSED. LESS IN AMOUNT.
Fm. 25B. : Fla. 26c. F1a. 26n.

The attraction of the unlike charges for each other is analogous to
the attraction of gravity for the water in fig. 24, and the magnetic field
caused by the self-induction of the moving charges is analogous to the
inertia of the water, which makes it rise in the second vessel, because
the collapse of this magnetic field charges the condenser in the opposite
senge, and for this reason self-induction is sometimes called electro-
magnetic inertia.

From the foregoing illustration of what appears to take place during
the oscillating discharge of a condenser we see that the energy before
an oscillation begins is all electric. At the end of the first quarter of a
cycle it is all magnetic. At the end of a half cycle it is all electric, but
in the opposite sense. At the end of three-quarters of a cycle it is all
magnetic, but with the direction of the lines of force reversed. At the
end of a complete cycle or oscillation the energy is all electric again
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(figs. 25a, 25b, 26¢, 256d) and in the original sense, but less in amount
on account of the losses which have taken place during the transforma-
tions and which are shown by the heating of the condenser and the wires
(and the sound and light produced by the spark if the oscillations take
place through a spark gap). At all intermediate points of a cycle the
energy is partly electric and partly magnetic.

55. A complete oscillation or cycle is made up of two alternations.
The highest potential reached during an oscillation is called the ampli-
tude of the oscillation. The difference between the amplitude of two
successive oscillations is called the damping and is a measure of the
losses. The interval in time between two successive oscillations is called
the period. t

56. Since every body has electric capacity in proportion to its surface
(art. 44), and since movements of electric charges, without which a body
can not be electrified, always produce magnetic fields, every body must
have self-induction, and therefore electro-magnetic oscillations can take
place in it.

We know that every body vibrates in its own period mechanically,
and we find that every body vibrates in its own period electrically, and
further that the number of vibrations or oscillations per second depends
entirely on the capacity and self-induction of the body.

It will be seen that while a closed circuit is necessary for the flow of
a continuous or direct current, for oscillating currents a straight wire
is sufficient. A circuit containing a condenser which would completely
obstruct a direct current has no effect on an alternating current other
than to change its sign.

57. We must be careful to distinguish between the capacity of a con-
denser and the total charge in it, and between the self-induction of
a wire and the total induction caused by the current in it. The capacity,
it may be repeated again, depends on the material and arrangement of
the charged body. The fotal charge—that is, the fotal electric induction
—depends on the capacity and the potential. In like manner the self-
induction depends on the arrangement of the conductor and the sur-
rounding material (whether iron or air). The total magnetic induction
depends on the self-induction and the current.

58. We can see in a general way that the period of an oscillating circuit
depends on the capacity and self-induction of the circuit, and not on the
total electric or total magnetic induction, because the capacity and self-
induction are determined by the material and arrangement of the circuit,
which qualities determine the mechanical period of a body. It takes
longer to discharge a condenser of large capacity than one of small
capacity, and it takes longer to create a given current in a circuit of
large than in one of small self-induction. Increasing the potential gives
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more work to be done during a discharge, but also gives power to do it
in the same ratio, so that increase of potential does not change the period,
though it may change the amplitude of the oscillations.

59. It was stated (art. 29) that coiling a wire increases its self-
induction and enables a strong magnetic field to be created around it,
and that this increases the electrical length of the wire—i. e., it takes an
electrical disturbance started at one end of it longer to reach the other
end when the wire is coiled than when the same wire is straight.

Now we see that the electrical length of a wire depends on its capacity
and self-induction and that its period in seconds—i. e., the time of one
complete oscillation (the time required for an electrical impulse started
at one end to reach the other and be reflected back)—must be twice its
electrical length divided by the distance electricity travels in a second,
which we know to be the same as light (300,000,000 meters).

The capacity and inductance of a straight wire long in proportion to
its thickness are so related that its electrical length is equal to its
natural length.

From the above the period or time of one complete electrical oscilla-
tion of a straight wire one meter long i8 yyyydvooy second, and it
therefore oscillates 150,000,000 times per second.

The number of oscillations or cycles made by an alternating current
per second is called its frequency.

60. We know that by coiling a wire its self-induction can be greatly
increased, and its period thereby lengthened. By adding capacity to the
wire in the shape of condensers its period can be lengthened still more,
so that by suitable arrangements a circuit having small mechanical
length, but comparatively great electrical length, can be made up in a
small space.* -

.E

Fia. 26. Fi1a. 26a.

Such a circuit is shown in fig. 26. It is made up of a condenser con-
nected to a coiled wire, and will be called in this book an oscillating
circutt.

* It must not be forgotten that every wire possesses capacity by virtue of

its surface, and self-induction by virtue of the fact that an electric current
can flow in it. Even condensers have a certain amount of self-induction.
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The oscillating circuit in fig. 26 may have a break or gap in it, as in
fig. 26a. If the potential of the condenser is sufficient to rupture the
air or other dielectric in the gap, the circuit does not lose its oscillating
character. The presence of the gap does, however, decrease the number
of oscillations for one charge and prevents the complete discharge of the
condenser, because the oscillations cease as soon as the potential falls
below a certain value. The greater the loss or damping in each oscilla-
tion the smaller the number of oscillations that will take place before
the potential falls so low that the spark ceases.

61. As stated in art. 48, the term condenser is not satisfactory, and
the word capacity is often used to mean condenser, especially in con-
nection with such an oscillating circuit, the condenser being spoken of as
a capacity and the coiled wire as an inductance, which means a con-
ducting wire arranged so as to have large self-induction.

Fre. 27. . Fie. 27a.

Fia. 27.—Inductive Resistance.
F16. 27a.—Noninductive Resistance.

Fig. 27 represents an inductive resistance, or simply an inductance,
since it is assumed that all wires have resistance.

Fig. 27a represents a noninductive resistance, or simply a resistance—
it represents a coil so wound that the currents in adjacent turns are in
opposite directions and the coil has therefore no self-induction.

62. An oscillating circuit whose electrical length can be varied at will
is represented in fig. 28. It consists of a variable condenser in connection
with a fixed inductance (fig. 28), or it may consist of a fixed condenser
and a variable inductance (fig. 28a), or both capacity and inductance

Jd I
Al Il

Fra. 28. Fia. 28a.

may be variable, the arrow in fig. 28a being meant to show that any
number of turns of the coil can be included at will.

63. Two circuits having the same electrical length are said to oscillate
in resonance; their periods are equal, though the mductance and capa-
city may not be the same in each.

4
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For instance, suppose the oscillating circuit (28a) is adjacent to a
wire, as in fig. 28b, having the same electrical length, we know that for
oscillating currents (see art. 56) a closed circuit is not necessary. We
also know that by reason of their mutual induction (art. 15) the closed
oscillating circuit, which we can call ‘A B, will induce currents in the
wire, which we can call C D. Since their periods are equal the induced
oscillating current in C D will be suitably timed to the natural period of
C D and the two circuits will oscillate in resonance. C D can be called
the open circuit as distinguished from A B, the closed circuit.

F1e. 28B.

Oscillating circuits now used in wireless telegraphy have electrical
lengths varying from 100 to 5000 meters, giving from 1,500,000 to 30,000
oscillations per second. Those first used by Marconi had electrical
lengths of about 6 centimeters and oscillated approximately 2,500,000,000
times per second.

ETHER WAVES.

64. As stated in art. 55, a cycle is made up of two alternations or
movements in opposite directions and is represented in fig. 18. Such
a curve also represents the crest, hollow, and slope of regular waves on
the surface of the ocean or other body of water. The distance from crest
to crest or from hollow to hollow of a water wave is called a wave length,
and this distance is equal to that of two alternations. Since electro-
magnetic (ether) disturbances spread in all directions with the speed of
light, and when sent out by an oscillating current succeed each other at
equal intervals of time, and since the magnetic and electric forces pro-
duced by oscillating currents change direction during each alternation,
just as the particles of water rise to the crest or fall to the hollow of a
wave, their positive and negative amplitudes may represent the crests and
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hollows of waves separated by half periods or half wave lengths, an
oscillating current may be called a wave producer, and the oscillations
considered as movements of the ether may be called ether waves.

85. Hertz (in 1886 at Carlsruhe, Germany) was the first to show that
oscillating electric currents really do produce ether waves—like those of
light only longer and subject to all the laws governing light waves. For
this reason, wireless is sometimes called Hertzian wave telegraphy.

66. The vibrations of particles producing sound waves, as in air, con-
sists of to-and-fro movements parallel to the direction of the waves, the
latter consisting of alternating conditions of compression and rarefaction
of the air.

Fia. 18.

The movement of the particles in ether waves is at right angles to
the direction of propagation of the wave, and the electric and magnetic
movements are also at right angles to each other at any point in the
wave front. This is called transversal vibration, as distinguished from
the longitudinal vibration of the particles in sound waves.

When one particle of a substance is displaced or made to vibrate, it
induces its neighbors to follow it, and starts them to vibrating in the
same periods but in different phases, each particle starting to vibrate
(passing the word, so to speak) at a definite interval of time after the
one next to it has started. The vibrations may be longitudinal or trans-
verse, as described above, or they may be circular or elliptical, but if they
are regular the waves produced are regular.

The amplitude of the wave (art. 55) depends on the extreme limits
from its normal position of the vibration of each individual particle.
The wave length depends on the time of one complete vibration of each
particle and the velocity with which the displacement or vibration is
propagated from one particle to another of the substance. It is found
that this velocity is equal to the square root of the elasticity of the body
divided by its density.
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We know that this velocity in the ether is 300,000,000 meters per
second, and we conclude.that the ether must have very great elasticity
combined with very small. density.

It has been stated that electric charges or electrons are the only things
which have a grip on the ether, and that when they are vibrating the
ether vibrates with them.

When a particle is subject to several forces at the same time, its re-
sultant movement depends on the resultant of the forces and will vary
as the forces vary, so that a body can, in effect, vibrate in more than one
way at the same time, and can produce complex waves where vibrations
are superimposed on each other. This is shown every day at sea by the
small waves or ripples on the slopes of large ones, or the short waves from
local winds superimposed and propagated in the same or different
directions from the long swells due to distant storms.

67. The vibrations producing ether waves, and consequently the wave
lengths and frequencies, are of an almost infinite range, for instance:

Ether vibrations from 430 to 740 trillions per second (a little less
than one octave) are visible to the eye and are called light.

Between 870 to 1500 trillions of vibrations per second we have the
ultraviolet and X-rays, and from 430 down to 300 trillions of vibrations
per second what are called infrarouge rays.

Below 300 and down to 20 trillions of vibrations per second we detect
ether vibrations by our sense of feeling or by the thermometer, and they
are called heat.

Forty-five octaves lower on the same scale are the ether vibrations
which we call electric waves and which are used in wireless telegraphy.
The shortest of these yet measured is 0.2 of an inch in length ; the longest,
over 1,000,000 miles.

Marconi, in his first experiments, used a pair of small spark balls
which gave out waves about 12 centimeters in length.

68. Ether waves of all lengths are subject to reflexion, refraction,
diffraction, and absorption, and bodies, such as insulators of certain
kinds, which are opaque to the short waves we call light, are transparent
to the long electric waves used in wireless telegraphy. Practically all
conductors are opaque to electric waves. Generally speaking, insulators
are transparent to electric waves, but in transmitting the wave they
absorb some of its energy.

Conductors, being opaque to electric waves, partially reflect and par-
tially absorb the wave energy.

A simple case of wave reflexion is seen when a rope hanging vertically
is given a quick jerk and then held taut in the hand. A wave can be
seen traveling up the rope till it reaches the top, where it is refiected,
travels down the rope to the hand, is reflected ihere and starts up again
to the top, and so continues until its energv is damped out.
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If a number of equally timed jerks are given, a succession of waves
at equal intervals is sent up the rope. When reflected back they meet
others coming up whose lengths are equal to those coming down. At
some points the rope tends to move a certain distance in one direction
with the direct wave, and the same distance in the opposite direction
with the reflected wave; the result is that it does not move at all.
These points are found along the rope one-half wave length apart; at
all other points the rope moves or vibrates in the resultant direction
of the direct and reflected wave impulse, and what are called stationary
waves are set up. ‘

The points at which there is no movement are called nodes, and points
at which there is maximum movement are called loops. This is shown
graphically in fig. 18c.

c— % WaE LOWTH — —b— — % wave umm—v-ci*&.mmu-l
Fie. 18c.

Stationary ether waves can be set up around conducting wires by suit-
ably timed electrical impulses applied to the ends of the wires.

69. It will be observed that the point of support of the rope where it
can not move must, in every case, be a node. So in a conducting wire, the
end of the wire away from that receiving the impulses must be a current
node, because no current can flow there. It can, however, and a little
consideration will show that it must, be a potential loop, for while there
is no movement at the point of support, the greatest pressure or tend-
ency to move is there.

Since the electrical impulses consist of variations of current and
potential, which succeed each other regularly, and since at a given point
we find a loop of potential and a node of current, we must, at a quarter-
wave length distant, find a node of potential and a loop of current.

This is shown graphically in fig. 18d, which represents the relative
positions of current and potential nodes and loops in stationary electric

Fia. 18p.
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waves, and illustrates the statements made in art. 54 (figs. 25a, ete.),
relative to the alternations of electric and magnetic fields in oscillating
condenser discharges.

70. If an oscillating current be set up in a free wire (fig. 18¢) by a
neighboring discharging circuit in resonance with it, the free wire will be
found by measurement with a micrometer spark gap to have an alter-
nating potential in it, varying from nothing at the middle point, C, to a
maximum at either end somewhat similar to the full curve E C F.

——— e

Fi1G. 18E.

If at the same time the current in the free wire could be measured, it
would be found to have a maximum value at C and a minimum at the
ends similar to the dotted curve A D B. If the wire A C B is not too
far from the discharging resonant circuit and the wire be cut at C and
an incandescent lamp L be connected to the two halves as shown in the
figure, the lamp will glow.

REFLECTION OF ETHER WAVES.

71. If ether waves impinge on a reflecting surface not normal to their
direction, they are reflected at an angle equal to that which the reflecting
surface makes with their original direction (the angle of incidence is
equal to the angle of reflection), so that directed waves may be detected
at points not in the line of direction by the interposition of a'reflector.

Air at atmospheric pressure (about 760 millimeters of mercury) is
an insulator. Its density decreases with distance above the earth’s sur-
face, and its insulating qualities decrease with the decrease of density.
At a height of approximately 45 miles above the earth’s surface its pres-
sure is about 1 millimeter of mercury. At the density corresponding to
this pressure it is a good conductor, and though still transparent to short
ether waves like those of light, it partly reflects and partly absorbs long
ether waves. In the intermediate distance it is at first transparent, then
partially transparent, absorbent, and reflecting, simultaneously.

It is known that ether waves are guided by conducting surfaces to a
«certain extent (for instance, by wires), as well as reflected by them, and
that otherwise they travel in straight lines. Fig. 18f shows the approxi-
mate path of an ether wave started from the earth’s surface and reflected
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from the upper atmosphere. It will be seen that even if the earth’s
surface did not guide the waves they might be detected at points below
the horizon. _

Other causes of reflection may exist, such as large bodies of electrified
air, or heavily charged clouds, which would cause interference between
direct and reflected waves and make electrical shadows at certain places,
i. e, points at which, owing to conditions outlined above, either the
waves are so attenuated that they can not be detected or they are com-
pletely neutralized.’

F10. 18F.

REFRACTION OF ETHER WAVES.

72. When ether waves impinge on transparent bodies at any angle
other than the normal, if their velocity in the transparent body, on
account of its elasticity or density, is different from that at which they
were previously moving, that part of the wave first entering the body
will move either faster or slower than it did before. The part outside
will therefore either fall behind or gain on the first part. This action will
affect each portion of the wave front as it enters the body, and the result
will be that its direction of movement will be changed. The effect is to
bend the wave out of its original path, and the action is called refraction.

Ether waves passing through the atmosphere, whose density varies at
different points, are subject to this bending action.

DIFFRACTION OF ETHER WAVES.

73. When waves meet a body in their path (for instance, when the
comparatively long waves used in wireless telegraphy impinge on a high
island or mountain range) at the points where the wave front cuts
the extreme width of the island and along the crest or summit new cen-
ters of disturbance are created, which radiate some of the wave energy to
points behind the island. It has the effect of bending the waves around
the object. This action of waves is called diffraction. In amount it de-
pends on the wave length. From the new centers of disturbance waves
are sent out, which interfere with each other, not being propagated in
the same directions. The result is that for a distance, depending on the
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width and height of the obstacle and on the wave length, a shadow exists
beyond it. '

Partial reflexion of the waves toward their source takes place on the
side of the obstacle nearest the source. An attempt to show this graphi-
cally is made in fig. 18g, but the best illustration is given by the motion
of water around a rock on a windy day. The small back waves on the
windward side are reflected to windward. The waves circling or bend-
ing around the rock are diffracted. The still water in the lee of the rock
is the shadow, in which no action exists. At a distance depending on
the size of the rock and the wave length the zones of interference disap-

Fic. 18a.

pear, the regular waves from the two sides of the rock unite, and there
is no evidence of its existence at points bevond, though it has decreased
the total strength of the waves.

For the above reasons high land between two wireless telegraph
stations has the effect of decreasing the strength of signals at each
station, and if close to either station may entirely prevent that station
from receiving. (It may be in the shadow or be gubject to interference
from reflexion.)

The effects of reflexion and diffraction on waves passing over irregular
country are very pronounced. The effects of reflexion, refraction, and
absorption in the atmosphere are equally pronounced, the qualities of the
atmosphere in all three respects varying greatly from day to day and
between day and night.

An ether wave traveling from one wireless-telegraph station to another
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cver rough country and through an atmosphere of varying density, work-
ing its way around and over mountains, being balloted from thunder
clouds at one point and absorbed by semiconducting gases at another,
may be said to pursue an adventurous journey..

PRODUCTION OF ETHER WAVES.

74. We have now seen how to produce electric and magnetic fields,
how to utilize magnetic fields for the production of electric currents in
dynamos, how to increase the potential of these currents by means of
step-up transformers, and how by means of this high potential current
to force large charges into electric accumulators or condensers and by
discharging these condensers in oscillating circuits to produce what we
call electric or ether waves. These operations can be represented graphi-
cally or diagrammatically, as in fig. 29, which shows a separately excited
A. C. dynamo in circuit with the primary ‘winding of a step-up trans-
former, whose secondary charges the condenser of an oscillating circuit
containing a spark gap.

F1a. 29.

The secondary winding of the transformer is of many turns, in order
to give a high potential. The transformer also has an iron core. The
great number of turns of the secondary winding, added to the effect
produced by the iron core, gives the circuit containing the secondary
winding and the condenser a very large self-induction, and consequently
a very long period. The circuit composed of, the condenser, self-induc-
tion, and spark gap has a very much shorter period, and when the spark
gap is ruptured this circuit oscillates as if it were entirely disconnected
from the secondary, usually completing its oscillations and coming to rest
in a fraction of the period of the circuit formed by the secondary winding
and condenser.
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The oscillating circuit (condenser, spark gap, and inductance) is
shown in fig. 29 near a conducting wire, having
a few turns of inductance close to those of the
oscillating circuit. In this circuit we can con-
sider the condenser as representing the source of
current, like the battery in fig. 11, art. 12; the
spark gap as the break K, the turns of inductance
in the oscillating circuit as A B, and the open
circuit with one end grounded as C D. The
oscillating currents in A B produce like cur-
rents, but in the opposite direction in C D (art.
12), and C D becomes a source of ether waves.

75. The production of ether waves and their detection at a distance
from the source constitutes wireless telegraphy.

C D is usually called the open or radiating circuit.

A B the closed or oscillating circuit.

The two inductances in A B and C D form the primary and secondary,
respectively, of an air-core oscillation transformer (art. 27). When ar-
ranged as in fig. 29, A B and C D are said to be inductively connected.

C D may have part of its inductance common to A B. The arrange-

ment in this case acts as an auto-trans-
former, and the circuits are said to be

A direct connected (fig. 29a).
Suasy ARco (fig )

If the oscillating and radiating cir-
j_—l cuits have the same period, they oscillate
S or vibrate in resonance. The radiating

[ —

circuit in such a case receives the in-
ductive impulses from the oscillating
circuit at the proper time, and the am-
Flo. 29a. hd plitude of its oscillations is thereby in-

creased.

The adjustment of A B and C D to
any given period and their adjustment to each other’s periods is called
tuning.

It will be noted that the oscillating circuit has concentrated capacity,
while the capacity of the radiating circuit is distributed.

76. The fundamental principle of wireless telegraphy is that all bodies
vibrate electrically as well as mechanically that their periods of
electrical vibration depend solely on the capacity and self-snduction of
the vibrating body; that these electrical vibrations produce ether waves
which are propagated with the speed of light, and which can.be detected
at great distances from their source by means of instruments specially
designed for the purpose.




Chapter 11.

QUANTITATIVE CONSIDERATION OF HIGH FREQUENCY
PHENOMENA.

UNITS.

77. Attention has thus far been concentrated on the quality rather
than the quantity of the electro-magnetic actions under discussion. Be-
fore proceeding further it is necessary to consider the standards of
measurement adopted and their relation to each other.

78. Electric and magnetic actions being forms of energy, and being
mutually convertible, as we have seen, are subject to all the laws govern-
ing transformations of energy.

Work is done when conductors are moved in magnetic fields, the re-
sistance to movement and the amount of movement determining the
amount of work done.

The unit of mechanical work is a foot-pound, by which name we
Jesignate the work done in lifting 1 pound 1 foot against the action or
force of gravity.

Force, by which we mean the cause of action or movement (pulling or
pushing ability), is measured in pounds, and force multiplied by the
distance through which it acts is work. Lifting 10 pounds 10 feet = 100
foot-pounds.

The amount of work done in a given time—that is, the rate of doing
work—is called power. The unit of mechanical power we call a horse-
power, and it represents a rate of doing work equal to 33,000 foot-pounds
per minute, or 550 foot-pounds per second.

In the above definitions of work and power the unils of distance,
weight (or mases), and {ime used are the foot, pound, and minute, all of
which are defined by law and are called fundamental units.

79. Another system of units, proposed by the British Association for
the Advancement of Science and now generally used in electrical meas-
urements, is based on the centimeter, gram, and second, and is usually
called the c. g. 8. system. The use of this system is authorized by law
and is universal in scientific work.

The following relations exist between the two sets of units:

1 foot = 30.48 centimeters, approximately.
1 pound = 453.59 grams, approximately.
1 minute = 60  seconds.*

* The unit of time is based on a fundamental unit, being a fraction of the
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The units of length and weight in the United States are kept at the
Bureau of Standards in Washington, and the unit of time is determined
by the Naval Observatory in the same city.

The unit of force in the c. g. s. system is that force which, acting on a
gram mass for 1 second gives it a velocity of 1 centimeter per second.
This force is called a dyne.

The force of gravity acting on a gram mass for 1 second will give it
a velocity of 32.2 feet per second — approximately 981 centimeters per
second ; therefore the force of gravity is equal to 981 dynes and the pull
of a dyne represented as a weight is equal to §}; of a gram.

The pull of a pound, which equals 453.59 grams, must be equal to that
of 453.59 X 981 = approximately 445,000 dynes.

The unit of work in the c. g. 8. system is the work done in overcoming
the force of 1 dyne through 1 centimeter, and is called an erg. In other
words an erg is the work done in lifting w}y of a gram 1 centimeter.

An erg by definition is a dyne overcome through a centimeter, and we
see that a foot-pound is 445,000 dynes overcome through 30.48 centi-
meters ; therefore a foot-pound equals 445,000 X 30.48 — approximately
13,570,000 ergs, and a horse-power, which equals 550 foot-pounds,
per second = 13,570,000 X 550 — approximately 7,460,000,000 ergs per
second.

80. The c. g. s. units of distance (centimeter) time (second), force
(dyne), and work (erg) are employed to define the absolufe units
used in electrical measurements. These are electro-motive force, current,
and resistance. (Art. 3, art. 26.) From these are derived the so-called
practical units in daily use—volt, ampere, or ohm.

On account of the fact that the names adopted for the practical electro-
magnetic units are all names of noted scientists and not related to nor
in any way descriptive of the qualities they are used to designate, their
acquirement must be entirely a feat of memory. They can be more easily
remembered by associating them with the names of the theoretical or
absolute units. :

By agreement among electricians, electro-motive force is represented
by the letter E; electric current by the letter I resistance to the flow of
electricity by the letter R, time by the letter T'; work by the letter W
power by the letter P.

81. We know that it requires work to move conductors in magnetic
fields, or one magnet in the vicinity of another, and the movement gener-
ates an E. M. F. in the conductor.

time of a revolution of the earth, and this unit is common to both systems.
The foot and the pound are really arbitrary units. The centimeter is a
fraction of a fundamental unit, namely, of the distance from the equator to
the north pole on a certain meridian. The gram is the weight of a cubic
centimeter of distilled water. It is an arbitrary unit.
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Magnetic fields are represented in strength by the number of lines of
force per square centimeter that they contain.

_Unit magnetic field is said to contain one line of force per square
centimeter (the field, of course, being uniform throughout), and is such
a field as will act on unit magnetic pole with a force of 1 dyne. Unit
pole being such a pole as will, when placed a distance of 1 centimeter
in air from a similar pole of equal strength, be repelled by a force of 1
dvne.

Moving a conductor across unit field so that it cuts 1 square centi-
meter of the field per second generates unit E. M. F.

If the conductor forms part of a closed circuit and the current gen-
erated in it is such that when cutting 1 square centimeter of unit field
per second its movement is opposed by a force of 1 dyne, the circuit is
said to have unit resistance, unit current is said to flow, and the work
done is 1 erg per second (the force of a dyne overcome through a centi-
meter).

w

Fie. 15.

82. Let fig. 15 represent unit magnetic field between two magnet poles
N and S. Let C D represent a conductor one centimeter in length mov-
ing at right angles to this field at the rate of one centimeter per second,
and making sliding conncections at its ends with a very heavy conductor
whose resistance as compared with C D is so small that it can be neg-
lected and the resistance of the circuit considered as concentrated in C D.

Then, if it requires a pull of 1 dyne (1/981 gram) to keep C D moving
at the rate of one centimeter per second, C D has unit resistance, unit
current flows, and by definition unit E. M. F. is generated.

If the speed of C D is doubled, the E. M. F. is doubled and the cur-
rent (as shown by the effects) is doubled, we can express this by saving:
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(a) Current varies directly as E. M. F. If the size of C D is doubled

(the speed remaining the same) the reststance is reduced to one-half,

but it requires a pull of 2 dynes to keep up the same speed, and we find

that the current is doubled as before; we say: (b) Current varies in-

versely as resistance. Combining (a) and (b) we can say current
E.M.F. E

= resistance ~ 1= & ()

Equation (1) is the fundamental electrical equation and states in
mathematical form what is known as Ohm’s law, viz.: “ The current in
any circuit varies directly as the electro-motive force, and inversely as
the resistance in the circuit.”

83. Doubling the current doubles the opposition to movement and
other things remaining the same doubles the work per second, or the
power. Power, therefore, varies directly as the current.

Doubling the speed of movement doubles the electro-motive force and
also the current, but it quadruples the power of work done per second
since it represents a pull of two dynes through 2 centimeters in one
second. Power, therefore, varies directly as the E. M. F., as well as
directly with the current, and we can say that it varies as their product,
orP=1IE (?).

84. Since magnetic fields containing 20,000 lines of force per square
centimeter can be obtained, a rate of cutting of one line per second
gives too small a unit of E. M. F. for practical use.

On the other hand, the current necessary to produce a resistance of
1 dyne to this slow movement in unit field is somewhat large, therefore
to replace the theoretical or absolute units the so-called practical units
have been adopted.

VOLT.

The practical unit of E. M. F. is the volt and is the E. M. F. generated
when lines of force are cut at the rate of 100,000,000 per second.

AMPERE.

The practical unit of current is the ampere and is one-tenth of the
theoretical unit.

OHM.

In order to maintain the truth of the equation I = % (1), the prac-

tical unit of resistance, which is the ohm, is taken as 1,000,000,000
times the theoretical or absolute unit.

volts

Ohm’s law then still remains true. [ = E OT amperes = ——-
ohms

R
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because this equation in terms of the absolute units is% (amperes) =

E X 100,000,000 (volts)
R X 1,000,000,000 (ohms)
the units has been changed, but the proportion between them is the same
as before.

, which is the same as I =%. The size of

WATT.

The practical unit of power is the watf, which is the ergs of work
done per second when 1 ampere is flowing with an E. M. F. of 1 volt.
This in ergs (see equation (2)) equals unit E. M. F. X 100,000,000 X

unit il(l)rregt, or 10,000,000 ergs- per second. Therefore 1 watt equals

10,000,000 ergs per second. The power expended in any circuit in watts
equals the product of the volts and amperes in the circuit, or P=1I1E (2).

Ten million ergs of work is called a joule. Therefore a watt =1
joule per second.

We have seen that 1 H. P. = 7,460,000,000 ergs per second. There-
fore 1 H. P. = 746 watts. 1 watt= approximately 0.737 foot-pounds
per second.

85. After having selected the practical units, it became necessary, for
the purpose of comparison and for everyday use, to represent them in
practical form, because the accurate measurement of dynes and ergs is a
very difficult matter practically.

But it can be done in accordance with definitions given in art. 78. Also
art. 81 indicates how to measure the strength of magnetic fields and how
to determine and compare E. M. Fs. and currents by the ergs of work

" done in creating them. A volt or an ampere can thus be definitely
created.

The current from certain primary batteries is found to be constant
when their terminals are connected by the same wire:

Since current and resistance are constant, the voltage of such cells
must be constant, and this voltage once determined by comparison with
absolute volts as determined above, we have at once a practical concrete
standard of E. M. F.

It is found that the decomposition of an electrolyte (art. 1), by an
electric current, always results in the separation or deposit of exactly
equal quantities of the constituents of the electrolyte for equal quantities
of current. The deposit in a certain time, being weighed, serves as a
very accurate measurement of the amount of electricity which passes in
that time, and consequently affords a very accurate means of comparing
electric currents. When 1 ampere determined as above is passed through
a given electrolyte, the weight of material deposited gives us at once a
practical standard of current.
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86. On account of the relation I = g (1) between amperes, volts, and

ohms in a circuit, if any two of them are known the other is also known,
so that only two measurements of concrete units are required. The
question of which two should be selected and the exact form that each
should take has been the subject for discussion at a number of inter-
national conferences, the latest of which has recommended that only
two electrical units shall be chosen as fundamental units, viz., the inter-
national ohm defined by the resistance of a column of mercury, and the
international ampere defined by the deposition of silver.

The volt to be defined as the E. M. F. which produces an electric cur-
rent of 1 ampere in a conductor whose resistance is 1 ohm.

Different methods of measurements produce slight differences in the

values of the standards, but the values recognized by law in the United
~ States are as follows:

The standard (international) ohm is the resistance offered to an un-
varying electric current by a column of mercury at the temperature of
melting ice—14.4521 grams in mass—of a constant cross-sectional area,
and of a length of 106.3 centimeters.

The standard (international) ampere is the unvarying current which,
when passed through a solution of nitrate of silver in water in accordance
with certain specifications, deposits silver at the rate of 0.001118 of a
gram per second.

As previously stated, a volt is the E. M. F. which if steadily applied
to a conductor whose resistance is 1 ohm will produce a current of 1
ampere; but a concrete standard for the volt is also recognized by law,
it being specified : :

That the electrical pressure at a temperature of 15° centigrade between
the poles or electrodes of the voltaic cell known as Clark’s cell, prepared
in accordance with certain specifications, may be taken as not differing
from a pressure of 1.434 volts by more than 1 part in 1000.

The latest international conference has recommended the adoption
of the Weston cadmium cell as preferable to the Clark for a standard
cell. The Weston cell has an E. M. F. of 1.018 volts at 20° C.

Standard resistance wires having a known ratio to the legal ohm are
made, and these, with standard cells, are used for calibrating volt meters
and ammeters, which are the names given to the galvanometers for indi-
cating automatically the E. M. F. and current in any circuit. In this
way electrical values are made uniform throughout the country.

87. In addition to the wolt, the ampere, the ohm, the watt, and the
joule other practical units have been adopted, the most important of
which, for our purposes, are:
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COULOMB.

The unit of quantily, the coulomb, which is the amount of electricity
pasging any point in a second when 1 ampere is flowing in the circuit.

FARAD.

The unit of capacity, the farad. A condenser is said to have a capa-
city of 1 farad when 1 coulomb of electricity will charge it to a potential
of 1 volt.

(Potential and E. M. F. are in some senses identical, one bemg the
passive and the other the active state. An E. M. F. is the result of
difference of potential.)

If this definition were in terms of the absolute units, that for capacity
would read:

A condenser is said to have unit capacity when one unit of elec-
tricity will charge it to unit potential. Since by definition a con-
denser has a capacity of one farad when one-tenth of the absolute unit
of electricity charges it to a potential of 100,000,000, a farad must
1

equal 10 X 100,000,000

= 10-° absolute units of capacity.*

HENRY.

88. The unit of self-induction, the henry. A circuit is said to have a
self-induction of 1 henry when, if the current in it is varied at the rate of
1 ampere per second, the induced E. M. F.—that is, the counter or re-
acting E. M. F.—tending to oppose the change is 1 volt.

The definition of self-induction in terms of the absolute units would be:

A circuit is said to have unit self-induction when, if the current in
it is varied at the rate of one unit per second, the E. M. F. of self-induc-
tion is unity. Since by definition a circuit has a self-induction of one
henry, when, if the current is varied at the rate of one tenth of unit
current per second, the E. M. F. of self-induction is 100,000,000,
such a circuit would have an E. M. F. of self-induction 10 times as
great, or 1,000,000,000, if the current instead of being varied at the
rate of one-tenth unit per second were varied at the rate of one unit
per second. Therefore the unit of self-induction, the henry, is equal
to 1,000,000,000 = 10° absolute units of self-induction.

By agreement among electricians self-induction is represented by the
letter L; capacity, by the letter C.

* When quantities are dealt with having a large number of ciphers either
before or following the significant figures it 18 convenient to express them as
multiplied by some power of ten, 1. e, 10 =10}, 100 =10, Jy=10-, };==10",
ete.

5
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Self-induction, when expressed in terms of the fundamental units of
length, mass, and time, has the dimensions of a length, and the prac-
tical unit of self-induction was formerly called a quadrant on account
of the fact that in the metric system, an earth quadrant—i. e., the dis-
tance from the equator to the north pole = 1,000,000,000 centimeters,
and since the henry = 1,000,000,000 absolute units of self-inductance, it
was said to = 1,000,000,000 centimeters.

In this notation a millihenry=1,000,000 centimeters. (See art. 91.)

89. The wunits which have been considered in this chapter have been
derived from the relations between electric currents and magnetic fields
and are called electro-magnetic units. Another system of units, also
based on the centimeter, gram, and second, called electro-static units,
is in use. The relation between the absolute units of quantity in the two
systems is the velocity of light in centimeters per second. This velocity
is 30,000,000,000, or 3 X 10 centimeters per second, and the electro-
magnetic unit of quantity = 3 X 10 electro-static units.

The coulomb, being one-tenth of the absolute unit, = 3 X 10° electro-
static units.

The electro-magnetic unit of potential is 5 of the electro-static unit.

In both systems a condenser is said to have unit capacity when unit
quantity of electricity charges it to unit potential.

From the definition of a farad, given in art. 87, we see that the
quantity of electricity in a condenser equals in coulombs the potential

in volts multiplied by the capacity in farads, or Q=EC,.".C= % Sub-
stituting for Q and E their unit values in electro-static units given
above, C = 3 Xll(}f =9 X 101, or the practical electro-magnetic unit of

3TT
capacity is 9 X 10! times as large as the electro-static unit.

The capacity of spherical bodies is found to vary as their radii, and
in the electro-static system a sphere of 1 centimeter radius has unit
capacity; therefore the capacity of a sphere may be expressed by its
radius in centimeters, and capacities are still expressed by some writers
and manufacturers by the radius in centimeters of the equivalent sphere.

A condenser having a capacity of 1 farad has a capacity equal to that
of a sphere having a radius of 9 X 10! centimeters.

A microfarad (see art. 91), — 10-° farads, is equal to a capacity 9 X
1011 % 10~ =9 X 10%, or 900,000 centimeters in electro-static units.

The earth’s radius is approximately 65 X 107 centimeters; its capacity
should be approximately 7000 microfarads.

90. This difference in units is very confusing, but it exists particularly
with reference to the two qualities of self-induction and capacity with
which wireless telegraphy is intimately concerned. Microfarads and
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millihenrys will be used in this book, and where centimeters are found
as in some catalogues and some books on electricity, the relations here
given—1 millihenry = 1,000,000 centimeters; 1 microfarad = 900,000
centimeters—will enable one set of units to be converted into the other.

The entire system of units used in electrical measurements is a monu-
ment to the ingenuity of scientists, but productive of many difficulties to
students.

91. While the volt, the ampere, and the ohm are really practical units,
the farad and henry are too large for practical use.

It would take a very large condenser to have a capacity of 1 farad
and a coil of many turns to have a self-induction of 1 henry. Sub-
divisions of the farad and henry are in practical use.

Multiples and subdivisions of the other units are also frequently used,
and for this purpose the prefixes kilo, meaning 1000; mega, meaning

s 1 . 1
1,000,000 ; milli, meaning 1000 and micro, meaning 1,000,000 are

added to the units, and such terms as—

kilowatt = 1,000 watts,
megohm =1, 000 000 ohms,
millivolt =7 000 volt,
milliampere = m ampere,
millihenry = =, 000 henry,
microfarad =3 000 000 farad,
microsecond = i 000 000 second,

are in common use. The most common practical units of capacity and
self-induction (the qualities of electric circuits with which wireless
telegraphy is principally concerned, because they determine the period
of vibration) are the microfarad and the millihenry, but even these are
too large for convenience.

. 1
The terms mil, meaning 1000 inch ; micron, meaning - 1,000,000 meter;
circular mil, meaning area of a wire having a diameter of 10100 inch,

are also in general use among electricians.

92. The E. M. F. (volts) in any circuit connected with a dynamo
depends only on the rate of cutting of lines of force (strength of field
and rate of revolution).
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The resistance (ohms) in any circuit depends only on the material,
cross section, and length of the conductor forming the circuit.

The current (amperes) in any circuit depends only on the E. M. F.
and the resistance in the circuit.

The power (watts) in any circuit depends only on the E. M. F. and
current in the circuit.

The seif-induction (henries) in any circuit depends only on the shape
and length of the circuit, on the magnetic permeability (art. 25) of the
material surrounding and inclosed by the circuit, and on the amount of
this material.

The capacity (farads) in any circuit depends only on the shape and
area of its surface, on the electric permeability (art. 46) of the material
surrounding the circuit, on the amount and location of this material (the
dielectric), and on the position of the circuit relative to other conductors.

(Straight wires are said to have distributed inductance and capacity,
coiled wires have concentrated inductance, and condensers have con-
centrated capacity.)

The coulombs in a charged condenser or circuit depend only on the
capacity and potential of the condenser or circuit.

83. From the foregoing we can make up a table of values as follows: —

A volt = 100,000,000 = 10° absolute units of E. M. F.

An ohm = 1,000,000,000 = 10° absolute units of resistance.

An ampere = § — 10! absolute units of current.

A watt—=a volt X an amp. =10% X 10-* = 10" absolute units of
work per second = 1 joule per second =45 H. P. = 0.737 foot-pounds
per second.

A horse power = 746 watts.

A kilowatt = 1000 watts.

_ 1
A farad = ;556 066,000 —

A farad in electro—statlc units = 9 X 10! centimeters.

= 10° absolute units of capacity.

3 —_— -18
A microfarad = 100 0 000 farad = 10-?® absolute units of capacity.

A microfarad in electro-static units = 900,000 centimeters.
A henry = 1,000, OOO 000 = 10° absolute units of self-induction.

A millihenry = henry = 10° absolute units of self-induction.

1000
A millihenry in electro-static units = 1,000,000 centimeters.

A standard Leyden jar or plate having a capacity of .002 microfarad
has been adopted for naval use. In electro-static notation 1 standard jar
Las a capaeity of 1800 centimeters.



Chapter III.

CAPACITY, SELF-INDUCTION AND MUTUAL INDUCTION IN
WIRELESS TELEGRAPH CIRCUITS.

FUNDAMENTAL EQUATION OF WIRELESS TELEGRAPHY.

94. It was stated in art. 56 that the period of electrical vibration of
any circuit depends only on the capacity and self-induction of the circuit.

When the ratio of the resistance to the self-induction of a eircuit is
small, and the circuit vibrates in its own period, the period is found to
be equal in seconds to 2#VLC (3) when L is measured in henries C is
measured in farads = = 3.1416. This is called the fundameéntal equatlon
of wireless telegraphy. (See table 7, appendix A.)

If R is greater than 2 ~/ g the circuit will not vibrate at all. For
instance, when a condenser is discharged through a wire of great resist-
ance the charge leaks out slowly without any oscillation.

A nonoscillatory condenser discharge, as compared with an oscillatory
discharge, is like the flow of molasses into a jar as compared with a large
and sudden flow of water into a similar jar. One takes up a position of
equilibrium slowly but surely, while the other vibrates and splashes and
only settles down after a considerable period.

Equation (3) shows that a circuit having a self-induction of 1 henry
and a capacity of 1 farad would have a period of 2= — 6.2832 seconds.
Its wave length would be 1,168,000 miles.

The standard wave length originally adopted for naval wireless tele-
graph circuits was 320 meters; the period was approximately zyolsoy
second. That is, they made approximately 900,000 complete vibrations
per second. The usual capacity in these circuits was 0.014 microfarad
(seven 0.002 microfarad jars in parallel). Therefore the self-induction
must have been 0.0022 millihenry.

It will be noted that the period of a circuit varies as the square root
of the product of the inductance and capacity, so that doubling either
of these increases the period by V2, i. e, to 1.432 times its former
value. Doubling both inductance and capacity doubles the period.

SELF-INDUCTION.

95. We see that all conductors must have self-induction, because we
know that all currents are surrounded by magnetic fields produced by
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the currents. The production of the field creates an E. M. F. in the
circuit opposite in direction to the E. M. F. causing the current and tend-
ing to stop it, so that self-induction has been defined in a qualitative
manner as the inherent quality of electric currents which tends to im-
pede the introduction, variation, or extinction of an electric current
passing through an electric circuit.

It has also been expressed in quantity as the number of lines of force
induced in a circuit by the establishment of unit current in it. It bears
the same relation to electricity as inertia does to matter; it represents
its resistance to change of condition, and it might be defined as the work
necessary to create unit current in a circuit.

‘Suppose we wish to determine the work done in creating a current of
value I in a circuit of self-induction L in a time 7.

Since L = the counter E. M. F. of self-induction when the current is
varied at the rate of 1 ampere per second, the counter E. M. F. when

LI

it is varied at the rate of -Ifa.mperes per second =7 - If the rise

in current is uniform, the counter E. M. F. is uniform and the total
work dome (which equals the product of the E. M. F., current, and

time) would be equal to Ié,L X1 XT = L I?, were it not for the fact that

the current rises uniformly from zero to I and its mean value is —é— and

therefore the work done — £’2‘P— (4). Since the factor of time does not

appear in the result it shows that it requires the same amount of work

to create a given current in a circuit of given self-induction whether

it is created slowly or quickly, and that this work is equal in joules to

one-half the product of the self-induction in henries by the square of

the current in amperes. Therefore in a circuit whose self-induction is

2 henries the work done in creating a steady current of 10 amperes is
2% 10*

equal to == 100 joules = 73.7 foot-pounds.

This 73.3 foot-pounds represents the energy stored in the magnetic
field; it is the work done by the circuit in creating its own field. If it
is in the neighborhood of other circuits the momentary current created
in them during the rise of current reacts on the field and makes the
amount of work required still greater.

When the current is broken the collapse of the field restores this
energy to the circuit, thus tending to prolong the current.

In alternating currents, where the rise and fall is continuous, the
magnetic field is continually absorbing or giving out energy. In oscil-
lating circuits the energy is constantly changing from magnetic to
electric and vice versa.
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CAPACITY.

96. Now suppose we wish to determine the work done in charging
a condenser of capacity C to a voltage or potential E in a time 7. The
potential of the condenser is zero before charging begins and increases
as the charge increases, so that the resistance to charging also increases
with the clarge; therefore it must take more work to add a coulomb of
electricity to a condenser of high than to one of lower potential.

The total quantity of electricity in coulombs in the condenser is
@ = E C, and assuming that the condenser is charged at a uniform rate,
the coulombs per second flowing into it = C%' R
amperes in the charging circuit. The condenser being charged at a
uniform rate, its potential will rise uniformly from zero to E and the
total work done during the time 7 must equal the average potential

g X rate of charge X time =—€L gf XT= CE (5).

2

Since the factor of time disappears, this shows that it requires the
same amount of work to charge a given condenser to a given potential
whether it is charged slowly or quickly, and that this work is equal in
joules to one-half of the product of the capacity in farads by the square
of the potential in volts. _

Therefore, in a circuit whose capacity is 2 farads, the work done in

charging it to a potential of 10 volts = 2—X9& = 100 joules = 73.7 foot-

pounds. We see that it takes the same amount of work to charge a
condenser whose capacity is 2 farads to a potential of 10 volts as it
does to create a current of 10 amperes in a circuit whose self-induction
is 2 henries.

If the capacity of the condenser is 2 microfarads instead of 2 farads,
the required work is one-millionth of 73.7 foot-pounds = 0.0000737 foot-
pounds.

This 73.7 foot-pounds represents the energy stored in the electric field,
just as the 73.7 foot-pounds in art. 95 represented the energy stored in the
magnetic field.

Disregarding losses it is the amount of work the condenser can do on
discharge.

and this must equal the

COMBINATION OF SELF-INDUCTION AND CAPACITY IN OSCILLATING
CIRCUITS.
97. In an oscillating circuit, when the condenser is discharged—i. e.,
when the coatings are at zero potential—the electric energy has been
transformed into magnetic energy. If there were no losses in the con-
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denser due to heating, radiation, etc., the conversion would be perfect,
the work in the magnetic field of the circuit referred to in art. 95
would equal 73.7 foot-pounds, and this, in turn, would be again trans-
formed into electric energy when the condenser recharges. (See art. 54.)

A magnetic field can not be maintained steadily except by a current,
but a condenser can be charged and kept in that condition for some
time. However, condensers used in wireless telegraphy are always dis-
charged immediately, and the eneérgy stored in them before discharge is
the stock in trade, so to speak, of the sending apparatus; it represents

the work it can do on the ether.
E

98. Keeping in mind our five equations—I = B (1); P=1IE (2);

wave length (A\)=2xVLC (3); W =—L2£ (4);and W= %E—’— (5).
Let us consider a condenser having a capacity of 0.02 microfarad
(10 standard jars in parallel), charged to a potential of 30,000 volts.

2 X 30,000 __
100,000,000 — 0.0006 coulomb, and

2 X 10® X 9 X 10-®
2

Such a condenser would contain

would be capable of doing work equal to =9 joules

= 6.64 foot-pounds.

If this condenser is discharged through a circuit having a self-induc-
tion of such value (0.00125 millihenry) as will give a wave length of
300 meters, the frequency of the circuit is 1,000,000, the alternations
2,000,000 per second, and 0.0006 coulomb will create in such a circuit
an average current of 2,000,000 XX 0.0006 = 1200 amperes. (This shows
the necessity for ample surface in condenser leads.)

If this energy is radiated in five complete oscillations, the rate of do-
ing work, if the efficiency of conversion is unity, is 9 joules in
second = 1,800,000 per second — 1800 kilowatts.

This shows that though the available energy is very small, the rate of
doing work, that is, the power of a wireless telegraph sender, may be
very great for an exceedingly short period of time.

S
1000000

EFFICIENCY OF SENDING APPARATUS.

99. We can not, however, utilize the whole of the energy stored in the
condenser on account of unavoidable losses which will appear later.
With a certain wireless telegraph set on which experimental measure-
ments were made, Fleming found the actual power radiated to be about
10% of that supplied to the transformer and 20% of that supplied to the
condenser.*

* Journal Institution of Electrical Engineers, vol. 44, London, April, 1910.
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Professor Fessenden and Dr. L. W. Austin in the Brant Rock experi-
ments found that with the set on which measurements were made about
75% of the power delivered to the spark gap was radiated.

Very few complete investigations of this kind have been made.

EFFICIENCY OF RECEIVING APPARATUS.

100. Fessenden in his published account of his experiments on the
sensitiveness of wireless telegraph detectors states that in the most sen-
sitive detectors the least amount of work which will render a signal
readable is .007 erg per dot.

1

If a dot lasts 15 of a second this represents approximately .01 erg

per second, or —110—, watts.
Dr. L. W. Austin’s tests of telephones in 1908, several years subsequent
to Fessenden’s experiment, indicate that to produce audible sound in a

telephone required not less than watts. With telephones of the sen-

3
10
sitiveness previously available it required not less than l%'- watts.

The 6.64 foot-pounds of work which the condensers under considera-
tion can release equals 90,000,000 ergs. With a radiation efficiency of
204, if about one billionth part of this can be concentrated on the re-
ceiving apparatus, the signals sent out can be read.

DIFFERENCE BETWEEN DIRECT AND ALTERNATING CURRENTS DUE TO SELF-
INDUCTION AND CAPACITY.

101. The fundamental electric equation I = —g~ is derived from meas-

urements of the relations existing between electric current and a con-
stant E. M. F. in a circuit of constant resistance.

Self-4nduction only affects a current when it is being started or
stopped. It increases the time it takes for the current to rise to its
steady value and the time it takes to fall to zero. For continually
changing currents both in strength and direction it impedes both rise
and fall, and therefore acts as a resistance, so that the resistance of a
circuit for alternating currents is not the same as for steady or direct
currents, but is a combination of the ohmic resistance and the induc-
tive resistance or reactance (art. 30). Reactance is not a true ohmic
resistance, which appears as heat, but is rather a counter or opposing
EMPF '

The action is still further complicated in circuits having capacity,
as wireless telegraph circuits have, since capacity is found to assist both



68 MANUAL OF WIRELESS TELEGRAPHY.

the rise and fall of current, and therefore to act in an opposite direction
to the self-induction and to decrease the total resistance or impedance.

In alternating circuits we have I = % where Z — the impedance =

~/ R4 [ 2=NL — —2»11\-’?]7 N being the frequency of the alternating

current.
Since capacity and inductance produce opposite effects, they can
. ) 1
be used to neutralize each other, if 2xNL = Z=NC
I= »g— as for direct currents, K being the instantaneous value of the
E.M. F.

In circuits where the resistance and capacity are very small, and the
self-induction comparatively large, as in primary sending -circuits,
Z = approximately 2xNL, or the current depends almost entirely on the
reactance of self-induction. The current in wireless telegraph sending
circuits is sometimes governed by reactance regulators placed in the
primary circuit. (See art. 30.)

the equation becomes

TIME CONSTANTS OF CONDENSERS AND INDUCTIVE CIRCUITS.

102. Every capacity and inductance has what is called its time
constant.

The time constant of a condenser is equal to C R—i. e., the product
of its capacity and the resistance through which it is charged. If C is
measured in microfarads, R must be measured in megohms, and their
product will then be in seconds. The greater the time constant of a
condenser the longer time it will take for it to arrive at a given fraction
of the charging potential.

For any usual transformer charging frequency this effect is inappre-
ciable.

The time constant of an inductive circuit =% . The greater the time

constant of a circuit the longer it takes to establish a current of a given
strength in it.

SKIN EFFECT IN HIGH-FREQUENCY ALTERNATING CURRENTS.

103. Another effect of alternating currents on the apparent resistance
of circuits is seen when the frequencies are above 100. It is called by
Fleming the phenomenon of skin or surface resistance. The current seems
to begin at the surface of a conductor and soak in, and to penetrate to
the center it must have time. This is another instance of the time effect
that must be kept in mind when dealing with alternating and oscillating
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currents. Lord Rayleigh has investigated this effect and finds that for
wires made of nonmagnetic material of diameter d the ratio between
the resistance for frequencies of a million to the steady resistance is

R _ nd ~/ 1,000,000

R

If the wire is of iron its remstance for high-frequency currents is still
greater.

The resistance of No. 16 wire for frequencies of a million is 6.5 times
greater than its steady resistance. The larger the diameter of the wire
the greater the proportional increase in resistance. Stranded wire,
having proportionally greater surface than solid wire of the same area
of cross section, offers less resistance to high-frequency currents.

Flat ribbons, having larger surface, offer less res1stance than circular
wire of the same area of cross section.

In the Stone receiving circuits, the inductance coils were wound with
wire of such size that for the frequency intended the current penetrated
to the center and there was no wasted material. Resistance is decreased
by using a number of strands in parallel.

Currents in wireless telegraph circuits having a wave length of 300
meters penetrate about {% millimeter, or approximately 3} inch, inside
the surface of the conductor. If the wires are of iron the current pene-
trates about 3%y inch.

We see, therefore, that oscillating currents used in wireless telegraphy,
especially those in the closed circuit, not only may be very large for a
very short period of time, but that they remain practically on the surface
of the conductor, and it is evident that the latter should have much
greater area than would be necessary to prevent heating by the same
steady current.

= where P — the specific resistance of the wire.

CAPACITY AND SELF-INDUCTION OF STRAIGHT WIRES.

104. The capacity and self-induction of all but very simple forms of
circuits are very difficult to calculate, and in general they are deter-
mined by comparison with known values.

The capacity of a straight, vertical wire of length ! and diameter d,

"well above the earth and away from other conductors, is in micro-
l

micro-farads C' = 1454 log (21) )
’ d

Fleming states that a wire 111 feet long and diameter 0.085 inch,
suspended vertically, was found to have a capacity of 0.000205 micro-
farad, or approximately one-tenth of one standard Ieyden jar. Four
wires of the above size and length, being 6 feet apart, were found to have
a capacity of 0.000583 microfarad, or about three times as much as one
wire.
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One hundred and sixty such wires in the shape of an inverted cone,
2 feet apart at the top and in contact at the bottom, had a capacity of
only about thirteen times that of a single wire. )

It will be seen that doubling the wire in an aerial does not double its
capacity. For wires about 2 feet apart the capacity increases approx-
imately as the square root of the number of wires—that is, 16 wires
would give four times the capacity of 1 wire.

The self-induction of a straight wire of length ! and diameter d and
circular cross section at a distance from other conductors is 2 1 (2.3026

log. ‘g —1), values being given in centimeters. The self-induction

of two parallel wires varies as the distance between them, decreasing
with the distance, so that adding straight wire to an aerial does not add
- to its self-induction in the same proportion.

The relation between the inductance and capacity of a stralght wire
of circular section and diameter small in comparison with its length is
such that its electrical length is equal to its natural length, and its wave
length is therefore twice its natural length.

A vertical straight wire, well grounded and of small diameter has an
apparent electrical length equal to twice its natural length, its wave
length is four times its natural length.

Pierce states that a single wire 100 feet long and # inch diameter,

when alone in space has as much capacity as an isolated flat metallic disc
16 feet in diameter.*

CONDENSERS IN SERIES AND IN PARALLEL.

105. When two or more condensers are placed in parallel (fig. 28c),
their total capacity C is equal to the sum of their capacities taken singly;

THETTE

F1a. 28c. Fi1g6. 28p.

i. e, C=0C,4 C,+ etc. When two equal condensers are placed in
series (fig. 28d), the resulting capacity is one-half of that of each taken
singly, or in general

1
c = C +Cz+etc

* Principles of Wireless Telegraphy, by G. W. Pierce, A. M., Ph. D. (1910).
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A condenser is often placed in large aerials to shorten the natural
wave length for receiving. The aerial in this case being considered as
one plate of a condenser and the earth the other, when a condenser is
placed between the aerial and the earth we have two condensers in series.

Condensers which will be ruptured if used alone can be used in series,
dividing the voltage between them.

For instance, take a transformer giving 30,000 volts to be used in con-
nection with condensers that will stand but 20,000, by placing 2 in series
each condenser would have to stand but 15,000 volts.

It will be seen that 32 jars made up into 2 condensers of 16 jars, in
parallel, in each and the two condensers placed in series would only
have the capacity of a single condenser of 8 jars in parallel, but the
work on each jar would be four times lighter.

108. If a straight wire is broken in the middle the oscillation period of
each half would be half the original period were it not for the fact that
the adjacent ends of the wire and the air between them form a small
condenser which has the effect of slightly increasing the capacity of each
half, thus giving it a period slightly longer than half of the original
period. »

From the above it appears that we can shorten the electrical length of
an aerial (radiating circuit, art. 75, fig. 29) by putting a condenser in
geries' with it, but we can not shorten it to less than one half its original
period.

We know that by cotling the wire we can increase its self-induction
and, therefore, its electrical length and wave length with very little in-
crease in its physical length. In practice wave lengths of the closed
circuit (art. 75) are altered by changing their self-induction as above.
The wave lengths of the open circuit (aerial) are increased by adding
inductance. They are decreased by adding condensers in series (for
receiving only).

MEASUREMENT OF INDUCTANCE AND CAPACITY IN OSCILLATING CIRCUITS.

107. By comparison with standard inductances and capacities, the
capacity and self-induction of circuits can be measured and their periods
calculated.

Measured inductances and capacities connected together so as to form
an oscillating circuit are made so that the capacity or inductance (usually
the capacity) or both are variable. They can be calibrated so as to show
directly either the period or wave length of the circuit for any position of
the variable elements.

If brought near another circuit in which electrical oscillations are
taking place and adjusted so as to have a maximum of current induced
the two circuits are said to be in tune or resonance. (They have the
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same electrical length.) When used as above, calibrated oscillating cir-
cuits are called wave meters, ondameters or cymometers.

Wave meters can be so arranged as to measure separately the induc-
tance or capacity of oscillating circuits as well as their periods. If a
spark gap forms part of the oscillating circuit, its period can also be
directly measured by measuring the time between the successive surgings
of the spark. This is done by photographing the sparks by reflection
from the surface of a rapidly revolving mirror. The movement of the
mirror between sparks separates their images on the photographic film,
and knowing the number of revolutions of the mirror per second, the
elapsed time between sparks can be calculated and hence the period of the
circuit.

INDUCTANCES.

108. In sending circuits the capacities (condensers) are usually fixed
and the wave lengths are varied by varying the inductance (self-induc-
tion). This usually consists of a bare copper wire, tube, or ribbon
coiled so as to form a helix. Of course the self-induction of such a coil
could be very greatly increased by providing it with an sron core but the
magnetic hysteresis loss (art. 148) would be too great. The magnetic
hysteresis loss in air, like the dielectric hysteresis loss, is practically zero;
therefore, these inductances have air cores and as much of their length is
included in the circuit as will, in connection with the fixed capacity
(condensers), give the wave length desired. (See Fig. 73 for photograph
of sending helix.)

MUTUAL INDUOTION AND ITS EFFECT ON OSCILLATING CIRCUITS.

109. Mutual induction between two circuits is explained in art. 15. It
is represented by the letter M and is defined as the E. M. F. generated in
one circuit when the current in the other circuit is varied at the rate of
one ampere per second. The two circuits are coupled together by virtue of
" their mutual induction and the induced current represents a transfer of
energy from one circuit to the other.

If their mutual induction is large, they are said to have close or tight
coupling ; if small, the coupling is said to be loose. It is evident that the
mutual induction between two circuits depends on the self-induction of
each. That is, the strength of the magnetic fields produced by varying
the current. Also that it depends on the distance apart of the two cir-
cuits and the material (iron or air) intervening. It is a maximum when
all the lines of force created by the current in either circuit cut the other.
In this case the coupling is said to be perfect. If the two circuits in the
case of perfect coupling have the same self-induction their mutual indue-
tion is equal to the self-induction of each; if different the mutual indue-
tion in such a case is equal to VL,L,. L, being the self-induction of one
circuit, L, that of the other.
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If the two circuits are moved in relation to each other so that only part
of the magnetic field created by each cuts the other, their mutual induc-
tion is decreased.

The ratio of the mutual induction (for any position of the circuits) to
its maximum value is called the coefficient of coupling for that position, or

. . M
coefficient of coupling = VLL'

The mutual induction between two oscillating circuits alters the effec-
tive self-induction of each (art. 92), making it apparently larger or
smaller as one circuit is receiving energy from or transferring energy to
the other.

110. Since the natural period of a circuit in seconds = 2=V LC (3),
if L, the effective self-induction is varied, the period of the circuit is
varied.

Coupled circuits having the same or nearly the same natural periods
are found to have two periods of oscillation, one faster and the other
slower than the natural period of each. Therefore the open radiating
circuit sends out electric waves of two lengths, one longer and one shorter
than the natural wave length of the circuit. The closer the coupling the
greater the difference in length of these two waves. This difference
divided by the natural wave length of the circuit is called the per-
centage of coupling. This can be more easily ascertained than the coeffi-
cient of coupling. For instance, if an open circuit, having a natural wave
length (as determined by a wave meter) of 400 meters sends when coupled
to a closed circuit of the same natural length two waves, one of 445, the

445365
=400 = 204.

111. If the circuits have loose coupling, i e., are moved farther apart,
the mutual induction is less and the difference in the wave length radiated
is less. This distance can be increased until the two waves practically
coincide with the natural wave length of the circuit. This is very loose
coupling but since without mutual induction, no energy can be trans-
ferred, the two can never be the same.

Most of the energy is found to be in the longer wave and until re-
cently that in the short wave was practically wasted. The method now
used of generating but one wave length will be described under sending
apparatus. '

other 365 meters, the percentage of coupling =



Chapter 1V.

ELECTRIC OSCILLATIONS AND RADIATION OF ELECTRIC
WAVES.

112. It has been stated that every oscillating circuit must contain in-
ductance and capacity. This is true even though the circuit consists of
straight wires, for these have distributed inductance and capacity. If
the circuit is formed as in fig. 26a with a coil of wire and a condenser,
{he inductance and capacity are said to be concentrated or lumped. There
is also a certain amount of distributed inductance and capacity, but in
general this will be small compared with the concentrated portions.
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F1a. 26A.—Non-radiating Circuit.
F16. 30.—Radiating Circuit.
F1e. 31.—Electric Wave Leaving Oscillator.

In the case of a linear oscillator (fig. 30), when the oscillations are
taking place and the charges are most widely separated, we may imagine
lines of electric force to be connecting each unit of positive electricity on
one end to a unit of negative electricity on the other. For clearness of
conception we may picture these lines of force as having a real exist-
ence and exerting an elastic pull between the positive and negative units,
tending to draw them together, while at the same time, provided they
are running in the same direction, they tend to repel each other.
These lines of force in the case of a linear oscillator, on account of
their repulsion away from the oscillator, form wide loops which tend
to snap off and travel away into space when the charges again rush back
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through the spark gap, thus forming electrical waves or radiation as
shown in fig. 31. In the case of the circuit shown in fig. 26a, where the
principal capacity lies in the condenser, the lines of force are concen-
trated between the condenser plates. They do not loop out to any extent,
and hence such a circuit radiates very feebly. On account of these differ-
ences an open circuit oscillator (fig. 30) is often called a radiating
circuit, while a closed circuit (fig. 26a) is called non-radiating, although
all high frequency circuits radiate in some degree.

113. Let fig. 32 represent a closed circuit inductively connected to a
vertical grounded open circuit or aerial, and suppose the spark gap to
break down at the point of maximum potential of the charging current.
At this instant there is no current in the closed circuit and, therefore,
no current in the open circuit. The energy is all electro-static, all in the
closed circuit and practically all in the electro-static field between the
condenser plates, the capacity of the spark points and other parts of the
circuit being very small.

+ 8-
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——————————————— —
Fia. 32. Fia. 32a.

As soon as discharge through the spark gap commences the field of the
current in the closed circuit inductance induces movements of electric
charges in the open circuit, the starting point of the disturbance being
the open circuit inductance. As the charges in the open circuit separate
they are connected by electro-static lines of force and surrounded by
magnetic lines of force, both moving outward at the same rate that the
charges move in a straight wire.

The electro-static field becomes a maximum when the charge reaches
the top of the wire. At this time the magnetic field is a minimum. At
the expiration of a half period, when the charges meet again, the mag-
netic field is a maximum, but reversed in direction. The electro-static

6
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field reverses as the charges separate again. If they can be represented as
meeting in the open circuit inductance, the electro-static field just after
the end of a half period can be represented as in fig. 32a, where the
mutual repulsion of the electro-static lines of force outside the wire has
kept them from returning as fast as the charges travel towards each other.
As the charges meet, the ends of the lines of electric force unite and be-
come closed circuits, or electric whorls shaped like smoke rings which,
owing to the mutual repulsion of all their parts, expand outward, up-
ward, and downward.

It is in some such manner that we can conceive energy to be detached
and sent out into space from wires forming oscillating circuits.

The expanding rings touch the earth and are guided by it as by any
other conductor, thus resembling near the earth expanding hemispherical
shells.

These may be called earthed waves to distinguish them from the free
waves which exist momentarily in the vicinity of an ungrounded oscil-
lator.

114. If the point of connection with the closed circuit is considered
as at the earth, earthed waves only are generated and detached from the
aerial and no free waves exist at any time. The production of earthed
electric waves under these conditions is illustrated in fig. 33.
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Fig. 33.—Earthed Electric Waves.

We know that earthed waves are guided by conducting surfaces; we
know that light waves are not; we do not know where the dividing line
is between waves that are radiated in straight lines and those that are
guided by conductors.

115. For simplicity we have described the process of radiation in terms
of electro-static lines of force, but it must not be forgotten that a moving
electro-static field always produces a magnetic field at right angles to
itself and at right angles to the direction of movement, so that we have
electro-static lines perpendicular to the surface of the earth (at least near
the aerial), and magnetic lines in circles surrounding the aerial.

Both the electro-static and the electro-magnetic fields reverse their
directions every 9alf wave length.
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The process of radiation withdraws energy from the circuit just as is
the case when a resistance is placed in the circuit; hence the radiation
resistance is an expression often used, meaning the resistance which under
the given conditions would use up the same amount of energy as that re-
moved from the circuit by radiation. This radiation resistance depends
only on the form and dimensions of the aerial and on the frequency of
the oscillations, increasing rapidly as the frequency increases. It is in-
dependent of the intensity of the oscillations and of other sources of lost
energy in the circuit.

Radiation resistance might be called the radiation coefficient. Accurate
means of measuring it are not yet in general use.

DAMPED OSCILLATIONS.

116. It has been explained (art. 54) that when a circuit consisting of
a condenser, inductance, and spark gap is charged by a transformer to a
potential so great that a spark passes across the gap, the electricity stored
up in the condenser discharges itself through the spark gap, and by its
inertia charges the co<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>