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‘Ro6 PREFACE

'I‘\‘Jl\ais 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.
'H. Clark and others for figures, illustrations and suggestions.

July, 1911.

PREFACE TO THIRD REVISION

Advantage has been taken of the necessity for a new edition to regroup
subjects; to add articles and figures relating chiefly to the use of un-
damped oscillations; to note the results of some of Dr. Austin’s recent re-
searches; to alter appendices to include the London Convention of 1912
and the U. S. Statute of 1912, and, through the kindness of Lieutenant
S. C. Hooper, U. 8. N,, to extend the chapter on care and operation.

August, 1918.

A new edition being necessary, minor corrections and additions to the
third revision have been made.

December, 191}.

PREFACE TO FOURTH REVISION

The copies of previous editions having become exhausted, certain
changes have become necessary to bring the MANUAL up-to-date. Owing
to the many responsibilities placed upon Captain Robison, due to the
war, the revision has been made by Captain Todd and Lieutenant Com-
mander Hooper, who offer the Fourth Edition as Robison’s Manual of
Radio Telegraphy and Telephony. Credit is due to Lieutenant H. P.
LeClair, U. S. Navy, in charge of the Radio Division, Bureau of Steam
Engineering, and Mr. Charles J. Pannill, Expert Radio Aide, Office of
Director Naval Communications, for many valuable suggestions and their
work in connection with the revision of this MANUAL.

January, 1918.
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Chapter 1.

GENERAL REVIEW OF FACTS RELATING TO HIGH
FREQUENCY CURRENTS.

ELECTRICITY.

1. If amber is rubbed with silk 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 eleciricity 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
electrified 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 (+) 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-
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scope, consists of two small pieces of gold leaf, which, becoming charged
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 a 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

Fia. 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 batiery 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 zinc 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 sulphurie acid
in water, the combination is called a secondary or storage cell or accumu-
lator and a number of such cells is called a storage battery. The

Fla. 4.

anode is called the posilive 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 megative 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

F16. 6.—Cells in Series. F16. 6A.—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.
5a, 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 morth star in
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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 bodies 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

Fra. 6. Fie. 1.

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 solenoid.

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-
side 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 one 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. .

‘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 magnetic force, in the
manner shown by the arrows in figs. 8, 9, and 10, and, further, that
the terms postitive and negative as applied to electric and magnetic effects,

e

=
Fie. 9. Fio. 10.

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 embracing 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 in A B, and consequently the stronger
the magnetic field produced, the more pro-
nounced the indications of the electroscope will
be. Fre. 11,

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 body 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
ereated, 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 general 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 is no current in A B there are
no magnetie lines of force, and consequently there is no electrification
in C D. When there is a constant current in A B the magnefic 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.

F1a. 11Ao.—Current in A-B Rising. Fi6. 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 the lines of force around C D, when the current in
A B is rising, are opposite in direction to those created when the current
in A B is falling. 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 between electricity and
magnetism. v
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Fia. 12B.—Electric Field Charges of Same Sign.—Repulsion.
F16. 12c.—Magnetic Field between Like Poles.—Repulsion.

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 a dielectric, such as powdered mica.

Figs. 12 and 12b show the electric field between unlike and like
charges, respectively. Figs. 12a and 12c show the magnetic field between
unlike and like poles, respectively. The electric field between two

2



18 MANUAL OF RADIO TELEGRAPHY AND TELEPHONY.

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 compresswn) 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
chaggggm the conductor. . Movements of these charges produce 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 lgjhg two fields, when they are thus producecl,gre 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 (electric and magnetic) in the ether are
propagated with the velocity of light.

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

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

* The direction of the electric lines of force at any point in the fleld can be
determined by suspending in it a small piece of a dielectric, such as a glass
fibre. The dielectric will lie parallel to the direction of the lines of force at the
point of suspension.
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We must learn therefore to think of light movements and of electric
and magnetic actions not as being instantaneous, but as being restricted
to a definite measurable speed.

It 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 K 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 movements 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)
decreases 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, produce electrical movement in C D, or, as it is perhaps better
to say, produce 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 to 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 erude wireless telegraphy produced.

24. If A B is coiled into a spiral or keliz 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 when both wires are straight; for the
disturbance 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, is 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 number 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
permeability. 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.

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. 148.—Open-Core, Step-Down Transformer or Induction Coil
(current in A B rising).
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F16. 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 turns in the coil C D are greater or less than those in A B.
Fig. 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 winding, 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 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
impedance 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. Ii 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.

RELATION OF POSITIVE DIRECTION OF LINES OF FORCE TO POSITIVE
DIRECTION OF CURRENT.

31. 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 rules:*
(a) Fig. 15. An increase in the number of lines of force embraced by a
circuit induces a 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 direc-

*Rule (a) from Fiske’s * Electricity and Electrical Engineering.”
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tion of the lines of force. (Art. 7 and fig. 7.) (b) The positive direc-
tion of the lines of force is with the hands of a watch when the current
is flowing away from the observer. Fig. 15a. (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.)

From rules (b) and (c) can be deduced the following: Let fig. 15b
represent a conducting wire C D below a line N S, which represents a
field of force and its direction. When in the relative positions shown,
movement of either wire or line of force foward the other creates a current
to the rear, moving either one away from the other creates a current to
the front.
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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, below or
in any intermediate position without changing the truth of the above
statement.

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

METHOD OF PRODUCING CURRENTS BY ELECTRO-MAGNETIC INDUCTION.
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-
site each other and more lines of force are produced, because the distance
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they have to travel through the air is very much shortened as compared
with fig. 14.

Exploration 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 lines of force are equally dis-
tributed 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

)

Fia. 16.

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
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.

33. 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 conditions
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to the extent that cutting of lines is going on all around the circuit,
some inducing charges in one direction, some in the other, and it 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, art. 31.)

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

Fra. 17.

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, the number of lines of force included in C D is
decreaging, and looking from N to S, the current moves with the hands
of a watch.

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 it cuts none. (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 uniil C D has revolved through 180°, and
is again moving parallel to the lines of force when it falls to zero.



28 MANUAL OF RADIO TELEGRAPHY AND TELEPHONY.

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 ¢.)

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.

Fia. 18.

84. 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 angle. 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; also and for the same reason

the induced E M F which produces the current is proportional to the sine of
the angle of revolution.
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35. 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
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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 they are
induced in C D by its movement 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 or
break at K in fig. 13 induces a momentary current 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.

36. 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, as 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 connected
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through the split ring with that half of C D in which the current is flow-
ing 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 connection with the other. The current in E F is now said
to be a pulsating instead of an alternating current, and the change can be
graphically represented by transferring the part of the curve below the
line in fig. 18 to a corresponding position above it, as in fig. 18a.

Fia, 184,

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.

37. With a single coil, C D, rotating in the magnetic field, the current
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.

Fia. 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 irom, the
strength of the magnetic field 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 D created by cutting lines of force
is 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 flowing through E F,
is divided, so that part of it flows around the core of the electro-magnet
(fig. 21), this current can take the place of that produced by the battery
in A B and the battery can be dispensed with.

N S

Fie. 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
revolves are made of the most efficient material (wrought iron or mild
steel contammg no phosphorus), when C D stops they still retain their
polarity in a slight degree.

When C D starts to revolve again, 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 building 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
self-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 ezciter.

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. 21 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 the
armature 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 repul-
sion 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
revolves 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 motfor. 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. TFor this reason it is sometimes
called a rofary transformer, as distinguished from the stationary trans-
formers already described.

42. Electricity produced by friction (art. 1) is sometimes called fric-
tional electricity; by primary batteries, voltaic electricily; by electro-
magnetic induction, dynamic electricity. But however produced and
transformed, all kinds of electricity are identical, and the same is true
of all kinds of magnetism.

PRODUCTION OF ELECTRIC AND MAGNETIC FIELDS STRESSES AND STRAINS
IN THE ETHER.

43. Wherever there is an electric charge, stationary or moving, emanat-
ing from the charge are electric lines of force which end at other electric
charges and which form electric fields. Wherever there are moving electric
charges (currents) there are magnetic lines of force also, which form
magnetic fields and these magnetic lines of force are always at right angles
to the direction of the motion of the electric charges and to the electric
lines of force proceeding from them.

Motion, or state of strain in the ether, which these lines of force repre-
sent, 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.

Imagine a disturbance—say an expansion of a gas—to take place in the
center of an immense rubber ball. A wave of tension, whlch becomes less
as its distance from the center i 1ncreases, progresses outward through the
rubber to the farthest confines of the ball. When the gas contracts, a wave,
of contractlon, also starting from the center, and decreasing with its
distance from the center, progresses outward through the rubber 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 stress
which strains 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
described.

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

ELECTRIC 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

3
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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
after the rubbing ceases. We can produce static electricity on conduc-
tors by suitably insulating them. For instance, if two metal plates
separated by a piece of glass are connected, one to the positive, and the
other to the negative pole of a source of E. M. F. and then simultaneously
separated from it, they will be found to be electrically charged. When
two plates oppositely charged (art. 1) are connected through wires lead-
ing 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 quan-
tity 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.
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This is analogous to the increased strength of magnetic field produced
by shortening the magnetic circuit while retaining the same magnetizing
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.

ELECTRIC AND MAGNETIC INDUCTION.

46. 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. (See note, p. 18.)

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

Ite 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. R.)

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 very 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 reacl 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
increase 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
where it pierces or ruptures the dielectric, the action being accompanied
by a sharp crackling sound and by the production of light and heat,
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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 satura-
tion. The limit of electrification is marked by rupture. The eleciric
charges are found to have been dissipated after the spark has passed.
The condenser is said to be discharged. If the oppositely charged plates
are discharged 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, like magnetic or electric polarities of the molecules
of a substance.

ELECTRIC CONDENSERS.,

48. 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 sub-
stance intervening between the charges.

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. It 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 energy 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
induction takes place, and hence the capacity of the condenser.

Fixep CoNDENSER VARIABLE CONDENSER
F1a. 23. Fia. 23a. F16. 23B.

Condensers are often made up of a large number of interlaced plates
or films of conducting material, having between them for a dielectric
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. 23. 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. Id variable condensers the
dielectric may be glass, air, oil, mica, or paper. They are usually made of
metal plates with air dielectric.

DISCHARGE OF CONDENSERS.

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-
gsion, each charge being somewhat less than the preceding until 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, so 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,
8o 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 bottom 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
that if the condenser discharge takes place through a long thin wire,
instead of a thick one, the condenser is slowly discharged through it
without any oscillation. ‘
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83. 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 inertia, 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 been 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-induction
(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,

OSonLATING CONDENSER DISCHARGE

O

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

Fia. 25. F1a. 25A.
+H- f | I f
END oF ICYCLG Exp of THREE-QUARTER CYCLE END OoF gm
ENERGY ALL ELECTRIC . ENERGY ALL MAGNETIC ENERGY ALL ELECTRIC
REVERSED. REVERSED. . LESS IN AMOUNT.
F1e. 25B. Fia. 25c. F1a. 26D.

The attraction of the unlike charges for each other is analogous to
the attraction of grav1ty for the water in ﬁg 24, and the magnetic field
caused by the self-induction of the movmg 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
sense, and for this reason self-induction is sometimes called electro-
magnetic mertw

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 electrie, 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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on account of the losses which have taken place durmg 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.

85. A complete ascillation 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 pertod.

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 total charge—that is, the total electric snduction
—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 Ly 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 Ionger 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.

89. 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 zyyydgooy 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.*
l |
I [ I g

F1e. 26. F1a. 26A,

Such a circuit is shown in fig. 6. 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.

0000~ ANV

Fia. 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

i

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 inductance and
capacity may not be the same in each.

Fie. 28.
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For instance, suppose the oscillating circuit (26a) 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 circust.

C
A
B

D

F16. 28B.

Oscillating circuits now used in wireless telegraphy have electrical
lengths varying from 200 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 move-
ments in opposite directions and can be represented as 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
hollows of waves separated by half periods or half wave lengths, an
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oscillating current may be called a wave producer, and the oscillations
considered as movements of the ether may be called ether waves.

68. 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-
- sist of to-and-fro movements parallel to the direction of the waves, the
latter consmtmg of alternating condltlons of compression and rarefaction
of the air.

The movement(of the partlcles\ in ether waves is at right angles to
the direction of propagation of the wave, and the electric and magnetic_
stresses 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.

TN

Fia. 18.

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.

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.
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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
resultant movement depends on the resultant of the forces and will vary
as the foices 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 Iight.

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 Aeat.

Twenty-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 reflection, 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. Qenerally 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 reflection 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 reflected,
travels down the rope to the hand, is reflected there and starts up again
to the top, and so continues until its energy is damped out.

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
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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 statwnary
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. 18ec.

c— % wwe Lmvn—~—i—— % wave unom-—--ak}ﬁ.ml-w
Fi1e. 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
tendency to move is there.

POTENTIAL Loop
CURRENT NoDE

Fia. 18p.

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
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.
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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.

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

T —— e

Fia. 18E.

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 orwlnal 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.
Ata height of approximately 45 miles above the earth’s surface its pres-
sure ig about 1 millimeter of mercury. At the density corresponding tc
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
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
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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.

F1a. 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. The bending due to
refraction tends to keep the wave in the denser atmosphere; i. e., it is
bent towards the earth’s surface.

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 or mountain. It has the effect of bending the
waves around the object. This action of waves is called diffraction. In
amount it depends on the wave length. From the new centers of disturb-
ance waves are sent out, which interfere with each other, not being propa-
gated ih the same directions. The result is that for a distance, depending
on the width and height of the obstacle and on the wave length, a shadow
exists beyond it.

Partial reflection of the waves toward their source takes place on the
gide of the obstacle nearest the source. An attempt to show this graphi-

4
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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-
mg 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-
pear, the regular waves from the two sides of the rock unite, and there
is no evidence of its existence at points beyond, though it has decreased
the total strength of the waves.

F1G. 18a.

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 subject to interference
from reflection.)

The effects of reflection and diffraction on waves passing over irregular
country are very pronounced. The effects of reflection, 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
over 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.



Chapter 1I.

PRODUCTION, RADIATION AND DETECTION 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.
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Fre. 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, selfdnduc-
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 and
condenser.

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 consider
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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 constitute
wireless telegraphy.

C D is usually called the open or radiating
circuit or aerial 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
arranged as ir-fig. 29, A B and C D are said to be inductively connected.

Or 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

TOARAL direct connected (fig. 29a).
Samy Arco ‘ If the oscillating and radiating cir-
—l__—l cuits have the same period, they oscillate
S or vibrate in resonance. The radiating
T circuit in such a case receives the in-
ductive impulses from the oscillating

= circuit at the proper time, and the am-
F1G, 29A. 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.

78. The fundamental principle of wireless telegraphy is that all bodies
vibrate electrically as well as mechanically ; that their periods of electrical
vibratibn depend solely on the capacity and self-induction of the vibrat-
ing 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.

77. Let us consider a little more closely the circuits in Fig. 29.

First, we have the armature windings, the leads to the transformer and
the primary winding of the transformer. These form one circuit called
the primary circuit.
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Second, we have the secondary winding of the transformer, the leads to
the condenser and the condenser. These form a second circuit, the
secondary circust.

Third, we have the condenser and leads, the spark gap and leads and the
closed-circuit inductance. These form a third circuit called the closed
circust.

Fourth, we have the open circuit inductance and the leads to air and
ground, forming a fourth circuit (for oscillating currents), the open
circutt.

There is also a fifth circuit, consisting of the secondary winding of
the transformer, the closed circuit inductance, spark gap and leads. This
circuit is not given any particular name and only becomes of interest when
the spark gap remains conducting, after having once broken down.

78. As has been stated in art. 74, the secondary circuit has a very long
period, and, for the same reasons, the primary circuit has likewise a very
long period, compared with those of the closed and open circuits.

If the design is such that the primary and secondary circuits have the
same pericd they are found to operate more efficiently.

79. While sending, the spark gap appears to be sparking continuously,
but it is really sparking a very small percentage of the time, completing
(as has been stated) its oscillations and coming to rest in a fraction of the
period of the secondary.

If the spark gap were in operation all the time the fifth circuit men-
tioned above would short circuit the-transformer through the gap and the
closed circuit inductance and there would be no oscillation and no electric
waves produced.

When this condition obtains, what is called an arc is produced.

An arc may be described as an electrical discharge which produces light,
* heat and some sound and is a continuous rupture of the dielectric, as com-
pared with a spark which is an electrical discharge producing light, heat
and considerable sound and which is intermittent in its rupture of the
dielectric.

MUTUAL INDUCTION AND COUPLING.

80. Let us now endeavor to get an idea of how energy is transferred
from one circuit to another until it reaches the open circuit and is
radiated as electric waves.

Referring to Fig. 29, A B and C D are coupled together by virtue of
their mutual induction (art. 15). The induced current in C D represents
a transfer of energy from one circuit to the other.

If their mutual induction is large, the circuits 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 field produced by vary-
ing the current in each circuit. Also, that it depends on the distance apart
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of the two circuits, their position relative to each other (art. 22) and the
material (iron or air) intervening.

Mutual induction will be 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 are moved in relation to each other so that only part
of the magnetic field of each cuts the other circuit, their mutual induc-
tion is decreased.

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

81. Since the natural period of a circuit depends on its self-induction,
if the effective self-induction is varied, the period of the circuit is varied.
Therefore, 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. The open radiating circuit
generally sends out electric waves of two lengths, one longer and one
shorter than the natural wave length of the circuit. The closer the coup-
ling the greater the difference in length of these two waves. This differ-
ence divided by the natural wave length of the circuits is called the
percentage of coupling. For instance, if an open circuit, having a natural
wave length of 400 meters, sends, when coupled to a closed circuit of the
same natural length, two waves, one of 445, the other 365 meters, the
445—-365 _o, %.

400

82. If the circuits have loose coupling, i. e., are moved farther apart,
the mutual induction is less and the difference in the wave lengths 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
recently that in the short wave was practically wasted. The method now
used of generating but one wave length will be described in art. 83.

percentage of coupling=

TRANSFER OF ENERGY BETWEEN COUPLED CIRCUITS.

83. The transfer of energy between coupled circuits having the same
natural period is well illustrated by the mutual action of two similar
pendulums connected by a flexible support. If, one being at rest, the
.other is pulled aside and released, the swinging pendulum gives properly
timed impulses to the other through the flexible connection and starts
it to swinging also, gradually decreasing its own swings while the other
increases, until the first one stops; at which time the second has reached
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an amplitude nearly as great as that of the first swing of the one pulled
aside. In other words, all of the energy has been transferred to the
second pendulum. The first one then starts again and increases its
swings while the second gradually slows down and comes to rest at which
time the first is again at its maximum. All the energy has been returned
by the second pendulum to the first. The swings are slowly damped
by air friction until the aystem comes to rest. If the periods of the two
pendulums are not equal, or nearly so, the impulses are out of step
(resonance) and no transfer of energy takes place—the pendulum first
started keeps on swinging and the second remains at rest.

84. If the points of support by the flexible connection are a foot or
more apart (loose coupling) the second pendulum picks up the swing
rather slowly and both pendulums make a large number of vibrations
before the second ‘has received all the energy from the first and the
latter has come to rest

It the‘ﬁomts of support are close together (close coupling) the second
pendulum reaches its maximum and the first comes to rest in a few vibra-
tions, the transfer of energy is more rapid, and the damping greater.
The ball of energy, so to speak, is tossed back and forth between them
more rapidly than when they are farther a _J)_art—more loosely coupled.

Pmmotographed the sparks in a short gap in the
open circuit when oscillating in connection with the closed circuit and
shows that they occur in groups. This particular circuit showed groups
of four. In other words, four vibrations sufficed to transfer all the
energy from one circuit to the other.

THE QUENCHED GAP.}

856. Having once transferred all of the energy to the open circuit, we
wish to radiate it and not have any retransfer to the closed circuit.

What is called a “ quenched gap ”’{ has the advantage of stopping the
oscillations of the closed circuit and leaving the open circuit free to vibrate
in its own natural period and it, therefore, radiates waves of but one
length.

86. What we call the closed circuit is only closed when the spark gap
is conducting and its period in that condition is the one measured either
when we take the time interval between sparks or determine it by a wave
meter. It has a different period when the spark gap is not conducting
because its capacity with reference to being charged from the open
circuit is less and it is therefore out of step (art. 83) with the open

* 3. W. Pierce, Principles of Wireless Telegraphy, 1910, p. 248.

+ Discovered by N. Wien in the course of an investigation on electrical
discharges between metal surfaces placed very close to each other, and pub-

* lished by him in Oct., 1906.
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circuit and the latter does not transfer any energy to it. The effect of the
method of construction of the quenched gap seems to be to restore the
‘nonconducting character of the gap the first time the closed circuit comeg
to rest, and thus leave the open circuit free to radiate. It would be inter-
esting to  take photographs in both circuits to determine whether this
really is the case.

87. Referring to art. 80 on mutual induction: The open circuit is
first set to oscillating in either the period longer or shorter than its
natural period and has reached its mazimum when the closed circuit has

1, oo
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F1e. 18H.—Oscillations from Quenched Spark-gap.
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stopped and opened. Thereafter the open circuit is free to vibrate in its
own period, and that it changes to that period can be shown by wave meter
readings, but in building up it is sending out waves of a different period.

The first maximum reached in the open circuit is the highest maximum
and, since no further loss by retransfer to the closed circuit takes place,
the quenched gap is consequently the most efficient. It will also con-
duce to efficiency to make the building up period of the aerial (when it
is radiating waves of a different length) as short as possible. In other
words, close coupling, but close coupling increases the induced E. M. F.
in the condenser circuit. Therefore, there is a possibility with very close
coupling of retransfer of energy by breaking down the gap and again
closing that circuit.

88. We can, therefore, conceive of a wave train (art. 102) from an ordi-
nary open circuit as made up of a series of waves whose amplitude rises and
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falls during the transfer and retransfer of energy from one circuit to the
other; the rate of dying away depending on the coupling and being partly
natural (due to heating and radiated energy in the shape of electric
waves), partly artificial (due to retransfer of energy to the closed circuit).

A wave train from the open circuit of a quenched gap can be repre-
sented, as in fig. 62, by a building up at a certain frequency (depending
on the coupling) to a maximum depending on the radiation or other
losses per oscillation, and then oscillations in the natural period of the
open circuit, with damping dependent on the radiation and resistance of
the open circuit only. The closed circuit starting at a maximum and
transferring all the energy to the open circuit in a few oscillations as
shown in the upper part of fig. 18h; there being no retransfer of energy
from the open to the closed circuit and vice versa as occurs with the
pendulums discussed in arts. 83 and 84.

METHODS OF PRODUCING ELECTRIC WAVES,

89. In fig. 29a, A B and C D have been given some turns in common,
forming an air core-auto-transformer, but, whether directly or inductively
connected, these two circuits—the closed and open circuits—must have
equal natural periods in order to produce and radiate electric waves
efficiently.

90. We can omit the closed circuit, in fig. 29, and excite C D directly
from the transformer by putting a spark gap in C D, as shown in fig. 29b.

Since C D has some capacity, by virtue of its surface, we can store some
energy in it and when the spark gap breaks down, this energy will oscillate
in C D as an electric current and will produce electric waves. This is one
of the earlitst methods of producing electric waves for wireless telegraphy
and was usually called plain aerial, C D being known as the air wire now
called aerial or antenna.

91. Arrangements for producing electric waves may be simplified still
more by dispensing with the transformer and connecting the alternator
terminals directly across the gap. The transformer is only used to increase
the potential of the condenser or aerial and, therefore, store up more
energy between discharges and produce oscillations of greater amplitude.
If we could conveniently generate a high potential directly in the alter-
nator, the transformer would not be used.

92. Many attempts have been made to do this, the most successful being
when the oscillations are generated directly in the dynamo and C D is con-
nected directly to its terminals, as in fig. 29¢. In this case the armature of
the alternator is stationary and consists of one or more turns of wire around
each of a large number of stationary poles, past which the field poles are
moved at very high speeds and the natural frequency of the aerial (C D),
combined with the armature winding, is the same as the alternator
frequency.
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It will be seen that the oscillations thus produced and, therefore, the
waves radiated, are continuous and not intermittent as when a spark gap
is used.

C D may have but a small capacity, but it receives a charge at every
oscillation, instead of being intermittently charged and allowed to dis-
charge gradually.

However, in order to produce wave lengths, say of 3000 meters, the field
revolutions and numbers of poles must be such as to produce a frequency
of 100,000 cycles per second. This involves great mechanical difficulties.

R. A. Fessenden and E. F'. W. Alexanderson have designed such genera-
tors, turning at more than 300 revolutions per second, but they have
not yet become commercially successful.

Machines are now built to produce high frequency with lower mechani-
cal speeds by special windings of fields and armatures or transformers,
but such apparatus is not yet in general use.*

93. As has been indicated in figs. 11a and 11b, oscillations can be pro-
duced by suddenly making and breaking direct current, with or without
an induction coil (transformer) intervening, and some very large inter-
rupted current sets have been built and are, or have been, used for trans-
atlantic wireless telegraphy by Mr. Marconi.

94. Even before wireless telegraphy existed, it was known that an arc
produced by direct current would produce electrical oscillations if in
circuit with an inductance and a condenser, and that these oscillations
were produced continuously if the circuit was adjusted properly.

This, known as the arc, as contrasted with the spark method, of produc-
ing electric waves, is illustrated in figs. 29d and 29e.

It will be observed that the only difference between fig. 294 and fig. 29
is that we have direct instead of alternating current and the arc instead of
the spark gap.

It is found also that the arc can be made to produce oscillations, if
mounted as in fig. 29e, i. e., directly in the aerial, and that it operates better
if placed in a very powerful magnetic field, as shown in fig. 29e, and oper-
ated at a high potential, in a heat conducting atmosphere, such as a gas
largely composed of hydrogen.

95. We see, therefore, that we can and do produce both intermittent
and continuous electric oscillations, with alternating current and also with
direct current.

Continuous or undamped oscillations are, generally speaking, produced
without noise and radiated at lower potentials than intermittent ones.
Other advantages of continuous oscillations will appear later. As yet they
are not in general use and are somewhat more difficult to regulate than
intermittent oscillations.

* Professor Rudolph Goldschmidt and Count Arco have designed and con-
structed such machines.
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RADIATION OF ELECTRIC WAVES.

96. It has been stated that every oscillating circuit must contain
inductance 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,
the 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.

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-
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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 through
the spark gap, thus forming electrical waves or radiation as shownin
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 concentrated between
the condenser plates. They do not loop out to any extent, and hence
such a circuit radiates very feebly. On account of these differences an
open circuit oscillator (fig. 30) is often called a radiating circuit, while



MANUAL OF RADIO TELEGRAPHY AND TELEPHONY. 61

a _closed circuit (fig. 26a) is called non-radlatmg, although all hlgh
frequency circuits radiate in some degree.

97. 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.

As soon as discharge through the spark gap commences, the field of the
current in the closed circuit inductance induces movements of electric
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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
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
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other. As the charges meet, the ends of the lines of electric force unite
and become closed circuits, or electric whorls shaped like smoke rings -
which, owing to the mutual repulsion c of all their partg, expand outward,
upward 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 hemlsphencal
shells.” o

These may be called earthed waves to distinguish them from the free
waves which exist momentarily in the vicinity of an ungrounded
oscillator (fig. 31).

98. 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.

F1a. 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 radlated in straight lines and those that are
guided by conductors.

99. 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 (atleast near
the aerial), and magnetlc lines in circles surroundmg the aerial.

Both the electro-static and the electro-magnetic fields reverse their
directions every half wave length.

The process of radiation withdraws energy from the circuit. just as is-
the case when a resistance is placed in the circuit; hence radiation
reststance isan expresswn often used, meaning the resmtance which under

removed from the circuit by radlatxon "This radiation resistance depends
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only on the form and dimensions of the aerial and on the frequency of
the oscillations, increasing rapidly as the frequency increases. It is
independent 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.

100. 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 condenser in the opposite sense, only at the next
instant to again discharge itself, and so on. All this takes place during
the time of one spark, and in fact this surging of electricity is what keeps
the spark in existence after the first discharge. This surging back and
forth would continue indefinitely were it not for the energy used up in
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F16. 34.—Damped Oscillations. Energy Supplied at Beginning of Wave-train.

the heat of the spark and in the resistance and other losses in the rest
of the circuit. But as no new energy can be introduced into the circuit
until the condenser is recharged, the electrical surgings decrease in
intensity and finally cease.

If we represent time by the horizontal axis and the amplitude of the
oscillations by the vertical axis, fig. 34 will show graphically the course
of the phenomenon. It is exactly analogous to a light pendulum which
is set swinging and which is brought to rest after a limited number of

swings by the friction of the air.

Gradually decreasing oscillations of this kind are called damped oscil-
lations and obey the law that each succeeding amplitude is a given
fraction of the one before it.

UNDAMPED OSCILLATIONS.

101. It has been seen in the last article that the cause of the dying
out of a train of oscillations in a spark circuit is the using up of energy
in the circuit together with the fact that no energy can be brought in
from outside to compensate this loss. If means can be found for keeping
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up a constant supply of energy, such as an alternator directly connected

to the aerial or an arc transmitter, our oscillations can be made to continue
indefinitely and with equal amplitude as in fig. 35.

AWANWANA
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Fi1a. 35.—Undamped Oscillations. Energy Constantly Supplied.

102. The electric waves radiated during one set of oscillations are
called a wave train. If more than one, the wave trains radiated during
one-half cycle of the charging current are called a group of wave trains.

The duration of a wave train is the time of one oscillation multiplied
by the number of oscillations in the train.

It is found that the duration of a wave train is much less when the
oscillating circuit (A, B, fig. 29) is connected to an aerial with one
end free and the other earthed, like C D, than when it oscillates without
any other electrical connection. The energy is radiated more rapidly, the
vibrations more quickly damped. It is for this reason that the circuit
formed by the condenser, spark gap, and inductance is called the closed or
oscillating circuit; that formed by the aerial, inductance and ground, the
open or radiating circuit. (See art. 75.)

103. Considering the series of expanding hemispherical shells referred
to in art. 97, and shown in fig. 33, if there is but one wave train per
alternation of the condenser charging current, the thickness of one of
these series is equal to the wave length multiplied by the number of oscil-
lations per train. Suppose this to be 10 and the wave lengths 500 meters,
then the depth of a wave train is 5000 meters, or a little more than three
miles. If the frequency of -the alternating current is 60 cycles, or 120
alternations per second, we have 120 wave trains per second, and since
they travel at the rate of 186,000 miles per second the wave trains have
intervals of 15560 miles between them, so that working at ordinary dis-
tances and at this frequency, each wave train has passed the receiving
station before its successor has left the sending station.

If the alternator frequency is 500, the wave trains are only 186 miles
apart, or about the distance of ordinary daylight communication between
ships.

104. When the spark gap is set to break down at the maximum charg-
ing potential, the condenser absorbs and stores all the energy that can be
transferred by the charging transformer during an alternation. When
it discharges, it transfers part* of the energy to the open circuit to be

¢ Experimentation has proven that from 80 to 90 per cent of the energy
delivered to the transformer is transferred to the spark circuit.
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radiated as electric waves. Since its period of discharge is very short
as compared with that of the charging current the latter current does not
appreciably change during the time the condenser is discharging. This
current immediately begins to again charge the condenser, but the poten-
tial of the latter does not rise high enough to cross the gap so that the con-
denser soon begins to return energy to the charging circuit. It does
this until its potential and the charging potential (and current if they
are in phase) falls to zero. It then begins to absorb energy again with the
reverse potential, and on reaching the maximum again discharges across
the gap.

Fig. 36 is an attempt to illustrate this action graphically. The area
included by the curve on the left of the zig-zag line indicates the work

Fia. 36.

done on the condenser during the first half of an alternation; the zig-
zag line indicates the number and amplitude of vibrations made by
the closed circuit in transferring the emergy to the radiating circuit.
The area included by the curve on the right of the zig-zag line repre-
sents the work done during the second half of the alternation in recharg-
ing the condenser. This work is all returned to the charging circuit.

DECREASE OF AMPLITUDE WITH DISTANCE FROM SOURCE.

105. From the discussion in art. 103 on the thickness of the hemi-
spherical shell enclosing a train of ether waves, if we assume this thick-
- ness to remain constant and that part of the shell near the earth to be
represented by an expanding cylinder, it is increasing in size by one
dimension only, viz., circumference, and therefore the energy in any part
of this shell will vary inversely as the distance, instead of inversely as the

b
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square or cube of the distance from the source, as would be the case if
expansion were taking place in two or in three directions.

But it appears that expansion takes place in two directions; since
Messrs. W. Duddell and J. W. Taylor, in experiments made for the
English Navy in 1905, proved that (at least for distances up to 60 miles)
the received current as stated above varies inversely as the distance from
the sending station, and the received energy varies inversely as the square
of the distance. But additional experiments by Dr. L. W. Austin show
that this law does not hold except for very short distances, and that the
amplitude is lessened from other causes than those due to distance alone.
We know that the energy is absorbed in the atmosphere more by day-
light than by night—more at high (summer) than at low (winter) tem-
peratures. The amount of absorption as between one day and another
probably depends also on the electric condition of the atmosphere.
Long waves suffer less absorption than short omes. Irregular country
produces large absorption. The absorption over some soils is for com-
paratively long distances, 30 times as great as over sea water. Trans-
mission over salt water is the best.

106. As illustrating the difference in absorption between short and long
waves, the greater efficiency of short waves for short distances, and the
rapid falling off at distances above 100 miles, Dr. Austin finds: Strength
of received signals at 20 miles, using 300 meter waves, 5 times as great
as with 1500 meter waves; at 100 miles, 4 times as great as with 1500
meter waves; at 400 miles, 1.6 times as great as with 1500 meter waves;
at 800 miles, signals from 300 meter waves weaker than from 1500 meter
waves. :

Using 300 meter waves, he finds, strength of signals at 200 miles, 0.3 of
that at 100 miles; at 400 miles, 0.053 of that at 100 miles; at 800 miles,
0.0036 of that at 100 miles. (See table 11, appendix A.)

DETECTION OF ELECTRIC WAVES.

107. We believe that, generally, the direction of the magnetic lines of
force at any point in a wave near the earth is parallel to the earth’s sur-
face and at right angles to a line joining the point with the source of radia-
tion; and that the direction of the electro-static lines of force at any point
near the earth is perpendicular to the earth’s surface.

An iron wire placed horizontally and parallel to the lines of magnetic
force will be magnetized by a passing electric wave just as iron wires held
in the magnetic meridian become magnetized ; pointed in the direction of
the station the magnetic effect would be zero. It has been proposed to
utilize this fact, both as a detector of electric waves and of their direction.

Any conducting wire held perpendicular to the earth will be cut at
right angles by the magnetic lines of force and will have electric charges
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induced in it which will create currents, and it is by means of the cur-
rents induced in vertical conductors that electric waves are usually
detected.

A vertical wire thus situated also has a difference of potential created
in its ends since it joins two points of the advancing wave whose electric
potentmls differ.

This is also the case in a horizontal wire, if in the line joining its posi-
tion with the source of radiation. A very long horizontal wire so placed
might have stationary waves like those of fig. 18c set up in it.

The total electric is equal to the total magnetic energy in an advancing
wave.

If two horizontal conducting plates forming a condenser are in the
path of the wave, they will have electro-static charges of different poten-
tials induced in them. This potential difference will vary with their
vertical distance apart. If these plates are joined by a conductor, electric
currents will be produced in it.

We see, therefore, that there should be at least three ways of detecting
electric waves: (a) By placing conductors at right angles to the mag-
netic field; (b) By placing conductors parallel to the electric field; (c)
By adding to conductors at right angles to the magnetic field, conducting
planes forming condensers at right angles to the electric field.

It would seem that by the last method we should be able to abstract the
greatest amount of energy from an electric wave and, therefore, be able
to detect it at the greatest distance from its source. Methods (a) and (b)
coincide since vertical conductors are at the same time at right angles to
the magnetic field and parallel to the electric field.

From the good receiving results obtained by the use of long horizontal

conductors, with a comparatively limited vertical portion, it seems that the
parts of the earthed waves near the earth (see fig, 33) travel at a slower
rate than the hlgher parts and the waves are bent over as if fig. 33 were
reversed, cutting the horizontal wires at something less than a right
angle. However, this subject awaits more complete investigation.

108. It will be readily seen that the induction of currents in another
aerial, however great the distance from the inducing aerial, is not greatly
different from the inductive actions of the wires A B and C D on each
other,'which were discussed in the preceding chapter.

It was there pointed out that inductive actions caused by ether move-
ments could have no limits, however small they might be at great dis-
tances. In other words, every change of current sends out some non-
returnable energy. Oscillating circuits of high frequency send out more
non-returnable energy and radiate better than those of low frequency.
Open oscillating circuite radiate faster than closed oscillating circuits.
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RECEIVING CIRCUITS.

109. In practlcally all cases, except at a few large stations, the same
aerial wire is used for both sending and receiving.

The advancing waves of electric and magnetic force from the sending
aerial cut the receiving aerial and induce in it oscillating currents. If
the receiving circuit has the same period as that of the passing waves, the
induced oscillating currents in the aerial will increase until the energy
dissipated per osclllatxon, , by re-radiation, resistance, and transfer to other
parts of the r recelvmg r circuit, is equal to that received per wave.

If the receiving aerial circuit is directly or inductively connected to a
closed oscillating circuit to which part of the energy received per wave is
transferred during each oscillation instead of being re-radiated, this
closed oscillating circuit will absorb energy, and if its period is equal to
that of the arriving waves the oscillations will increase in amplitude with
each half period, since a closed circuit radiates slowly. If a detector is
placed in either the open or closed circuit so that the osclllatmg currents
produce differences of potentlal at its terminals and the maximum ampli-
tude of the oscillation set up is sufficient to make it function, the passing
of groups of wave trains separated into dots and dashes at the sending
station can be detected at the receiving station.

At the sending station the closed circuit furnishes energy to the
radiating circuit, which sends it out in the shape of electric waves.

At the receiving station this radiating circuit absorbs energy from
the passing waves and transfers to the closed circuit part of what lt
absorbs.

It is evident that no spark gap is required in the closed receiving cir-
cuit and that, since no high potentials nor heavy currents need be
provided for, it is not necessary that the receiving inductances and
condensers should have the same dimensions or arrangement as those in
the sending circuits. But in all other features receiving circuits are the
exact analogue of sending circuits and the detector could occupy the place
of the spark gap.



Chapter III.

ELECTRIC UNITS AND THEIR RELATION TO EACH OTHER.

110. Fleming says “ exact measurement is the very life and soul of all
technical applications of science.”

Our attention has thus far been concentrated on the quality rather
tten 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.

111. 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.

Wourk 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 fooi-pound, by which name we
designate 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. Exerting a push of 10 pounds for 100 feet=1000 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 units of distancs,
weight (or mass), and ¢ime are the foot, pound, and minute, all of which
are defined by law and are called fundamental units.

112. Another system of units, proposed by the British Association for
the Advancement of Science and now generally used in electrical
measurements, is based on the centimeter, gram, and second, and is
usually called the c. g. s. system. The use of this system is authorized
by law and is universal in scientific work.
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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 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 ;41 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. s. 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 51 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.

113. The c. g. s. units of length (centimeter), time (second), force
(dyne), and work (erg) are employed to define the absolute units used
in electrical measurements. These are electro-motive force, current,
and resistance. (Art. 3, art. 29.) From these are derived the so-called
practical units in daily use—uvolt, ampere, and 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. As, for instance, we say an E. M. F. of 125 volts, a current
of 40 amperes, a resistance of 10 ochms.

* The unit of time is based on a fundamental unit, being a fraction of the
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 cubie
centimeter of distilled water. It 18 an arbitrary unit.
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By agreement among electricians, electro-motive force is represented
by the letter E; electric current by the letter I Tesistance to the flow of
electricity by the letter R; time by the letter T'; work by the letter W;
power by thé letter P. The object now is to determine the relation of these
quantities to each other.

114. We know that lt requu-es work _to move conductors in magnetic

generates an E. M F. in the conductor, and also a current, if the conductor
forms a closed circuit. And we also know that the amount of current
produced by a given E M. F. depends on the resnstance of the ‘conductor
(art. 29).

We say that the E. M. F. and current are produced in the circuit because
it cuts the lines of force of the magnetic field.

We must, therefore, have a definite idea or agreement as to exactly
what is meant by the term, lines of magnetic force, and how they are con-
nected with E. M. F. and current.

The physical basis for the term is the action of iron filings in the field
of a magnet (art. 7, fig. 6), but to make a definite basis for measurement it
has been agreed, first, that a unit magnet pole shall be one that when placed
at a distance of 1 centimeter in air from a like pole of equal strength, is
repelled by a force of 1 dyne.

- Second, if a unit pole, as defined above, is placed in a field of force of
such strength that it is acted upon (attracted or repelled) by a force of
1 dyne, such a field is a unit field and shall be hcld to contain one line of
force per square centimeter.

It is further agreed, third, that unit E. M. F. shall be that generated
by movmg a conductor across unit ﬁeld S0 that it cuts 1 square centimeter

Fourth, if this conductor forms part of a closed circuit, and if the cur-
rent generated by this unit E. M. F. is such as to cause the movement of
the conductor to be resisted by a force of 1 dyne, it is agreed that the con-
ductor has unit resistance and that the current produced is unit current.

The work done is 1 erg per second, equal to a dyne (3t gram), lifted
1 centimeter.

Since power is rate of doing work, we can say it requires unit power to
produce unit E. M. F. or unit current in a circuit of unit resistance.

115. 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 connections 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
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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.

116. If the speed of C D is doubled, the E. M. F. is doubled and the cur-
rent (as shown by the effects) is also doubled, we can express this by say
ing: (a) Current varies directly as E. M. F.
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If the size of C D is doubled (the speed and, therefore, E. M. F. remain-
ing the same) the resistance is reduced to one-half, and we find that the
current is doubled as before; we say: (b) Current varies inversely as
EMF

resistance. Combining (a) and (b) we can say current= Tesistance

E
= R( 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.”

117. We also find that doubling the current doubles the opposition te
movement and, other things remaining the same, doubles the work gér
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 or work done per second since
it represents a pull of 2 dynes through 2 centimeters in 1 second. Power
therefore, varies directly as the E. M. F., as well as directly with the cur-
rent, and we say that it varies as their product, or P=1I E (2) or from (1)

_E? —(
P= B ande—C’ R.
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The foregoing are physical facts determined by observation and experi-
ment.

118. 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, as defined in art. 114, 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 or absolute unit.

OHM.
In order to maintain the truth of the equation I= E (1), the he 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. I= E or amperes= ~——
ohms,

R
because this equation in terms of the absolute units ls I (amperes)_

E X 100,000,000 (volts)
EX1,000,000,000 (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 made to flow 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 current cll:)rrent » 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=IE (2).

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

We have seen that 1 H. P.=%,460,000,000 ergs per second. There-
fore 1 H.P.=746 watts. 1 watt=approximately 0.737 foot-pounds per
second.
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119. 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. 112. -

Art. 114 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 reproduction of standards of measurement is assisted by the following
facts: (a) The resistance of a conductor kept at a constant temperature
is found to depend only on its length and area of cross section, so that
standards of resistance are easily reproduced.

(b) 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.

(c) 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.

120. On account of the relation /= —% (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 okm 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:
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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 1f 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.

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

COULOMB.

The unit of quantity, the coulomd, which is the amount of electricity
passing 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 capacity
of 1 farad when 1 coulomb of electricity will charge it to a potentla]
of 1 volt.

(Potential and E. M. F. are in some senses identical, one being the
passive and the other the active state. An E. M. F. is the result of
ditference 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 electricity
will charge it to unit potential.
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Since by definition a condenser has a capacity of one farad when one-
tenth of the absolute unit of electricity charges it to a potential of
1 " .
100,000,000, a farad must equal 0 X 100,000,000 =10"° absolute units
of capacity.*

HENRY.

122. 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
reacting 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 absolute E. M. F. of self-induction is 100,000,000 such a circuit would
have an absolute 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—mductlon is represented by the
letter L; capacity, by the letter C.

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. 125.)

123. The units 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
gystems is the velocity of light in centimeters per second. This velocity
is 30,000,000,000, or 310 centimeters per second, and the electro-
magnetic unit of quantity=23x 10° electro-static units.

* When quantities are dealt with having a large number of ciphers either
before or following the significant figures it is convenient to express them as
multiplied by some power of ten, 1 e, 10 = 10%, 100 = 10%, J;=10-, }, = 10-*,
ete.
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The coulomb, being one-tenth of the absolute unit, =3x10° electro-
etatic units.

The electro-magnetic unit of potential is 4}y 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. 121, 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 @ and E their unit values in electro-static units given

3X10°
above, C=
Tho

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
capaclty ; 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 101! centimeters.

A microfarad (see art. 125) =10 farads, is equal to a capacity 9 x
10*1x 10-*=9 x 10%, or 900,000 centimeters in electro-static units.

The earth’s radius is approximately 65X 107 centimeters; its capacity
should be approximately 700 microfarads.

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

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

125. 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

=9x 10", or the practical electro-magnetic unit of
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. . 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,
kilovolt =1,000 volts.
megohm  =1,000,000 ohms,

I 1
millivolt = 1,000 volt,
17 1
milliampere = 1,000 ampere,
- 1
millihenry = 1,000 henry,
. 1
microfarad = 1:000,000 farad,
microsecond = L second
osecont= 1,000,000 ’

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.

The terms mil, meaning ﬁ inch ; micron, meaning 1——,000}000 meter;
circular mil, meaning area of cross section of a wire having a diameter of
I_OIW) inch, are also in general use among electricians.

126. 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).

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 self-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, on the amount of
this material and on the position of the circuit relative to other circuits.

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.
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(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.

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

A vwolt=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 voltxan amp.=10°X10-'=107 absolute units of work
per second=1 joule per second= -}y H.P.=0.737 foot-pounds per
second.

A horse power="746 watts.

. A kilowatt=1000 watts.
- 1

A farad= 3-555-550,000

A farad in electro-static units=9 x 10! centimeters.

=10-° absolute units of capacity.

. _ 1 —_1n-18 . .
A m1crofarad_—1’00 0,000 farad=10-'" absolute units of capacity.

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

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

1
1000

A millihenry in electro-magnetiic 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

has a capacity of 1800 centimeters,



Chapter IV.
CAPACITY AND SELF-INDUCTION.

FUNDAMENTAL EQUATION OF WIRELESS TELEGRAPHY.

128. 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.

Lord Kelvin proved many years ago that when the ratio of the
resistance to the self-induction of a circuit is small, the circuit will
vibrate in a certain period, which is found to be equal in seconds to
2xVLC (3) when L is measured in henries, C is measured in farads,
r=3.1416. This is called the fundamental equation of wireless teleg-
raphy. (See table 7, appendix A.)

If R is ater than 2 L the circuit will not vibrate at all. For
gre

instance, when a condenser is dlscharged 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 2w=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 yyoooy
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. The standard wave length was in-
creased first to 425, then to 600 and recently to 750 meters for large ships.

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 1.414 times its former
value. Doubling both inductance and capacity doubles the period.

SELF-INDUCTION.

129. 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
tendTng to stop it, so that self-induction has been defined in a qualitative
manner as the inherent quality of electric currents which tends to 1mpede
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
it is varied at the rate of -T— amperes per second = _ng_ . If the rise
in current is uniform, the counter”E. M. F. is uniform and the total
work done (which equals the product of the E. M. F., current, and

time) would be equal to % xIxT=LI3 were it not for the fact that

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

therefore the work do done= L 5 (4) Since the factor of time does not

appear in the wesult 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 X2 10° _ 100 joules=73.7 foot-pounds.

These 73.7 foot-pounds represent 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 nelghborhood 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.

6

equal to
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CAPACITY.

130. 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 T. 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 charge; therefore it must take more work to add a coulomb of
electricity to a condenser of high than to one of low potential.

The total quantity of electricity in coulombs in the condenser is
Q=E C, and assuming that the condenser is charged at a uniform rate,

the coulombs per second flowing into it=%—E, and this must equal the

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 T must equal the average potential
EXrate of charge Xti —E—' CE = E’

3 ge X time= 3~ X 7 T XT= (5).

Since the factor of time dlsappears, 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—>521—0 =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.

These 73.7 foot-pounds represent the energy stored in the electric field,
just as the 73.7 foot-pounds in art. 129 represented the energy stored in
the magnetic field.

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

CONDENSERS AND INDUCTANCES IN SERIES AND IN PARALLEL.
131. 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;
i. e, C=C,+C,+etc. When two equal condensers are placed in series
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(fig. 28d), the resulting capacity is one-half of that of each taken singly,
or in general <, ¢y
' 1 1 ’ "c—:t Cy
ol 01 + 0, + etc.

For instance, 32 jars connected in 2 groups, with 16 jars in parallel in
each group, would, if the two groups were placed in series, have a capaclty
equal to only 8 jars in parallel.

Inductances, however, follow the law of resistances. Two equal induc-
tances in parallel have a total inductance equal to half that of each taken
singly. ) )

Or, when in parallel, é Il, + ; , ete., whereas in series L=1L,+ L,,

2
ete. ; that is, 2 or more inductances, in series, have a total inductance equal
to the sum of the individual inductances.

T T

F1a. 28c. Fia. 28p.

Condensers, which will be ruptured if used alone, can be used in series,
dividing the voltage between them. For instance, a 30,000-volt trans-
former can be used with jars, which will stand but 20,000 volts by placing
2 groups in series, as in fig. 28¢c. Then each jar will have to stand but
15,000 volts.

132. We know that by coiling a wire we can increase its self-induction
and, therefore, its electrical length without any increase in its physical
length.

So we add to the self-induction of circuits and, consequently, to their
penods of oscillation, by adding coils of wire in series, and this is done
in practice for both sending and receiving.

We can decrease their capacity and, consequently, their periods of
oscillation, by adding condensers in series; but this is usually done in
practice for receiving only.

If a straight wire is broken in the middle, the oscillation period of each
half would be half of 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.

It appears, therefore, that we can shorten the electrical length of an
aerial (fig. 29) by putting a condenser in series with it, but we cannot
shorten it to less than one-half of its original period.
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COMBINATION OF SELF-INDUCTION AND CAPACITY IN OSCILLATING
CIRCUITS.

133. 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-
denser due to heating, radiation, etc., the conversion would be perfect,
the work in the magnetic field of the circuit referred to in art. 129
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 steadlly 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 1mmed1ate1y, and the energy stored in them before discharge is
the stock in trade, so to speak, of the sending apparatus; it rggresents
the work it can do on the ether. This is true, whether the capacity is con-
centrated, as in a cundenser, or distributed, as in an aerial.

CAPACITY AND SELF-INDUCTION OF STRAIGHT WIRES.

1384. 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 I and diameter d, well
l

4.1454 log (2d’)

above the earth and away from other conductors, is C =

values being given in centimeters.

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 Leyden 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.

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 I, diameter d, and cir-
cular cross section, at a distance from other conductors is 2 I (2.3026

log. %l—_l) , values being given in centimeters. The self-induction
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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 straight 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 approximately equal to twice its natural length;
its wave length is approximately 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 dicc
16 feet in diameter.*

TIME CONSTANTS OF CONDENSERS AND INDUCTIVE CIRCUITS.

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

The time constant of a condenser is equal to ¢ B—i. e., the product
of its capacity and the resistance through which it is charged. If C is
measured in microfarads, B 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= 71’3— . The greater the time
constant of a circuit the longer it takes to establish a current of a given
strength in it (art. 30).

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

136. The fundamental electric equation I= —IE%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-induction 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 indue-

* Principles of Wireless Telegraphy, by G. W. Plerce, A. M., Ph, D. (1910).
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tive resistance or reactance (art. 30). Reactance is not a true ohmic
resistance, which appears as heat, but is rather a counter or opposing
E. M. F.

The action is still further complicated in circuits having capacity,
as wireless telegraph circuits have, since capacity is found to assist both
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=
J R’-: 2rrN]_':_ _2._}\,_0-]2 N being the frequency of the alternating

current.
Since capacity and inductance produce opposite effects, they can

be used to neutralize each other. If 2xNL= the equation becomes

1
2zNC

I= % as for direct currents, £ béing the instantaneous value of the

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 regulaiors placed in the
primary circuit. (See art. 30.)

137. The equation P=IE(2) is also derived from the relations existing
between power, current and E. M. F. in direct current circuits.

In alternating current circuits, the current and E. M. F. due to the
effect of self-induction and capacity do not reach their highest and lowest
points together except when as pointed out in the preceding article,

1

2‘R’N L = m .
a current in the same direction as the inducing current. The release of
energy stored in a capacity creates a current in the opposite direction to
the charging current. Inductance in a circuit, therefore, delays the
reversal of a current; i. e., causes the change to lag behind the. electro-
motive force which produces it. Capacity on the other hand, assists the
reversal of a current; i. e., it produces a leading current, or one which
is ahead of the electro-motive force which produces it.

Since the power at any instant is equal to the current at that instant.
multiplied by the E. M. F. at the same instant, the product of the readings
of the A. C. voltmeter and ammeter in such a circuit does not give the true
power expended in the circuit, but only the apparent power. The true
power can generally only be obtained by the use of a wattmeter, which auto-

The release of energy stored in an inductance creates
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matically multiplies the instantaneous values of voltage and current and
indicates the product.

The ratio of the true power to the apparent power is called the powes
factor.

SKIN EFFECT IN HIGH-FREQUENCY ALTERNATING CURRENTS.

138. 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 fime. This is another instance of the time
effect that must be kept in mind when dealing with alternating and oscil-
lating currents.

If the wire is of iron its comparative increase resistance for high-fre-
quency currents is still greater than that of non-magnetic wire.

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 resistance 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. Fleming advocates this for send-
ing circuits, and Marconi uses very heavy stranded wire for inductances
at high-powered stations. .

Currents in wireless telegraph circuits having a wave length of 300
meters penetrate about {4 millimeter, or approximately g} inch, inside
the surface of the conductor. If the wires are of iron the current pene-
trates about 54y inch.

139. We see, therefore, that in wireless telegraph circuits the resistance
is not a constant, but depends on the frequency, i. e., on the wave length
we are using. Generally speaking, the shorter the wave length the greater
the resistance, though we have actually less length of wire.

Dr. Austin has shown that for grounded circuits, such as aerials, there is
8 point where the resistance is lowest and an increase or decrease in wave
length will increase the resistance.

He finds that resistance varies nearly inversely as the square of the wave
length up to a point which is slightly less than twice the natural wave
length of the aerial.- Beyond this point the resistance rises again nearly
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in direct proportion to the wave length. This rise in resistance appears
to be less on ships, where there is good ground, than on shore, where the
ground is comparatively not as good.

For instance, the aerial at the Bureau of Standards had a resistance of
22 ohms for wave lengths of 400 and 2000 meters, while its resistance for a
wave length of 650 meters was about 12 ohms.

In the case of a ship, the Maine’s aerial had a resistance of 10 ohms for
a 400-meter wave. A resistance of less than 5 ohms, for a 500-meter wave,
and a resistance of but little more than 2 ohms for a 750-meter wave.

For inductances such as are used in closed sending circuits and in
receiving circuits he found that the resistance also varies inversely as the
wave length.

For very long wave lengths and small coils the resistance was not much
greater than the direct current resistance, but generally the high frequency
resistance increased faster than the number of turns of the coil, but not as
fast as the self-induction, i. e., the self-induction of a circuit can be in-
creased without increasing its high frequency resistance in the same
proportion.

MEASUREMENT OF INDUCTANCE AND CAPACITY IN OSCILLATING CIRCUITS.

140. 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 fune or resonance. (They have the
game electrical length.) When used as above, calibrated oscillating cir-
cuits are called wave meters, ondameters or cymometers. o

Wave meters can be so arranged as to measure separately the indue-
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.



Chapter V.

POWER EXPENDITURE AND EFFICIENCY OF SENDING AND
RECEIVING APPARATUS.

141. With a given power the work that can be done per second is fixed.
In charging a condenser W= g@) . The number of times this is done

per second gives the work per second, or the power expended. By
increasing the frequency we can for a given power either reduce the
voltage (length of gap) or the capacity of the condenser. For instance,
at a frequency of 500 cycles, for the same power, the condenser need only be
1/10 the size of that for a frequency of 50 cycles. Or, keeping the capacity
the same, the voltage can be reduced to.1/V/10=approximately 1/3 of
that necessary for the same power at 50 cycles. A table showing the
capacities necessary for given powers at different frequencies and voltages
is given in table 2, appendix A.

MECHANICAL WORK DONE IN MAKING DOTS AND DASHES OF THE TELE
GRAPH CODE.

142. We are now in position to speak in more specific terms of the
work done in sending wireless telegrams.

Let us suppose that we are delivering 2 kilowatts at 60 cycles and
110 volts to a transformer, which delivers it to a condenser at a maxi-
mum potential of 30,000 volts.

Two kilowatts=2000 watts=2000 joules per second =1474 foot-pounds
per second. )

Since 60 cycles=120 alternations per second, the work equals approxi-
mately 12.3 foot-pounds per alternation.

If the work done on the condenser is in phase with the charging
E. M. F, and if the spark gap is set to break down at a potential of
~ 30,000 volts, the condenser will be discharged at the peak of the charging
curve, or when one-half of the work that can be done in an alternation
(12.3 foot-pounds) has been done on the condenser. The capacity of a
condenser which takes 12.3 foot-pounds of werk to charge it to 30,000
volts=.0372 microfarad, or approximately eighteen 0.002 microfarad
jars.

Suppose we are sending at the rate of 20 words per minute, that the
words average 5 letters each, and that each letter is made up of 3 char-
acters equal in length to 9 dots, then a minute can be represented as
equal to 20X 5%x9=900 dots=15 dots per second. In other words,
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the length of a dot is one-fifteenth of a second. Now we have 120 alter-
nations per second, so that we have about 8 alternations per dot when
sending at the rate of 20 words per minute; therefore a dot is made up of
8 distinct sets of discharges of the condenser and a dash of three times
that number. The condenser is doing work in producing ether waves at
the rate of 12.3 foot-pounds per alternation, equaling, approximately, 100
foot-pounds per dot and 300 foot-pounds per dash.

It will be noted from the text that at this sending rate the frequency
necessary to give 1 alternation per dot and 2 alternations per dash is only
73 cycles per second.

It will be noted further that with one spark per alternation we cannot
utilize 2 kilowatts continuously. We can only use it in charging the con-
denser during the first half of each alternation. As soon as the discharge
begins the condenser circuit oscillates in its own period as if entirely
disconnected from the transformer.

In this respect the charge and discharge of a condenser resembles the
loading and firing of a gun.

143. Professor G. W. Pierce, of Harvard University, has measured the
period of some types of oscillating circuits used in wireless telegraphy,
and it is from his published account of his experiments that the follow-
ing description is derived.

Suppose a spark gap set to break down at a potential of 10,000 volts,
to be used in a circuit where the maximum potential reached in the
condenser is 30,000 volts.

Let the curve of sines in fig. 18 represent the condenser potentiale
of the oscillating circuit during 2 alternations, each lasting yiy of a
second.

The resistance of the spark gap is practically infinite before the poten-
tial reaches 10,000 volts, and therefore no current passes. When the
potential has risen to 10,000 volts the spark gap is ruptured. Its resist-
ance decreases instantly to a fraction of an ohm, and during the first
half of the oscillation the condenser is discharged to zero potential. Dur-
ing the last half of the oscillation it is charged again in the opposite
sense. The sparks pass first in one direction and then in the other, and
the spark gap not regaining its resisting qualities, the oscillations or
surgings continue until the potential (owing to losses due to the radiation
of energy in the shape of electric waves, to heating the circuit, and the
light and heat at the spark gap) does not rise high enough to disrupt
the gap.

The transformer immediately recharges the condenser, which, as soon
ag it again reaches a potential of 10,000 volts, breaks down the spark gap
again, and a second series of oscillations begins,
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In the circuit under consideration the maximum charging potential
is 30,000 volts, so that a condenser with a spark gap breaking down at
10,000 volts may be charged and discharged several times during one-
half cycle of the charging current.

The spark acts like a trigger which suddenly releases the stored
energy in the condenser, and as soon as this energy has been radiated,
the trigger automatically resets itself and does not release again until
the condenser is recharged.

It is evident that if the spark gap in the circuit under consideration

is adjusted to 30,000 volts, but one discharge of the condenser per alterna-
tion will take place and but one train of waves will be sent out. Shorten-
ing the gap will increase the number of discharges per alternation.
. The exact number for any spark-gap length will depend on the time
of an alternation—i. e., the frequency, and on the length of time it takes
the available power to charge the condenser to the voltage required to
break down the gap. Less energy per wave train will be radiated on a
short gap than on a long one, because the work done varies as the square
of the voltage (see art. 130) ; but the total work done may be equal, on
account of the greater number of discharges.

If the spark gap is too short, an arc is formed and no oscillations take
place except those due to the frequency of the charging current.

Professor Pierce has shown that the interval between wave trains may
vary on account of the residual charge left in the condenser. When the
spark gap’s original resistance is restored, the potential of the residual
charge may be opposed to the potential of the transformer and delay the
charging. He has shown also that the gap sometimes partly retains its
conducting character and breaks down at a lower potential than its length
would indicate. This makes the sparks and oscillations irregular in
strength and number and produces ragged and poor signals.

144. Keeping in mind our five equations—I= ,1'1321 (1); P=IE (?):

period (T) =2+VLC (3); W__ (4) ; and W=$ (5).

Let us consider a condenser havmg 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 108X 9X 108
2

Such a condenser would contain

would be capable of doing work equal to

=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

=9 joules
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a momentary current having an effective value of approximately 2700
amperes.*

If this energy is radiated in five complete oscillations, the rate of
doing work, if the efficiency of eonversion is unity, is 9 joules in tyg3vyy
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.

145. Let us now consider the case of continuous oscillations.

The Maine’s aerial, mentioned in art. 139, had a capacity of .001 mf..
half of one standard jar.

Considered as a condenser, charged to 1000 volts, it would contain
.000001 coulomb, which would create in a circuit of a frequency of
1,000,000 (i. e., 2,000,000 alternations) a momentary, effective current
of approximately four amperes.

If this energy is radiated in five complete oscillations, the rate of doing
work (that is, the power) is equal to .1 k. w.

When oscillating, the potential of the charge in the Maine’s aerial, at
the instant of reversal of the current, might be represented by the line
E C, fig. 18e. The point C, being the ground at zero potential, the
point A being the upper end of the aerial at the maximum potential.

The total charge in the aerial will be its capacity multiplied by the mean
potential from C to A. The total work it can perform will be its capacity
multiplied by one-half the mean of the squares of the potentials from C
to A. Suppose this mean square is 10000, then this aerial in dissipating

* Statement in preceding editions of this book, that the momentary current
in such a case is 1200 amperes, was based on the average coulombs passing a
given point in a half-cycle, and was incorrect. It was intended to show the
necessity for large surface area in inductances of radio sets. At high-powered
stations, Marconi installs condenser leads and inductances with very large
surfaces. For low-powered stations, however, no such provision is made. But
losses from small wires may be greater than we perceive, since recent experi-
ments by Alexanderson have shown that corona losses may begin as low as
3000 volts, and he dissipated one-half kilowatt in two wires, each (4;-millimeter
diameter, 1 meter long, in air, at a distance apart of two feet. Difference of
potential, 2700 volts; frequency 100,000 cycles. The wires did not heat, but
were surrounded by the blue flame of the corona.
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such a charge would do work at the rate of 10 K. W. on a maximum voltage
of about 14,000 volts. If the energy is supplied as fast as it is dissipated,
the rate of doing work will be greater than 10 K. W., because the amount
of work done during the first oscillation is greater than during any suc-
ceeding oscillation.

This is due to the fact stated in art. 100, that, with damped oscillations,
the amplitude of each oscillation is a given fraction of the one preceding
it and to the fact that the work done varies as the square of the amplitude.

For instance, suppose the first oscillation has an amplitude of 10 and the
next of 8; the fraction is f7 and the third oscillation has an amplitude of
6.4. The work done is as the squares of the amplitudes, or as 100 to 64 to
40.96, etc. From which it will be seen that 36 per cent (100-64) of the
total work is done during the first complete oscillation, about 23 per cent
(64-40.96) during the second, and so on.

146. From the foregoing we see that if we know the capacity of an aerial,
its damping, its maximum potential and its frequency, we can determine
very closely the amount of power dissipated by it, if it is oscillating
continuously. _

If oscillating intermittently, we must know also the frequency of the
source of supply.

Standard methods of measuring all of these quantities, except the
maximum potential, have been developed.

EFFICIENCY OF SENDING APPARATUS.

147. On account of unavoidable losses, we cannot supply to the aerial
all of the energy supplied by the transformer, nor all of that stored in the
condenser.

With a certain wireless telegraph set, on which experimental measure-
ments were made, Fleming found the actual power radiated to be about 10
per cent of that supplied to the transformer and 20 per cent of that sup-
plied to the condenser.* :

The arc set is roughly 15 per cent efficient, over-all, on powers below
20 K. W., and 50-60 per cent efficient for sets between 50 and 100 K. W.

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 per cent of the power delivered to the spark gap was given to the aerial.
Other experiments have shown that 80 per cent to 90 per cent of the energy
delivered to the transformer is transferred to the closed circuit.

We may conclude that 60 per cent (80X 75) is a fair over-all efficiency
for a wireless set, 4. e., 60 per cent is delivered to the aerial, where it is
dissipated partly in heat and partly in radiating electric waves. As yet
we have no standard means of separating these two factors.

*Journal Institution of Electrical Engineers, vol. 44, London, April, 1910.
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Very few complete investigations of the efficiency of wireless telegraph
sets have been made.*

LOSSES IN CONDENSERS.

148. When a piece of iron is magnetized and demagnetized—i. e., goes
through a cycle of magnetization—a certain amount of energy is ex-
pended, which appears in the shape of heat in the iron. It is supposed
to be due to internal friction in the molecules of the iron and is called
magnetic hysteresis.

In the same way, to put a condenser through a cycle of charge and
discharge requires the expenditure of a certain amount of energy, which
appears as heat in the dielectric and is called dielectric hysteresis. The
loss of energy due to this quality varies in different dielectrics and is a
function of the frequency.

In choosing condensers for the closed sending circuit, it is of great
importance to find those which will absorb a minimum of energy and at
the same time show no tendency to break down under the large differ-
ences of potential impressed upon them.

The losses of energy in condensers are of two kinds: mternal losses
produced by dielectric hysteresis, and external losses produced by the
brush discharges at the edges of the conducting surfaces. The ideal
dielectric in respect to the internal losses is air, as it is entirely free from
internal energy absorption. When used at ordinary pressures, however,
it is unable to bear any considerable difference of potential. It has been
discovered that when the air pressure is increased to the neighborhood of
250 pounds, the dielectric strength becomes so great that it is suitable for
use at any of the potentials ordinarily used in wireless telegraphy.
Compressed air condensers are ordinarily made up in the form of a series
of plates so connected that the alternate plates may be charged positively
and negatively, and the whole set is enclosed in an air-tight steel tank
which can be pumped up to the desired pressure. Such a condenser,
while ideal in its electrical properties, is somewhat bulky, and difficulties
are sometimes found in preventing leakage of the air. It is therefore
common in stations, where the last degree of efficiency is not demanded, to
make use of glass condensers, in the form of either flat plates or jars.
The conducting surfaces of condensers are now generally formed of elec-
trolytically deposited copper. It is generally stated that flint glass is the
glass best suited to form the dielectric. Experiments which have been

* At Tuckerton, N. J., the antenna resistance, at 7400-meter wave length, 1s
6 ohms. The Goldschmidt high-frequency alternator produces 135 amperes in
the antenna, with an input of 180 K. W., which on a (R basis gives an overall
efficiency of 60 per cent. At the same station, an arc set with an input of
approximately 90 K. W., produces approximately the same antenna current,
with an apparent antenna resistance of only 3 ohms.
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made show that the internal losses of glass condensers in ordinary use
amount to from 2 to 8 per cent of the total energy flowing through them.

The losses due to the brush discharges from the edges of the conduct-
ing surfaces, which sometimes amount to 30 per cent of the total energy,
may be much reduced by immersing the condensers in oil or by placing
several condensers in series, which reduces the individual potential differ-
ence on each condenser, or by covering edges of foil (or copper) and
plates with an insulating compound.

149. Dr. Austin has measured the losses in various types of sending
condensers and expresses the total losses as an equivalent resistance. He
summarizes his results as follows:

1. The losses, in the compressed air condenser used, amount, at a pres-
sure of 15 atmospheres, to an equivalent resistance of between 0.1 and 0.2
ohms. .

2. Condensers in which brushing is prevented by thenature of their con-
struction show no change in resistance between the limits of observation,
4000 to 20,000 volts, indicating that the internal losses are independent
of voltage. :

3. Leyden jars of commercial types immersed wholly in oil show losses
but slightly greater than those of the compressed-air condenser.

4. The paper and micanite condensers measured show very much larger
losses. '

5. The resistances of the different Leyden jars in air increase greatly
over resistances when measured in oil, and vary between 1 and 1.8 ohms
at 14,500 volts. Between 10,000 and 20,000 volts the equivalent resist-
ance increases approximately in proportion to the square of the voltage.

6. Placing Leyden jars in parallel series, the capacity remaining the
same, does not diminish their brushing losses below 20,000 volts.

7. Immersing only the edges of the conducting coatings of Leyden jars
in oil gives an equivalent resistance midway between that observed when
wholly in air or wholly in oil.

8. Brushing losses are much increased by any semiconducting material
on the surface of the glass at the edges of the conducting coatings of
Leyden jars.

9. The resistance of condensers increases nearly in proportion to
the wave length. '

10. The losses in mica condensers, using carefully selected mica, are con-
siderably less than in glass-jar condensers.

LOSSES IN CLOSED AND OPEN CIROUITS.

150. The losses in the closed circuit inductance are those due to its
high-frequency resistance (art. 138). To these we must add losses from
the sound, light, and heat in the spark gap. Of these, the heat losses are
considerable, as is shown by the necessity of using blowers for preventing
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arcing in spark sets and in the necessity for water cooling the electrodes
in arc sets. In arc sets, a non-inductive resistance, called a dead or ballast
resistance (fig. 29d), must be used to steady the arc and this is an addi-
tional source of loss.

While, as previously stated, a closed circuit is a persistent oscillator
and, therefore, a poor radiator, it does radiate some energy, and this is an
additional loss, since the radiation from the closed circuit is not useful.

151. Losses in the open circuit are discussed in art. 147. We want the
useful losses—those due to radiation—to be as large as possible. The
faster the aerial radiates energy, in the form of electric waves, the less the
loss in heat and the more efficient it is as a wave producer. But unless
its oscillations are persistent enough to permit selective tuning of receiver
circuits, it is a detriment to carrying on communication. We are, for this
reason, restricted in spark sets to a certain limit of persistency, i. e., the
damping of the oscillations must not exceed a certain limit, which is ex-
pressed in the law (appendix D) as follows: “ The logarithmic decrement
per complete oscillation in the wave trains emitted by the transmitter shall
not exceed two-tenths, except when sending distress signals.”

If successive values of the amplitude of damped oscillations are meas-
ured and their relative values expressed in figures, the natural logarithms*
of these figures will differ by a constant quantity called the decrement and
it is this constant difference which it is specified by law shall not exceed .2.
A decrement of .2 gives about 15 complete oscillations before the amplitude
falls to {4y of the maximum and permits good tuning.

152. Of course continuous oscillations permit much more selecti ve tun-
ing, because we can get along fairly well with only 15 oscillations in 145y
of a second, while we would have 300 oscillations in the same length of
time if they were continuous and we were sending a 1000-meter wave.

A large decrement in an open circuit, used for continuous oscillations,
is, therefore, not a defect; in fact, it serves to increase efficiency if its 1f its
cause is rapid radiation and not high resistance.

‘A whip-crack transmitter, which is not permissible with spark sets, is
all right for arc or other apparatus producing continuous oscillations.

RELATION BETWEEN HEIGHT OF AERIAL, OSCILLATING CURRENT, WAVE
LENGTH AND DISTANCE OF TRANSMISSION,

153. From the results of experiments made at Brant Rock in 1909-1910,
Dr. Austin has expressed the relation between the vertical height of the

* The logarithm of a number is the power to which another number called
the base must be raised to equal the number in question. For instance the
logarithm of 100 to the base 10 is 2 because 10 must be squared to equal 100.
The base of so-called natural logarithms is the number 2.7183 and is ufually
represented by the letter e. The log of base e to base 10 is 2.3026. Base e is
the one to which the term logarithmic decrement (as used in the law) refers.
The base of common logarithms is 10.
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aerial, the amount of oscillating current, the wave length and the distance
of transmission in a formula, which will be found in appendix A, last
part of table 7, and the working of the formula illustrated in tables 8, 9,
10, 11 and 12. Referrmg to table 9, it is found in practice that, while the
relative distances given are approximately correct, usualbj_tge relmble
workmg distance is about two-thirds of that given in the table.

Subsequent experiments tend to prove that the formula is correct.
Therefore, the tables (while not absolutely correct, except for good weather

conditions and expert operators with the best receiving apparatus) are

relatively correct and repay careful study.

EFFICIENCY OF RECEIVING APPARATUS.

154. 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 reuder a signal
readable is .007 erg per dot.

If a dot lasts —113- of a second this represents approximately .01 erg

1
per second, or ST watts.

Dr. L. W. Austin’s tests of telephones in 1908, several years subsequent
to Fessenden’s experiment, indicated that in order to produce audible

%1—1 watts were required. With tele-

phones of the sensitiveness previously available it required not less than

1%, watts. With test telephones of the sensitiveness available in 1914,

- sound in a telephone not less than

Dr. Austin estimates the power required (at 1000 sparks per second).

to make the electrolytic detector function audibly, as 1(‘)110 atts. -S/lwﬁ

Standard reed telephones in 1914, at 600 sparks per second give an

audible sound with an expenditure of the order of 1315 watts.

INCREASE OF EFFICIENCY DUE TO A HIGH SPARK FREQUENCY.

155. If two alternating currents of the same intensity but of different
frequencies be sent through a telephone, it is found that the sound in
the telephone produced by the current of higher frequency is much
louder than that produced by the lower. This fact is due in part to the
peculiarities of the human ear, which is more sensitive to high-pitched
sounds than to low, also in part to the diaphragm of the telephone, which

is ugually of such a weight and size as to vibrate most readily to a sound_

of rather high pitch. This fact has an important bearing on wireless
telegraphy, for the pitch of the sound produced in the telephone con-

7
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nected to the detector at the receiving station depends simply on the
number of wave trains per second at the sending station. In order to
determine exactly what is the relation between the strength of current
required to produce an audible sound in the telephone and the frequency,
a series of experiments was carried out on a pair of head telephones of
the type ordinarily used in wireless telegraphy, the results of which are
shown in the table.
Frequ‘?ncy Volts to Frequency Volts to

produce pg'x; roduce
second. audible sound. - second. audible sound.
60 6200 X 10-7 640 80 X 10-7
120 2900 660 8 -
180 1700 * 780 1 -
300 600 900 6
420 170

In the first column are given the frequencies or the number of wave
trains per second, and, in the second, the number of volts of alternating
current which it would be necessary to apply to the terminals of the tele-
phone to produce an audible sound. From this it is seen that it requires
about a thousand times as much voltage at a frequency of 60 to produce
a sound as is required at a frequency of 900. We may assume, therefore,
that if the number of wave trains at the sending station be increased from
60 to 900 per second, and the spark length be kept the same, the effect
at the receiving station would be increased one thousand times. If the
number of sparks be increased in this way without reducing the spark
length, it is evident that the energy made use of at the sending station
must be greatly increased. It will be more imteresting, therefore, to
calculate what the increase in sending efficiency of the station will be
with increasing spark frequency, if the total energy be kept constant. So
if we assume that the energy is proportional to the number of wave trains,
and divide the relative increase in loudness of sound in the telephone at
the receiving station, for. any frequency, by the relative increase of the
number of wave trains per second, we will have a fair comparison of the
efficiencies at the two frequencies.

Strength Strength
Frequency. of Frequency. of
signal. ) signal.
120 1 540 18
240 1.5 900 64

The results of such calculations are seen in the table, which shows that
there would be very slight advantage in replacing a 60-cycle alternator
giving 120 wave trains per second with a 120-cycle giving 240 wave
trains, but that the advantage increases rapidly as the frequency is
increased. The maximum sensitiveness of the telephone appears to lie in
the neighborhood of 900. :
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156. In addition to the increase of sensitiveness of the telephone at
high frequencies, there are other qulte mdependent advantages in the
use of a high-pitched spark. First, it is found in practice that a lngh-
pitched musical signal is much more readily distinguished at the receiving
station in the midst of ordinary interference and atmospheric disturb-
ances; and second, at the sending station a shorter spark gap, which
would generally be used with a high frequency spark, puts less strain on
the insulation of the condensers and other parts of the circuit, and re-
duces the losses due to brush discharges, which in many stations amount
to a considerable share of the total amount of power employed.

A third advantage is that with a high spark frequency larger amounts
of energy can be radiated from a moderate-sized aerial without sub-
jecting it to excessively high potentials.

Expenments have been recently carried out in which it has been shown
that in moderate frequencies with stationary spark gaps there are
nearly always secondary discharges, irregular, but giving very high tones,
so that the real advantage of the high spark frequency, from the stand-
point of telephone sensitiveness, is usually less than that indicated in
~ the table. The advantages of ease of reading, the lessening of the strain
on the condensers and insulators, and the increase in effective energy
capacity of the antenna, especially when the latter is small, are very
marked, so that it has been found possible to obtain the same results with
small wireless sets of 2 K. W. capacity where formerly 5 to 10 K. W. were
employed.

The only difficulty .involved in using very high spark frequencies lies
in the cooling of the spark gap. For this purpose a rotary gap or some
special refrigerating device mrust be used.

For the reasons stated above, 500 cycles has been adopted as a standard
frequency for the alternators of spark sets.

When receiving from a sender like an arc, producing continuous oscil-
lations, efficiency is secured in a manner which will be described under
_ “Receiving Apparatus,” chapter VII.

COMPARISON OF EFFICIENCY USING DAMPED AND UNDAMPED WAVES,

The undamped wave is superior in efficiency to the damped wave, for
transmitting, due to some extent to the decrease in absorption using un-
damped waves, but mainly to the efﬁclency of the rece1v1ng oscillating
audion in comparison with the receiving methods used in receptlon of
spark signals, and also to the fact that longer waves are used in trans-
mitting with damped waves.

\

LOSSES IN RECEIVING CIRCUITS.
157. The losses due to high frequency resistance in receiving circuits are
the same as in sending circuits, except that there is less difference in
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smaller wire between the direct current resistance and the high frequency
resistance.

Naval specifications require that the decrement of receiving circuits shall
not exceed .3, while for sending sets the limit is .15. Specifying the high-
est permissible decrement of the receiving circuits is a change from former
practice, which was that the d. c. resistance should not exceed 4 ohms per
millihenry. '

158. Dr. Austin has shown that the most efficient coupling of the
detector circuit and aerial is when the incoming energy is divided equally
between the two and that then the loudest signals are produced
directly with the power applied, that is, with the square of the potentlal
or osclllatmg current (art. 117). This assumes, of course, as a primary
essential of efficiency of receiving apparatus, accurate tuning of both the
open and closed receiving circuits to the incoming wave length.



Chapter VI.

SENDING APPARATUS.

GENERATORS.

159. Induction coils (fig. 14b) with hammer breaks operated by direct
current have been used to a very limited extent for naval purposes. The
vibrations of the hammer were difficult to regulate and the large size
necessary to handle large currents made the frequency too low for
successful work. Hammer breaks were soon discarded and make and
break regulated by some form of rotary motion. The most successful
form was the mercury turbine interrupter. This interrupter was installed
in the circuit containing the sending key and the primary winding
of the induction coil. The interrupter consisted of a direct-current
motor driving a centrifugal pump which revolved in a chamber of mercury.
The mercury was connected to one side of a break in one leg of the
primary circuit. It was drawn up by the pump and delivered as a jet
through a revolving nozzle. The mercury jet during a portion of each
revolution struck a metallic segment connected to the other side of the
break in the circuit, and, if the sending key was closed, thereby completed
the circuit and built up a current in the induction coil which charged the
sending condensers. When the jet passed the segments, the circuit was
broken. (The jet passed through grain alcohol which absorbed the spark
at break.) This make and break occurred once in each revolution. The
motor made approximately 1800 revolutions per minute. Assuming that
the condenser was discharged only on the break, this gave but 30 dis-
charges per second, or a note two octaves * lower, as compared with 120
discharges from a 60-cycle alternator. The operation of these sets was
much improved by increasing the number of segments and, therefore, the
number of makes and breaks per second, as many as six being used, thus
giving a spark note slightly higher than that of a 60-cycle alternator.

The spark in the interrupter at break always carbonized some alcohol
and the latter also became mixed with mercury and formed a more or less
conducting carbon-mercury-alcohol emulsion, so that the interrupter and
contents required frequent cleaning, washing, and filling.

* The octave of a note is that differing from it by 8 notes of the scale
—do-re-mi-fa-sol-la-si-do—the octave above having twice as many vibrations
per second and the octave below having one-half as many vibrations as the

note referred to. Standard tuning forks vibrate 256 times per second. The
pitch of a note is the number of vibrations per second producing that note.
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For small powers these sets, with care, gave good results, and being
generally used with mechanical recording apparatus the spark note was
not of marked importance. .

CONSIDERATIONS GOVERNING FREQUENCY OF GENERATORS.

160. Turbine interrupters were practically entirely replaced by 60-
cycle alternating current generators operated by motors (on ships and at
navy yards) or oil engines (isolated shore stations and light ships).
These in turn have been replaced by 500-cycle generators operated by
motors or engines as above. No special description of generators will be

-given. :
Sixty-cycle current was first selected because alternators of this fre-
quency were commercial articles. When the use of telephones with receiv-
ing sets became general it was realized that a sound of a higher note was
desirable and that for the very best results the frequency (pitch) of this
note should be that to which the telephone diaphragm or the operator’s
ear, or both, are most sensitive. A pure spark note is produced when
the spark gap is so adjusted that the condenser discharges but once per
alternation, thus sending out but one wave train per alternation. The pres-
ent standard of 500 cycles affords general satisfaction, though the ears of
some operators are more sensitive to a lower frequency (see art. 155).

161. To ensure a perfectly regular condenser discharge and thus obtain
but one wave train per alternation, some generators have a disk mounted
on an extension of the main shaft and revolving with it. This disk
carries projecting electrodes, one for each pole of the alternator, equally
spaced like the spokes of a wheel and connected to one side of the closed
circuit. (See fig. 52.) In revolving they pass very close to a fixed elec-
trode, or spark point, connected to the other side of the circuit, sparking
taking place as the points pass—one series of oscillations for each alter-
nation. Generators carrying rotary spark points must of necessity be
placed in or near the operating room and are to that extent objectionable,
on account of the noise of the spark, the additional space required, and
the noise of revolution which interferes with receiving. Many attempts
have been made to muffle this type of spark gap, but without success.

Motor generators, or generators driven by engines, except as stated
above, are usually arranged for being started or stopped from a distance.
The controlling apparatus is mounted on a switchboard which carries
voltmeters and ammeters, one each for the supply current and one each
for the generator current. A frequency meter is also part of the switch-
board equipment. This with the field rheostat of the motor enables the
operator to adjust the speed of revolution so as to give the requlred
frequency.
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TRANSFORMERS.

162. A generator designed for a certain frequency works best in con-
nection with a transformer designed for the same frequency. If the
size of the condenser to be used in the closed circuit is fixed, and known
to the designer of the transformer, the latter can be built so that the
secondary winding and condenser form a circuit whose natural period is
that of the generator frequency; a few such transformers have heen sup-
plied and are preferred to those requiring reactance regulators. Neither
generator nor transformer will work without overheating at a frequency
much greater than that for which they are designed on account of the
increase of heating in the iron cores and frames, with increase nf cycles
of magnetization per second.

An examination of fig. 29 will show that the generator armature wind-
ing and the primary winding of the transformer form one circuit, and
the secondary winding and condenser another. The reactances of these
circuits should be such as to maintain the charging E. M. F. and current
in phase with each other. »

When 60-cycle current was the standard, transformer windings were
designed to give a potential of from 25,000 to 30,000 volts in the
secondary when the primary was supplied with 110-volt current.

Standard transformers now have a maximum effective voltage of
25,000 when supplied with 220-volt current.

For small sets both induction coils (open core) and closed core trans-
formers are satisfactory; for large sets closed core transformers are pre-
ferred. Transformers are fitted with safety spark gaps set at the maxi-
mum safe sparking potential.

REGULATION OF A. C. SENDING APPARATUS.

163. Sending sets work most efficiently when the interruptions or
alternations of current are in resonance with the circuit formed by the
secondary of the transformer and the sending condenser.

When running on open circuit practically no work is being done by
the motor or generator except that necessary to overcome friction.

When the primary circuit is closed by the sending key, with the spark
gap opened, so that no sparking takes place, the recondary of the trans-
former charges the condenser during the first half of each alternation
and receives current from the condenser during the second half of each
alternation.

The load thrown on the motor generator by pressing the key depends
on the period in a cycle at which contact is made, but, generally speaking,
it may be considered as instantaneous * full load.” '

If the spark gap is set so that the condenser potential breaks it down,
the oscillations of the closed sending circuit practically cut out the



104 MANUAL OF RADIO TELEGRAPHY AND TELEPHONY.

secondary of the transformer, so that a condition of instantaneous “no
load ” exists as soon as the spark passes. As soon as these oscillations
cease, the secondary again begins to charge the condenser, and a condi-
tion of almost instantaneous full load is established. This interval is
so short that the inertia of the moving parts of the motor generator pre-
vents any change of speed or voltage, so that the instantaneous full load
thrown on when the key is closed is the one affecting operation.

When the key is closed the momentary current starting at that instant
depends only on the voltage at that instant and on the reactance of the
primary of the transformer and of the generator armature, since the re-
sistance is very low.

To control this sudden rush of current an adjustable choke coil, called
a reactance regulator, may be placed in the primary circuit. This coil,
on account of its inertia, acts as a buffer against sudden changes of cur-
rent, and by means of its adjustability enables the phase relation of the
E.M.F. and current in the circuit to be varied and thus the power
expended to be controlled.

Since the reactance regulator controls the power expended, it controls
the secondary voltage and the maximum spark gap that can be used.

By placing the sending key in shunt around it and having an inductive
resistance in series with the key, the reactance regulator can be adjusted
so that no sparking will take place, but by closing the key the current
added through the shunt circuit is sufficient to cause sparking to take
place. By means of this method the sudden changes from full to no
load are avoided and the regulation improved, and since only a small
portion of the total sending current is broken at the sending key, it is
much easier to keep the contacts in good condition.

A safety switch is placed in the primary lead when the method of con-
trol described above is installed. This switch should only be closed when
sending and should be opened at all other times when the motor genera-
tor is running. .

A method of control tried with fair results is to have the sending key,
by working auxiliary contacts, weaken the fields of the motor and
strengthen the field of the alternator by varying the alternator resistance
just before the primary circuit is closed. But no method has yet been
developed that does not show some decrease both in frequency and voltage
between no load and a long dash.

In arc sets, a large ballast resistance (fig. 29d) is necessary in the D. C.
current to steady the arc. The alcohol feed and cooling water supply
must be regulated; in other respects the arc is automatic. Arc sets °
are operated by change of wave length only—not by make and break of
arc current.

The charge and discharge of the condenser when not sparking is indi-
cated by a rustling sound, which signifies danger. This warning applies
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equally to induction coils and transformers, both terminals of which are
dangerous when using alternating current.

On account of the small penetrating effect of high-frequency currents
(art. 138), it is believed that high voltages when associated with fre-
quencies of above 100,000 per second are not dangerous to human life,
but low frequency, high-voltage currents are very dangerous, and it must
be borne in mind that a condenser being charged and discharged at the
alternator frequency is very much more dangerous than when it is dis-
charging across the spark gap.

SENDING KEYS.

184. The sending key, or the auxiliary key operated by it, except in arc
sets, is placed in one leg of the primary circuit. In arc sets the sending
key is used merely to short circuit part of the aerial inductance, i. e., it
merely changes the wave-length ; the arc itself is not broken. This is neces-
sary because it takes time to start an arc.

When placed directly in the primary circuit, sending keys, in some
cases, have condensers shunted around them to absorb the spark at break.
Their contacts when used to break the primary current direct, are
larger than in the ordinary telegraph key on account of the larger cur-
rents handled. In other respects they resemble the telegraph key. When
used to operate a relay, the ordinary telegraph key fills all requirements.
The relay consists of a solenoid energized by the sending key, its arma-
ture making and breaking the primary current in air or oil.

Figs. 37 and 39 illustrate types of sending keys. The Slaby Arco
keys shown in fig. 37 were of massive construction and very rugged.
Fig. 38 shows a solenoid break, the connections for which are illustrated
by fig. 38a. It will be noted that this is a positive break as well as make.
Fig..39 is practically the same as the ordinary telegraph key with large
contacts. 1t operates direct or through a relay. For very large powers
massive solenoid breaks in parallel are necessary, which require special
attention in the design to permit rapid operation.

Sending keys should be adjusted to have just sufficient movement to
prevent arcing and permit well defined making and breaking.

For direct breaking, though platinum contacts are largely used, com-
paratively large brass or silver contacts are satisfactory. All contacts
must be kept smooth and clean and their faces parallel.

What is known as a “break key” is preferred. It was first used on
the Stone sets, and is an ingenious and useful device for “listening in ”
while sending. An attachment to the sending key breaks the detector
circuit just before the sending key makes contact. When the sending
key is released the receiving circuit is automatically cut in, so that the
receiver can “ break ” the sender by a call, which the latter can hear in
the interval between his letters or words.
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For sending time signals, a Western Union relay closes a local battery
having in circuit a solenoid, whose armature carries a lever which presses
and releases the sending key in unison with the current impulses sent
from the standard clock at the Naval Observatory in Washington.

CLOSED CIRCUITS (INDUCTANCE, CONDENSER, SPARK GAP).

165. Sending circuits are illustrated by elementary diagrams in figs.
29 to 29e and 40 to 48 inclusive. The symbol | indicates alternating
current. The names under figures are those of the engineers proposing
or designing sets with the connections shown.

To render them capable of adjustment all wireless telegraph oscillat-
ing circuits have either variable inductances or condensers or both.
These condensers and inductances vary greatly in design. Those for
sending circuits, especially on account of the high potentials to which they
are subjected, are very different in construction and mounting from those
used in receiving circuits.

Fixed condensers and variable inductances are used in sending cir-
cuits. The condensers may be single, two or more in series, or in parallel.
Series-parallel installations may be made also, just as in primary bat-
teries. (See figs. 28c and 28d.)

The variable inductance usually consists of a helix or spiral of compara-
tively large bare wire (round or flat) mounted on an insulating frame a
foot or more in diameter, the turns of wire varying from about §” to 2"
apart. (See figs. 72 and 73.)

Previous to the introduction of quenched gaps, the greater number
of sending circuits were direct connected, but inductively connected
sets are equally efficient and have this advantage, that the coupling can
be readily adjusted independently of the natural wave length of either
circuit. (Figs. 42, 43, and 45.)

166. In direct connected sets, three movable clips or sliders are usually
provided, one for the closed and two for the open circuit (fig. 40). The
closed circuit is permanently connected to one end of the helix and the
circuit completed by means of the wire from the movable clip, which can
be connected to any desired point.

The open circuit has the ground and the aerial wire, respectively,
attached to the other two clips and these are attached to such points of
the helix as will give the open circuit the same natural period as the
closed circuit and at the same time give the two circuits the number of
turns in common necessary for the desired coupling.

167. In snductively connected sets, the closed circuit helix or spiral is
the same as before, the open circuit helix is permanently attached to the
grouud lead and the aerial lead attached to whatever point is necessary.
The mutual induction and coupling are varied by moving the open circuit
helix as a whole. (Figs. 42 and 43.) Inductive connections are re-
quired with naval spark sets.
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Making the adjustments to particular wave lengths and couplings is
called tuning and is discussed in Chapter VIII.

168. In some Telefunken sets (fig..-46) the sending inductance in
both closed and open circuits consists of flat spirally wound coils, mounted
parallel and close to each other in a frame. Alternate coils are con-
nected to a lever by which their position relative to the others can be
varied. The coils are connected so that currents in adjacent coils oppose
each other and decrease the self induction of the whole, called by the
manufacturers a variometer. By means of the lever the coils can be
separated and the self-induction and consequently the period of the cir-
cuit regulated. This is illustrated in fig. 46 by an arrow drawn
diagonally across the inductances in which it is used. Fig. 74 shows the
apparatus as manufactured. Open spiral inductances are preferable
(Fig. 1?).

169. For older direct connected sets connections shown in figs. 40 and
44 were preferred. In the figures referred to, the condenser is directly
across the secondary terminals of the transformer, and the spark gap in
one leg of the closed oscillating circuit, as contrasted with the spark gap
being placed directly across the transformer terminals. (Fig. 48.) The
former is considered to be 2 more symmetrical arrangement.

Attention is invited to fig. 41, which shows one leg of the trans-
former directly grounded and the other leg connected direct to the aerial.
All other methods of connection afford direct path to ground and path
through condenser and spark gap. This method of installation affords
path to ground through condenser or spark gap only and affects tuning.
If the aerial is touched when current is on the transformer, the latter,
having one leg grounded, is short-circuited through the body and a severe
shock may be experienced.

Though this method of connection is no longer used, it is referred to
here to show the necessity of giving careful consideration to the relative
positions of ground, spark gap, and condenser. Errors in connections
of direct connected sets are sometimes made so that the most direct path
to ground is through the spark gap. This induces potentials at the
gap or condenser approximately equal to those at the upper end of the
aerial and produces disagreeable inductive effects in the operating room.
Some installers prefer to ground one leg of the secondary of the trans-
former when the closed circuit is inductively connected, but this is con-
sidered unnecessary.

170. Fig. 43 shows the preferred form of inductive connection or coup-
ling of a helix, that is, one inductance above the other. This takes up less
floor space and the coupling is varied by vertical instead of horizontal
movement, as is necessary when the coils are side by side as illustrated in
fig. 42. '



110 MANUAL OF RADIO TELEGRAPHY AND TELEPHONY.

Spiral inductances (fig. 72) can be arranged in a small space above
one another, side by side or at an angle, and are very convenient; they
are preferred by some manufacturers.

Inductances added to the aerial, such as those on the right of fig. 45,
are added for the purpose of lengthening its period. They are called
“loading coils.”

Fig. 47 indicates a method of connecting up sending sets so that the
operator by moving a hand wheel or lever can change the wave length of
the open and closed circuits the same amount without changing the
coupling. This apparatus is just being introduced and should greatly
facilitate the operator’s control over his sending wave length. It is called
a tune shifter.

CONDENSERS. i

171. For transmitters up to 5 K. W., standard coppered jars in
air or oil are preferred. Tinfoil covered jars are no longer supplied. The
standard jar has a capacity of .002 mf. Condenser racks or tanks are
arranged to hold a number of jars somewhat greater than that necessary
for the rated output (see Table 2, Appendix A).

Inside connections to Leyden jars are best made by soldering one end
of a strip of copper or brass gauze to the inner copper coating and clamp-
ing the other end to the charging bus bar.

Outside connections are made either by supporting all jars on a con-
ducting plate connected to the other charging bus bar or connecting this
bar to a strap of sheet brass or copper clamped around the jar.

The important point about condenser connections is that they should
make a good electrical contact, of comparatively large area, with the
charging wire or bus bars and with the condenser jars or plates. A
symmetrical arrangement of material giving as nearly as possible equal
lengths of discharge paths should be made.

Many kinds of springs and clips for condenser connections have been
devised and are in use, but none are better than those just described.
Less difficulty is experienced with connections on copper coated jars or
plates than was the case when tinfoil was used exclusively for distributing
the charge over the glass dielectric.

172. The condensers now in use are standard Leyden jars in air or
oil. (Fig.49.) Glass plates in air or oil (glass dielectric). Metal plates
in compressed air (air dielectric) (fig. 50) and ¢infoil (paper dielectric).
For large powers, glass plates in oil or metal plates in compressed air are
preferred. For small sets the most convenient for use, installation, and
inspection, are the standard jars, in air or oil, or glass plates set ver-
tically in oil. Fig. 49a is a special form of Leyden jar which is con-
venient for some purposes. The low voltages associated with 500 cycle
sending sets have made practicable the use of paper condensers as noted
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F16. 49B.—Mica Condenser—Dubilier
Type.

Fia. 49.—Leyden Jar Battery.

F1a. 49A.--Moscicki Tube. Fi1a. 50.—Compressed Air Condenser.
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above for small powers, but they are relatively inefficient as compared with
others mentioned.

In some of the largest stations, galvanized iron plates have been
hung up side by side under cover, forming huge condensers, which require
very little attention.

173. Practically all other insulators have a greater specific inductive
capacity than air at ordinary pressure, and nearly all of them have a
greater dielectric strength than air (Table 1a, Appendix A). The Leyden
jar, having long been used as a high-potential condenser, its method of
manufacture being well known, and the best glass having not les than nine
times the capacity of air, has been very generally used in wireless telegraph
eending circuits. Air and oil, while requiring much larger volume to give
the same capacity as glass, have the excellent property of mending them-
selves after puncture by a spark, while all kinds of solid or semisolid die-
lectrics require renewal after rupture.

Mica has very great dielectric strength, as much as 5000 volts per mil,
and has been used to some extent in condensers in the form of micanite.

The semisolid dielectrics, such as beeswax and paraffin, have to be
made up with considerable attention to the temperatures in which they
are to be used, since they may melt in summer and crack in winter, but
they are cheap and easily obtained.

Dielectric strength of insulators per millimeter increases with decrease
of thickness, except in oils, where it seems to decrease.

Dielectric strength of air increases with increase of pressure.

Dielectric strength of air decreases with decrease of pressure until the
pressure is in the neighborhood of 1 millimeter of mercury, when it
increases.

Dielectric strength of a vacuum should be infinitely great.

Fleming states that with the best flint glass it is possible to store about
45 foot-pounds of energy per cubic foot of glass. The limit is set by the
dielectric strength of glass. He has shown that the lengths of discharge
paths of all condenser elements should be equal.

Capacity varies inversely and dielectric strength directly, as the thick-
ness of the dielectric, but they do not vary in the same ratio.

The dielectric strength of glass condensers decreases, that of oil con-
densers increases, with the frequency.

A table showing the specific inductive capacity of a number of dielec:
trics and their dielectric strengths is given in appendix A. This table, 1a.
is by no means complete. Data relative to the hysteresis losses of various
dielectrics is almost lacking, and want of agreement is noted among
different authorities. '

DIELECTRIC STRENGTH OF AIR.

174. The dielectric strength of air is considered to be about 4500
volts per millimeter for gaps of about 1 millimeter in length, and about
3000 volts per millimeter for gaps of the length of a centimeter or more.
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Fig. 51 shows sparking distances for various voltages in air belween
needle points, as determined by experiment. These distances are usually
greater than those obtained from equal voltage between the blunt spark
points used in wireless telegraphy. The latter probably correspond more
closely to table 1, appendix A. On the other hand, this table of spark dis-
tances was determined by raising the voltage very gradually and exactly
alike for each gap, while in oscillating circuits there is a convulsive rush
which may produce very high potentials. This has been shown by intro-
ducing a minute spark gap elsewhere in the circuit, the effect being to
greatly increase the gap, which can be ruptured by a given transformer
potential. The inertia of the charge carries it forward, and just as the
inertia of water in a pipe produces a great pressure if its flow is suddenly
checked, so the potentials in the sending circuits may, and usually do, rise
much higher than is indicated by the transformer ratio.

SPARK GAPS.

175. A great deal of thought and ingenuity has .been expended on
improving the action of spark gaps. For instance, the use of magnetic
" blowouts, induced and forced air drafts across the gap; dividing them
into a series of short gaps; placing gaps in parallel; enclosing them in
compressed air and in nitrogen gas; making the points hollow and cool-
ing them with air or water.

Until recently, no method of construction for small powers was mark-
edly better than the ordinary gap in air between two zinc rods, } to }
inch in diameter. There are two points in common for all good working
gaps—(a) The sparking surfaces must be clean and fairly smooth; (b)
They must be kept from heating. '

The increased radiation from cooled spark electrodes as compared with
heated ones is very evident.

Heated surfaces give off more metallic vapor and tend to the forma-
tion of a low frequency arc.

There is no doubt that much of the irregularity noted in sending is due
to an improperly adjusted spark gap and the effect known as “ soaring ”
or “swinging ”’ is probably due to the inequalities in the action of the
spark gap and condensers caused by heat.

An open spark must be kept white and crackling and have considerable
volume. If too long, it will be stringy ; if too short, an arc will be formed.

All spark gaps are adjustable—either in length or in number. All
should be well muffled for obvious reasons. ’

The types of spark gaps now in use are shown in figs. 52-67. The
only types now supplied are fig. 52, the synchronous rotating gap, and
fig. 57, quenched gap. Fig. 57 illustrates only one form of the quenched
gap. It is made in other equally efficient forms following the same
principle; viz., a series of very short gaps (arts. 85 and 180).
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176. The function of the spark gap in an oscillatory circuit is to allow
the condenser to charge to the required potential, and then to break down
and permit the charge to surge back and forth until its energy is dis-
sipated. The ideal spark gap would be one which would insulate per-
fectly while the condenser was charging and conduct perfectly while it
was discharging, and the nearer these conditions can be fulfilled the more
efficiently will the spark gap perform its duty. Either condition can be
fulfilled alone, but the combination is somewhat difficult to obtain.

The resistance of the spark gap when the discharge is passing depends
upon two factors; it increases rapidly with the spark length, and de-
creases rapidly with the oscillatory current, amounting with a half-inch
gap to several hundred ohms when a fraction of an ampere passes, and a
small fraction of an ohm when 50 or 60 amperes are flowing. With the
spark length above half an inch, the resistance with the same oscillatory
current flowing may be taken as roughly proportional to the spark
length. But in a condenser circuit the amount of electricity stored up in
the condenser, and hence the amount of oscillatory current, increases
with the spark length. Thus we have two conditions working against
each other as regards the influence of the spark length on the spark
resistance; but we can increase the amount of current flowing without
increasing the spark length by increasing the size of the condenser, and
the most efficient form of circuit for a given power is that in which a
moderate spark length and large condensers are used.

When, after the condenser is charged, the spark gap breaks down, the
gap becomes filled with metallic vapor and for the time being forms a
high-frequency alternating current arc. It is the presence of the metallic
vapor which produces the conductivity of the spark. After the discharge
ceases, however, if this metallic vapor is not removed from the gap, the
insulation will evidently be poor at the time that the condenser is next
being charged, hence the first condition of spark efficiency would be want-
ing. Tt is therefore necessary to remove this vapor completely as soon as
possible after the surgings of the condenser charge cease. This is done
partly by cooling the electrodes of the spark gap, thus stopping the
vaporization, and in some cases by blowing the vapors out of the gap.

177. In the simple gap, such as is found in sets of small power, the
vapor is usually sufficiently dissipated by the natural cooling of the
electrodes and by ordinary air currents. Such a gap, however, not pro-
vided with an air blast, should not be enclosed. For somewhat larger
powers, an air blast is ordinarily considered necessary. This carries
away the metallic vapors and at the same time cools the electrodes. Such
an arrangement is shown in fig. 54. ’

Another form of gap for small powers which gives good satisfaction
is the parallel gap (see fig. 55), in which two cylinders of zinc or brass
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are placed parallel to each other, and the spark runs from point to point,
never jumping twice consecutively in the same place. This wandering
of the spark is facilitated by a slight roughening of the electrodes with
a file. The explanation of this phenomenon of the running spark is
probably as follows: The spark jumps from a slight projection on the
electrode which in the course of the oscillations is burned away, so that
at the next discharge an easier path is found from some other projecting
point.

178. For high powers, a good form of spark gap is the rotating syn-
chronous gap shown in fig. 52. This consists of one or more stationary
members and a rotating member made up like a wheel with projecting
spokes. This, in its best form, is attached directly to the shaft of the
alternator, and is so adjusted that a spoke comes opposite a stationary
member at the exact moment that thie maximum of potential is obtained
" in the condenser. This insures one discharge for each alternation of the
current, the complete absence of conducting vapors, and gives a satisfac-
tory insulation for each spark. The regularity of discharge from this
form of gap produces a pure musical note, which is of great importance
in the telephonic reception of signals. (See art. 156.)

179. Another form of rotating gap, called the non-synchronous rotat-
ing gap, is shown in fig. 563. In this the wheel is rotated rapidly by an
independent motor without regard to synchronism with the alternator.
The face of the stationary member of the gap forms an arc of a circle
long enough to a little more than cover the distance between two spokes,
thus always insuring the proper sparking distance. The rotating wheel
itself forms an efficient fan.

180. What is called a “ quenched gap ” (fig. 57) may be made up of a
number of copper discs accurately turned and separated by annular rings
of mica about .01 inch thick. The spark is confined to the air tight
space inside the mica-rings. It has almost entirely displaced open gaps
(art. 175).

This type of gap, if a proper number of discs are in series, also gives
one discharge for each alternation of the current and produces the same
pure musical note as the synchronous gap.

It is almost noiseless and has the further advantage of (probably on
account of its large cooling surface) quickly stopping the oscillations of
the closed circuit, so that the open circuit is left free to vibrate in its own
period, and it therefore radiates waves of but one length. This fact has
an important bearing on the tuning of wireless telegraph sets and also on
the coupling, which can without change of wave length be made that
which will transfer energy from the closed circuit to the open circuit
with the least loss (art. 85).
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The quenched gap can not be depended upon to operate without
artificial cooling of the discs when any but very small powers are used.
Like all other gaps, its action is improved by an air blast.

181. In the case of the rotating gap the equivalent air velocity in a case
of large power was about 20,000 feet per minute. Mr. J. Martin finds a
very distinct gain in radiation from an air cooled gap with air pressures
‘up to 16 pounds per square inch, which corresponds to a velocity of
82,000 feet per minute, or about 1400 feet per second.

Take a single gap operating on a 1000-meter wave on the peak of the
charging E. M. F.: If the coupling between the open and closed circuits
is such that the closed circuit transfers all its energy to the open circuit
in five complete vibrations the first group of sparks will last 1/30,000
second. To remove the conducting vapor from the gap in that time would
require & minimum air velocity across the gap of 1000 feet per second if
the electrodes were .4 inch (1 cm.) in diameter. From this point of view:
it would seem, therefore, that any gap will act as a quenched gap if the
air velocity across the gap is sufficiently great, and that the required air
velocity varies directly as the diameter of the spark electrodes—inversely
as the wave length, directly as the damping—and (since it is known that
close coupling increases the damping) directly as the percentage of
coupling.

Loose coupled circuits would require a lower air velocity than close
coupled ones.

Fig. 56 illustrates the Marconi disc discharger, which is practically
the same in principle as fig. 53—the non-synchronous rotating gap. A
special motor is required to operate the discharger. It has also the dis-
advantage of being as noisy as the synchronous gap. The disc discharger,
like the synchronous rotating gap, is suitable for large powers and for use
with direct as well as alternating current. It is fitted with an auxiliary
stationary gap for use in case of motor breakdown.

USE OF THE ARC FOR PRODUCING UNDAMPED OSCILLATIONS.

182. The arc method of producing undamped oscillations with direct
current was discovered by Professor Elihu Thompson in 1892 and has
been developed by many other investigators. In order to prevent the
oscillations from running back to the dynamo, choke coils or very high
resistances must be placed in the D. C. leads.

When the shunt containing inductance and capacity is closed around
the arc in a circuit like that shown in fig. 29d, 62 or 91, a part of the cur-
rent flows into the condenser, thus robbing the arc of a part of its current;
but as the D. C. potential across an arc increases as the current decreases,
this decrease in current increases the potential difference, and the con-
denser continues to charge. At the next instant, however, the condenser
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commences to discharge, increasing the direct arc current until it is
entirely discharged ; then the process repeats itself.

Oscillations can be produced in this way from almost any form of arc
and over a wide range of voltages, but it is found that high frequency
oscillations are best produced when the direct current voltage is high
(500 volts or more), and when the positive arc electrode is capable of
conducting away heat rapidly. Water is used as a cooling medium instead
of air, as with a spark transmitter, and to facilitate its application, the
positive (copper) electrode is made hollow. This rapid cooling of the arc
plays a very important part in the production of the oscillations, as it
causes the arc to die down rapidly and increases the suddenness with which
the current flows into the condenser. It has also been found that when the
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FIa. 62.—Arc Arranged for Wireless Telephony.

arc is formed in an atmosphere capable of assisting in this cooling, the
energy of the oscillations is vastly increased. The best gaseous conductor
of heat is hydrogen, and consequently the best results are obtained in an
atmosphere of hydrogen or some mixed gas or vapor containing hydrogen.
Common illuminating gas gives excellent results, and recently alcohol
and ether introduced into the arc chamber drop by drop and vaporized
by the heat of the arc has come into use. It has been suspected that these
gases and vapors may have some effect on the electrical conductivity of
the arc as well as on its cooling, but this point is still unsettled.

The energy of the oscillations which can be obtained from the arc is
mcreased by forming it in a magnetic field the lines of force of which are at
right angles to the arc length. The action of the magnetic field is twofold ;
first it deflects the arc to one side, increasing its length and consequently
the difference of potential between the arc electrodes, and second, it blows
out of the field the conducting ions formed in the gas, thus decreasing
the arc conductivity and still further increasing the difference of potential
between the electrodes (fig. 29e, art. 94). :
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For the successful production of oscillations a correct relation must
exist between the arc current, the arc length, and the strength of the
magnetic field. This relation in general can be obtained only by ex-
periment. If these adjustments are not correctly made several sets of
useless superposed oscillations may be produced in the condenser circuit.
Therefore it is necessary in working with waves produced from the arc
to examine its oscillations from time to time with the wave meter, in
which, if the adjustment be correct, but one sharp and powerful maxi-
mum will be found.

THE FEDERAL-POULSEN SYSTEM OF RADIO TELEGRAPHY.

This system uses, for radio transmission, an undamped or continuous
electromagnetic wave, as distinguished from the damped oscillations pro-
duced by the discharge of a condenser across a spark gap.

One great advantage obtained by the use of undamped waves lies in'the
fact that when transmitting over long distances, where the daylight absorp-
tion is great and a long wave length is desirable, the daylight absorption,
if the wave length be over 3000 meters, is much less with an undamped
wave than with a damped wave.*

The frequency of these oscillations is controlled by the electrical char-
acteristics (capacity and inductance) of the shunted circuit. When this
latter consists of an antenna and ground, continuous or undamped waves
are radiated.

As previously explained undamped oscillations are generated in a circuit
containing inductance and capacity shunted about an arc. To obtain the
high frequency oscillations required in practice an arc between a copper
anode (+electrode) and a carbon cathode (—electrode) taking about 500

* Austin, Bul. Bur. Stds., Vol. 7, p. 341, the formula for daylight transmission
of Damped Waves is
I, =425 Talhs 08
where
I, = Sending antenna current in amperes,
I, = Received antenna current in amperes,
h, = Effective height of antenna in kilometers, transmitting,
h, = Effective height of antenna in kilometers, receiving,
A = Wave length in kilometers,
d = Distance in kilometers,
a = Daylight absorption coefficient = 15 X 10—,

Fuller, “ The Effect of Wave Length on the Absorption of Undamped Waves ”
gives
Ihh Bd
I,=4.25 %)" €~ 6

where all characteristics retain the same meaning, except that 8 =46 X 10-,
This formula is derived from actual daylight tests made between San Francisco
and Honolulu over a period of six months.
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volts is used. The arc is enclosed in an air-tight chamber kept filled with
a gas containing hydrogen. This hydrogen vapor is obtained by allowing
alcohol to drip into the arc chamber. A strong magnetic field is established
across the arc by two coils in series with the arc circuit. The copper
electrode is water cooled.

The Federal Telegraph Company has developed this method of radio
transmission and has in commercial operation, day and night, stations at
Honolulu, San Francisco and other points. The distance from Honolulu
to San Francisco is 2100 nautical miles and the 100-kilowatt equipment
of these stations is similar to that being installed by this company at Darien
in the Panama Canal Zone, for the Navy Department.

Other stations use 30-kilowatt sets, such as the Navy Department is
placing at Boston, Mass.; Point Isabel, Texas; New Orleans, La.;
Guantanamo, Cuba, and the Great Lakes, while 12-kilowatt and 5-kilowatt
sets are made for ships and smaller land stations.

The wiring diagram and photograph of the 30 K. W. set, figs, 62a and
62b, are typical of arc sets.

THE ANTENNA.

The antenna at south San Francisco is supported by three guyed wooden
towers, placed in a triangle, one of 608 feet and two of 440 feet in height,
and is of the flat-top type. Its capacity is 0.010 microfarad, with a natural
period of 2300 meters, and an effective height of approximately 425 feet.

The insulation of the antenna from the towers, and also that of the guys
(which are insulated every 100 feet of length) is composed either of long
wooden breaks or, in the case of the 608-foot tower, of stone blocks, 10
inches X 10 inches X 10 inches in size.

THE GROUND.

This is a radial network of wire extending beyond the projected area of
the antenna on the earth.

THE HELIX, WAVE-CHANGING SWITCHES, ETC.

The antenna lead is brought with suitable insulation to a switch for
transferring the antenna from the sending to the receiving circuits. The
sending inductance is a helix of 1-inch copper tubing, 52 inches in
diameter, and, in the case of the Darien installation, 16 feet 6 inches long.

The cathode terminal of the arc being grounded, the anode is con-
nected through a hot-wire ammeter to a number of wave-changing
switches. Any one of these may be made to engage clips connected to
points on the helix, giving, according to the number of turns utilized, a
great range of wave lengths.

No condensers are used.
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SIGNAIS AND KEYS.

In this system the oscillations in the antenna are continuously pro-
duced by the arc, therefore the signals are not made by completely break-
ing this oscillatory circuit, but by making a small change in wave length.

This change is made by short circuiting part of the transmitting in-
ductance by means of a multiple contact, solenoid operated relay key of
rugged construction, capable of handling the heavy currents necessary to
be broken. The contacts are cooled by an air blast.

The current in the key solenoid is made and broken by a “key con-
troller.” This consists of two copper contacts in a sound-proof chamber,
operated in a magnetic field in order to reduce arcing between them. One
contact is moved by a second, exterior, solenoid, and this in turn, by a
small current and an ordinary Morse telegraph key. The speed obtainable
with this relay key is greater than that of the fastest hand sending.

If it be desired to render signals audible on ordinary “ spark ” receiving
apparatus using crystal detectors, and the like, a “ chopper ” is inserted in
the key-antenna circuit, this being merely a rotary means of changing the
continuous oscillations into wave trains of audible frequency.

THE ARC.

The arg itself is maintained in a water-cooled, air-tight chamber, within
a strong magnetic field and in an atmosphere of hydrogen vapor.

Means are provided, either by a spring lid or a poppet valve in the
chamber, for releasing any undue pressure caused by striking the arc in
an explosive mixture of air and hydrocarbons.

The cathode electrode is of carbon, readily replaceable, and is rotated
constantly while the arc is in operation, in order to keep its erosion even
and the arc steady. The distance between it and the anode is regulated
either by hand or motor control.

The anode is copper, water cooled ; both it and the cathode being suitably
insulated from the arc chamber.

The necessary atmosphere of hydrogen is supplied by introducing into
the chamber ordinary illuminating gas, alcohol, ether, water, steam or
other compounds containing hydrogen.

Projecting through the sides of the chamber are the poles of two power-
ful electromagnets, in the field of which the arc is maintained. These are
connected, either in series or parallel, o the power supply to the are,
usually 500 volts direct current.

Choke coils are inserted in the power leads to protect the latter from high
frequency current.

A starting resistance is prowded to take care of the momentary short
circuiting of the power line caused by striking the arc. This resistance is
rapidly cut out when the arc is established. The same result may be accom-
plished by striking the arc at a low voltage and raising the same sub-
sequently to full power.
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F1a. 628.—30 K. W. Arc Set.
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In practice, in the case of the 100-kilowatt are, the operations of turn-
ing on or off of cooling water, gas or alcohol ; of starting and stopping the
carbon drive, blower, tikker motors, etc., are all done automatically upon
starting and stopping the arc, the latter being struck and its length ad-
justed by remote control also. The operating room is usually entirely
separate from that containing the arc and accessories.

RECEIVING.

In receiving, owing to the accurate tuning obtainable with undamped
waves, a very loose coupled (and therefore highly selective) circuit is used.

e\
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Fi6. 62c.—Elementary Poulsen Receiving Circuit.

An elementary diagram of the connections for the receiving circuit is
shown in fig. 62c. The variometer being used to vary the wave length
when long waves are being received, and the condenser is used to adapt the
antenna for the reception of short waves.
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The Federal-Poulsen tikker, the device rendering audible in the tele- .
phone undamped oscillations received by the antenna, consists of a revolv-
ing brass disc upon which lightly impinges a fine steel wire and is very
sensitive, the received watts in the antenna necessary for unit audibility
(or where the dots and dashes of signals can just be differentiated). being
3.2 1071 watts. Metals other than brass and steel may be used. The ele-
mentary diagram fig. 62c shows the location of tikker in the receiving
circuit. ’

WIRELESS TELEPHONE TRANSMITTERS.

183. A method of arranging the arc circuit for wireless telephony is
shown in fig. 62. Here the arc creates the continuous undamped oscilla-
tions which are necessary for wireless telephony. The telephone trans-
mitter in the aerial modifies (by its change of resistance when spoken
into) the amplitude of successive oscillations in accordance with the
vibrations of the sounds of the voice. These produce similar variations in
the receiver oscillations and thus reproduce speech. It has been im-
practicable up to the present time to obtain carbon transmitters which can
© successfully carry large oscillating currents and vary them so as to reli-
ably reproduce speech at long distances. On this account, the develop-
ment of wireless telephony has been retarded.

The undamped oscillations are of too high frequency to produce sound,
but their slow variation produces sound. (See art. 201.)

Assume that the undamped oscillations have a frequency of 700,000
and the notes of the human voice vary through two octaves (say
from 300 to 1200 vibrations per second). The vibrations of the tele-
phone diaphragm, by changing the resistance of the carbon, modifies
the oscillating current in the aerial (and therefore the amplitude of the
electric waves generated) in accordance with the vibrations of the voice of
the person speaking. The ordinary receiving circuit having a crystal or
electrolytic detector serves as well for undamped oscillations as for
groups of wave trains, transforming the modified oscillations into human
speech in the receiving telephone.

The limit of mechanical or air vibrations recognized as sound is be-
tween 30,000 and 40,000 per second. Although the undamped oscilla-
tions are of a much higher frequency and therefore produce no sound in
themselves, modifications of the amplitude of successive waves may be of
such a nature as to produce sound by slower variations in the rise and fall
of the received current. .

The transmitting telephone may be in the arc circuit instead of
the aerial as shown, or it may be inductively connected to either the open
or closed circuit.. There is as yet no standard practice. The tetephone
transmitters are specially constructed to stand the voltage and current
induced in the aerial or in the closed circuit.
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F1a. 62p.—Radio Telephone Set.
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LIMITATIONS ON WAVE LENGTHS.

184. A certain amount of inductance is necessary in the closed circuit
in order to transfer energy to the open circuit, whether the circuits are
direct or inductively coupled. Since condensers of any desired capacity
can readily be obtained, it is easy to make the closed circuit any electrical
length we desire. A

There is, however, a lower limit to this, depending on the material and
arrangement of the condenser and leads. Other things being equal, the
larger the capacity, the longer the connectmg leads; and the shortest
wave length that can be obtained for a given capacity is that found when
the leads from the condenser are connected in the most direct manner to
those from the closed circuit and spark gap.

The standard wave length for ships and shore stations, using damped
waves, was first set at 320 meters. It is now 600-1000 meters for ships.
Much longer wave lengths are used for undamped wave signalling.

Experience shows that aerials with short wave lengths radiate more
efficiently than those with long ones, and that up to several hundred
miles short waves travel over salt water with no great absorption.

When transmission over land is necessary and for long distances over
water we gain more by the reduced absorption of long waves than we lose
by decreased radiation efficiency.

185. The open circuit, while it has concentrated inductance like the
closed circuit, has distributed capacity which is comparatively small, and
though any electrical length we desire can be obtained by adding induc-
tance, it is found that concentrated inductance beyond that necessary to
receive energy from the closed circuit lessens the radiation, and on that-
account it is necessary to increase the period of the open circuit by adding
capacity in the shape of additional wires to the aerial. We have seen
that, unless they are quite a distance apart, two parallel wires do not have
twice the capacity of one, so that it is practically difficult to get very long
wave lengths in the open circuit, especially on shipboard. '

The wave lengths that we can efficiently use in the open circuit are,
therefore, limited by practical considerations.

Since the energy in any discharge varies as the square of the voltage,
and since any desired voltage can readily be obtained, the work that can
be stored in a condenser of given capacity depends only on the dielectric
strength of the condenser material.

But in the case of the open circuit, when the first transfer of energy is
completed, unless it is radiated nearly as fast as received, the maximum
voltage in the open circuit, on account of its capacity being very much
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smaller, is much greater than that in the closed circuit. And we find
that very high voltages, on account of difficulty of insulation, break out
in sparks at all points of the circuit, that the aerial wire glows through.
out its length, and the whole apparatus generally acts like a dry linen
fire hose when subjected to a high water pressure—i. e., it spurts
electricity at all points in all directions.

So practical considerations limit the wave lengths that can be efficiently
used on board ship, and also limit the power that can be used with them.

186. Referring to the closed circuit, it is probable that the best results
with any given sender are obtained when the work necessary to charge
the condenser to the transformer voltage is equal to that supplied
by the available power of one-half alternation. This gives but one
wave train per alternation, and, if true, fixes at once the capacity of
the closed sending circuits for any given power.

OPEN CIRCUIT— (AERIAL, INDUCTANCE, GROUND).

187. Aerials, with which the open circuit inductances of sending sets
are connected, are shown diagrammatically in figs. 63 to 71 inclusive.

The main principles to be remembered in connection with aerials (or
antenn, as they are sometimes called) are that the higher the aerial the
more efficiently the energy will be radiated in the form of electric waves
and the larger the currents induced in the vertical part of the aerlal the
greater the amount of energy radiated. See tables 9, 10, 11, 12, appen-
dix A.

The total capacity of a ship aerial is usually less than one standard jar.
To hold the same amount of energy as the condenser circuit, the aerial
is, therefore, while oscillating, charged to a higher maximum potential
than the closed circuit.

188. The form of aerial now generally used on ships and ashore is called
the flat-top or inverted L (fig. 67).

The leads to the operating room are taken from one end; the other
(free) end is subject to high potentials and must be well 1nsulated

Some T aerials are in use (fig. 70). They give greater relative capacity
for the same amount of wire; but T aerials sag in the center, thus
decreasing their effective height and they are subject to high potentials
at both ends.

The other types shown are, or have been, used on shore stations, except
the special receiving aerial shown in fig. 63, which is the direction aerial
used on ships as part of the Bellini-Tosi direction finder (art. 217).

The umbrella aerial shown in fig. 65 has been used at some large
shore stations. It is probably the best form that can be supported by a
single mast.
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FIG. 64 MARCONI

FIG. 63 BELLINI-TOSI

STONElM MASSIE.
INSULATED WIRE BARE WIRE
FIG. 65 UMBRELLA FIG. 66

(Now Obsolete)
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FIG. 67 FIG. 69
(Now Obsolete) (Now Obsolete).
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TO SENDING HELIX L TO SENDING HELX
FIG. 70 FIG. 71

F16. 71A.—Latest Marconi High Power Antenna.
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Marconi found that a long flat-top aerial, like fig. 64 and fig. V1a, sends
more strongly in the direction away from the free end of the aerial and
receives more strongly from the direction in which it sends best. This has
proved to be of practical use on shore, where the horizontal part can be
made very long as compared with the vertical part and in his transatlantic
stations his transmitting aerials are installed pointing away from one
another and the receiving aerials (which are outside of, or at a distance
from, the transmitting aerials) are also very long (1 mile) horizontally.
No satisfactory explanation of the directive action has yet been given.

189. It will be noted that the diagrams of receiving sets (figs. 81 and
82) show an aerial in the form of a loop, beyond three spark points
arranged in the form of a triangle. The lower one of these points was con-
nected to the sending circuit inductance so that as far as sending is
concerned this aerial was the same as any other, since the high potentials
used in sending easily jump the short gaps between the two sides of the
loop ; but for receiving it was different—the weak currents can not jump
the gap, which is known as an anchor spark gap, so that the circuit was _
only looped for receiving and not sending.

The anchor spark gep served to cut out the sending circuit when
anchor gap indicated roughly whether the sendug& apparatus was work
mg__roperly For receiving sets not : requiring a looped circuit the
two sides of the loop were joined below the gap and used as a single wire.
A little consideration will show that the wave length of a loop is the same
as that of half the loop on open circuit. A loop is, however, a persistent
oscillator. Now that hot wire ammeters are installed on all sets, anchor
gaps are no longer useful and are not supplied.

190. Except where they pass near conducting objects or through decks,
all parts of the aerial wire are left bare on account of the lighter weight
and smaller surfaces exposed to the wind as compared with insulated
wire. The size of wire generally used is made up of seven strands of
No. 20 B. & S. phosphor or silicon bronze wire or monnot metal having
fairly high elastic strength.

Stranded wire is more flexible, and the materials given above have
fairly good conductivity and much greater elasticity than copper wire.
The elasticity prevents permanent elongation and sagging after being
hauled taut. For those parts of the aerial which pass through decks and
for parts near decks a special heavily insulated flexible stranded wire,
called rat-tail wire, is used.

191. The natural wave lengths of certain aerials of the flat top type
(inverted L and T aerials, figs. 67 and 70) are given in tabular form
below. To the aerial is added the necessary turns on the open circuit
helix to bring the natural wave length to the standard. It usually requires
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a number of turns of the helix or spiral to do this. When it is desired to
greatly increase the sending wave length, special loading coils are added to
the open circuit. (See figs. 45, 46 and 47.) Since the closed circuit has
large capacity and small self-¢nduction a turn or more of inductance added
to the closed circuit makes a large percentage addition to its self-induction
and, therefore, to its wave length. But the open circuit has small capacity
and relatively large self-induction, so that each additional turn does not
make such a large percentage addition to its self-induction and, therefore,
its increase of wave length per additional turn is much less than that
of the closed circuit. (See Adjustments, Chapter VIIL.)

No. Distance | Length of lz:g;’czlf Total Natural
Ship. TyPe. | wires.| apart. | fattop. o:)%:‘gt?gg length. (m‘;g:s).
room.
Glacier ............... T 10 2 feet 170 feet 82 feet | 252 feet 330
Mayflower............ T 8 26 inches| 124 * - 182 * 266 ‘¢ 360
Dolphin .............. T (] 2 feet 140 * | 186 * 27 * 830
Louisiana ............ 1 ] 3 " 150 ¢ 129 v (279 ¢ 425
“Chester................ T 8 | .l 160 * 97 ¢ 257 ¢ 395
Birmingham ......... T 4 4 feet 160 ** 90 * 250 ¢ | 885
Connecticut.......... T 4 4 125 ¢ 187 ¢ 282 360
Maine.......c.oouneine s { 4 5 ¢ 120 ‘ 120 240 * ‘ 330
Baltimore............ 1 4 4 130 * 132 ¢ 282 ** 310
Guantanamo......... Inverted .. | ...... | ...... E 200 | ...... 900
pyramid. !

In all aerials referred to above, except those of the Maine and Baltimore,
the long wave contained the greater amount of energy. In the case of
these two aerials the greater amount of energy was radiated on the short
wave. The law now requires that the energy in the lesser wave shall not
be more than 10 per cent of that in the greater. - '

These sets (except the Shoemaker, whose closed circuit was designed
to give loose direct coupling at 425 meters, and which did not require the
use of the aerial loading coil for 425 meters) had no direct provision for
changing the wave length of the aerial except in the coupling coil, and,
therefore, when coupled gave a wider variation from the standard wave
length than the Shoemaker sets.

OPEN CIRCUIT INDUCTANCE. ‘

192. With direct coupling the open circuit inductance forms part of the
same heliz as the closed circuit inductance, as has already been stated.
(See fig. 40.) In inductively coupled sets the open circuit heliz or spiral
is movable, so that the coupling can be varied by moving the entire
coil while keeping the same wave length. Provision is also made for a
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F1a. 72.—Spiral Inductance.

F1a. 73.—Helix and Spark Gap.
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variable connection to the helix so that the wave length can be varied.
(Figs. 42 and 43.)

It must not be forgotten that varying the wave length of either
circuit by varying the inductance of the coupling coil or coils varies the
- mutual induction, as well as the self-induction, and also the coupling
and damping, so that the most recent sets—Fessenden (fig. 45), Tele-
funken (fig. 46), Lowenstein (fig. 47)—make provision for varying the
wave length at some other part of the circuit than at the coupling coil,
or, as in the Lowenstein sets, for automatically moving the coils so as to
maintain the same coupling when the wave length is varied. These out-
side coils are called loading coils, as distinguished from the coupling

Fre. 74. F16. 74A.—Wave changer.

coils, by means of which energy is transferred from the closed to the
open circuit (and vice versa in sets not having quenched or properly air-
cooled gaps).

The method of building the Telefunken variometer coils, shown in
fig. 46, is illustrated further in fig. 74. This method of varying the
self-induction of a circuit has the advantage of not having any dead ends
a8 in the old inductance helices, shown in fig. ¥3. However, the vari-
ometer shown in fig. 74 is not suitable for inductive coupling.

The spiral inductance, shown in fig. 72, is suitable for both direct and
inductive coupling, and also for loading coils. It is convenient to manu-
facture and to mount and is coming into use rapidly. The inductance
shown in fig. 72 is an early DeForest type.
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The common method of shifting wave lengths quickly is by means of the
navy standard wave changer. A simple wave changer is shown in Fig. 74a.
The coils of the primary and secondary circuits are mounted in such
manner in the wave-changer that by a simple movement of one handle
. _the inductance of both couple coils and loading coils is varied properly to
give any one of several wave lengths for which the apparatus is adjusted.
The wave changer is the invention of Mr. Guy Hill and G. H. Clark, radio
expert aids of the navy.

AERIAL ACCESSORIES.

193. A lightning switch (fig. 75) is installed outside the station, or
where the aerial enters, by means of which it is grounded during thunder
storms.

Fia. 76.—Lightning Switch. Fie. 76.—Hot Wire Ammeter.

The other aerial accessory—the hot wire ammeter (fig. 76)—is in-
stalled in the ground lead; its uses are particularly referred to in
Chapter VIII.
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GROUNDS AND GROUND CONNECTIONS.

194. As has been previously explained, wireless telegraphy makes use
of earthed electric waves, as compared with the free waves discovered by
Hertz and used by Marconi in his first experiments. It was soon found
by Marconi that good connection to earth or to a large conducting body
is essential to good working. On board ship the end of the aerial below

the ope: open circuit inductance (called the ground lead) must be well
_soldered, bolted, or clamped to some portion of the hull.

A grounded vertical wire, well earthed, has a wave length not less than
four times its natural length. At its free end there is a potential loop
and a current node (maximum potential—no current). At its earthed
end there is a current loop and potential node (maximum current—no
potential). (See fig. 18d.) The same wire free at both ends has an
electrical period equal to twice its length, and, if oscillating, has high
potentials at both ends. If the ground connection is not good, there is a
tendency to choke the current passing in and out of the earth and thus
to cause a rise of potential and consequent sparking and reflection of
energy at the earth connections, making the period irregular and impair-
ing the sending qualities of the station.

It should be possible to grasp the ground lead where it is soldered to
the ship without injury. Inability to draw a spark there is proof of
good connection.

195. At shore stations it is found that the resistance of the earth be-
tween two earthed conductors, a given distance apart, varies widely in
different localities and even in the same locality with moisture and tem-
perature. Low ground resistance at a station is usually accompanied by
good radiating qualities. Where and when the soil is very dry it is neces-
sary to pay much greater attention to the area of the ground connections,
and where the resistance of the earth in the vicinity of the station is high
the station is a poor radiator unless an artificial ground called a
“ counterpoise ” is installed. This can consist of any large conducting
area laid on the ground or wires connected between the mast guys. The
natural period of the counterpoise should be the same as that of the
aerial. The U.S. Naval Radio Station at Peking has its mast and counter-
poise about 50 feet above ground, on top of the wall of the Tartar City.
This set operates with fair efficiency.

Generally a good ground is made by connecting the ground lead to

. copper plates of large area in good contact with moist earth, or to
radiating lines of galvanized iron telegraph wire ending in pipes driven
to moist earth, or to wire netting spread on the ground and covered with
earth. At stations on tops of buildings grounds are made to the steel
frames of the building and to water and gas pipes.
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As previously stated, Dr. Austin has shown that the high frequency
resistance of a well-installed ship aerial should not exceed 2 ohms at wave
lengths slxghtly greater than twice the natural period of the aerial, and
should not increase greatly for longer wave lengths.

This phenomenon does not accord with theory and is somewhat compli-
cated by the fact that we have no absolute means of measuring the true
resistance and the radiation resistance separately. Their resultant is
measured as a single quantity.

We want the apparent resistance due to radiation of energy to be as
high as possible and the true resistance to be as low as possible. The in-
creage of ;{esg&tance referred to above is not accompanied by any increase
in radiation. It is, therefore, believed to be a reaction due to earth cur-
rents, in the same way that other aerials or circuits having the same, or
nearly the same, period react on the aerial and increase its apparent re
sistance without improving the radiation.



Chapter VII.

RECEIVING APPARATTUS.

186. Receiving and detector circuits are illustrated in figs. 77 to 92,
inclusive.

In all figures, the fixed condensers shown are for the purpose of pre-
venting the direct current from the battery or detector from flowing
through the inductance. Variable condensers, and variable inductances
are used for changing the period (wave length) of the circuits.

Referring to fig. 79, the cup-shaped construction under the word
Fessenden indicates a detector and the construction shown above the fig-
ures 79 indicates a telephone in all diagrams. The non-inductance resist-
ance, with arrow-headed connection, is used to regulate the impressed
voltage at the detector terminals. It is called a potentiometer. Other
symbols used have been previously described.

197. TFig. 77 shows the detector (in this case a coherer—art. 211) in
shunt in the open circuit, the open circuit having a variable tuning
inductance. The remainder of the figure shows the coherer-tapper, call,
and the relay for the Morse recorder.

Fig. 7, like figs. 78 and 79, illustrates direct-connected receiving sets.
They are not now generally used. Inductively connected sets, shown in
figs. 86 and 88 to 92, are preferred.

Fig. 92 shows a method of connecting both loading and coupling coils,
which avoids dead ends and inductive effects on parts in circuit. It also
shows connections for putting a condenser in series or parallel with the
aerial, in accordance with present speciﬁcations

It will be noted that in fig. 83 provision is made for tuning the closed
circuit with detector directly in circuit; while in the Fessenden interfer-
ence preventer illustrated in fig. 85, no provision is made for tuning the
detector circuit.

In figs. 80 and 86 the detector is in shunt around a closed tuned cireuit.

In all inductively connected receiving sets, provision is made for vary-
ing the mutual induction between the open and closed circuits. This
whether the closed circuit is tuned or untuned.

Professor Pierce’s investigations of detector circuits, like those in fig.
83 (except that the closed circuit inductance was fixed and the condenser
variable), indicate that, if the resistance of the detector is mnot too
great, very much greater selectivity, with equal loudness of signals, is

obtamed by tuning the detector circuit, with the detector directly in the

shuntmg the detector around a closed tuned circuit as in figs. 80 and 86.
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ELEMENTARY DIAGRAMS, REOEIVING, AND DETECTOR CIRCUITS.
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but results obtained in distance of communication show this method equal
if not superior to any other, and it would seem that, if the detector has a
resistance such as would prevent sharp resonance from being obtained
when placed directly in the closed circuit, shunting it will assist in
producing sharp resonance and together with funing the closed circuit
make a more efficient arrangement. It is now the usual practice to
tune the closed circuit and shunt the detector around it.

198. Receiving sets, such as shown in fig. 80, were first introduced by
Stone and used later by Marconi. The intermediate tuned circuit in
these sets is called the weeding out circuit. Provision is made for switch-
ing the detector to the weeding out circuit when very sharp tuning is
unnecessary, since there is loss of range, due to loss of energy in so many
transfers.

The Fessenden interference preventer, shown in fig. 86, attains select-
ivity in a different manner from that just described. The currents
induced in the aerial, from whatever cause, have two possible paths to
earth; one of these paths is tuned to the wave length it is desired to
receive, while it is supposed that waves of other lengths, or static dis-
charges, out of tune with either leg, will divide themselves equally be-
tween the two legs and produce no effect on the untuned detector circuit.

Attention is invited to figs. 81 and 82, showing the DeForest and Shoe-
maker looped receiving circuits. These differ from the other circuits
illustrated in that the induced currents are in the same direction on the
‘two sides of the loop and like a double-ended sending aerial induce a
maximum potential at some point in the loop whose electrical distance
from the point of origin of the disturbance is the same for each side.
The wave length of a looped circuit ungrounded is therefore the same as
that of one-half of it ungrounded and the wave length grounded is twice
the electrical length of the loop. In other words, one-half the loop can
be considered as a shunt of the same period as the other half. From this
point of view the DeForest detector circuit is practically the same as
fig. 83 and the Shoemaker circuit can be considered as one having a
detector directly in the open circuit and shunted by a variable con-
denser. .

199. The variable inductance of fig. 83 is hinged so that the coupling
can be varied by a combined movement of separation and rotation with
reference to the fixed inductance (fig. 100).

In fig. 86 the coupling is varied by sliding the closed circuit inductance
on a graduated bar parallel to its axis (fig. 101a).

Figs. 84 and 88 represent the valve and audion receiving circuits. In
fig. 84, the valve detector is shown as shunted around a tuned, closed
circuit. The audion shown in fig. 88 has tuned connections like the
valve detector, but has a local battery in the telephone circuit.
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Fig. 92 represents circuits of a receiving set complying with present

specifications. In all such sets closed circuits are calibrated and curves
drawn or a scale furnished showing wave lengths for all settings from 200

g
’_f @‘:ﬂllhi'"'“w_
Cy

= F1a. 88.—Audion.

000000

to 4000 meters, and additional calibrated loading coils for very long waves
are supplied.

With very loose coupling the wave length of received signals can thus be
read directly.

200. Fig. 89 represents receiving circuits for continuous oscillations;
it shows the receiving telephone connected across the terminals of a fixed
condenser in series with the detector.
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Tn using undamped oscillations for wireless telegraphic purposes it
must be remembered that the frequency of the oscillations themselves is
too high to be heard in the telephone connected with the ordinary re-
ceiving circuit, and when the circuit at the sending station is closed all
that would be heard is a slight click, so that there is no way of telling a
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dot from a dash. This makes it necessary to place a rapidly rotating
circuit breaker either in the sending or the receiving circuit for the pur-
pose of creating a buzz in the telephone at the receiving station when the
sending circuit is closed. This circuit breaker may be placed in the send-
ing aerial, while the sending key is placed either in the aerial or shunted
around a few turns of the aerial inductance, in which case it serves merely
to throw the aerial in and out of tune. (Art. 164.)

If no interrupter is used in the sending apparatus, no signals can be
read at a receiving station unless the wave trains are there broken up so
as to produce a buzz in the telephone. For this purpose the Poulsen ticker
is sometimes used, which at the same time does away with the need of any
special receiver. It consists essentially of a circuit breaker actuated by a
small magnetic vibrator, kept in action by a dry cell. In this receiver the
closed circuit is coupled very loosely to the aerial, and this circuit is inter-
mittently connected to a large condenser, of the order of a microfarad, by
the ticker or a slipping contact detector (fig. 89). (Art. 210.)

During the time of contact the condenser becomes charged, and when
the contact is broken it discharges itself through the telephone, producing
a note corresponding in tone to the frequency of the ticker.

201. Figs. 90 and 91 represent a Fessenden receiving set and hetero-
dyne, respectively, the loop in the aerial being for the purpose of impress-
ing the oscillations in the heterodyne circuit on the aerial and, conse-
quently, on the closed receiving circuit.

As will be seen from an inspection of fig. 91, the heterodyne is an arc
sending set, with;mt aerial and with variable inductances in the closed
circuit for changing its wave length and the frequency of the continuous
oscillations it produces.

The heterodyne is valuable as a means of enabling us to read signals
sent with undamped oscillations, without using an interrupter at the send-
ing end or a ticker at the receiving end. It is also useful as an amplifier
of signals from damped oscillations. :

The undamped oscillations in the receiving aerial produced by the
heterodyne are combined with those from the transmitting aerial. If
they are of exactly the same frequency, they simply tend to amplify or
neutralize each other, depending on their relative phases. If not of the
same frequency, beats are produced as in music. For instance, if the trans-
mitter has a frequency of 300,000 per second and the heterodyne 301,000,
when one has made 300 vibrations the other will have made exactly
301 ; so that they will exactly coincide once in each 135 second, thus pro-
ducing a third frequency of 1000 per second. Both transmitter and
heterodyne have a frequency much greater than can be detected by the
human ear, but their combination, producing 8 maximum of current in
the aerial 1000 times per second, can be read easily. The resultant
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frequency would be the same (1000) if the frequency of the heterodyne,
were 299,000. If it were 302,000, the transmitter would make 150 vibra-
tions while the heterodyne made 151. They would coincide 2000 times
per second and the resultant note in the receiving telephone would have
that frequency.

g PICK UP LOOR.
: _1_ F16. 90.—Fessenden.
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F1a. 91.—Fessenden Heterodyne.

We see, therefore, that by varying the heterodyne by means of the
variable condensers shown in fig. 91, we can produce any desired note at
the receiving station.

It is not necessary that the heterodyne should be in the same room or
even in the immediate vicinity of the receiving aerial. Two stations, miles
apart, sending continuous oscillations, may heterodyne each other, if
one is sending while the other is receiving.

As an accessory of the receiving apparatus, the heterodyne promises to
be very valuable. The positive electrode is copper and the negative
electrode, carbon ; the same as in the ordinary arc transmitter. '

Ammeters are supplied with it for indicating the current in both the
primary and oscillating circuits. Thus far, the best results in operation
are obtained by keeping the readings of the two ammeters as nearly equal
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as possible. With properly adjusted carbons, the instrument should
operate an hour without attention and then requires only the careful
cleaning and facing up of the carbons.

202, In spark sets we want the sending aerial to be a good radiator, but
not so good that it will give a whip crack discharge. We want its oscilla-
tions to be persistent enough to require for their best reception a receiving
aerial tuned to the period of the sender, and as a present standard we
have set for the sender a damping considerably less than .2, so that it
makes fifteen complete oscillations before the oscillating current falls to
.1 of its original value. We want the receiving aerial to radiate as little

4

LOADING COILS

S2:85%

= Fia. 92.—Standard Recelving Set.

as possible; but to so combine the energy of the fifteen waves that the
highest maximum is produced in the aerial, and transferred to the closed
receiving circuit.

“ If the sending aerial is coupled so as to send out waves of two lengths,
there appears to be no question that the coupling of the receiving circuits
should be such that, if they acted as senders, they would send out waves
of these lengths, or so loosely coupled that their natural period is that of
the arriving wave containing the most energy. If, in the case of very
loosely coupled circuits or those supplied with quenched spark gaps, but
one wave length is being radiated, receiving circuits should also be -
loosely coupled or should be coupled so that the transfer of energy from
the open to the closed circuit and the damping of the latter (with the
detector, however connected) is at such a rate that a maximum current
in_the closed circuit is reached at the instant the open circuit has come

10
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to rest after being set into vibration by the passing wave train and after
ha.vmg radiated or transferred all its induced energy. This is analogous
to the statement relative to the quenching of the closed sending circuit
(throwing it out of tune) when the open circuit has reached its first maxi-
mum. When the closed circuit has reached its first maximum the rectified
current in the case of crystal detectors or the battery current in the case
of electrolytic detectors has also reached its maximum.,

It must be remembered that change of coupling changes mutual induc
tion and, therefore, changes the tune so that retuning is necessary after
every change of coupling.

NAVY RECEIVING SET TYPE A.

Coupling.—This receiver differs from all earlier sets in the naval service
in that there is no electromagnetic coupling between the primary and sec-
ondary circuits.

In the ordinary type of set, the primary and secondary coils are electro-
magnetically coupled, and the coupling is “increased ” by moving the
coils closer to each other, and “ decreased ” by separating the coils. In
this type, the inductances in the primary and secondary systems are placed
at right angles to each other, so that there is no mutual induction between
them, and the coupling is obtained by means of small variable condensers
connecting the two systems. Here, to increase the coupling, a greater
value of the coupling condenser is used, and vice versa. The inductances
are not moved at all, but are permanently located.

The “ coupling condenser ” acts as a sort of “energy controller” or
“ valve ” between the two systems (primary and secondary). The greater
the value of this condenser, the more energy is transferred from the
antenna circuit to the detector circuit, and conversely. In this respect the
analogy with the electromagnetic coupling method holds, but in other ways
there seems to be a difference.

It is interesting to note, from the theoretical standpoint, that the same
effect can be produced if an inductance, or even a resistance, be used in
place of the “ coupling condenser,” but the efficiency is very much less than
with the condenser.

The chief advantages of the “ static ” or “ condenser ” coupling over the
electromagnetic method are:

(2) Compactness of Set.—It is not necessary to separate the induc-
tances to decrease coupling. For very loose coupling, with the old type of
set, it was necessary to move the secondary coil quite a distance from the
primary. Here, the coils are fixed in position.

(b) Ease of Operation—With electromagnetically coupled sets, the
mechanical movement of the secondary coil always proved rather bother-
some, especially when quick changes in coupling were necessary. This is
obviated by the extremely easy operation of the coupling condenser.
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(c) Increased Efficiency of Inductances.—In the old type, it was neces-
sary to wind the inductances in such a form that there would be sufficient
coupling under any circumstances. This resulted in the cylindrical form
being of necessity adopted. A much more efficient form of winding is
adopted in the present sets, the “ banked ” winding for some of the coils,
and the “ square section ” method for others.

(d) Increased Over-All Efficiency of Receiver.—The electrostatic coup-
ling gives equal efficiency to electromagnetic for short wave lengths, and
very much greater for long wave lengths.

(e) By a simple switching device, a “ stand-by ” or “ pick-up ” circuit
greatly superior to any heretofore developed can be used. This pick-up
circuit enables receiving to be done over a comparatively wide range of
wave lengths. Hence the sharpness of tuning is sufficient for ordinary
“ pick-up ” purposes without the usual defect of picking up every signal
and disturbance in the vicinity.

This receiver also contains a novel indicating mechanism, whereby the
operator can set the receiver in advance to be in tune with any desired wave
length. This is very important for battle radio work. The increased use

‘of the transmitter wave changer renders some device necessary for the’
receiver, and this is the first apparatus to contain this feature.

The method commonly in use for setting the receiver in advance to a
given wave length consists in having the operator refer to a table for the
proper value of primary coil (tens and units), primary loading coil,
primary condenser, secondary coil, secondary condenser, and coupling. In
this form, the primary can be adjusted by one movement, the secondary by
another, and the coupling by a third. Later designs will probably reduce
these movements to two, the primary and secondary being simultaneously
adjusted as in the transmitter wave changer.

In this connection it should be noted that in the transmitter wave
changer all three varjables, i. e., primary, secondary, and coupling, are
varied simultaneously. In this case the damping is fixed, being the damp-
ing of the transmitter set itself. In the receiver, however, the damping is
determined in part by the distant transmitter and can be widely different
when receiving from different stations, even on the same wave length.
Hence it is not practicable to make all three adjustments with the receiver
by one movement. The coupling must always be independent, to enable
adjustment to suit the local conditions.

Primary Circust (see fig. 92a).—This consists of two inductances vari-
able by small steps, a loading inductance and series condenser. The larger
of the variable inductances (45-46) has a total value of 1.2 M. H., divided
into 40 steps of equal inductance per step. (Note that the divisions are
not of equal numbers of turns, but of equal values of inductance. This
insures constant overlapping between sections.)
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F1a. 92A.—Navy Receiving Set. Type A.
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The smaller of the variable inductances (51-52) has a total value of
0.03 M. H., divided into 20 equal steps. Both coils are wound on the same
core. The smaller is single layer, and the larger is wound banked.

The loading coil (39-42) has a total value of 6 M. H., in 5 equal steps.
All coils are wound with Litzendraht. The series condenser (7-8-9-10)
may have three values, 0.0009, and 0.0015, also 0.0003, respectively.

Secondary Circuit.—The secondary coil (16-24) is wound in the same
manner as the larger of the variable inductances in the primary and has a
total of 3 M. H. There are six steps, all but the first and second being
equal and of value 0.6 M. H. The secondary variable air condenser
(25-26) is of the balanced type and has a total capacity of 0.0025 Mfd.,
with a total value of .007 Mfd.

‘Potentiometer.—The potentiometer (61-75) is wound with No. 38
German silver wire with a total resistance of 400 ohms. The various steps
are R5-25-25-25-R5-25-35-35-40-40-50-50 ohms, respectively.

Buzzer—The buzzer (67-68) for testing the detector is of the Ericsson
type, and is mounted with thick felt on the top of the panel.

The buzzer control key (71-72) enables the buzzer to be left in con-
tinuous operation, giving free use of both hands for other adjustments, or
operated intermittently by hand as desired. A key (64-65) controls the
potentiometer battery so that it can be cut off when the set is not in use.
Separate batteries are used for the buzzer and potentiometer in order to
obviate false signals in the telephones. The buzzer acts inductively on the
antenna circuit, as shown in the schematic diagram, so that it not only can
be used for tests for sensitiveness of detector, but also can be used to
indicate approximately whether or not the antenna and detector circuits
are in resonance with one another.

No provision is made for detector or telephones other than to provide
binding posts for these to be connected. The binding posts are so con-
structed that two sets of telephones can be connected in parallel if desired.

Circuits of Recewver.—Fig. 92b shows the schematic representation of
the two-circuit electrostatically coupled receiver.

The primary circuit, C,, L,, is' tuned to the incoming wave length.
Similarly, the secondary coil L,, and condenser C,, are resonant to the
same wave length. The energy is transferred from the one circuit to the
other by means of the “ coupling condensers ” CC, and CC,. These con-
densers are in no sense of the word tuning condensers, and do not vary the
adjustments of either primary or secondary. They are used for no other
purpose than their name implies, '

It is possible to use only one condenser, CC,, the connection from ground
to the secondary system being by a direct wire (CC, short circuited). Itis
found, however, that this method is not as efficient as that shown in the
figure.
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Both condensers, CC, and CC,, are on the same shaft, and hence are
simultaneously adjusted.

As shown, the usual detector circuit is used, the telephones being placed
around the stopping condenser.

By a simple switching arrangement, the detector system can be directly
attached to the primary circuit. This is used for a “ stand-by ” or “ pick-
up ” circuit. Only one circuit has to be tuned in this case. Whereas, with
all other pick-up circuits heretofore used, the broadness of tuning was too
great to enable the circuit to be of any great use (as so much interference
was received that it was impossible to pick out the signal desired), the
circuit shown here is quite selective, and hence is not disturbed to so great
an extent.
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F10. 92B.—Receiver Circuit. F16. 92c.—Pick-up Circuit.

An ideal pick-up circuit, it is true, is one that picks up any signal,
regardless of wave length, but this would work only when the number of
stations sending within range was very limited, and atmospheric distur-
bances were at a minimum, on the other hand, a pick-up circuit that is
strongly selective defeats the very purpose that its name implies. The
circuit shown is a mean between those two extremes, and is rather broadly
caned. It is very easy, with this circuit, to tell if any one is sending within
the range of a wave length for which the receiver was designed, as a con-
tinuous variation of the one-tuned circuit concerned can be made over the
entire range in a very short time. Under many conditions, this “ pick-up ”
circuit can be used for regular work, shifting to the two-circuit system
when interference develops.

In this form of circuit, the coupling condenser is again nsed in its func-
tion of controlling the energy transferred to the detector. In general, this
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condenser should be set at or near its maximum when “ picking-up ” is -
being done.

The coupling would prevent the rectified currents from the detector
from passing through the inductance L, and thence through the telephones
if the telephones were placed around the stopping condenser, as they are
in the two-circuit system of sheet 13. This is obviated by placing the
telephones around the detector in the pick-up circuit. This results in a
slight decrease of efficiency.

General Description.—Fig. 9%e shows the front of box containing the set.
Referring to the numbers on fig. 92e the function of the various parts is
ag follows: Knob A-7 controls the series condensers 8, 9 and 10 and load-
ing coils 36. When on the first point the smallest series condenser is in
antenna circuit, on second point the next condenser, etc.; on the fourth
point neither condensers nor loading coils are connected ; on the fifth point
the smallest loading coil is in antenna circuit and so on to ninth point
where loading coil of largest inductance is put in the circuit.” This knob
also controls through a system of gears and levers, pointer A-4 so that as
A-7 goes from first to ninth point the pointer A-4 moves from outer circle
on dial A-5 into inner circle.

Dial A-5 is graduated in wave length similarly to dial A-26 using con-
ventional lettering for standard wave length.

Knob A-6 controls large inductance 45 to 46 and dial A-5 rotates with it.

Knob A-8 controls small inductance 51-52 and is connected to pointer
A-4 in such a way that it can swing the pointer through a small arc.

In this way the dial A-5 after once being graduated for the particular
antenna in use will indicate the wave length of antenna circuit directly.
The same wave length will appear on several circles of dial A-5. In general
for sharpest tuning the inner circle is used and for loudest signal the outer
circle on which the desired wave length can be found.

Knob A-9 controls the two coupling condensers CC, at 13-14 and CC,
at 32-33. :

Knob A-10 controls stopping condenser BC at 54-55.

Knob A-20 is switch at 60, 76. In position marked Sec., the switch
shown on fig. 92a gives connection as shown in fig. 92b. In position
marked Pri. the connections are as shown in fig. 92¢ for pick-up circuit.

Knob A-27 controls secondary condenser C, at 25-26 and A-28 controls
secondary inductance L, at 16.

Dial A-26 indicates wave length of secondary.

Knob A-21 controls potentiometer 61-75.

A-11 and 13 are connections to antenna and ground with safety spark
gap between them.

A-16 and 17 are connections for detector battery.

A-18 and 19 are switches in detector and buzzer circuits.

A-2?2 is the buazzer.

A-32 and 33 are telephone and AA-34 and 35 are detector connections.
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A-1-3 and A-R9-31 provide places in which extra inductances or
capacities may be connected in primary or secondary circuits respectively.

To use type A receiver for receiving undamped waves with the oscillating
Audion, the telephone binding posts of the receiver are short circuited and
the crystal detector removed. The detector binding posts are then con-
nected to the R, and R, terminals of the Audion box (fig. 92d). This box
contains the grid condenser GC, the bridging condenser C, and the battery
of dry cells B, of 36 volts, and has terminals for attaching the telephones

GC
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C,
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ON ® OFF

A+
RECEIVING SET _‘||| M'J
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F1a. 92p.—Diagram of Connections Type A Receiver, for Receiving Undamped
‘Waves with the Oscillating Audion.

and the wjres from the plate (red), and grid (green), of the bulb. A
storage battery of six volts for heating the filament in the bulb is then con-
nected to the terminals 4 + A4, taking care that the filament rheostat is
placed in the position “in ” before the current is turned on at the “on”
and “off ” switch. The rheostat is then adjusted so that the filament, if
of the Hudson type, burns with about the brightness of the filament of a
carbon incandescent lamp. The brightness should not exceed a dull red if
the filament is coated with oxide.

The grid condenser and the stopping condenser are set about one-fourth
in, and the tuning condenser C, set at zero, then if the Audion is to be used
in ultra-Audion connection the Audion switch is set “arc” and the B
battery potentiometer adjusted until oscillations are produced. This con-
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dition may be tested by touching with the moistened finger a bare portion
of the wire connecting the receiver with Rs. If oscillations are present,
touching the wire will produce a clicking or rustling noise in the tele-
phones. The secondary condenser is next increased to give the required
wave length and the Audion again tested for oscillations by touching the
wire at Re.

If the set is provided with tickler or back-coupling coils the Audion
switch is placed on “spark.” The coil T, of from 2 to 6 M. H. is con-
nected to the binding posts marked “ tickler,” and T,, of 0.5 to 3 M. H.
connected to the outside secondary loading coil terminals, and the coupling
T, T, adjusted. If oscillations are not produced the terminals of T, should
be reversed. The back-coupling connection usually gives more stable oscil-
lations than the ultra-Audion connection. Considerable amplification of
spark signals without the loss of musical note may may be obtained by closing

the back coupling to a pomt not quite close ‘enough to produce oscillations.

VARIABLE CONDENSERS.

In fig. 921 is shown the type of variable condenser used in radio receiving
circuits and wave meters. It consists essentially of two sets of semicircular
plates one fixed and the other capable of being rotated so that its plates may

F1a. 92r.—Variable Condenser.

occupy positions between the plates of the fixed set. The capacity is varied
by the relative position of the semicircular plates. The condenser shown

is manufactured by the De Forest Radio Telephone and Telegraph Co. for . -

general radio work.
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CONDENSERS IN RECEIVING CIRCUITS.

203. A variable receiving condenser usually cousists of semi-circular
metal plates separated by air dielectric, alternate plates being fixed. The
other plates are movable on an axis, by turning which, any desired amount
of the movable plates can be included between the fixed plates. The axis
carries a pointer- which moves over a scale graduated in degrees or
directly in microfarads. If used in connection with a fixed inductance,
the scale, like a wave meter, which in this case it becomes, may be grad-
uated directly in wave lengths. Some of the Stone receiving sets had
sliding glass plate condensers, and the Pierce sets, step-by-step variable
condensers in the receiving circuits, but the revolving plate type described
above is practically a standard and is illustrated in fig. 109.

Variable condensers now supplied have the limits of their capacity
marked on the name plate in microfarads.

Fixed condensers, in receiving circuits, are often called stopping con-
densers (art. 196). They may be of any compact type, and (except in
the case of a fixed condenser for use with the ticker detector, which should
have a comparatively large capacity), the capacity may be quite small.

INDUCTANCES IN RECEIVING CIRCUITS.

204. Variable inductances include the step-by-step, roller, and vari-
ometer types. The first is made up of plug or dial steps, giving a limited
number of changes, one section of a coil being varied at a time, or it may
be a cylindrical coil of insulated wire wound on hard rubber, glass, or por-
celain, one point in each turn being bare and connections being made by
a slider giving as many adjustments_as there are turns of wire in the
coil.

In the DeForest pancake tuners the coil was a flat spiral of insulated
wire on glass, one point in each turn being bared so as to form an arc of
a circle, the end of an arm pivoted at the center of this circle making
contact at any desired point.

Shoemaker sets (fig. 82) have a single roller mductance, the bare wire
being wound in a spiral groove on an ebonite cylinder. A sliding contact.
~on a rod parallel to the cylinder, works in the groove and is pressed
against the wire by a spring. By revolving the cylinder an infinite num-
ber of adjustments can be obtained. v

Earlier Fessenden sets (figs. 79 and 82), have double roller inductances,
by turning which, the wire can be reeled from one roller to another as
desired. On one roller the turns are insulated from each other and on
the other they are short circuited so that any desired length can be re-
tained in the circuit.

None of the above types of variable inductances can be readily mounted
go as to vary the mutual induction between them by any definite amount.
They are suitable for loading but not suitable for loose coupling.



156 MANUAL OF RADIO TELEGRAPHY AND TELEPHONY.

For this reason the preferred types of receiving circuits are made up of
fixed inductances (or those varied by plug or dial steps), mounted so that
they can either be pulled apart or one coil revolved so as to change its plane
and hence the mutual induction with reference to the other or others.
The variometer type, mounted like variable condensers, are now being
manufactured. Their self-induction can be varied quickly and con-
veniently and close adjustment of period (tuning) made with them or
with the variable condensers, but the entire coil is always in circuit.

Each section of an inductance not in circuit should be opened at both
ends, i. e., entirely disconnected, and if its natural period is large it should
be mounted so that the inductive effect of active parts on it is & minimum.
This applies especially to loading coils for long wave lengths. (Fig. 92.)

All inductances are wound on hard rubber, porcelain or glass and so as to

have a minimum high frequency resistance. The decrement of the entire
circuit must not exceed .3.
f nL it can readily be seen that a
very pronounced natural period—a stiff circuit—can not be obtained
unless the self-induction is large compared with the total Tesistance (in-
cluding the radiation resistance).

From the formula for damping d=

DETECTORS.

205. There are two types of detectors now in general use, viz., the
Audion, and the Crystal or rectifying detector. The electrolytic is used
only as a standard for comparison. Coherers and microphones are prac-
tically obsolete, and comparatively few of the magnetic detectors have
been installed, but the use of audions and ultra-audions is increasing.
Unlike coherer detectors, all types of crystal, magnetie, electrolytic and
audion detectors are self-restoring. Generally speaking all should be
put on open circuit while sending, to preserve them from injury due to
induced potentials and currents.

The ordinary detector serves as well for receiving the continuous
modified oscillations of wireless telephony as for the groups of oscillations
in ordinary wireless telegraphy.

THE ELECTROLYTIC DETECTOR.

208. It consists of a fine platinum wire just touching an electrolyte
made either of a 20% solution of nitric or sulphuric acid or an alkali.
Of these the nitric acid solution is preferred. The other electrode is also
of platinum. The containing cup (fig. 79) is made quite small so that
the cohesive power of the electrolyte will prevent splashing in a sea way.
The electrolytic detector must have the fine wire terminal connected to
the positive pole of the local battery (fig. 79), otherwise the device is
not operative.



MANUAL OF RADIO TELEGRAPHY AND TELEPHONY. 157

Dr. Austin states that the higher the frequency, the finer the wire
should be, and that the depth of immersion does not matter if the
detector is not directly in series in the closed circuit.

When a current flows through the electrolyte, the latter is decomposed
(the action being called electrolysis) liberating oxygen at the anode and
hydrogen at the cathode. The accumulation of these non-conducting
gases on the electrodes interferes with the passage of the current, which
soon ceases to flow and the cell is then said to be polarized.

The fine wire anode is then insulated by the oxygen, which forms the
dielectric of a small condenser, of which one conducting surface is the
electrolyte and the other the wire point.

The critical potential of the detector is just below that necessary to
break down this insulating layer of oxygen and is determined by increas-
ing the potential at the detector terminals by means of the potenti-
ometer until a bubbling or hissing sound is heard in the receiving
telephone ; then resistance is cut in until this sound just ceases.

When electric oscillations are impressed on this condenser, the polariza-
tion layer breaks down and permits a pulse of direct current from the
battery to pass through the cell and Zfelephone. As soon as the oscilla-
tions cease the polarization is restored. ’

Except when they are very strong, the loudness of the sounds produced
in the telephone is an exact measure of the energy of the oscillations
passing through the cell.

This constancy of action of the electrolytic cell is utilized as a means
of comparing the sensitiveness of detectors, the standard being the sen-
sitiveness of an unjacketed platinum wire electrode .0002 in diameter in
a solution of 20% nitric acid.*

Glass jacketed electrodes formed by sealing the wire in glass (the two
having the same coefficient of heat expansion) have been used, but are
less reliable and in general less sensitive and are no longer supplied.
Some of these glass points were made hook shaped, the hook pointing
upward to facilitate depolarizing but no increase in sensitiveness was
noted on this account. :

With the Shoemaker receiving sets was furnished what was called a
primary cell detector. The electrolyte used was a 20% solution of sul-
phuric acid and the other electrode was a zinc rod amalgamated with
mercury, which in the acid solution gave a difference of about .7 volt
between zinc and platinum. No local battery was required (fig. 82). At
times this detector compared favorably with the one just described, but
was in general more irregular and less sensitive in its action.

®* Dr. Austin has invented a * detector tester ” which affords a means of
direct comparison between detectors operating under the same conditions.
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In all electrolytic detectors very strong signals or static discharges
produce actual sparking or an explosive action in the electrolyte, which
destroys the platinum point and an operator must be constantly on the
lookout to protect his point from burning out. The best results in
electrolytic detectors have been obtained with a distance between electrodes
.of approximately } inch.

RECTIFYING DETECTORS.

207. There are certain substances which when brought together in not
too close contact, have the property of producing a direct current when an
alternating current or electrical oscillations are sent through them. The
cause of this action is not yet known. Among these substances are car-
bon in contact with steel, tellurium with aluminum or galena, silicon
with any of the ordinary metals, and certain crystals.

The first of the crystal detectors to be supplied was General Dun-
woody’s carborundum crystal detector.

Since rectifying detectors permit the passage of current in but one
direction, they produce pulses of direct current. These pulses, if strong
enough, can- be heard in a telephone so that local batteries are not re-
quired, although a slight increase of sensitiveness is noted in some de-
tectors with an E. M. F. across the terminals of the detector of about 0.2
volt.

Rectifying detectors are connected in receiving circuits in the same
manner as the electrolytic.

Their sensitiveness for general use is practically equal to the electro-
lytic and their simplicity makes them the more suitable. They are in
general less sensitive to injury from static discharges, strong signals, or
induced currents from sending, than the electrolytic, but, like coherers,
different crystals of the same material vary widely in sensitiveness and
sensitive spots in any crystal have to be found by trial and when found
are not constant. They are thus not as capable of quick readjustment
as the electrolytic, but their other advantages are such as to be con-
clusive as regards their use.

The carborundum detector when first introduced was simply held
between two points or wrapped with copper wire for one connection, with
a needle, knife edge, or more blunt piece of metal for the other. It was
later found that embedding a large part of the crystal in a conductor
such as solder or a mercury paste, and thus limiting the rectification to
one contact only, produced much better results and carborundum crystals
have been found equal in sensitiveness to other crystals now generally
utilized.

Pickard’s silicon detector followed the carborundum and is still in
use but it has been largely superseded by the Perikon & Pyron, supplied
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with the receiving set illustrated in fig. 86. The Perikon detector con-
sists of two crystals, chalcopyrites and zincite. A number of zincite
crystals are held in a conducting disc, a crystal of chalcopyrites is
mounted so that it can be brought into contact with any part of any of
the zincite crystals at will, and the pressure between the two regulated.
In the adjustment for maximum intensity of signals, the exact degree of
pressure and the most favorable points of contact are of importance.
These can only be ascertained by trial and test with the testing buzzer.

The sensitiveness of the Perikon may be approximately doubled by
connecting a battery across its terminals so as to give approximately 0.2
volt. The positive pole must be connected to the single crystal.

The Pyron consists of a crystal of iron pyrites in contact with a
metal point like the silicon. This is very satisfactory for strong signals
and constant in its action. The iron pyrites is more sensitive when the
pressure of the metal point is adjustable. The area of contact is also a
determining factor of semsitiveness; comparatively fine points.will dis-
cover sensitive places on irregular crystals, which blunt points will not.

The Perikon is more sensitive and must be protected against strong
gsignals. The zincite is the crystal injured by strong signals. It should
not be subjected to heavy pressures or grinding from the chalcopyrite.
When deadened the zincite crystals can be made operative by scrubbing
them with a bristle brush wet with carbon bisulphide, then with soap and
water and then rinsing with fresh water and drying. In damp weather
or in tropical climates this detector is improved by spreading a drop of
paraffin oil over the surface of the crystals. This comment applies to the
silicon also.

Galena, cerusite (a form of galena) and iron pyrites are all giving satis-
factory use by mountmg 50 as to have contact all over one surface and a
very fine, fiexible wire point, just touching the other surface.

VACUUM TUBE DETECTORS.

208. The two forms which have been used are known as the valve and
the audion, illustrated in figs. 84 and 88. The valve was discovered by
Fleming, and is sometimes called the Fleming valve. It is a rectifier,
permitting the passage of current in one direction only. It consists of a
special incandescent lamp (see fig. 84), operated by a 12-volt storage bat-
tery and having a small sheet or cylinder of metal held in the bulb near the
filament. Lamp filaments when glowing emit negative electricity, which
carries away part of the filament and causes the darkening of the bulb
seen on old carbon lamps. The vacuum thus becomes a conductor in one
direction only. It is not found to be a very sensitive one.
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The audion (fig. 88) has a metal grid interposed between the metal
plate and the lamp filament. In the valve, the metal plate is connected
to the receiving circuit, but in the audion, the grid is connected to the
receiving circuit, while the plate is connected to the telephone. In the
valve, the variations of current in the receiving circuit produce differences
of potential between the filament and the plate. In the audion, these
differences of potential are between the filament and the grid; or, as it is
perhaps better to say, the grid is charged by the received oscillating cur-
rents. In addition to this difference, the audion has a local battery with
its positive pole connected to the metal plate, and its negative pole to
the lamp filament. This battery, as well as the battery supplying the
lamp, has a variable voltage. The battery voltage and lamp voltage must
both be adjusted to secure the greatest sensitiveness of this detector; but

Fie. 88A.—Amplifying Audion.

this adjustment is permanent for any given conditions. The charge on
the grid, produced by the incoming signals, interferes with the flow of
negative electricity between the filament and the plate. This flow of
negative electricity, when the heat from the filament and the local battery
voltage are properly adjusted, produces a current through the audion of
the order of a mllhampere This current flows through the receiving

telephone and variations in it, produced by the varying charge on the

grid, are what make the signals heard in the telephone.

The audion has the further advantage over the valve, in that the tele-
phone can be replaced by the primary of a transformer, the secondary of
which is connected to another audion, with the result of amplifying the
signals produced. (See fig. 88a.) Audion bulbs have tantalum lamp
filaments, and plate and grid are usually double, one on each side of the
filament. The plate and grid are of nickel. The audion can also be used

as a heterodyne (art. 201). When connected for receiving continuous_

oscillations it is called “ the ultra-audion.”

T T T T T e~ Ry [P ETRNERRT R S . B
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We see, therefore, that the audion is suitable for use with arc, as well
as spark sets, and also as an amplifier; thus combining within itself the
qualities of all other detecters.

THE OSCILLATING AUDION.

If a low resistance circuit, consisting of a coil and condenser, be con-
nected to an audion, a lead from one side of the condenser connecting
through a stopping condenser to the grid, and a lead from the other end
of the condenser to the plate, it is found that the audion produces oscilla-
tions in the circuit, these oscillations being determined as to frequency by

Fia. 920.—DeForest_ Audion-Detector.

the inductance and capacity of the associated circuit. This form of
audion connection has been termed by Dr. DeForest the « Ultraudion.”
It was later found that oscillations could similarly be developed with the
condenser connected to the grid (through stopping condenser) and the fila-
ment respectively, by inserting an inductance in the B battery circuit lead-
ing to the plate, and coupling this coil with the correct polarity to the in-
ductance of the oscillating circuit. This coil has been variously termed
the “ back-coupling coil,” the “ feed-back coil,” and “ tickler coil.”

This form of oscillating audion is now generally used for receiving,
using the method of beats. The secondary circuit of the radio receiver is
connected as above to the ultraudion, and.oscillations are set up. The
frequency of these oscillations is made slightly different from the frequency
of the incoming signals, and the two slightly differing frequencies combine

11
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to form a third which is within the range of audibility. If the frequencies
differ by 1000, for instance, the resultant frequency gives a note in the
receiving telephone the same as from a 500-cycle spark set. This note is of
course under the operator’s control, as by varying the secondary condenser
of the receiver the frequency of the oscillations generated by the ultraudion
may be varied, and hence the difference in the two frequencies may be made
greater or less than 1000. ) )

Larger size tubes are now in general use as transmitting devices, the
general principle of generation of oscillations being as explained above.
The transmitting units are sometimes known as “ Oscillions.”

MAGNETIC DETECTORS.

209. The operation of magnetic detectors depends on the fact that
when iron is being magnetized its magnetization is somewhat delayed in
time behind the impressed magnetizing force, and when in this condition
the iron is very sensitive to any change in the magnetizing force, a
very small increase of which will produce a momentarily large increase
in the strength of the magnetic field.

Many patents have been issued for various forms of magnetic detectors,
the best known and the most largely used of which is Marconi’s, patented
in England in 1902. It is not injured by strong sending, but is not as
efficient as the crystal detector, the electrolytic nor the audion.

In its present form it consists of a flexible band of silk-covered iron
wires, moved by clockwork around two pulleys which support it. A glass
tube, through which the band passes, has a primary winding of insulated
wire in series with the aerial and a secondary winding forming a closed
circuit through a telephone. Close to the secondary windings are placed
similar poles of two horse-shoe magnets, which magnetize the iron band
slowly moving under them. Electric oscillations in the primary winding,
produced by passing electric waves, produce momentary changes in the
magnetization of the iron band under the magnets, and these changes
induce oscillating currents in the secondary winding which produce
sounds in the telephone.

An elementary diagram of this magnetic detector is shown in ﬁg 87.
It requires no local battery, and, not being subject to burn-outs except
from very large currents, it is a very convenient instrument, but is not
as sensitive as those previously described, especially for short wave
lengths. There are other methods of connecting this detector than that
shown in fig. 87, but since comparatively few magnetic detectors are in
use they are not shown here.
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SLIPPING CONTACT DETECTOR.

210. In its present form this consists of a small bundle of fine wires, or

a single wire resting lightly on the rim of a wheel of conducting material,

which is revolved at high speed by a small motor. It is not, in general, as

satisfactory as crystal detectors, but is suitable for receiving undamped

. oscillations (fig. 89). Its note is too low to permit good results in
receiving, when there is any static.

COHERERS AND LODGE-MUIRHEAD DETECTOR.

211. Coherers being practically obsolete are not described. They are
illustrated in fig. 93.

Of the many other kinds of detectors that have been used, the Lodge-
Muirhead, which would work either with a telephone or recorder, was the
most sensitive and reliable.

LODGE-MUIRHEAD
COHERER

Fra. 93a.

It is illustrated in fig. 93a, and consists of a polished steel disc rotated
by clockwork, its edge just touching the edge of a globule of mercury
covered by a film of oil. A pad which rubs against the disc keeps it clean
and bright. This coherer may be direct or inductively connected in or
to the aerial: Its conductivity changes sufficiently to relay a current for
working a siphon recorder so that it is suitable for use in connection with
determining longitudes by wireless telegraphy.

1t is also self-restoring and can therefore be used with a telephone.
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TESTING BUZZERS.

212. A testing buzzer with its battery of one cell, its condenser and
circuit, is a miniature sending set and an important auxiliary of every
receiving set. The oscillations set up in its circuit induce currents in
the receiving circuits, which serve by their effect to determine the sensi-

F16. 94.—Wireless Telegraph Test Buzzer. For Ships.

"

BUZZER
PLATINUM CONTACTS .

Il
Bl
Fia. 95.
tiveness and readiness for operation of the detector. A testing buzzer
outfit furnished with the Telefunken sets is shown in fig. 94, the con-

uections of that supplied with the 1-P-76 receiving sets in fig. 95. Tuned
buzzer circuits are useful in measurements.
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RECEIVING TELEPHONES.

213. The low resistance telephones in ordinary use are not suitable
for wireless work on account of the high resistance of the detectors, which
may be several thousand ohms. Specially made telephones are required
to produce the best effect. The magnet wire has very thin silk or
enamel insulation. A length of wire whose resistance is approximately
equal to that of the detector can be efficiently used. This is from 1000
to 25600 ohms in each of the double head telephones supplied.

For low frequencies, 