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PREFACE

The widespread interest in the telephone and
the usefulness of viewing the art from various
standpoints are sufficient reasons for the appear-
ance of this book.

This is an age in which self help and mutual as-
sistance are rightly prominent. In former years,
the skilled workman kept his information to him-
self. “I had to work hard to learn my business.
Let others do the same.” Though it originated in
gelfishness, such an attitude is partly good in its
results. ’

Part of a man’s equipment for life is his manual
and mental dexterity and skill, which can neither
be taught nor imparted to others. For this reason,
each man must bravely attack the work and “learn
to do by doing.” If he does not, he is doomed to
mediocrity or failure. ‘

The other part of a man’s equipment, his knowl-
edge, can be passed on for the benefit of others.
He can teach the novice what he knows. He can
direct him in the best ways of acquiring dexterity.
Fortunately the spirit of mutual helpfulness is pre-
valent in these days and every man who will can
learn.

A good book, written by a man of experience, and
studied in connection with one’s work is an exceed-

8



4 Preface

ingly valuable meang of acquiring a knowledge of
the art. Without waiting to “graduate” the reader-
student can at once begin to apply his information
and to gain that dexterity which comes only from
intelligent work. In some respects the man who
follows a home course of reading has an advantage
over his brother in college. This advantage lies in
the live and immediate interest with which he fol-
lows his studies, for he realizes their importance at
every step.

In this book have been brought together the best
things from many sources. Although it is impos-
sible to treat the whole theory, science, and art of
the telephone in one volume, this work will be found
to be fairly comprehensive. It will answer a host
of questions which come to every worker and will
prove stimulating to his ambition to excell.

The rise of wireless telephony is of enough im-
portance to justify a chapter on that interesting
subject. Though it is in its infancy, much has
already been done and a good foundation laid for
the future. The field is wide and must ultimately
be filled by practical and reliable apparatus and
methods. This book is fortunate in being able
to record the advance of the art to the latest
moment.

The automatic switchboard has come into wide-
spread use. In eighty cities in America it is serv-
ing the daily needs of the public, while abroad the
preparations for its use are going on rapidly. Many
of the readers of this book will doubtless be work-
~ ers on automatic exchanges. For these reasons the
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chapter on the automatic telephone has been pre-
pared. The descriptions of the switches and trunk-
ing are full and up to date.

It is the hope of the author that this book will
prove to be of interest and practical help to the
man who “‘shoots trouble” as well as to those whose
duties call them into other relations with the
plant.
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TELEPHONY

CHAPTER I

THE INVENTION AND FIRST PRINCIPLES OF THE
TELEPHONE

In the year 1876 Alexander Graham Bell and
Elisha Gray, two American scientists, invented in-
dependently the electromagnetic telephone. With
these inventions the practical application of
electrical transmission of speech over wires was
for the first time introduced to the world as an
established scientific achievement. The tele-
phone soon became an indispensable auxil-
iary to the expeditious dispatch of affairs in
the great field of commerce, in both the civil and
military branches of government, in the complex
relations of social life and in all other depart-
ments of human activity. Previous to the inven-
tions of Bell and Graham, other experimenters had
succeeded in transmitting sounds by means of me-
chanical telephones, which were crude devices, con
sisting of wooden rods and strings, or wires,
stretched between points separated by short dis-
tances. Such types of apparatus were known at as

7



8 Telephony

early a period as the seventeenth century, but were
of no practical value and served only as a source
* of amusement and entertainment to those inter-
estedl in the discovery of new phenomena in the
transmission of sounds.

The basic principle of all telephone practice,
as well as the foundation of all other applied elec-

HI—

BATTERY
Fic. 1

ARMATURE

trical science, is inherently involved with, and
dependent upon, the two laws relating to the
transformation of electric into magnetic energy
and conversely magnetic into electric energy.
An iron or steel bar wound with a coil of
wire, as shown in Fig. 1, becomes a magnet when
placed in circuit with a battery, and the electric
current is made to flow through the coil. If an
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iron armature be placed in proximity to either
of the poles of this magnetized bar it will be at-
tracted so long as the current continues to flow
through the coil of wire; the attractive power of
the magnet varying as the strength of the current
varies, and losing its magnetic attraction when
the circuit is opened and the current ceases to
flow. 1If, however, the bar be of steel and is
magnetized permanently, an attractive force, in-
dependent of the current, will be exerted upon
the armature; but the current will, according to
its direction, modify this attractive force by in-
creasing or diminishing it, as the case may be.
MaaNEgTIC LINES OF FORCE. Surrounding every
magnet is a field of force known as the magnetic
field which exerts an influence of attraction or
repulsion upon bodies susceptible to magnetiza-
tion, and which is represented by curved lipes
radiating from the poles of the magnet. These
lines are termed, magnetic lines of force, and
usually the strength of a magnet is referred to
in terms of the number of lines which radiate
from one of its poles. These lines merely in-
dicate the direction in which the magnetism acts
at any point and do not actually exist as lines.
The expressions “5,000 lines per square inch” and
“10,000 lines per square inch” simply mean that
the second is twice as strong as the first.
The radiation and direction of these lines
may be demonstrated visibly by the simple
experiment of holding a bar magnet horizontally
under a sheet of paper and sprinkling the psper
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with iron filings. The moment the iron filings
touch the paper they will arrange themselves on
its surface in lines corresponding to the mag-
netic lines of force, as illustrated in Fig. 2, which
shows the bar magnet, N. S., and the curved lines
of radiation described by the iron filings; and
which are supposed to represent the direction of

Fia. 2

the flux as it leaves the north pole and re-en-
ters at the south.

When a current indicator—a galvanometer for
example—is placed in circuit with a coil, as shown
in Fig. 3, and a magnet is moved close to the coil
in such manner as to change the number of lines
of force passing through the coil, the galvanometer
will indicate that a current has been generated
in the coil, and also that the current flows only
while such movement of the magnet is continued.
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The direction of the lines of force through the
coil, and the increase or decrease of their num-
ber, will govern the direction of the current; and
the rate at which the number of lines change will
determine the strength of the current.

When a body of iron is moved into the field of
a magnet, a greater number of lines pass through
the space filled by the iron than if the same space
were filled with air, which causes the field to be-

CoiL
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Fi6. 3

come distorted. Hence currents of electricity will
flow in a closed coil, if it be placed about the pole
of a magnet, and the mass of iron be moved to and
from the pole, as this movement will cause a vari-
ation in the intensity of the field.

THE ELECTROMAGNET. When a current is flow-
ing through a conductor, as A, B, in Fig. 4, it
is surrounded by lines of force, as shown at C, C’,
C” and the center of these lines is coincident with
the axis of the wire. These lines of force increase
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or decrease in number with the strength of the
current flowing through the wire. By winding

the wire around a soft iron core the same flow
of current will produce a very much stronger mag-

_— "
=
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netic field. The amount of magnetization for a
given kind of iron core is proportional to the
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product of the number of turns by the current
divided by the length of the iron core; and if,
as shown in Fig. 5, the iron core be extended,
bringing the poles in close proximity, a given
current strength will produce still greater mag-
netization. This arrengement constitutes an
. electro-magnet. _

ErecTroMOTIVE FoORCE. The three initial let-
ters, E. M. F. are usually employed to indicate
electromotive force. This refers to the force or
intensity with which a battery or other generator
tends to cause a flow of current. We must dis-
tinguish carefully between this force or tendency
and the actual flow of current. A dry cell may
have an electromotive force of 1.5 volts, yet if the
circuit be open, no current will be flowing. But
if the circuit be closed, the pressure of 1.5 volts
will cause the movement of electricity through the
connecting wire:

THE DYNAMO OR GENERATOR. By causing a
closed conductor to revolve between the poles of
the electro-magnet at A, (See Fig. 5), the lines
of force in the magnetic field will be cut and an
E. M. F. will be generated in the conductor, pro-
ducing a flow of current. But the amount of cur-
rent generated in a given strength of field will
be greater in proportion fo the number of
turns of the conductor and will be still greater if
the wire is wound around a soft iron core;
since the number of convolutions are in-
creased and the magnetic resistance is decreased
by the presence of the soft iron armature. A
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dynamo or generator, in its simplest form, is il-
lustrated in Fig. 6. The product of the strength
of field, the number of turns on one half of the
armature and the epeed per second in turns is pro-

Fic. 6
SIMPLE FORM OF DYNAMO

portional to the E. M. F. generated by a dynamo.
To some extent the resistance of the armature re-
duces the effective E. M. F. when a dynamo de-
livers current. The compound winding of a dy-
namo is generally used when a constant potential
from open circuit to full load is required, as by
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this means the current, by passing through the ser-
ies coils, assists the shunt coils, increasing the mag-
netic density and tending to maintain a constant
E. M. F. )

THE DyNaMoOTOR. A combination machine
called a motor-generator is constructed with a
dynamo and motor mounted on one shaft, each
having independent fields and armatures; but for
small machines one field and one armature suffices;
the armatyre being provided with two windings,
one being used for the dynamo and the other for
the motor. This is called a dynamotor. At one
end of the shaft is the commutator of one wind-
ing and at the other end of the shaft is the com-
mutator of the other winding.

SOUND

The phenomenon of sound, like heat, is caused
by molecular motion. When a sounding body is
moved to and fro, or vibrated, the air in contact
with it takes up the vibrations and transmits the
motion from one portion of air to another in un-
dulations or waves as shown in Fig. 7. These
waves consist of two parts, one in which the par-
ticles of air are pressed more closely together,
called condensation, A. or B., and one where they
are further apart, called rarefaction, C. or D. The
distance between two consecutive points of con-
densation or rarefaction is called the length of the
wave. These air waves set up corresponding vibra-
tions in the drum of the ear, which are thence con-
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veyed through the auditory nerve to the brain, pro-
ducing the sensation which we know as sound.
The magnitude, or amount of disturbance given to
the particles of air, is known as the amplitude of
the wave. The intensity of the sound is propor-
tional to the square of the amplitude, and like all
emanations from a central point in a free medium,
varies inversely as the square of the distance from

Fia. ¥
ILLUSTRATION OF SOUND WAVES

the center, which is, in this case, the position of
the sounding body.

Sound possesses three qualities—pitch, which
depends on the frequency of the vibrations; loud-
ness, which depends on the amplitude of the vi-
brations, and #imbre, or gquality, which depends
upon the form of vibration. The number of vi-
brations per second determines the pitch. A note
from a tuning fork giving out 250 vibrations is
referred to as having a “lower pitch” than one
giving out 500 vibrations per second.

Quality (German, Klangfarbe or Clang-tint;
French, timbre) is the ctaracteristic by which
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sounds having the same pitch are distinguished—
i.e. the distinguishing between the same .musical
note produced by different instruments or voices.
The difference between noise and music is that
noise is heard as an irregular succession of sounds,
but if the sounds become periodic and sufficiently
rapid, a musical note is obtained. The motion
of a pendulum is periodic, but too slow to af-
fect the anditory nerve; but if the number of vi-
brations were increased to 32 per second a deep
low note would be produced, and as the number of
vibrations increase, the higher would become the
pitch. Vibrations of the pendulum at the rate of
66 per second would produce the lowest C of the
piano, and at the rate of 528 the middle C would
be obtained, and so on. The quality is due to over-
tones or harmonics superimposed upon or blended
with the fundamental tones. These overtones have
the effect of altering or modifying the form of the
sound wave. In the case of articulate speech, the
fundamental is accompanied by higher frequencies.
When from any cause they become displaced
articulation becomes more or less indistinct. In
telephony tnductance and capacity are the chief
causes of imperfect articulation. If a circuit is
free from both, the articulation is practically per-
fect; but if both are present they have the effect
of distorting and displacing the harmonics.

THE HuMaN Voice. The most complicated
sound waves are those produced by articulate
speech, and in their production the vocal chords,
throat, mouth, tongue and teeth, are all factors,
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and the result is—unlike the simple series of vibra-
tions produced by a musical instrument—an ex-
traordinary combination of very rapid vibrations
upon which other vibrations are superimposed.
Sound waves produced by human voices are of in-
conceivable variety, as no two voices are exactly
alike. Fig. 8 illustrates the movement of sound
waves or vibrations as they are recorded by the
phonautograph, and which represent musical

Fic. 8 *
MUSICAL SOUND WAVES AS RECORDED BY THE
PHONAUTOGRAPH

sounds, and Fig. 9 represents the extremely
irregular form of wave .produced by articulate
speech. .
THE VocaL Ciiorps. The sound of the huma
voice is produced by the larynx forcing the air from
the lungs through the “vocal chords,” which con-
sist of two membranes divided by a narrow aper-
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ture or slit. The high or low notes, as desired, are
produced by the tightening or relaxing of these

W
F16. 9
IRRBGULAR SOUND WAVE PRODUCED BY ARTICULATE
SPEECH
membranes which are controlled by a set of deli-
cate muscles.
THE PEONAUTOGRAPH. By an ingemousmstru—
ment invented by Leon Scott, the wave motion of
sound has been visibly demonstrated and re-

SOUNDING
CHAMSER
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LEON SCOTT’S PHONAUTOGRAPH

corded. This instrument, Fig. 10, consists of a
sounding chamber which is open at one end to ad-
mit the sound, and a brass tube at the opposite
end closed by a flexible membrane stretched across
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its mouth, and to which a hog's bristle is attached
at right angles. The bristle rests upon soot-cov-
ered paper wound upon a cylinder which is
mounted upon an axis and revolved by a crank
handle. As the sound enters the chamber it causes
the membrane to vibrate and the vibrations are
traced upon the paper, as the cylinder revolves,
forming lines not dissimilar to the lines indicating

Fie. 11
MANOMETRIC FLAMES

the pulsation of the blood as traced by the sphyg-
mograph. ’

KoEN1G’S MANOMETER. Another apparatus for
observing and recording the wave motion of sound
is the ingenious mechanical contrivance invented
by Koenig, and which consists of a metal box con-
taining two compartments, an elastic diaphragm
forming the dividing partition. Sounds from the
voice or an instrument are admitted through an
orifice at one end of the box and to the other end,
by means of rubber tubes, a gas fixture is con-
nected, the supply of gas for which is ad-
mitted into the compartment in front of the
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diaphragm. The variations in the sound waves
are indicated by the changes in the strength and
steadiness of the flame ; effects which are produced
by the impinging of the waves against the dia-
phragm. A square box with mirrors on four sides,
mounted on a vertical shaft and rapidly revolved
hefore the flame by means of a crank handle, ex-
hibits the different variations in the image of the
flame, which corrspond with the different char-
acteristics of the sound wave, as shown in Fig. 11.

THE MUSICAL SCALE. As the consensus of be-
lief is that sound and light are governed by the
same law, the conclusion of science is that they
- are both manifestations of the same force in na-
ture, i.e.: bbth are manifestations of vibrations in
solid substances, in the air or in that highly at-
tenuated universal ether which pervades all mat-
ter. The musical scale as compared with the solar
gpectrum 1is a convincing illustration of this truth.
This scale consists of a series of seven sounds des-
ignated by the letters A, B, C, D, E, F, G, and
when this scale is mounted or descended in order,
every eighth note, or “octave,” is the same as the
initial one, varying only in pitch according to its
proximity to base or treble. A note which is an
octave above another note has twice its frequency.
The seven sounds, or full notes, are known in
musical terminology as “naturals.” There are also
five other notes, termed half tones or “sharps” and
“flats,”—notes which come between certain nat-
urals as a vibratory modification or connecting
link between two well defined simple sounds, anal-
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ogous to the vibratory variation of sun light, which
in the seven colors of the solar spectrum, cause
the effect of colors blending into one another, that
would otherwise be sharply separated.

OcTavEs oF Force. To vibration, slow or rapid,
is due the difference between any two notes in,
one octave and between the same notes in different
octaves. Perceptible to the sense of hearing, as
“one tone,” are sounds consisting of less than 32

Fia. 12
THE IIUMAN EAR

vibrations per second, or as many as 32,000 vibra-
tions per second; representing a difference of fif-
teen octaves. Between the “sense” perception of
sound and light, in regular scale of increasing vi-
bratory intensity in multiples of 2, there are thirty-
five octaves, the light area computed by scientists
from the number of vibrations of the faintest ray,
being termed the “fiftieth octave.”

Tae HuMaN EAR. A good sectional view of the
human ear is shown in Fig. 12. A membranous
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diaphragm, called the tympanum or “drum,” is
stretched across the inner end of the external canal.
Three minute bones, or ‘“ossicles,” forming a
series, are named the “malleus” (hammer), the
“incus” (anvil) and the “stapes” (stirrup), and
are shown respectively at a, b, ¢, Fig. 13. The
malleus and stapes close the passage to the inner
ear; the former by pressing against the inner side

Fie 13
THE “MALLEUS,” THE “INCUS,” THE “STAPES”
OF THE EAR

of the tympanum or drum, and the stapes by press-
ing against another membrane. The “labyrinth”
and the “cochlea” (snail shell), a and b Fig. 14,
are bony structures threaded by a series of small,
tortuous canals; the former, a, being filled with
nerve fibers to which the auditory nerve is con-
nected, and which also runs through the turns
and convolutions of the latter, b. The nerve fibers,
some 3,000 in number, which line the inner mem-
brane of the cochlea, and connect with the brain,
are the terminals of the auditory nerve and are
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known as “Corti’s Fibres” or “Rods of Corti.”
These fibres appear, each one, to be attuned to
a certain note or tone, and when such note is
sounded on a musical instrument, and the sound
wave enters the ear, it causes one of these fibres
or rods to vibrate in unison with it, and this vi-
bration, being transmitted to the brain, the sen-
sation of sound is experienced. A harmonious

Fi1c. 14
THE “LABYRINTH” AND “COCHLEA”

sound would be produced if a chord or combina-
tion of musical sounds were made, as a corre-
_sponding vibration would be produced in several
fibres or rods; each fibre responding to the note
to which it is attuned, and no two fibres are re-
sponsive to the same note; but the complex system
of nerve fibres, considered as a whole, is capable
of responding, not only to notes of different tone;
but also to sounds of different form, such as ar- .
ticulate speech. This phenomenon has never yet
been satisfactorily explained.

The acuteness of hearing and the distinguish-
ing between sounds varies in different persons, de-
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pending entirely upon the number of nerves pos-
sessed and normally performing their functions.
The majority of people have substantially the
same number of nerves and consequently an equal
capacity for hearing. In others some fibres may
be undeveloped, diseased or lacking altogether, in
which cases there is imperfect vibratory response,
or none at all, to the corresponding vibration of
the external source carried to the ear drum by the
sound wave. When the functional performance
of any of these nerve fibres is defective from disease
or any cause whatsoever, and they are not respon-
sive, this causes a condition known as “tone-deaf-
ness,” and total or partial deafness, either con-
genital or acquired, accompanies respectively the
total impotency or partial impairment of this sys-
tem of nerves. Many theories have been advanced
and attempts at explanation made to account for
the transmission of articulate sounds by the process
of interrupted currents; but no interrupted cur-
rent has been successful in securing results. It
requires an undulating or an alternating wave of
definite characteristics to transmit speech. This
wave must correspond to the sound wave in all
particulars, in the same way as do the undulations
in the groove of a phonograph record.

So far as the nature of sound is understood, con-
cisely stated, it consists in vibrations set up in
the air, in solids and in liquids, and is a molecular
motion produced in varying degrees in all material
things, and the characteristics of sound, i. e.:
loudness, tone and timbre, are all transmitted as
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far as the sound will go, and combine to create
. upon the brain, through the medium of the ear
and auditory nerve, a single impression, and the
theory upon which rests the electric telephone is
that these combined characteristics of sound create
impressions, which in a similar manner, vary the
electric current. That the carrying distance of
gound in the air or other medium, by virtue of its
own vibrations is very limited and dependent upon
various conditions, is a fact which would not-es-
cape the most careless observer. The sound of
the woodsman’s axe, which under favorable at-
mospheric conditions would be heard at a con-
giderable distance in a given direction, would fall
far short of its reach should the wind be wrong.
The phenomenon which we know as wind is but
a body of air moving in a certain direction, and
when sound waves are set up in it, those waves
which are coincident or approximately coincident
with its direction, travel further than if the air
were not in motion. This may be illustrated by
a simple analogy. Sound waves like water waves
will travel a distance in ratio to the initial energy
imparted to them at the point of disturbance.
If a pebble be thrown into a pond of still water
—and assuming that no obstructions are in the
path of the resulting wave—it will begin at the
point of impact and travel in all directions in an
ever enlarging circle; the energy becoming con-
stantly distributed, and hence decreasing as the
circle enlarges, until it becomes completely ex-
hausted and is absorbed by the body of water. If
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a large rock be thrown into the water the dis-
turbance or initial energy imparted, and the am-
plitude of the wave, will be greater than that
caused by the impact of the pebble and it will
travel further proportionately.

In this case the distance traveled by the wave
represents only the molecular motion created in
the body of water proper; but let it be assumed
that the body of water is contained in an immense
basin and is moving at a certain rate of speed on
a mammoth flat car; then should a wave be caused
by the impact of some object cast upon the surface
of the water, its progress, as referred to immobile
objects on the earth’s surface, would be deter-
mined by two distinct motions, viz., the molecular
motion of the water itself and the motion through
space of the water as an entire body. As in this
case the wave is an integral part of a moving
body of water, likewise is the sound wave an in-
tegral part of a moving body of air—or the wind.

In the above illustration the motion of the
water carried along on the car is analagous to
the motion of a body of moving air, or the wind;
and the movement of the wave on the surface of
the water is analogous to the sound wave set up
in a body of moving air.

It is a common-place fact observed by nearly
everyone, that sound does not travel so far when
moving against the wind as when moving with it,
and the reason is apparent when the illustration
given above is .considered in its reverse applica-
tion. As sound waves travel at a very much



28 Telephony

higher rate of speed than the wind, this fact must
be borne in mind and allowed for in all illustra-
tions of comparison; for were it not true. that
sound travels faster than wind, it could not be
heard at all in a direction against the wind, as the
progress of that part of the sound wave traveling
in the opposite direction to the direction of the

ANALOGY OF SOUND WAVES

wind would be slower than the velocity of the
wind and consequently would move in the direc-
tion of the wind at a rate equal to the wind’s
velocity less its own speed in the opposite direction.

A simple illustration of this may be given by -
pursuing further the analogue of the moving basin
or pond and the water waves. The circle, Fig. 15,
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represents the pond, moving in the direction indi-
cated by the arrow, at the rate of one mile per
hour. The broken lines represent the water
waves moving in every direction at the rate of
three miles per hour.* Obviously then, the seg-
ments of the semicircle A, moving directly or
approximately in the same direction as the pond,
will travel a certain distance in a certain length of
time until they become exhausted and absorbed;
but the total distance covered in this length of
time, will be the distance traveled by the wave
plus the distance traveled hy the pond; or, in one
hour the waves will have covered a distance of four
miles—three miles with their own motion and one
mile with the motion of the pond. Obversely then,
the waves in the semicircle B, would have traveled
but two miles—three miles at their own rate of
speed in one direction, less one mile covered by
the moving body of water in the opposite direction.

When sound waves are confined as within long
tubes, such as the speaking tubes, which were once
in common use, the sound is conveyed to a greater
distance and speech is more distinctly heard than
when the sound waves spread through the air, and
sound may be conducted along a definite line or
conduit such as the “lovers’ telegraph” heretofore
described ; but all transmission of sound, whether
by waves in the air or vibrations communicated to

* For convenience of illustration this calculation has
been made regardless of the variation in distances
traveled by segments of wave circle, due to differences
in angles of radiation from true direction.
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a taut string, is very limited, and both the waves in
the air and the molecular vibrations in a solid con-
ductor soon suffer dissolution by atmospheric or
other resistance, Therefore, for practical purposes,
no agencies for the transmission of sound to distant
points were ever known to the scientific world
until the discovery was made that the electric cur-
rent could take up the impulses of the sound wave
and transmit them to the distant end of a line
where they could be reproduced with all of their
characteristics.




CHAPTER II
INDUCTION

As a comprehensive treatment of the subject of
Telephone Practice is contemplated principally in
the preparation of this volume, a knowledge of the
fundamentals of magnetism and electricity is
presupposed, and therefore only cursory reference
is made to such elementary features of the subjec{
as the “attraction by unlike poles and the repul-
sion by like poles” of the magnet ; or to the “Ohm’s
law,” and other features contained and elucidated
in the usual preparatory curriculum of electrical
study, familiar to advanced students and practical
workers. But the subject of induction, being one
of such paramount importance, and its thorough
comprehension so indispensable to a clear under-
standing of the principle upon which all tele-
phones of practical utility are constructed and
operated, a concise survey or summary of its sali-
ent points may be advantageously reviewed, and
reassimilated, before entering into the technology
and applied theory of this great branch of electri-
cal science.

Induction is the inevitable concomitant of mag-
netic and electric disturbances. A current will
circulate in a coil of wire in a certain direction
whenever a magnet is made to approach the coil or

81
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enter it, and if a galvanometer be placed in cir-
cuit with the coil the needle will be deflected in
one direction, as shown in Fig. 16; but when the
magnet is withdrawn the path of the current will
be reversed and the deflection of the needle will
also be in the opposite direction. This current
is a transient one, lasting only during the motion
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Fic 16
DEFLECTION OF NEEDLE CAUSED BY BRINGING
MAGNET NEAR WINDING

of the magnet, and when this motion ceases inside
or outside, the needle will remain at zero.

The same effect may be obtained by winding a
shorter coil of thicker wire around a soft iron
core, connecting its terminals to the poles of a
battery and bringing it to the larger coil or
introducing it inside, as shown in Fig. 17. This
contrivance embodies the essential features of the
induction coil.

THE INpUcTION CoIL. This apparatus, Fig.
18, is constructed by winding two coils on the
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same spool or bobbin instead of winding them
separately. The shorter coil of wire is wound on
the bobbin first and over that the thinner wire
composing the longer coil. The shorter coil is
called the primary wire, and is much thicker than
that of the longer coil to enable it to carry a strong
current without overheating. The longer coil is
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Fi1a. 17
SECOND METHOD OF ILLUSTRATING THE RISE OF
CURBRENT CAUSED BY VARYING DISTANCE OF
MAGNETIC FIELD FROM WINDING

called the secondary wire. To close and open the
circuit the primary wire is provided with a key
or commutator. A current passes through the
primary wire,-when the circuit is closed, and the
curving lines of force which flow around that wire
cut or pass through the wires of the secondary
coil at right angles to their length. As this is
one of the conditions of an induced current such
a current will flow in the secondary wire. When
the current of the primary is broken, a current
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flows through the secondary in the opposite direc-
tion. If a current is already flowing in the prim-
ary, and it is suddenly increased, a current will
flow in the same direction as the former, and
when the current is decreased a current will flow
in the same direction as the latter.

The first current is referred to as inverse and
the second as direct, for the reason that the direc-
tion of the first current is opposed to that of the

Fi1a. 18
INDUCTION COIL

primary and the direction of the second current
coincides with it.

One of the conditions of an induced current, it
has been maintained, is that the lines of force of
the magnet or primary wire, must be projected
at right angles to the winding of the secondary
coil, when they are then supposed to cut the coil.
The current, however, is not caused by the lines
of force proper cutting the coil; but rather by the
turning of the molecules of the wire whereby they
place themselves 4n the lines of force; in action,
similar to the movement of the tangent galvan-
ometer’s magnet, which seeks a position in the lines
of force of the coil. The molecules assume their
former position with the cessation of the current
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and a current is then produced in the contrary
direction. '

The intensity of the magnetic field, and conse- -

quent strength of current; the number of turns
of wire in the secondary coil; the rapidity in the
variation of the magnetic field produced by the
current in the primary wire, by either making or
breaking the circuit or by increasing or decreasing
the current, are the three conditions upon which
the E.M.F. depends. If the number of lines of
force cutting the secondary coil is at first N’,
where induced currents are created by increasing
and decreasing the current in the primary wire,
and N’ is increased to N”, in a time T, and R
being the resistance of the coil, then the strength
of the induced current may be deduced from the
N’ —N"
formula: I=K-——— The numerator
RT
in which I — the current and K — some constant
number will be minus and the current an inverse
one since N” is greater than N’/. But a direct cur-
rent will be had if the current in the primary is
reduced since N” will be less than N”.
DirectioNs oF INDUCED CumRENTS. The di-
rection of induced currents may be determined by
Lenz’s law, which conecisely stated is, that induced
currents will follow a direction- opposite to the
motion producing them. For example: If a coil
be approached by the south pole of a bar magnet
a current will be induced in the coil in such
direction that the near end of the coil will be a
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south pole and will tend to repel the magnet—as
like poles repel each other; but if the south pole
is removed suddenly, the end of the coil will be-
come a north pole, it will attract and tend to re-
sist the removal of the receding pole. The intro-
duction of a coil into, and its removal from, a
hollow coil, will produce the same effect.

STRENGTH OF CURRENTS IN Corrs. Within cer-
tain limits a current of high E.M.F. can be pro-
duced at will. The EM.F. and current in the
secondary coil will be nearly equal to that in the
primary coil when the number of turns of wire
on the former is equal to that on the latter; but
as the number of turns in the secondary coil is
increased, the strong current and low E.M.F. of
the primary is transformed into a high E.M.F,
with a comparatively weak current in the second-
ary.

Energy, being a constant quantity, is not created
or destroyed, but may be transformed, as in these
cases. For instance, muscular energy is trans-
formed into electrical energy when the magnet is
advanced by hand. The energy W in the prim-
ary, when the induced current is produced, is
approximately equal to the product of the current
and the EM.F.,, or E X I’ In the secondary
the energy likewise is approximately equal to the
product of the EXM.F. and current or E” X I”.
But E” X I” will always be somewhat less than
E’ X I’ as in any case of the transformation of
energy more or less will disappear in heat or other
ways and to transform the entire energy in the
primary is not possible.
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As the number of turns of wire in the second-
ary coil is the second cause of the high induced
E.M.F., then likewise, E’ : E” : : N’ : N”, one and
two respectively in each case refers to the primary
and secondary coils. This holds true only if all
the magnetic flux cuts both coils.

When the galvanometer is connected to the
secondary coil the third cause of the high induced
E.M.F. may be verified by observing the deflections
of the needle, when the magnet or coil is sud-
denly or slowly inserted or withdrawn, or when a
current is suddenly or slowly increased or de-
creased.

EnEercY LostT THROUGH INDUCTANCE. To the
magnetic inertia or inductance of the wire in
both coils is due the loss of as much of the trans-
formed energy as is expended- in overcoming it.
A part of the energy is lost in a long straight
wire because of the retardation of current and the
time required to form a signal at the remote end,
In addition to this retardation, when the wire is
in the form of a coil a force is created in opposi-
tion to the current, as in passing through the
secondary wire, it induces a current in the op-
posite direction in all the adjacent convolutions.
The collapse of the magnetic field produces an
induced current when the original current ceases.
Theoretically this should restore to the circuit
all the energy lost when the current was started
but practically it is lost in the spark produced
at the contact. Not only does it act as a drag,
but the first part of the current is absorbed
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by it. Assuming that there are ten turns in a
coil, the inductance would be proportional, i. e.,
to 102 or 100; because the current passing
through any one turn in the secondary wire
would induce a current in every other turn,
and also a current before itself, and every other
turn would act likewise, from which may be de-
duced the rule that the action varies, not as the
number of turns, but as the square of the number
of turns. Inertia or self-induction is denoted by
the symbol L, and R denoting the resistance of the
coil or circuit, L R would denote its time con-
stant, from which, to ascertain its effects, the cal-
culations may be made.

Loss or PART oF TRANSFORMED ENERGY DUE
170 HEAT. The heat in any wire is H=12 RT
= E? T/R = EIT, therefore it is inversely pro-
portional to the resistance for a given E.M.F., and
directly proportional to the square of E.M.F. for
a given resistance. Consequently the heat is re-
duced by one-half when the resistance is doubled,
and it is quadrupled when the E.M.F. is doubled.
The unit of heat or the caloric represents a quan-
tity of heat which will raise 1 gramme of water
1° C.



CHAPTER II1
BELL’S TELEPHONE

THE EarLY TYPES oF BELL’S TELEPHONE. The
first forms of telephone invented by Professor
Graham Bell were of no value so far as their
utility related to public service, as they were com-

Fic. 19
EARLY TYPE OF BELL TELEPHONE

plicated in construction and inefficient in per-
formance. The earliest practical apparatus which
he finally evolved was constructed upon the essen-
tial principle and possessed all of the cardinal
features of the highly developed and perfected
type in present use. It was of much simpler con-
struction than the first forms and far easier to
understand and has undergone practically no
change since it was first exhibited in 1876. One
89
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of the first forms constructed by Professor Bell is
shown in Fig. 19 and was on exhibition in 1876
at the Centennial Exposition at Philadelphia.
This apparatus, although suitable only for labora-
tory purposes, was mnevertheless considered an
achievement of transcendent scientific interest, as

Fic. 20
RECEIVING END

it accomplished -the astounding result of trans-
mitting spoken words through a telegraph wire by
means of electric currents. The result was ob-
tained by producing a variation of strength of
current in exact proportion to the velocity of a
particle of air moved by the sound, and the method
of accomplishing this was by means of a piece of
iron attached to a membrane and moved back and
forth in proximity to an electro-magnet shown at
d in Fig. 19, and in the same figure the battery
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and wire, ¢ and h, are in circuit with the tele-
graph wire f and /, and also with the wire of an-
other electro-magnet at the receiving station, as
gshown at m in Fig. 20. There is a solid iron bar
core in this second electro-magnet which at one
end is connected by a thick iron disc to an iron
tube surrounding the coil and bar n, Fig. 20. One
pole of this electro-magnet is the free circular end
of the tubé and the other pole is the free end of
the adjacent bar core. The sounder o, by which the
electric effect is reconverted .into sound, consists
of a thin circular iron disc held pressed against
the end of the tube by the attraction of the electro-
magnet, with freedom for very limited vibratory
movement without contact with the central pole.
The mouthpiece of this apparatus for collecting
the sound is shown at a, Fig. 19, and in the same
figure b b are the screws which serve to tighten or
slacken the diaphragm, composed of gold-beater’s
skin, and in the center of which a small piece of
watch spring is fixed, the skin being stretched
over the collar ¢ ¢ and retained by it in position.
At d the electro-magnet is shown, the iron core of
which is supported at one end by the pillar e,
while the other end is immediately opposite the
diaphragm. The original diaphragm of gold-
beater’s skin was later on superseded by a thin
iron disc.

The wire leading from the transmitter is shown
at m in Fig. 20, and is connected with a vertical
bar electro-magnet located inside of the iron tube
n. The diaphragm or thin iron disc o is caused
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to vibrate by the attraction of the electro-magnet.

THE MopERN BELL TELEPHONE. After much
experimental work Professor Bell finally devised
a form of telephone in which the electro-magnet

Fi1a. 21
MODERN TYPE BELL RECEIVER

and battery were dispensed with, and a permanent
magnet substituted; the latter having been-found
to answer the same purpose. In this apparatus he
employed a compound horse shoe magnet, having a
small bobbin of fine insulated copper wire fixed
on each pole, the two inner ends of the wire being
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joined together, one of the outer ends leading to
the distant telephone and the other being con-
nected with the earth or the other line. Imme-
diately in front of the magnet a thin iron disc or
diaphragm was mounted. Fig. 21 illustrates in
sectional view, the modern form of this instru-
ment, which is known as a double pole Bell tele-
phone or receiver. A permanent horse shoe magnet,

Fra. 22
EXTERNAL VIEW OF BELL .RECEIVER

aa, of the best tungsten steel is mounted inside of an
ebonite metal case ee. Screwed on to the poles
of the magnet are soft iron pole pieces, pp, form-
ing the cores of the coils b. b., which are wound to
a resistance of 60 to 80 ohms. The ferrotype plate
is indicated by dd, the regulating screw by s, and
the terminals which connect with the wires from
the coils by ¢. {. The dotted lines show the con-
nection of the coil wires and the terminals. Fig.
22 is an external illustration of the double pole
receiver. :

In the diagram, Fig. 23, is shown the means
sometimes used by which calling attention is ef-
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fected. The bell [ is connected with the line when
the telephone ¢ is hung on the hook of the auto-
matic switch s. ‘The bell is cut out of circuit when
the telephone is taken from the hook. The path
of the current operating the bell starts at the posi-
tive pole of the battery at A when the ringing key p
is depressed and proceeds in the direction indicated
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Fia. 23
SIMPLE TELEPHONE CIRCUIT

by the arrow to B, whence it passes to earth after
traversing the coils of the trembler bell. In like
manner the bell at A is rung when the key is de-
pressed at B. It is obvious, then, that after a con-
versation is closed the telephone should always be
replaced on the hook.
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THEORY OF. BELL TELEPHONE

The nearest path, or path of least magnetic resist-
"ance in the magnetic circuit tends to be taken by
the lines of force which constantly stream from the
pole of the magnet. The greater part of these
lines will pass through the iron disc which has a
resistance about 1400 times less than air. By
bringing the disc nearer still more of the lines will
flow through it, and by removing the disc from
the magnet fewer lines will pass through it, and
the remaining lines will return by the air path.
As the disc approaches and withdraws from the
magnet under the influence of the vibrations of the
air due to the voice, the distribution of the mag-
netic field constantly varies, and currents circulate
in the coil and line wire in alternate directions.
The rate of motion of the disc causes a variation
of the rate of increase and decrease of the num-
ber of lines of force passing through it, and the
change of number of the lines of force produces
undulatory currents in the coil and wire. There-
fore the number of currents is determined by the
number of vibrations, and their form and in-
tensity, by the rate and amplitude of the vibrations.
The low, deep notes of a man’s voice cause about
100 complete vibrations per second, and the high
notes of a woman’s voice cause from 1000 to
1500 for the fundamental tones, and up to 5000
for the superimposed tones necessary to the quality
of the sound.
It has been estimated that the successive trans-
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formations which take place in the inappreciable
interval between the moment when the sound
leaves the disc of the transmitter and the moment
that it strikes the ear of the listener are seven:

First. The vibrations of the air set the disc of
the transmitter in motion.

Second. This motion changes the magnetic con-
dition of the magnet.

Third. This change induces currents in the
coil. .

Fourth. These induced currents traverse the
line and coil of the distant receiver.

Fifth. These currents produce changes in the
magnet of the receiver.

Sixth. These changes of magnetism act on the
disc and cause it to vibrate. -
" Seventh. These vibrations are communicated
to the air and strike the tympanum of the ear.

‘The Strength of the Current. The currents
generated in the Bell telephone are so very weak
that no ordinary instrument is capable of measur-
ing them. It has been authoritatively asserted
that a current of .000,000,000,6 (six ten-thou-
sand-millionths) of a milliampere will produce a
vibration of the disc, and also that currents pro-
duce audible effects when reversed 500 times per
second, though their strength be only equal to two
volts, acting through a resistance of a million
megohms. The instrument is so sensitive that it
is estimated the energy contained in one heat unit

would maintain a continuous sound for 10,000
years.
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Amplitude of Vibration.—The vibrations of the
disc are very slight and in order to produce the
desired result, an amplitude of vibration of the
400-millionth of an inch is sufficient.

PROPORTION OF SOUND REPRODUCED.—The quan-
tity of sound reproduced is only a small fraction
of the sound of the voice. The experiments of
some scientists have led them to the conclusion
that the sound transmitted may be 1,500,000 times
weaker than that emitted by the speaker. A wide
difference, however, in the figures is given by dif-
ferent authorities, as the difficulty of making such
delicate tests renders the results uncertain. Of
the sound which the transmitter receives, it is
believed that not more than the 10,000th part is
reproduced. o

NATURE oF MATERIAL oF Disc. From a large
number of experiments with various kinds of discs,
the theory has been advanced and generally ac-
cepted that telephones with iron discs are much
louder than others, and that the effect is chiefly
due to magnetic induction. Copper and aluminum
discs (also those of iron) show alternate maxima
and minima of intensity, and their effect is chiefly
due to electro-dynamic induction. These discs re-
produce the timbre very much better than these
of iron. Without affecting the clearness of speech,
it has been found that iron an inch in thickness
reduces the intensity. Wood also reproduces the
sound, and its thickness up to 1.5 inches increases
the intensity. Also discs made of thick pieces of
lead, glass, zinc and steel have been tried, all of



48 Telephony

which act. An empty wooden box has served the
purpose of a diaphragm, and also a piece of 15-
inch cork; and a razorstone two inches in thickness.
A faint sound has been heard by dispensing with
the disc and placing the ear very close to the pole
of the magnet, thus proving that the magnet and
coil also take part in the vibrations which repro-
duce the sound. Edison, Blyth and others have
also shown that sound may be reproduced al-
though the disc is non-magmetic. To prove
whether or not the discs really vibrated mercury
and water were tried on the discs, but no signs of
vibration were perceptible, even when luminous
reflections were employed to detect them. But
the more sensitive photographer’s plate has shown
‘that vibrations are produced in the disc of the
receiving. telephone. By stretching an India-rub-
ber membrane over the end of a speaking tube,
with a small mirror cemented in the center, the
vibrations of thin discs under the influence of
sounds can be made optically visible. On singing
into the tube a spot of light reflected from the
mirror will describe on a screen the most extraor-
dinary figures. A beautiful experiment is to pierce
a small hole in the tube and close it by a film of
soap. On singing into the tube all the variations
can be seen in the film producing the most intri-
cate and complicated figures which cha.nge with
every note.

STRENGTH OF THE MAGNET. With the increase
of strength of the magnet of the telephone, up to
a certain limit the amplitude of the vibrations
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also increase and then fall off. The strength of
the magnet should be in proportion to the other
parts of the instrument, but it is absolutely nec-
essary that the disc should be in a magnetic field.
UNDpULATORY CURRENTS. The undulatory cur-
rents which make the transmission of speech pos-
gible, Bell claims to have been the first to employ.
Intermittent, A, or pulsatory, B, currents, Fig. 24,
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Fia. 24

CLASSES OF CURRENTS

are employéd in the Tone telephones. The cur-
rent is broken, suddenly raised or lowered, or
reversed in direction, between each emission.
Such currents can transmit the periodic vibra-
tions of music, but not the more complex
sounds of the human voice. Undulatory cur-
rents are indispensable for the reproduction of
speech. To produce these, the current must not
be broken, but must be alternately reversed, and
gradually rise and fall, ¢, Fig. 24. Such currents
can be produced in two ways:



50 Telephony

First. By producing a varying electromotive
force, as in the Bell telephone.

Second. By varying the resistance of the cir-
cuit. as is done in all carbon transmitters.



CHAPTER IV
ELECTRICAL CURRENT

The electrical current, in its practical applica-
tion, may be described as a force which is derived
from and readily converted into other forms of
energy and by means of which the transmission
of energy is effected more readily than by direct
mechanical application of power. For example,
work can, by means of the proper apparatus, be
recovered at a distant place from the initial point
where a current has been generated or modified.
The light of an incandescent or arc lamp is but
the latent energy of fuel or the chemical energy of
a battery converted into such by the intermediate
means of the electrical current. In like manner
sound waves which are very limited in range of
transmission, may be converted into electrical
waves by means of a telephone transmitter at a
given point and at a very remote point these waves
may be re-converted into sound waves by means
of a telephone receiver. '

As the electrical current has become the para-
mount factor in the present phenomenal develop-
ment of industrial life and all of the activities
which make for a higher civilization, a close
scrutiny into its known characteristics will afford
a useful werking knowledge of its variance of

51
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effects under different conditions, and such knowl-
edge is indispensable to the intelligent and suc-
cessful prosecution of any branch of electrical
science. Values and measurements constitute an
important essential in the study of currents. A
voltameter may be formed by running two wires
from the terminals of a battery into a solution of
silver nitrate or zinc sulphate or copper or acidu-
lated water. If this is connected in series with an
electro-magnet, a galvanometer and a piece of thin
wire the effects will be: the production of chemical
decomposition to a certain extent in the voltameter,
heating of the wire, electro-magnetic attraction
and deflection of the galvanometer needle, and
these effects will increase by strengthening the bat-
tery. This increase, however, will not be respec-
tively in the same ratio, as the attraction of the
electro-magnet and deflection of the needle may
become less or greater than the increase of chemi-
cal action in the voltameter—assuming it to be
doubled—whereas the degree of heat in the wire
will be more than twice as great. The only effect
which is practicable for obtaining measurement
without complex preparation and calculation is
that of chemical decomposition which provides a
reliable and uniform standard. Other apparatus,
diverging widely in design and form, may be em-
ployed to demonstrate accurately the effect which
indicates the proportional variation in strength of
current and the same result will be obtained show-
ing chemical decomposition to be the only effect
maintaining the same value in the different sets
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of measuring apparatus. The demonstrated and

established fact that a flow of current of one

. coulomb per second or one ampere of current will

--depesit-exactly-0.017253 grain of silver per second,
furnishes a standard by which the amount of cur-
rent may be readily determined with a galvan-
ometer suitably arranged for comparison with a
gilver voltameter. The actual values of the gal-
vanometer’s deflections may be determined by this
comparison and when its scale is marked to record
the results, an instrument is evolved, known as an
ammeter (abbreviation of ampere meter) by means
of which the amount of current in a circuit to
which it is connected is immediately indicated on
the scale.

In common battery exchanges about 0.1 ampere
or 100 milliamperes is the average transmitter
current. This varies from 30 to 40 on long lines
and 200 or a little more on short lines. Trans-
mission depends primarily upon the fluctuations
in the current caused by the transmitter, and while
it is not proportional to the amount of current,
30 or 40 milliamperes is not sufficient to insure
the best results. In branch exchange work this
difficulty is presented in a somewhat aggravated
form because the retardation coil cord circuit is
subject to varying conditions and also because the
branch exchange battery is some volts lower when
charged from the office battery. By various meth-
ods of boosting, usually by increasing the EM.F.,
the transmitter current is maintained; this being
an important requirement, as it is used both for
signaling and talking.
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The adoption of the current method of relay ad-
justment has invested the electric current with
greater importance. All other essentials being
equal the force of a magnet depends upon the
number of ampere turns; or otherwise stated, the
number of amperes through its windings, multi-
plied by the number of turns of wire around its
core determines the strength of an électro-magnet.

The attractive force of the electro-magnet is
approximately doubled by doubling the current—
the carrying capacity of the wire and the quality
and amount of iron, however, determining the
limits of increase. To obtain the standard adjust-
ment of battery relays a milliammeter and variable
registance are cut in series with them and the cur-
rent is adjusted by varying the resistance. When
the milliammeter records the required value, the
relay on that current is then adjusted by using three
varying strengths, viz., operating, non-operating
and releasing. The adjustment of the relay then
causes it to pull up on the first current strength;
on the second not to pull up; and when pulled up
to fall back on the third current.

The old resistance method is still employed to
adjust trip relays which are used on trunks to cut
the ringing off when the answer of the called sub-
scriber is effected by operating on the increase of
ringing current following the removal of the re-
ceiver from the hook. This is due to the difficulty
which an ordinary direct current milliammeter
entails in the accurate measurement of this type of
current. The adjustment of the trip relay is such
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that when ringing through a certain adjustment
it does not operate; but when this resistance is
reduced to a point at which more current is al-
lowed to pass through it the relay operates.
Damace BY CURRENTS.—One plate of a zinc or
copper voltameter becomes eroded by the same
chemical effects of a current which causes the other
plate to increase in bulk. In like manner and by
the same action metallic substances such as iron
pipes and wires in the ground are eroded be-
cause of water or any damp material forming a
part of a circuit and causing erosion of the posi-
tive pole where the electricity leaves it, the metal
being dissolved and carried off with the current.
Therefore in order to prevent erosion at the ground .
connection in common battery circuits, the posi-
tive pole of the office battery should always be
grounded, and the negative running to line, so that
if a line should be grounded at a subscriber’s
station, the path of the current will not be from
the line to the ground. Where dampness must be
reckoned with, it is of signal importance in electri-
cal work, in order to prevent electrolysis and con-
sequent erosion of wires, that all connections
should be made and kept as tight as possible.
Stray currents of every description—and of which
there are countless numbers—are a constant men-
ace to cables, which are to a great extent laid
under the surface of the ground, and often in
streets along which the tracks of railway systems
are laid. Return currents, escaping from the
track rails, seek a path through the cable armor
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and where they leave it the erosion occurs. This
causes serious damage in time, and if not pro-
vided against, as far as possible, by bonding to the
track circuit, contiguous cables or a local ground,
the flow of electricity from the cable armor into
the damp earth will invariably occur, with the
attending results of damage to the cable and inter-
ruption of service.

The heating effect of the electrlcal current in
some branches of applied electricity, such as heat-
ing- and electric lighting systems, welding and sol-
dering of metals, etc., is the prime essential, and
without which the object sought could not be at-
tained ; but in those branches where the transmis-
sion of energy is the sole desideratum, it some-
times becomes a source of danger and expense,
causing disastrous fires by defective .wiring, and
damage to costly machinery by the burning out
of windings. Familiar to all operatives in tele-
phone service is the occasional damage wrought by
the burning out of the windings of relays, receivers
and induction coils when the strength of the cur-
rent exceeds the carrying capacity of the wire.
Although the heat is often too slight to be de-
tected by measuring instruments there is always
some rise in temperature produced by the electri-
cal current in all parts of the circuit.

THE Fusi. (See Protective Devices.) For tele-
phone practice, fuses are manufactured in many
different designs. These fuses whilst rated at a

given safe carrying capacity cannot always be de-

pended upon to give uniform results under every
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possible variation of current action. Small fuses
frequently will stand a current considerably in
excess of their rated carrying capacity and in
such case considerable damage is liable to follow
the passage of a momentary rush of current
greater than the circuit will stand. The surest
protection to a circuit is the insertion of a short
strip of some easily fusible metal or short wire,
which will not fail to melt or fuse and open the
circuit a little before the current reaches the point
of danger. To over-fuse, i. e. to fuse by the use
of any of the various designs of fuses which carry
more current than the circuit which it is intended
to protect, will invariably lead to damaging
results. .

In most cases, however, the fuse, whilst it may
not be possible to assign to it an absolutely ac-
curate carrying capacity, is adequate to perform
the office of proteetion where care and good judg-
ment are exerciced in its selection.

To reduce the risk of accident to a minimum, in
the selection of a fuse with reference to its protec-
tive quality, the carrying capacity of the weak-
est point in the circuit which it is expected to
protect should be determined and the capacity of
the fuse selected should be well below this point.
This precaution calls for special care in providing
fuses for fuse boards using different sizes, as for
instance, in exchanges where any variation from
it materially increazes the danger of fire. ‘

THE Circurr BREAKER. (See Protective De-
vices.) The office of protection performed by the
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" fuse is not confined alone to that device. Two
other devices—the circuit breaker and the heat
coil—are in common use and exclusively employed
where greater accuracy is required or where cer-
tain conditions render the use of the fuse un-
available,

The circuit breaker is considered a most effi-
cient protective device for heavy currents, its
operation and that of the trip relay being very
eimilar, consisting of a solenoid or electro-magnet .
and an iron armature which is held away from
the magnet by a spring or weight until the cur-
rent reaches a point which affords the magnet
sufficient strength to attract it. It then moves up
striking a trigger which releases a switch and
the latter is then thrown open by a spring.

The circuit breaker is much valued for its ac-
curacy and its simplicity of manipulation, being
readily restored by merely closing the switch, and
for that reason meets with much favor as an ef-
fective and convenient device for use in the charg-
ing leads on telephone power boards and other
power circuits.

THE HEeaT CoiL. (See Protective Devices.)
This device, whilst largely varying in form of
construction in actual practice, embodies in every
instance the same essential principle. It consists
of a thin metallic tube wound with a non-induc-
tive German silver wire of very slight ohmic re-
sistance. Inside of the tube a small pin is held
in position by a drop of solder fusible at a very
low degree of temperature. When the current
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passing through the wire accumulates sufficient
heat it causes the drop of solder to melt, which
releases the pin, and this in turn allows a spring,
which has been held off by the pin, to come in
contact with a ground plate.

The heat coil is usually employed as a protec-
tive device where the circuit breaker or fuse is
impracticable or ineffective because of too small
current ; but it can operate on almost any current
if suitably constructed, and is fully as accurate as
the circuit breaker and much less expensive. A
variation of this device, consisting of a combina-
tion which permits the line to be opened in one
direction and grounded in another, is employed
in some instances.

CoMmMoN Cavuses OF DAMAGE TO SWITCH-
BoARDS BY FIRE. Constant vigilance is the only
safeguard against the danger of fire caused by
loose connections or cords with broken strands of
tinsel which may become dangerously heated with
normal current, and no automatic protection has
yet been devised to guard against this risk of fire.
It is in the 110 or 220 volt nickel or lighting leads
that this trouble usually occurs followed by the
destruction of defective parts and the exact nature
of the origin of the trouble is very difficult to de-
termine. That dampness aggravates or increases
these troubles, both to switchboards and the out-
side plant is a familiar fact, though not in the
same manner in both cases. In switchboards the
weak points in the insulation of relays, keys and
wires are developed by the leakage, and often
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result in the burning out of relays besides largely
increasing the risk of serious fires, whereas aerial
troubles due to dampness affect only a line or
group of lines while the dampness lasts, the cause
being due simply to grounds and short circuits.
In the more serious cases resulting from the leak-
age in switchboards—and in which the destruction
of the evidence by fire is almost inevitable—the
trouble occurs principally on the circuits of higher
voltage, i. e. the nickel or generator.

Insulation of adequate quantity and quality,
and proper fusing in initial construction, together
with constant vigilance to maintain these ele-
ments at the highest standard of efficiency are
the only means by which these troubles can be
provided against. On most switchboard wires ex-
posed to these troubles an insulation may be ob-
tained sufficiently high and water proof to insure
the desired result, by the use of double wrappings
of silk and cotton on the wire, and where un-
protected by the braided covering of a cable if
should be well coated with wax and shellac. But
whilst providing against one source of trouble
great care should be exercised to safeguard against
another; for this method of insulation involves
material of a highly inflammable nature and
which once ignited rapidly develops into a fire
of serious proportions.

The diflerent directions which the electrical cur-
rent is known to take, has, for greater exactitude
of description and meaning, caused it to be desig-
nated or qualified by two distinguishing technical
terms, viz.: direct and alternating.

+w
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Direct CurreNT. A direct current flows in
one direction only; but differs in characteristic as
its value is either constant or fluctuating. Where

Continuous

AWAWAS

Pulsating

Fluctuating

JANAN
IAWAAVAN

F1a. 25
DIFFERENT KINDS OF CURRENTS

the value is constant the current is said to be
continuous, as shown in Fig. 25, and where the
value changes constantly it is said to be fluctuat-
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ing or pulsating. A still further fine distinction
may be made between the fluctuating and the
pulsating current. In the former the value
changes constantly without regular sequence,
whereas in the latter there is a regular succes-
sion of equal impulses in one direction with some-
times intervals between them of equal length and
apparent cessation of flow.

The forms of impulses constituting the differ-
ence between these two currents are shown in Fig.
25, the base line in each diagram representing the
point of zero current.

ALTERNATING CURRENT. An alternating cur-
rent flows first in one direction and then in the
opposite. This reversal of direction occurs many
times in a second. The alternating current is also
subdivided into phases exhibiting characteristics
by which they are distinguished. The single phase
alternating current consists of successive regular
impulses first in one direction and then in the
other, as illustrated in Fig. 25, apd the polyphase
or multiphase alternating current consists of two
“or more currents, the regular impulses of which
and the direction of flow are the same as in the
single phase. . When two or more of these cur-
rents are flowing combined into one circuit, the
change of reversal in one occurs at a fixed inter-
val later in the rotation of generator armature.
Fig. 25 shows the impulses of a two-phase alter-
nating current as one impulse follows the other.
The pulsating curves alternate in position above
and below the base line indicating the reversal
of direction.
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QUESTIONS

1. What is an electrical current in its practical
application ?

2. How does the electrle current convey sound
waves between distant points?

3. Are values and measurements important
in the study of currents?

4. What is the function of a voltmeter and
how can one be made?

5. What is an ammeter?

6. By what standard may the amount of cur-
rent be determined?

%. What is the average transmitter current in
common battery exchanges expressed in milli-
amperes ?

8. What is meant by “boosting” a telephone
line?

9. What is the function of a trip relay on a
trunk?

10. How are buried iron pipes, wires, etc,
damaged by currents?

11. How is electrolysis guarded against in
electric work ?

12. What are stray currents, and what do they
endanger?

13. How is the damage done to cables by stray
currents provided against?

14. When is the heating effect of the electrical
current an advantage and when a disadvantage?

15. What causes the burning out of windings?

16. What is a fuse?
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17. What is the proper type of fuse to use and
how should it be selected to protect a circuit?

18, What other devices are used besides the
fuse to protect circuits?

19. What is a circuit breaker and what is its
usge?

20. What is a heat coil and what is its use?

21. Why can a heat coil be used when a fuse
or circuit breaker cannot?

22. Name some of the common causes of dam-
age to switchboards by fire.

23. Name a good insulation for switchboards.

24. What is a direct current?

25. Name the different kinds of direct cur-
rents and state what characteristics distinguish
one from another.

26. What is an alternating current?

27. Name the different kinds of alternating
currents and state what characteristics dis-
tinguish one from another.




CHAPTER V
ELECTRICAL PRESSURE

All physical phenomena, so far as experience
has enabled our understanding to grasp them, are
governed in their actions by certain fundamental
principles or laws, and electrical phenomena are
no exceptions in subjection to the universality of
these natural laws. :

In mutable physical phenomena nothing can
be accomplished without: the expenditure of en-
ergy. The inertia of matter cannot be overcome
without the agency of some other force or power,

but all of the known forces of nature exist every--

where, latent and inactive, when not subject to the
conditions or laws which bring them- into motion
thereby causing them to exert energy through the
medium of matter, .

Matter and the forces which exert energy

through the medium of it are coeternal. There-

fore, electricity and all the other forces of nature
are not generated or created, but are made to mani-
fest themselves and exert mechanical action through
the instrumentality of the laws which govern them.
To illustrate: Electricity is a force already
existing in one form or another everywhere upon

65
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the globe;* as for instance in the form of earth
currents or in the static form, as in storm clouds.
In the opinion of many scientists all parts of the
earth and the atmospheric envelope which sur-
rounds it are, in varying degrees, charged with the
electric fluid. Therefore, when in practice,
the process by which an electric current is made to
flow, is referred to as “generating electricity,” or
when the aparatus or machine performing the
function is said to be a “generator,” these terms
should not be taken in their literal sense; but
rather as a convenient terminology sanctioned by
custom.

The principle upon which a current of electric-
ity is made to flow is precisely the same as that
which causes water to seek its level, or which sets
up a current of air in a long tube through which
a piston is being moved. The principle is that of
pressure, or more exactly stated: Nature’s effort
to restore equilibrium or an equal distribution.
So long as pressure continues the flow of current
will continue when the pressure is exerted upon
any elastic fluid, and although electricity is not
a tangible material substance or chemically per-
ceptible, it is, with respect to its flow, subject to
the same law of pressure as are grosser material
fluids. A practical demonstration of the prin-
ciple of pressure may be found in the simple ex-
periment of connecting -two tanks together at the

*In all probability electricity as a force of na-
ture exists everywhere throughout the universe.
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bottom by a length of pipe with a stop cock in the
pipe between the two tanks. If one tank contains
a quantity of water and the other be empty, the
moment the stop cock is opened between the two
tanks the water will begin to flow from the tank
containing it into the empty one, and will con-
tinue to flow so long as the pressure lasts, or until
the height of water in each tank is equal. When
the equilibrium between the two tanks is estab-
lished the pressure ceases. From which it may be
rationally inferred that all forces in nature are,
when inactive, normally in a state of equilibrium
and that motion and the manifestation of energy
is the effect of disturbing the equilibrium.

An electric battery, a dynamo or any other form
of electrical generator, used to cause a current, is
simply an apparatus for disturbing the equilib-
rium of the normal charge of electricity diffused
throughout all substances, i. e., by raising its po-
tential at one point and lowering it at another.
“Potential” in electrical terminology is the equiva-
lent of “Pressure” as referred to material sub-
stances such as air, water and other elastic fluids.
A current of electricity, then, is caused by a dif-
ference of potential and so long as means are pro-
vided to maintain that difference—as for example
by the operation of a generator—the current will
flow through a suitable conductor; but when a
difference of potential is established in two bodies
without any means for maintaining it—as, for
instance in static electricity, or where two thun-
der clouds are unequally charged—there will fol-
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low a sudden discharge of electricity from one
body to the other, which will bring them both to
the same potential. This discharge or impulse is
not a current; but a restoration of equilibrium by
a sudden rush. The generation of a current or
continuous flow, on the contrary, is the continu-
ous effort of the law to assert iteelf, i. e., perform
its function of equalization of potential, and this
effort is’ maintained, manifested as an electrical
current, just so long as the disturbing element
(battery, dynamo or any other cause of currents)
continues to operate.

This principle may readily be demonstrated by
dipping a plate of copper and one of zinc in dilute
sulphuric acid. The affinity of the acid for the
zinc will be much greater than for the copper and
the effect of this difference in affinity will be to
lower the electrical potential of the zinc and raise
that of the copper. The potential of the copper
will be shown by a voltmeter to be about one volt
higher than that of the zinc. By connecting the
two plates through an ammeter or galvanometer
this difference of potential will cause a current to
flow from the copper to the zinc and the current
will continue to flow as long as the chemical ac-
tion is continuous ; and which is needed to maintain
the difference of potential; its continuance being
indicated by the rising of bubbles from the copper.
In this case the inequality of the chemical action
upon the two different metals becomes the dis-
turbing element by establishing and maintaining
a difference of potential and the current will con-
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tinue to flow—that is, continue its effort to equal-
ize potential—as long as the chemical action lasts.
If, however, the circuit between the two plates be
opened the bubbles will cease, because there is no
longer any current to relieve the pressure, al-
though the pressure is still there, as will be shown
by a test with the voltmeter. The principle dem-
onstrated in this simple experiment forms the
basis of the chemical action in all the countless
lypes of batteries.

The potential of one end of a wire will be raised
end that of the other end lowered by simply pass-
ing the wire rapidly across a magnetic field. A
wire wound in a coil and rotated in a magnetic
field becomes a simple dynamo or generator when
connection with its terminals is established. By
the difference of potential a current will be made
to flow through a circuit connecting the poles.

Considered from a commercially economical
view, the current set up by rotating in a magnetic
field windings of wire or coils, or the device, which
in the course of electrical motive power evolu-
tion has developed into what is known as the ar-
mature of a dynamo, is the only practical means
of obtaining the electircal current on any exten-
sive scale. Therefore, the engine driven generator
has supplanted all other means of setting up elec-
trical currents for the performance of work in
the industrial world. Because of the greater cost
of operation due to the wide difference in the cost
of coal and zinc, and also because of the more
convenient generating units available with the en-
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gine driven generator, the use of the primary bat-
tery is limited to isolated cases where only a small
or intermittent current is required. The great
extension of telephone systems and the equally
large reduction in the price for service, made pos-
gsible by the common battery system, may very
justly be, to a great extent, attributed to the com-
parative economy of operation by means of the
engine driven generator.

“Electromotive force” (e. m. f.), “difference of -
potential” (p. d.) and “electrical pressure” are
all various ferms applied to the impelling force
which sets up a current of electricity when the cir-
cuit is closed and exerts a pressure which tends
to force an electrical charge to a lower level.
“Voltage” is sometimes erroneously used in the
same sense with reference to this impelling force,
but strictly interpreted “volfage” is a term de-
rived from “volt,” the unit of measurement, and
which, for general practice, has been defined and

1000

accepted as of the e. m. f. of a standard

1434

Clark’s cell prepared in accord with certain defi-
nite specifications. In modern practice, however,
an approximation serving all requirements of
value is to place the unit at about two-thirds the
voltage of a new dry cell, or one-half of a storage
cell on discharge, or one one-hundred-and-tenth
the voltage across the ordinary incandescent hght-
ing leads.

The volt has been technically defined in various



Electrical Pressure 71

phraseology, the idea of the essential principle
conveyed in each definition, however, being iden-
tical when carried to its final analysis. Several of
the most lucidly stated definitions are as follows:

1. The practical unit of electromotive force
or difference of potential.

2. An electromotive force which would ' cause
a current of one ampere to flow through a resist-
ance of one ohm.

3. The electromotive force induced in a con-
ductor by its cutting 100,000,000 lines of force per
second.

4. Such a rise of potential as would be pro-
duced by charging a condenser of one farad ca-
pacity with one coulomb. '

5. An electro motive force equal to 108 abso-
lute electromagnetic units, or to the one three-
hundredth electrostatic unit.

There is nowhere in nature a point of actual
zero potential, as all substances are to some degree
charged with electricity—a fact which may be
demonstrated by setting up a difference of po-
tential, and which will invariably develop into the
form of current when the circuit is closed. If
such a condition as zero potential existed any-
where in nature an equilibrium would immediately
be established by the flowing to it of electricity
from all directions. But for working purposes a
definite standard has been arbitrarily established
in computing electrical pressure, and for this ar-
bitrary point the potential of the earth has been
taken; all potentials above it being termed “posi-
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tive” (represented by the plus sign, 4) and all
potentials below it being termed negative (repre-
sented by the minus sign, —). The arbitrary
electrical point of computation answers to or may
be claimed analogous to the arbitrary zero point
of the thermometer which does not actually indi-
cate a point of no heat; but has been adopted mere-
ly for convenience of computation. The absolute
interpretation, however, of the terms “positive”
and “negative” become merely relative considered
in relation to metallic circuits which have no con-
nection with the ground—the points are only posi-
tive or negative as compared with each other.

The erroneous impression at one time to a con-
siderable extent prevalent among investigators of
electric phenomena was that static and dynamic
electricity were intrinsically different, whereas, in
fact, the only differences between the electrical
conditions of two bodies oppositely charged and
that of the terminals of a battery, are, that the dif-
ference in the potential between the charged bod-
ies is much higher than that across battery termi-
nals, and, that the current produced when the cir-
cuit is closed is very much smaller, consisting only
of a single impulse—not of a steady flow; but
oscillating for a fraction of a second—there being
no means provided to maintain the difference of.
potential. The only general distinction between
static and dynamic electricity may be stated as
follows: Static electricity is that which is con-
tained under pressure in a charged body and un-
able to discharge itself because of an open cir-
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cuit. Dynamic electricity is the same charge flow-
ing in the form of a current through a closed cir-
cuit. The question of low or high potential is in
no wise involved in this distinction; and although
the lightning flash is a spectacular manifestation
of static electricity at high potential, the applica-
tions of static electricity in common practice are
at low voltages, as may be observed in telephone
condensers where less than ten volts often consti-
tutes the difference of potential. Approximately
stated, to cause a spark one inch long an e. m. f.
of 100,000 volts is required.

It is not necessary to have opposite polarities
to produce a current if the current is produced by
a difference of potential between two points in a
circuit.

Polarity, technically defined, is that quality of
a body by virtue of which it exhibits opposite prop-
erties in opposite directions. It also signifies the
possession of poles.

If two points, both of which are positive, but
one at a higher potential than the other, be con-
nected, the effort to equalize them will establish
a current, and it ‘will not be necessary to know
the absolute value of the two potentials to deter-
mine the energy of the current; buf only the dif-
ference between them. For instance, in the charg-
ing of branch exchange batteries from an office
battery, the connection is made through a charg-
ing lead and the ground in a manner to oppose
each other, but the office battery will establish a
charging current through the branch battery in
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opposition to its e. m. f,. as the office battery is at
" a higher voltage, having a larger number of cells.

Earth currents, usually resulting from defective
return circuits of street railway systems often
cause complications in the charging of branch bat-
teries and all other methods of grounded signaling.

Central office and branch batteries are always
negative in polarity as their positive poles are
grounded. If then the potential of the earth has
been disturbed by a street railway system, raising its
potential to a negative polarity of eight volts more
at the branch exchange than at the office, the dif-
ference between the two batteries will be neutral-
ized, and both ends of the charging lead will be
brought to the same potential, and there will flow
no current through it to charge the branch battery.
The branch end of the charging lead would become
more negative than the office end and the branch
battery would discharge back through the office
battery, should the difference of potential between
the two grounds be still greater. But should the
branch ground be negative to the office ground, the
difference of potential between the two ends of the
charging lead would be greater than eight volts
and a heavier charge than intended would pe con-
veyed to the branch battery.

To remedy charging trouble due to earth cur-
rent a return wire instead of the branch exchange
ground should be used or the battery should be
charged from a local lighting system or some
other source.

The system of grounded signaling formerly used
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on all trunk lines in exchanges of large cities has
been practically abandoned on account of the great
increase in earth currents and for it has been
substituted a system of metallic signaling. The
great variations in the value of earth currents at
different hours of the day rendered any attempt
at compensation for them ineffective.

A “counter e. m. f.” is an e. m. {. in a circuit
which opposes the “impressed” or original e. m. f.
Rapid trolley developments in recent times afford
a marked example of this effect of earth currents,
but there are other causes even more formidable
which must be reckoned with. Very few circuits
used in electrical work are free from capacity or
retardation, consequently in almost every circuit,
the counter e. m. f. which exists in some form must
be allowed for or utilized.

The battery voltage, in the charging circuit it-
self, of both office and branch exchange batteries,
is an e. m. f. opposed or “counter” to that of the
charging machine or lead. To find the net or
“effectual” e. m. f. which is available to force a
current through the circuits the “counter” e. m. f£.
must be substracted from the “impressed” e. m. f.

The relative affinities of the two plates for the
electrolyte determines the difference of potential
between the terminals of a cell of battery and this
difference depends in no measure upon the size of
the cell. The immense cells used in large ex-
changes and power houses and having a capacity
of many thousand ampere-hours have no greater
e. m. f. than a small storage cell having a surface
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of but a few square inches and a capacity of very
few ampere-hours.

Following are several technical definitions for-
the ampere:

1. The accepted unit of electric current.

2. A flow of electricity at a rate which trans-
mits one coulomb per second.

3. The current which could pass through a cir-
cuit that offered a resistance of one ohm under a
one-volt electromotive force.

The amount of current which can be drawn
from a cell safely, providing there is sufficient
electrolyte, is in exact proportion to the size of the
cell or to the surface of the plates, because the
chemical action necessary to maintain the initial
difference of potential, when a current exists, de-
pends directly upon the value of that current.

When the current is too small for effective
transmission of signaling the necessity of “boost-
ing” common battery lines arises, and in general
practice the most effective and simplest method
is by adding the voltage of an additional battery
to that of the office battery by cutting it into the
line. The number of lines to be boosted usually
determines whether this battery should be made
up of dry or storage cells. Dry cells are cheaper
where only a few lines need boosting, and a suf-
ficient number of them should be looped in series
with the battery side of each line, so that the total
e. m. f. on the line may be raised to a point where
the desired value of current in the circuit can be
maintained. So far as a line as just above referred
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to is concerned, it simply means adding a certain
number of cells to the office battery, and in all
series battery connections, the positive side of the
booster battery being conected to the negative side
of the office battery while the booster’s negative
side runs to line, the same rule applies.

Fig. 26 shows: this arrangement by which each
line must be provided with its own booster bat-
tery; therefore, where quite a number of lines are
to be boosted the expense of using the dry cell

Fia. 26
“BOOSTER” CIRCUIT

method renders it unsatisfactory. The current
through the line relay and instruments in a storage
battery booster is based upon the same principle
as in the dry cell method; both booster and office
batteries being in series directly to ground, as
shown in Fig. 27. For convenience in construction
and operation only the instrument is cut in be-
tween the two batteries. The attention of the
reader is especially directed to the combination
of retardation coil and condenser shown in this
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figure. It is well to have one side of the booster per-
manently grounded ; admissible to signal grounded
providing the location of the booster ground be
such as to prevent any trouble from earth cur-
rent; but it is not at all desirable to talk
grounded. The voltage of a storage battery being
constant, it will deliver a uniform continuous cur-

Booster
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Fia. 27
SECOND PLAN FOR ‘“BOOSTER” CIRCUIT

rent under uniform conditions, and this contin-
uous current, in a telephone circuit, is altered by
the varying resistance of the transmitter into a
fluctuating current, which, in many respects acts
as a continuous and an alternating current com-
bined. In practice a condenser is not considered
to impede an alternating current; but a retarda-
‘tion coil offers great impedance to it, and while a
condenser acts like an open circuit to a continuous

current a retardation coil offers little resistance
to it.
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The fluctuating current in a storage battery
booster circuit, which is increased in volume or
amplitude by the two batteries in series assisting
each other, divides into its two component parts
when it reaches the junction of the retardation
coil and condenser. The portion which controls
the signaling—i. e., the continuous portion—fol-
lows a path to ground through the retardation coil
and booster battery. The alternating portion fol-
lows a path back to the tip of the jack through the
condenser, and at this point becomes available for
transmission.

The different lines connected to the same booster
being provided each with a retardation coil, cross
talk between them is obviated.

However the best practice is not to use a
booster, but to design the live relay to be sensitive
enough to act over the longest lines. Modern
boards require no boosters except for toll conversa-
tions. This is described in the chapter on toll
work.

ELEcTROSTATIC INDUCTION. In telephony the
disturbing elements of “cross talk” and other
noises are principally due, not to electromagnetic
induction, but to electro-static induction, similar
to that which is observed in the process of charg-
ing a condenser. The series of original experi-
ments which has established this discovery as a
scientific truth consisted in running two grounded
circuits of equal length at equal distances apart,
arranging an ordinary transmitter apparatus at
the line extremity of the first, and three receivers,
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one at either end and one in the middle, in the sec-

.ond. Words spoken into the transmitter on the
first circuit could be distinctly heard in the two
end receivers of the sécond circuit, but not at all
in the middle one, thus proving that the inducing
current moved either to or from the middle and
neutral point, which is an ascertained characteris-
tic of electrostatic charges, and not at all from
either end through the whole length of the circuit,
as’ is the case in such electro-magnetic induction
devices as the ordinary induction coil. The prob-
lem of overcoming the condition is then a simple
one, involving. merely an observance of the laws
governing induction of this variety.

Assuming a noisy telephone line with a distri-
bution of charges as shown in Fig. 28, the straight
line in the upper part of the figure representing
a disturbing wire, such as one side of an electric
lighting circuit with alternating current, and the
lower part of the figure representing the two sides
of a telephone circuit provided at each end with a
receiver. The polarity of the wire in the lighting
circuit is constantly reversing as the current is
produced by an alternating em.f. While the
polarity of the wire is positive, it attracts a nega-
tive charge to the nearer side of the telephone cir-
cuit, and rebels an equally positive charge to the
farther side. This action is reversed at the next
alternation ; the disturbing wire, becoming negative,
repels the negative charge to the farther side and
attracts the positive charge to the nearer side of the
telephone circuit. By passing through the re-
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ceivers at each end and causing an alternating
current through them of the same frequency as
that on the lighting circuit is the only way that
these charges on the telephone circuit can exchange
sides. Reversing or transposing the two sides of
the telephone circuit in the center of the zone of
disturbance, another path is opened, Fig. 29, for
the charges.through which there will be a much
larger undulating current than through the re-
ceivers, as through this path the impedence or re-
sistance is negligible. The noise will be still fur-

Fi1c. 28
ILLUSTRATING INDUCTION ON A TELEPHONE LINE

ther decreased if these sections are again divided
by a transposition in the center. Hence a line
under almost any disturbing conditions, may be
rendered practically quiet by sufficiently multiply-
ing the transpositions.

For preventing induction disturbances, besides
the employment of mechanical means, twisted
pairs in inside wire and cable conductors are most
efficient as each half twist acts as a transposition.

To MEASURE POTENTIAL DIFFERENCES. Two
methods are generally employed to measure po-
tential differences; the more usual one being by
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means of a voltmeter, which depends for its action
upon the force developed in a coil by the passage
of a very small current. It is the current through
its winding that it actually measures, and this
may be calibrated in volts as it is proportional to
the difference of potential or pressure across its
terminals. To measure the current in a circuit an
ammeter is connected in series with the circuit,

+ -+ + + -~ + -

- P - - -

+* + 4+ A - 4+
F16. 29

METHOD FOR CUTTING IN TRANSPOSITION

while a voltmeter or electrometer is bridged across
a circuit or connected across the two parts, whose
difference of potential is to be ascertained.

QUESTIONS

1. Define the volt and the ampere.

2. What are the terms for which e. m. f. and
p- d. are abbreviations?

3. What does the term “counter” e. m. f£.
signify? :

4. What is the distinction between dynamic
and static electricity?

5. State the principle of the booster battery.

6. When a dry cell booster battery is used,
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state which side should be connected to the line
and the reason. for it.
7. State the principle of line transposition.
8. How many methods are there in general
use to measure potential differences? What are
they? How are they applied ?



CHAPTER VI
RESISTANCE

Tu electrical work the three principal factors
are the current, the pressure and the resistance.
The first performs the work and is measured in
amperes; the second produces the current and is
measured in volts, and the third is measured in
ohms. Every circuit offers more or less resistance’
to a current. Resistance, concisely stated, is the
obstruction offered to a continuous current of elec-
tricity in its passage through a circuit; but in al-
ternating or fluctuating currents there are elements
aside from simple resistance which obstruct their
passage. The phenomena of current and resist-
ance may, for purposes of elucidation, be com-
pared to analogous phenomena familiar in me-
chanics and physics. To illustrate: All mechan-
ical movement is more or less impeded by friction
and the energy exerted in overcoming friction is
converted into heat. To this extent electrical re-
gistance may be considered analagous to feiction.
All substances possess, in widely varying degrees,
according to the nature of the substance and tem-
perature, the property of opposing an electrical
current, and this opposition converts into heat the
energy exerted in maintaining the current. Matter
and energy, being indestructible, the loss in a cir-

84
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cuit does not indicate that the energy has been
destroyed, but merely that it has escaped and been
dissipated in the form of heat into space.

The electrical resistance of a circuit may be
readily computed if the length, material, size and
temperature of the conductor be known, as, unlike
friction, it is independent of its shape. The re-
sistance of a wire is in no wise affected by bending
or coiling providing its cross section is not me-
chanically changed and even the temperature
within certain limits need not be considered for
most practical purposes.

Materials termed insulators are those which,
because of their very high resistance, permit very
little flow of current through them at ordinary
pressures. There is no such thing as a perfect in-
sulator, as there is no substance in nature which
has absolute resistance, nor is there any substance
which has absolutely no resistance; hence there
cannot exist a perfect conductor, but as an arbi-
trary standard of low resistance, silver has been
adopted, because it has been found to oppose to the
electrical current the least resistance of any known
substance. Between silver and the numerous ma-
terials, which, because of their high resistance, are
used as insulators, there is a wide variance of dif-
ference in resistance. What is termed the “specific
resistance” of any substance is the resistance of
one cubic centimeter of that substance. However
it is instructive to notice the resistances of va-
rious metals as compared with the resistance of
silver. These differences of resistances may be as-
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certained by testing against a silver wire having
a resistance of one ohm, the resistances of a num-
ber of wires of different substances having the
same length and cross section as the silver wire,
taken as a standard. Among the materials con-
tained in published tables, and which may vary
slightly by reason of impurities in the tested speci-
mens, the following specific resistances may be
mentioned: Mercury, about 62.Y3; German sil-
ver, 13.92 ; wrought iron, 6.46; copper, 1.063.

Resistance, being a fixed property of a material
substance, is more readily measured than a cur-
Tent or electromotive force. Resistance is deter-
mined only by its effect upon a current as mani-
fested by the pressure maintaining the current.
Here exists a very intimate relationship between
the three elementary factors in electrical work,
and as before mentioned, resistance is measured in
ohms and the ohm is defined as the amount of
“resistance which requires a pressure of one wolt
lo force a current of one ampere through it.”

The result obtained in every field of action de-
pends upon the amount of effort exerted, and the
greater the difficulty the smaller the result, except
where the effort is greater than the difficulties
opposed.

As applied to continuous current electricity,
these two fundamental principles are embodied
in Ohm’s law: “The value of current, expressed
in amperes, is invariably equal to the electromotive
force, expressed in volts, divided by the resistance
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tn ohms.” TFor practical purposes it is usually
expressed by the equation
Electromotive force”

“Current =
’ Resistance
Volts”
Amperes —
- Ohms
E
or, in abbreviated form, I = —, I representing
R
current, E electromotive force, and R resistance.
This equation is also correctly written in two other
forms as follows:
E
R=— and E=1T times R; or E=1R.
I

With this equation, it becomes a simple opera-
tion in arithmetic to find the third factor—the
other two being known—by substituting the known
values for the letters in the second term of which-
ever form of the equation applies to the case.

In actual practice there is, however, a still
simpler method which is to take the reciprocal of
the sum of the several resistances. A fraction hav-
ing 1 for its numerator is the reciprocal of the

1
same number as its denominator; thus: — is the
X

reciprocal of X.
The value of current in any circuit, according
to Ohm’s law, is at a given voltage, inversely
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proportioned to its resistance. A circuit with a
resistance of 40 ohms will permit one-half as much -
current to flow through it at a given pressure as
will one of 20 ohms, while its resistance is twice
as much. 14 is the reciprocal of 2. In the two
paths the relative current values are termed their
relative conductivities. In each case the conduc-
tivity is the reciprocal of the resistance, the total
conductivity of the circuit being the sum of .the
conductivities of the several parallel paths. By
inverting this total or taking its reciprocal, the
combined resistance may be obtained. A variable.
resistance or rheostat is employed when it is re-
quired to regulate the value of the current in a
circuit and the e.m.f. is fixed.

The ohmic value of a resistance being equal to
the difference of potential across its terminals, di-
vided by the current through it, the direct method
of measuring it is to bridge a voltmeter across it,
cut an ammeter in series with it, and divide the
reading of one instrument by that of the other,

E
R=—
I

In an exchange where a milliammeter is in se-
ries with the test cord, its reading taken in connec-
tion with the approximately known voltage of the
office battery will give a sufficiently correct idea
of the resistance of the circuit, but for greater ac-
curacy the battery voltage should be measured at
the power board or bus-bar and an ammeter read-
ing taken through the circuit while another is
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taken through the office wiring alone. These read-
ings should then be reduced to ohms, and from the
total the resistance of the office wiring should be
substracted. As electricity flows through a cir-
cuit its pressure falls in proportion to the resist-
ance it flows over. If a ten-volt battery be con-
nected to a ten-ohm resistance the current will
10 E .
be — or one ampere (I —=—), and this current
10 R
will be the same in value, although not in pres-
sure, at all points in the circuit. If a voltmeter
be bridged across the resistance it will indicate
the full battery voltage, or that the total fall of po-
tential through the circuit is ten volts. If it be
bridged across one-half of the resistance, or five
ohms, then, since E =1 times R it will read 1
(ampere) times (5 ohms) or five (volts); which
shows that one-half of the total difference of po-
tential has been consumed in forcing the current
through one-half of the resistance. If eight-tenths
of the resistance, or eight ohms, be bridged across,
the reading will be, 1 (ampere) times 8 (ohms)
or eight (volts). The action of a voltmeter, then,
E
depends upon the principle that if I = — the
R
value of current through a given resistance is pro-
portional to the difference of potential across its
terminals. Therefore the scale can be marked to
indicate a difference of potential directly in volts,
inasmuch as the indications of the voltmeter de-
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pend upon the value of current which can be main-
tained through it by the difference of potential
across its terminals. ’

The most accurate method, however, and the
easiest of application for resistance measurements
generally in telephone practice, is shown in Fig.
30 where the three known resistances and the un-
known one are arranged in the form of a bridge.
In order to appreciate the possibilities of this in-

Y )
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Fi1a. 30
SIMPLE ILLUSTRATION OF WHEATSTONE BRIDGE

strument its underlying principles should be un-
derstood. In Fig. 30, A, B, R, and X represent
resistances. G is a galvamometer or instrument
for detecting the flow of current. The four re-
sistances are connected together as shown, the
galvanometer being connected in the “bridge” be-
tween the junctures of A and R, and B and X. A
battery, B’, is connected between the junctures of
A and B, and of R and X. Each resistance, A.
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B. R. and X forms what is termed an arm of the
bridge.

The action of the bridge is based upon two fun-
damental laws which may be stated as follows:

FirsT—No current will flow betwen points of
equal potential.

SeEcoND—The drop in potential along the va-
rious parts of a conductor is proportional respect-
wely to the resistance of those parts. ’

Referring to diagram Fig. 30, it is shown that
a current flows from the battery to e and at that
point it divides, a part flowing through AR and
a part through BX, after which the two .parts
unite and pass to the negative pole of the battery.
But what of the galvanometer? Evidently by
Rule 1 the only time at which no current will pass
through it will be at the time when the points,
f and k, are at the same potential. By Rule 2
these points will be at the same potential only
when A bears the same relation to R as B does
to X.

That is ‘
A : R :: B : X, or, by alternation,

" A R

B X

A little algebra will render the above evident if
not so already.

Call a the drop of potential between the points
e and i, b that between e and f, and c¢ that between
e and h.
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Then
b:a::A : A+ R by Rule 2.
A
S.bh= a.
A+4+R
Likewise
B
c= a.
B+ X

For a condition of equal potentials at f and h so
that no current will flow through the galvan-
ometer, b must equal c.

Hence

' A B
a—= a.
A+R B+ X
whence: AB + AX = AB 4+ BR

and AX = BR.
Dividing by BX, gives
A R
B X

the equation of the ratios between the resistances
of the arms of the bridge, to insure no flow of cur-
rent through the galvanometer.

The arm X of the bridge represents the resist-
ance to be measured and the resistances in the
various arms are adjusted till no current flows
through the galvanometer in order to determine
the value of this resistance. Then the equation
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just derived holds good and may be solved for X,

: B

thus X = —R.

A
The arms A and B are best termed the “ratio
arms” of the bridge and arm R the rheostat arm.
In commercial forms of the bridge, A and B
are usually so arranged that each may be given
the values, 10, 100 and 1000 ohms, and in some
cases 1 ohm and 10,000 ohms also. The ratio
arms, A and B, may therefore be adjusted to bear

10

any convenient ratio to each other from to .

1000
1000 1 10,000
, OT, in some instances, from to
10 v 10,000 1
The rheostat arm is in reality a rheostat capable
of being adjusted to any value from 1 to about
11,000 ohms.

In bridges having resistances of 10, 100, and
1000 ohms in the ratio arms, the following values
in arms A and B will give the best results:

Under 100 ohms, . . . . 1000 10

100 to 1000 ohms, . . . . 1000 100

1000 to 10,000 ohms, . . . 1000 1000

10,000 to 100,000 ohms, . . 100 1000

100,000 to 1,000,000 ohms, . 10 1000

As to the accuracy of measurements attainable
by the use of the Wheatstone bridge, the following
table represents the claim of one reliable manu-
facturer:
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.01 of an ohm to an accuracy of 1 %

.1 of an ohm to an accuracy of 1% %
1 ohm to an accuracy of 12 %
10 ohms to an accuracy of 1/5 %
100  ohms to an accuracy of 15 %
1,000  ohms to an accuracy of 5 %
10,000  ohms to an accuracy of 1/5 %
100,000  ohms to an accuracy of 14 %
1,000,000  ohms to an accuracy of 5 %

The box type bridge has been made up in a
multitude of widely varying designs; but for accu-
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Fi1a. 31
SLIDE WIRE TYPE OF WHEATSTONE BRIDGE

racy of all attainable measurements the plug type
of Wheatstone bridge seems to be the most used.
The slide wire type of bridge, illustrated in Fig.
31 is much used by students because of its simplic-
| ity of construction and small cost, while the ac-
curacy possible to attain with it places it in the
laboratories of the most advanced investigators.
In its simplest form it consists of a scale of any
convenient length—often one meter, whence the
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name “meter bridge”—divided into one hundred or
one thousand equal parts, mounted on a board ; of
a heavy wire or strip of copper parallel to it and
two or three inches away; of two short similar
wires- or strips placed across the ends of the scale,
leaving an opening of convenient size between their
ends and the ends of the longer strip; and of a
bare German silver platinoid or manganin wire, as
small as possible without sacrificing the necessary
mechanical strength, stretched over the scale and
connected by clamps or by soldering to the short
copper strips, exactly at the ends of the scale. The
last point is important, because if the connection
is made, for example, one-eighth inch beyond the
end of the scale, a serious error will be introduced
when taking readings near one end of the scale.
Suitable binding posts are mounted on the copper
strips for making the necessary connections.

A resistance of any known value is connected
across the left hand opening, and X or the un-
known, across the right hand. The battery is con-
nected across the two short strips, one side of a
head telephone is connected to the long strip and
the other ends in a tip which is touched to the
slide wire at different points until a balance is
obtained as shown by the absence of a click. Ap-
Plying the skeleton, A is the portion of the slide
wire between the tip of the receiver cord and the
left hand end of the scale, B is the portion be-
tween it and the right hand end, R is the known
resistance, and X the unknown. As an illustra-
tion of its use:
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Let R = 100 ohms
and A = 450 (Scale divisions)
Then B = 1000 — 450 = 550.
550
Applying the formula, X = 100 times =
450

122.2 ohms.

The box form of bridge employs fixed resist-
ances, cut in and out by means of plugs, and a
galvanometer instead of a receiver. There are
three precautions which must be observed when
using a bridge, in order to secure accurate
results; first, to set all plugs in firmly;
second, to close the battery about one second be-
fore the galvanometer; and third, to use no
stronger battery than is actually necessary in order
to prevent altering the resistance of the coils by
raising their temperature. The effect of tempera-

ture on resistance is far less understood than the
~ conversion of the energy of an electric current into
heat by resistance, a fact which is often liable to
cause serious errors in electrical measurements.
In Fig. 32 are shown curves illustrating the meas-
urements taken on two incandescent lamps through
a broad range of current with varying tempera-
tures up to incandescence. One lamp was of the
tentulum filament and the other of the common
carbon filament type. The resistance in the tan-
tulum shows a decided increase while that of the
carbon shows just the reverse. Ordinarily as the
temperature rises the resistance of metals increase
vhile that of liquids, gases and of carbon decreases.
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This increase however is practically uniform at
about 0.4 per cent for every rise of one degree
centrigrade with pure metals such as iron, copper
and silver, while it varies widely with alloys.
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INCREASE AND DECREASE IN RESISTANCE OF CARBON
AND TANTALUM LAMPS

German silver has a resistance of 0.04 per cent
and platinoid 0.02 per cent for each degree of
rise in temperature.



CHAPTER VII
CAPACITY

The farad is the unit of capacity, or, that capac-
ity possessed by a conductor which is capable of
holding one coulomb of elecrticity at one volt
potential. A condenser is a contrivance for aug-
menting the capacity of an insulated conductor
by placing it in contiguity to another con-
ductor, but from which it is separated by any
intervening body which will allow electrostatic
induction to occur through it. To more clearly
illustrate: If there should be set up by a one-
volt battery a difference of potential of one
volt across the terminals of a condenser of one
farad capacity, one coulomb of electricity would
be transferred from the negative to the positive
plate. For practical purposes this unit would
prove very awkward ; consequently it has, for gen-
eral uses, been divided into microfarads (abbrevi-
ated M. F.) or millionths, precisely as the ampere
has been divided into milliamperes, or thousandths.

It is only on the surface and never on the inside
of a conductor that a static charge is found. The
reason for this is that a charge is self-repulsive,
the different parts of it having a tendency to
force each other apart, which results in the charge
being driven to the surface of the conductor or

98
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charged body, and when the surface of this is uni-
form the distribution of the charge over it is also
uniform. ' .

The thickness of the plates does not in any way
determine the capacity of a condenser, but the sur-
face represents the capacity in varying degrees.

In the operation of a condenser, electrostatic
induction depends to a great extent upon the dis-
tance between the two bodies, and experiment has
shown that the capacity of a plate condenser is in
inverse proportion to the space between the plates.

A great difference would be found in the in-
tensity of inductive effect by interposing insulating
substances of various materials.

A dielectric is any substance through whose
mass electrostatic induction is allowed to occur. .
It is not only upon the thickness of the dielectric,
but also upon its material composition that the
effect produced by electrostatic induction, and in
consequence, the capacity of a condenser, depends.
The term “Specific inductive capacity,” is used to
express the various lesser degrees of opposition as
compared with air which the different kinds of
dielectrics offer to the action of electrostatic in-
duction through them. For example: Glass shows
a specific inductive capacity of about six and one-
half to ten; shellac, about three; paraffin, about
two. Where in both cases the surface of the plates
and the distance between them is the same, paraf-
fin paper used as a dielectric with a condenser
will show twice the capacity of a condenser with
which air is used.
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Concisely stated, then: the quantity of charge
which a condenser will hold at a potential differ-
ence of one volt between its terminals, is its capac-
ity, and which depends upon the nature of the
dielectric and varies also directly with the surface
of its plates, and in inverse proportion to the dis-
tance between them.

Although the capacity of a condenser may be
measured in farads and a quantity of electricity
in coulombs, a one-farad condenser will hold more
than one coulomb if greater pressure is main-
tained. In an ordinary condenser the actual quan-
tity of the charge is very small as contrasted with
the potential difference across its terminals; there
being only 0.000002 of a coulomb per volt in a
2 m.f. condenser and unless there is very high
resistance in the circuit, the current produced on
closing it, is virtually an instantaneous impulse
and the impulse, when a voltmeter or galvanometer
is introduced into the circuit, produces the effect
of a flow or what is known as the “condenser kick”
of the needle. The amount of the discharge and
also of the charge is accurately indicated by the
extent of this kick. A good voltmeter, therefore,
may be depended upon with approximate accuracy
in comparing these condenser charges and capac-
ities. To illustrate: A 2 m.f. condenser will be
charged twice as heavily by 220 than by 110 volts,
as the swing of the needle with a given condenser,
is nearly in proportion to the amount of the
charge. The capacities of two condensers may
very easily be compared by charging or discharging

—,
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them through a voltmeter, because, with a given
potential difference, the volume of the charge is
proportional to the capacity.

Mutual attraction holds the opposite charges on
the plates of a condenser and this keeps the dielec-
tric under constant stress, which causes a deforma-
tion of the particles of the dielectric, turning them
in the direction of the lines of induction. This
deformation increases with the increase of potential
difference, finally breaking down the dielectric,
when the condenser discharges through it. In case
of a high tension cross or lightning discharge the
condenser in an unprotected telephone acts ex-
actly in similar manner and likewise in carbon
plate arresters, where a small air gap separates the
two. carbon plates, one plate being connected with
the line and the other with the ground.

When a condenser discharges through an air
gap the particles of air resume their normal posi-
tion immediately; but not so in the case of a
discharge through any other dielectric. When
charging or discharging a condenser by tapping a
telephone receiver a succession of gradually
diminishing clicks follow. This effect is termed
“soaking in” and “residual charge” in each case
respectively, and is caused by the particles, which
were gradually displaced on the charge, gradually
assuming their normal positions on the discharge,
or, technically expressed, to the “deformation of
the dielectric.”” The two sides of a telephone cir-
cuit constitute the two plates of a condenser ; being
conductors separated by insulation and have very
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perceptible capacity. The capacity, then, of this
telephone condenser depends upon the extent of
surface, the nature of the dielectric and the dis-
tance between the wires, which answer to the
plates in other condensers. In making a test on a
testing desk, it is the practice to charge and dis-
charge the line through a voltmeter, the line an-
swering to one plate of a condenser while the
ground answers to the other. Thus the capacity
of the line may be estimated and the distance to
the fault by the kick of the voltmeter be ascer-
tained. The capacity of the open conductor, in
cable testing, is, by means of a bridge, compared
directly with that of a good one in the same cable.
The same principle applies to the sound test used
by repair men, which consists of introducing a
telephone receiver between line and ground by
means of which the noise on both sides of the line
may be compared.

To charge and discharge the line through the
head telephone, in this test, the constantly varying
earth potential is utilized. A quicker and more
sensitive test than that with the voltmeter may be
had with a ground key on the testing desk by
means of which the telephone may be connected
in the same manner. In the case of continuous
current, when a dielectric separates the two
plates of a condenser cut in series with a cir-
cuit it will be opened; but a different set of con-
ditions are established in the case of fluctuating
or alternating currents. Should an alternating
current generator be connected to the two sides of
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a short open line, the difference of potential across
the terminals of the machine and that across the
ends of the wire forming the line, would be simul-
taneously alike—there would be no current through
the circuit, it being open. That is to say, there
would be no appreciable current, as the capacity
of the two wires and the quantity of electricity
which they would hold, except under extraordinary
pressures, would be ineffective in producing per-
ceptible current. When, however, the wires are
connected to the terminals of a condenser the
capacity of the two sides of the open circuit is no
longer inappreciable, and to maintain the differ-
ence of potential across the ends of the circuit, the
current necessary to transfer a sufficient amount
of electricity through it increases in proportion to
the capacity. There is a current flowing into the
condenser as the potential of the machine rises,
charging the condenser and raising its potential
correspondingly with that of the machine and the
rapidity with which the potential rises determines
the value of the current. The potential at the
terminals or ends of the wires is at its greatest
height when the potential of the machine is at
maximum, and here the current drops to zero, since
there is no further rise of potential and conse-
quently nothing to cause any further flow of elec-
tricity. ,
In Fig. 33 may be seen the connections with the
pressure curve (e.m.f.) at its maximum and the
current curve at zero. The potential across the
terminals of the condenser falls with the potential
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of the machine since they are connected ; but it is
the pressure which directly determines what any
charged body will hold. Hence, now, the original
charge at the condenser cannot be held; for if it
could, the potential of the condenser would be
higher than that of the machine and the excess
charge would flow back out of the condenser
through the machine, and since its direction is
opposed to ‘the e.m.f. of the machine, and in the

Fia. 33
PRESSURE AND CURRENT CURVES THROUGH
CONDENSER

reverse direction to that which it had been, the
current curve drops below the line. This reversed
current will continue until it reaches the point of
lowest potential and will then cease to flow, if the
change in the potential of the machine from posi-
tive to negative maximum be taken as merely a
fall of pressure from the highest point to the
lowest ; for, the moment that the potential of the
machine attains its negative maximum the current
curve falls back to the zero line. From this point
the potential of the machine begins to rise and
electricty must flow from the machine to the con-
denser, charging it, in order that the potential
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of the condenser may rise with that of the machine.
When the condenser is fully charged—the poten-
tial of both machine and condenser, having reached
the positive maximum—this current will cease to
exist. The rate of change in the potential of the
machine, determines the value of current required
to keep the potential of the condenser in step with
that of the machine, consequently the current at-
tains its maximum value in either direction when
the change of potential is most rapid. This. in
the case of the sine wave, occurs when the curve
crosses the line. When the potential of the ma-
chine is downward, the current is in one direction
and it is in the contrary direction when the poten-
tial of the machine is upward; the. maximum
value, in both instances, being attained as the
potential crosses the line. The foregoing explana-
tion refers to only one side of the circuit as it can
be readily inferred that analagous changes have
occurred in an opposite direction in the other side.

The curve of the current through the circuit, to
and from the condenser terminals, and through
the ringers, when ringing through a condenser, is
approximately alike in shape, though differing in
phase, to one with the condenser left out. It must,
however, be borne in mind that very high self-
induction characterizes a pair of ringers, and the
lag behind the e.m.f., because of this, is consider-
able. This lag is partly neutralized by the lead-
ing effect of the condenser, which is opposed to it
in direction, so that the current is brought in
more approximate phase with the em.f. By cut-
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ting a condenser into a circuit a pronounced im-
provement in ringing may be obtained in some
cases. If a pair of 1,000-ohm ringers be operated
on an ordinary 20-cycle generator or current, a
reduction in the impedence of the combination may
be effected equal to the resistance of the ringers
by raising, in accordance with the inductance of
the ringers, the capacity of the condenser from
two to eight microfarads. For most practical pur-
poses it may be assumed that a condenser allows
alternating current through it, as it represents
closely enough the to and fro motion of electricity.
The assumption, however, is not, strictly speaking,
correct. ’

The element of capacity in electrical science
becomes more complicated when considering the
fluctuating or pulsating e.m.f.’s which are con-
stantly changing in value although they are only
in one direction. This subject alone offers a very
broad field for investigation and study, and it
would require a special and voluminous work to
cover it fully; but in the foregoing pages the sub-
ject has been sufficiently treated to afford the
reader a clear understanding of electrical capacity
and its practical application to telephone work.



CHAPTER VIII
FACTS ABQUT THE MAGNETO SYSTEM

A small dynamo, contained in a magneto bell
box, generates the current which causes the bells
in another box to ring. The bell box also contains
polarized ringers, which when actuated by its own
generator or that of another box, rings its own
bells; and a switch is adjusted in the box by means
of which the bell or speaking apparatus, as de-
sired, may be connected to the line. When the re-
ceiver is hung up, this switch, in every type of
bell box, connects the bell apparatus with, the line
wire, and connects the speaking apparatus with
the line when the receiver is taken off the hook.
The hook, which holds the receiver when not in
use, operates this switch; it being practically an
integral part of the hook.

Two wires, one from each extremity of the gen-
erator coils, and which connect or make contact
with each other, thereby forming a shorter path
for the current around than through the generator,
short-circuits the generator in all bells when not
in use, except in bridging bells where the generator
circuit, when not in use is open; for in that case
the resistance of the generator coil and iis induc-
tive effects are removed from the line. The
operation of a telephone line is much improved

107
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by cutting these coils from circuit in the manner
described. This cut-off or shunt wire is, in some
kinds of bells, broken with a push button, when
ringing, but with a bridging bell it is closed. In
others it is done by an automatic attachment to
the crank shaft, so that while the crank is being
turned the shunt wire is broken, or closed if
bridged, allowing the current generated by the
generator to flow to line. As soon as the crank
motion ceases, the generator is then cut out by the
shunt wire.

The switch which the receiver hook operates,

Fic. 34 )
METHOD USED FOR CONNECTING UP SERIES
TELEPHONES

besides connecting the line alternately to the ring-
ing and the speaking apparatus, also closes and
opens the circuit of the local battery by which the
transmitter is operated.

Most all forms of battery used with the trans-
mitter, such as the Leclanché, dry and others,
become weak and useless in a short time if the
circuit is kept constantly closed and the battery
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continuously at work, entailing unnecessary
waste of material. One of the battery wires is
made to pass through the bell box and is connected
to the switch in such a manner that, when the re-

DIAGRAM
©
SERIES TELEPHONE

F1a. 35

ceiver is hanging on the hook, the battery wire is
broken, and the battery is in a state of absolute
rest. But the switch connects the receiver to the
line wire when the receiver is taken down, and
also closes the local battery circuit, thereby bring-
ing the local battery into action.

Magneto bells are of both the series and bridging
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type. The series bell is looped in on the circuit
and the bridging bell connected or “bridged”
directly across the circuit as shown in Figs. 34, 35,
36, 37.

As the ringers of a series bell form part of a
circuit they are necessarily low wound and are
usually of about 80 ohms resistance.

The Wiring of a Series Apparatus.—The wiring
of a series circuit party line station telephone ap-
paratus is substantially the same as that of the

Fi1a. 36
METHOD USED FOR CONNECTING UP BRIDGING
TELEPHONES

ordinary exchange circuit apparatus, as may be
seen by reference to Fig. 35. As in the latter in-
strument, the hook makes two contacts when the
receiver is removed, thus making the talking cir-
cuit, and but one when the hook is down, thus
making the calling circuit.

The bad effects observed by retardation in the
ringer coils when bells are connected in series can,
to a certain extent, be reduced by shunting the
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ringer coils with a resistance coil having four or

five times the resistance that the ringers have.
The resistance of bridging bell ringers ranges

from 1,000 to 2,500 ohms. Bridging bells are

Fi1a. 37
CIRCUIT OF BRIDGING TELEPHONE

largely used on metallic circuits and grounded
lines, when two or more subscribers are placed on
the same circuit. When used on metallic cir-
cuits the bells are “bridged” across the two wires
of the circuit, and when used in ground lines,
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bridged to ground at each station, making it pos-
sible. to operate a number of instruments on one
circuit with negligible loss.

TOLL LINE OR PARTY LINE—BRIDGING BELL

An alternating current may be used in ringing
this type'of bell. The current it generates, how-
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F1a. 38
CIRCUIT OF SELECTIVE TELEPHONE

ever is a pulsating one which will operate signal
at exchange but will not actuate its own ringers
or other biased ones on the line.

The method is by means of a split commutator
and brush placed on the generator and connecting
one-half with armature coil, which connects the
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coil with the line during one-half of each revolu-
tion, producing an interrupted direct or pulsating
current. Subscribers or toll stations on the same
line are enabled, by using this bell, to signal
central other bells on the line. This prevents un-
necessary ringing of subscribers’ bells and also
affords main office an opportunity to check up
business, as toll stations cannot call each other
directly.

FOUR PARTY SELECTIVE BELL

This type of bell, operated by positive or nega-
tive current, has 2,500-ohm ringers. A spring
holds the armature of the ringer to one side and
an adjusting screw regulates the pressure. See
Fig. 38.

The ringers are bridged to earth, two from each
gide of the circuit, and the bell is equipped with a
low voltage generator so that it will throw the
drop at the central office, but will not actuate the
high-wound ringers of the bells.

A combination alternating and direct pulsating
current generator or pole changer is used at the
central office, which provides for the application
to either side of the line of negative or positive
current as required. Impulses of current applied
to one side of line in such a direction as to cause
the armature to move in the opposite direction to
the spring will ring the bell. Impulses in the
same direction will not. °

Only one of the four bells will be rung at one
time when the two bells on each side of the circuit
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are arranged so as to be affected by opposite cur-
rents. '

Two different frequencies of alternating current
are required for ringing purposes in the operation
of the high and low frequency system (see dia-
grams, Figs. 39 and 39*. Taking under con-
sideration two frequencies of the alternating ring-
ing current of 20 and 60 cycles per second, the
first, or 20-cycle per second frequency, may be ob-
tained from the regular alternating two-pole ring-
ing machine revolving at a rate of 1,200 revolu-
tions per minute, giving 2,400 alternations per
minute. A generator operating at 1,000, or one
running at even a speed of 800 revolutions is
“efficient.

The low frequency current of 20 cycles may
also be obtained by the use of an efficient low
frequency pole changer, such as a hand generator
if not turned too rapidly.

A regular ringing machine delivering a 60-cycle
current will supply the high frequency alternating
ringing current, i. e.: a machine having 7,200

_alternations per minute. This would be either a
two-pole machine running at 3,600 revolutions per
minute, a four-pole machine running at 1,800
revolutions per minute, or a six-pole machine at
1,200 revolutions.

A power magneto may be safely used, providing
it is driven at a proper speed and the voltage is
not permitted to rise too high. The most practi-
cal method to obtain the high frequency ringing
current in cities having a 60-cycle alternating cur-
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rent incandescent light system, is to use this cur-
rent direct through a transformer without the use
of any motor-generator. The pressure or voltage
should not exceed 90 volts.

In the practical operation of the system as a
four-party selective line, four instruments are con-
nected to one metallic line (with talking circuits
metallic) ; two of these instruments have their
ringing circuits connected between one line wire
and the ground, and the other pair of instruments

T T T b gJ
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TELEPHONES CONNECTED ON FOUR PARTY
SELECTIVE LINE

CavcmaTORS

have their ringing circuits connected between the -
other line wire and the ground. Each pair of in-
struments comprises a high and a low frequency
instrument. A selective key having the requisite
number of buttons is used at the switchboard for
ringing the bells, this selective key serving the
purpose of connecting either high or low frequency
current between either one of the line wires and
the ground, that is, sending high or low frequency
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ringing current over either the tip or sleeve of the
plug and the ground. The general arrangement
of the four telephones on one line is shown in dia-
gram Fig. 40. The low frequency machine is
shown together with the association of the ringing
key, plug, and generators as delivering 2,400 al-
ternations per minute, and the high frequency
machine as delivering 7,200 alternations. The
keys “A,” “B,” “C,” “D” when depressed operate
either of the telephones marked “A” “B,” “C,”
or “D” accordingly as either button is actuated.

“A” and “C” are low frequency instruments,
and their line connections are reversed. The same
is true of the two high frequency instruments “B”
and “D.” If ringing current of either class is sent
over either line wire to ground, that current is
sent through the ringing circuits of both a high
and a low instrument, but on account of the con-
struction of these ringing circuits, only one bell
will respond, either the high or the low, depending
upon whether high or low frequency current is
used.

THE RECEIVER

There are two types of receivers, viz.: Single
pole and bi-polar, the latter signifying two poles.
The single pole receiver consists of a spool or
bobbin,. wound with fine, insulated copper wire,
upon an iron core. One end of this core is in-
serted in the end of a steel bar magnet, by which
the iron core is magnetized. A small circular
gheet of thin iron, called a diaphragm, is placed
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across the free end of the coil and about .015-inch
from the end of magnet. '

The two ends of the wire from the electro-
magnet bobbin are attached to the two binding
posts outside or the binding screws inside, depend-
ing on the type of receiver used, and the tips or
terminals of the flexible cords are screwed into
these posts, or terminal screws.

The bi-polar receiver has a horseshoe shaped
magnet with two electro-magnetic bobbins con-
nected in series. This is much stronger than the
single pole type of receiver. A cover with a hole
in the center and a funnel-shaped cup screwed
" onto the free end of the case is used to hold the
diaphragm in place across the face of the electro-
magnet.



CHAPTER IX
THE TRANSMITTER

It is often said that the transmitter, makes the
telephone, and to a large extent, this is true. It is
certainly the most important part to the subscriber,

Fi1c. 41
FRONT VIEW OF TELEPHONE TRANSMITTER

and, consequently, is the most important to the
operating company.
The essential principle upon which all trans.

mitters are constructed is the same; but with the
119
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rapid improvement in telephone construction gen-
erally there are recent types of transmitters which
have out-distanced, with respect to several ad-
vantages, the Bell instrument, although they may
resemble the well known White solid back. Among
recent forms and types of improved telephone parts

-+ Fra. 42
BACK VIEW OF TRANSMITTER

some standard ones-are described in the following
pages: '

The outer casing of this instrument (Fig. 41)
consists of a heavy cast brass front and a drawn
sheet metal back. These two parts are firmly
fastened together by four machine screws. A very
heavy brass bridge is supported by the front, and
affords a most solid mounting for the working
parts, which lie between the front and bridge.
Fig. 42 shows this construction.
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The carbon chamber is formed by two mica dia-
phragms supporting the electrodes and a brass
ring or collar. A cross section of the chamber i3
shown in Fig. 43, and it will be seen that each
electrode is fastened to a brass disc. The carbon
is attached to the disk without the use of solder,
by spinning the edge of the disc over the edge of

Fic. 43
CARBON CHAMBER

the carbon similar to the mounting of a stone in a
ring. The absence of solder and soldering salts
leaves no chance of corrosion on either surface, and
thus keeps a perfect contact for all time. Imme-
diately behind the supporting brass disc is placed a
mica diaphragm, and behind this another brass
disc to lock the diaphragm and further support
the electrode. The hubs upon which these discs
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are screwed serve another purpose. The front hub
is threaded and passes through a hole in the center
of the aluminum diaphragm, where it is held by
a nut, while the rear hub extends through the
bridge to an insulating block, and is there locked
in place by a setscrew. As will be noticed by
reference to Fig. 43 these hubs are of different
size and shape. The brass collar forming the other
part of the chamber is clamped to the mica dia-
phragm by brass rings having lugs or ears, which
are bent over the edges of the collar. These rings
and the collar fit so exact as to make an absolutely
moisture-proof carbon chamber. The granular car-
bon is sealed within the chamber so that it is
never necessary to tamper with this part of the
transmitter. The only adjustment provided is the
setscrew holding the hub of the rear electrode in
the insulating block on the bridge. By moving
. this hub forward or backward, a slight adjustment
can be secured in case the transmitter is too sensi-
tive or is not quite as sensitive as desired.

The use of two mica diaphragms in the con-
gtruction of the carbon’ chamber provides that any
vibration of the front electrode is transmitted
through the granular carbon to the rear electrode,
but at the same time the whole chamber is caused
to vibrate. This keeps the carbon granules alive,
and precludes all chance of their becoming packed
and thus deadening the vibrations transmitted
through them.

In order to have no electrical connections with
the frame of the transmitter, the connection from
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the front electrode is brought to the rubber in-
sulating block on the bridge by means of a Ger-
man sgilver strip, which is fastened to a binding _
post. A second binding post connects directly to
the hub of the rear electrode. A double conductor
cord then carries the connections through a hollow

.

Fic. 44
TRANSMITTER DISASSEMBLED

transmitter arm to the interior of the telephone
cabinet. Insulation at every point of contact keeps
the talking circuit free from the transmitter case
and the arm.

The diaphragm used to take up the voice vibra-
tions is made of sheet aluminum. Around its
outer edge is a rubber gasket which softens the
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tones by keeping out all metallic harshness. Two
damping springs clamped against the diaphragm
~reduce the sensitiveness just enough to eliminate
side tones which would otherwise occur. The
theory upon which the mechanical construction is
based, and the excellence of the workmanship,
are not the only considerations in building
a transmitter. The quality of the material used
plays a very important part in the success of the

Fia. 45
TRANSMITTER MOUNTING

instrument. The carbon especially must be per-
fect. The electrodes should be extremely hard,
and polished until their surfaces are as smooth and
even as glass plate.

Fig. 44 shows the various parts of a transmitter
disassembled.

Another important feature of a transmitter is
the amount of battery consumed, or the amount of
current required to operate it clearly and dis-
tinctly. Telephone companies are beginning to
realize this important feature, and are now de-
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manding a transmitter which will operate on much
less current than those designed and manufactured
four or five years ago.

Transmitters equipped with high resistance car-

F1a. 46
TRANSMITTER MOUNTING WITH INDUCTION
COIL IN BASE

bon electrodes require a great deal less current
than those equipped with metal electrodes and the
carbon electrodes reduce the battery consumption
without affecting the transmission, whereas a
corresponding reduction of battery flow in a trans-
mitter having metal electrodes would greatly re-
duce its efficiency.
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TRANSMITTER MOUNTINGS

Three standard telephone transmitter mount-
ings are shown in Figs. 45, 46 and 47. The first
is the “Pony” arm, used on compact type tele-
phones and on wide and single battery box instru-
ments. The arm is formed up of sheet steel, and

Fia. 47
TRANSMITTER MOUNTED ON HOTEL AND
RESIDENCE TELEPHONES

is hollow for the accommodation of the cords.
The construction is such as to allow a consider-
able freedom of vertical movement. The method
of connecting the base to the arm is such as to
preclude all chance of excessive wear. The old
trouble of the arm wearing at the base so that it
could not be tightened enough to support the
weight of the transmitter is entirely eliminated.
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Fig. 46 shows the “Box” arm with the induc-
tion coil in the base. This arm is, as a rule, used
on all wide and single battery box telephones. The
vertical movement is the same as the pony arm.

A knuckle joint arm for hotel or residence sets

[ ]
F1c. 48 )
OUTSIDE VIEW OF RECEIVER

is illustrated in Fig. 47. This arm accommodates
a double conductor transmitter cord, and is so
constructed that there is no chance of the cord
wearing. While the vertical movement is con-
siderable, stops are provided so that the trans-
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mitter cannot be placed in such a position that it
will not operate properly.

Tue RecEIVER.—Following the transmitter, the
receiver, which is shown complete in Fig. 48 and
exposed in Fig. 49, is the next important part
of the talking circuit of any telephone. The re-
quirements are easily determined. It must be

Fic. 49
EXPOSED VIEW OF RECEIVER

efficient and positive in reproducing the voice vibra-
tions transmitted to it. It must be of such
stability as to stand the hard usage to which it is
often subjected, and the change of air and tem-
perature. It must be easily handled and neat in
appearance.

It is generally conceded now that no receiver
reeds a method of adjustment. If properly made
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in the beginning, there should be no occasion to
adjust it even after years of service under varying
conditions.

By referring to Fig. 50 it will be seen that a
casting forms the mounting for the various parts.

F1a. 50
DISASSEMBLED PARTS OF TELEPHONE RECEIVER

The elongated cores of the electro-magnets fit into
slots in this casting. A hole is drilled in each
core, and dowel pins fastened in the casting fit
into these holes. The diaphragm is supported by
a cup which in turn is fastened by four screws to
the casting above mentioned. .
The winding of the coils is done with silk cov-
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ered copper magnet wire, and the resistance is
uniform. The outside terminals are soldered to
strips which are insulated and extend to the cord
terminals within the shell. Small coils of wire
between these strips and the coils allow plenty of

Fi1a. 51
MODERN TYPE OF RINGER

slack so that a coil can be removed and inspected
without breaking the soldered connections.

The magnet is a single piece, being formed up
from a bar of magnet steel. It slips over the
casting which forms a support for all of the parts,
and is held by a large brass machine screw. This
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screw passes completely through both sides of the
magnet, the casting and both of the coil cores.
All these parts are firmly clamped together, while
the screw plays no part in the adjustment.

The German silver strips which bring the coil
connections to the interior of the receiver, termi-
nate in a brass support to which are fastened the

Fi1a. 52
SHOWING RELATION OF ARMATURE CORES

cord terminals. Means are provided for fasten-
ing either spade or solid tips, so that these receivers
can be used by any exchange without the necessity
of keeping two kinds of cords.

THE RINGER.—A modern type of ringer is
shown in Fig. 51. In Fig. 52 the armature and
its relation to the cores is shown and Fig. 53 shows
the bell. The cores of the coils extend beyond
the heads and are threaded on the ends. On each
core are two lock nuts between which rests a yoke
supporting the armature. If the lock nuts on one
core are turned in one direction, that end of the
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yoke is brought closer to the coil, and if turned in
the opposite direction, that end of the yoke is
carried away from the coil. As the yoke supports
the armature, any change in the position of the
yoke causes a like change in the position of the
armature.

The armature is pivoted in the middle between

Fi1ac. 53
GONG OF RINGER

two lugs on the yoke. On one side is a pivot point,
while on the other is a screw which affords a sup-
port as well as a means of adjustment. This screw
is fitted with a lock nut so there can be no chance
of its working loose. With a pivot point on one
side and a sharp pointed screw on the other, there
need be no pressure against the armature to hold
it firmly. Fig. 54 shows the screw, lock nut and

———— . ——————
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pivot point ready to mount in the yoke. To the
armature is riveted a striker rod of braes with a
brass striker ball at the end.

Referring to Fig. 52 it will be seen that the
ends of the armature are formed so that they lie
parallel to the ends of the cores. This construc-
tion greatly increases the efficiency of the ringer,

Fia. 54
DISASSEMBLED PARTS OF RINGER MOVEMENT

as the air gap between the armature and coil
cores is uniform. Consequently, the greatest pos-
sible area is presented to be affected by the mag-
netizing of the cores.

Brass studs inserted in the armature keep it
from coming into direct contact with the cores.
These studs project but a few thousandths of an
inch.
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The heads of the cores are made of heavy black
fiber, and are securely fastened to the cores. The
coils are wound with silk covered copper magnet
wire. ' '

This ringer has recently been improved by the
addition of a solder clip fastened in the head.
The winding of the coil terminates in this clip and
therefore there is no wire connection brought out
of the coil. The fine wire terminals on ringer
coils have caused a great deal of trouble.

The magnet is made of magnet steel and is
firmly fastened to the ringer mounting by a ma-
chine screw.

These ringers are made for both series and
bridging work and are of almost any desired re-
sistance because of. the construction of the coil
which allows a large winding space. For series or
town lines 80 ohm ringers are preferable, and
1000 or 1600 ohm for bridging or farm lines.

THE GENERATOR.—If, as already stated, me-
chanical construction is an essential feature in the
perfection of the different pieces of telephone ap-
paratus, the fact may further be emphasized as
particularly true in relation to the generator. One
thing that largely determines the efficiency of a
generator is the distance from the armature to the
field pieces. The air gap between these parts
should be as small as possible, and should be uni-
form the entire length of the machine. - To insure
this the field pieces may be cast in soft iron and
then milled on their concave surfaces so that
each and every one will be exactly the same shape.
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See Fig. 59. These field pieces being fastened to
brass heads by four machine screws and four

F1a. 55
GENERATOR ARMATURE

dowel pilig', Vthei’é'is."no chance of their working
loose. An approved'type:of generator much in

N

F1a. 56
THREE BAR GENERATOR

use has its armature placed between the field pieces
and it revolves on a shaft extending through the
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brass heads. At one end this shaft supports a
pinion which engages the large gear wheel to
which the crank is attached. At the other end the
shaft is insulated from the brass head and then
‘passes through the head to come into contact with
the gypgture spring of the shunt. The fact that

Fia. 57
FOUR BAR GENERATOR

the armature shaft is supported between the same
two heads that hold the field pieces allows no
variation in the distance between these parts.

Fig. 55 shows an armature of a four bar gen-
erator. It is composed of laminations or segments
placed side by side so as to form a single unit.
These segments are punched out of soft sheet steel,
and are so uniform in size that a smooth surface
is presented when they are assembled. The object
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of the laminated armature is to eliminate eddy
currents which would reduce the -efficiency of the
whole generator. However, this loss is by many
manufacturers considered allowable and excellent
generators are made with solid armature cores.
The running gear is made up of a steel pinion

F16. 58
FIVE BAR GENERATOR

and a brass gear wheel. These two different metals
work together with little friction.

The shunts of both the series and bridging gen-
erators are very simple. In the series instrument
there are two springs. Normally the armature is °
shunted out of the circuit by the two springs
being in contact. The turning of the crank forces
the crank shaft out against the longer spring, thus
breaking the short circuit.

The bridging shunt consists of three springs ar-
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ranged so that the armature is short circuited
when the instrument is not in use. The turning
of the crank breaks the short circuit and bridges
the instrument across the line.

Fia. 59
GENERATOR PARTS

Short circuiting the armature practically elimi-
nates lightning trouble, as it is almost impossible
for lightning to burn out a generator.

Figs. 56, 57 and 58, which show the three, four
and five magnet generators complete, and Fig. 59,
which shows a four magnet generator dissected.
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THE HOOK SWITCH

A hook switch of recent type is shown in Fig.
60. The long lever actuated by a coil spring of
phosphor-bronze wire mounted in the base controls
the action of the contact springs.

The lever is made in two pieces so it is possible
to remove the hook from the- telephone cabinet
without disturbing the contact springs or altering

Fia. 60
TELEPHONE HOOK SWITCH
the adjustment in any way. A slot in the lower
half of the lever accommodates the other portion,
and the two pieces are securely fastened together
by machine screws.

The contact points are pure platinum rivets,
which pass through the springs, and are riveted
on both sides. . Hard rubber bushings and sepa-
rators insulate the springs and mounting screws
from each other and from the iron mounting. The
master or line spring attached to the lever by a
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stirrup is also insulated by a hard rubber bushing.
There are no electrical connections between the
contact springs and the lever or mounting, thus
precluding any chance of a subscriber receiving
a shock from touching the hook.

Each spring has a clip for connecting the
wires conveniently. These clips extend forward so
as to bring the connectors into plain view. The
base or mounting is cast of iron and is fastened
by two screws put in from beneath to the shelf of
the telephone.

THE INDUCTION ColL.—There are actually no
minor parts in a telephone, and yet the induction
coil, (See Fig. 18), is often referred to as such.
The coil should be as efficient as it can be made, as
it has an important function to perform. It is
placed in the talking circuit to increase the voltage
of the talking current, so that it may overcome
the resistance of long distance lines. TUnless prop-
erly designed and carefully made, it will only par-
tially fulfill its purpose, as it will distort the sound
waves so a8 to make the voice unrecognizable.

There are various ideas regarding the proper re-
sistance of the primary and secondary windings.
A series of experiments and tests in laboratories
and actual practice have led to the use by many
companies of a coil with a primary wound to 1.3
to 1.75 ohms and a secondary wound to 20 to 50
ohms,

The material used in the core has a great deal
to do with the efficiency of an induction coil. Soft
Norway iron wires which have been annealed twice
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in order to absolutely eliminate all hard spots are
highly efficient. The wires may be held within a

F1a. 61
TELEPHONE WITH REMOVABLE SHELVES

paper shell, and the whole core supported by two
heavy blocks. '

The best grade of copper magnet wire should
be used for the winding.

MouNTING OF TELEPHONE PaRTs.—In Fig. 63
is shown onc manner of mounting a telephone.
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The two 5-ply shelves supporting the hook switch,
induction coil and generator are removable, they
being fitted into slots in the sides of the cabinet.
The parts are mounted upon the shelves in the
usual manner, and the wiring is carried to binding
posts on the front edges. Silk and cotton insulated
wire is used, and at all connections enough slack
is left for reconnecting in case it is necessary to
remove a part from the shelf.

Referring to Fig. 61, it will be seen that the
cabinet is fitted with contact bars. These bars
are the terminals of the permanent wiring,
the circuits being carried along the back of the
back board and soldered to the contaét bars which
extend through. Immediately beneath the top
shelf are five of these bars, and beneath the lower
shelf are two. They are so situated as to engage
the binding posts on the shelves, and thus the
connections from the cabinet to the parts on the
shelves are made. Each of the contact bars is fitted
with a solder clip which extends through the back
board, and a clip which engages the binding post,
which is fitted with a lock nut.

A shelf may be removed in order to inspect any
of the parts without breaking any soldered connec-
tion, and without removing the telephone from the
wall. All shelves for one type of telephone are
interchangeable, and defective or damaged parts
can be replaced by exchanging shelves. This fea-
ture is especially desirable in bridging telephones,
as a repair man can remove the damaged parts,
and by inserting a new shelf, can leave the in-
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strument in order without the loss of time. The
old shelf can then be repaired at the exchange
where facilities are at hand. . :

THE GoNg DaMPER.—The purpose of the gong

Fia. 62
BELL WITH GONG DAMPER

damper is to stop the vibrations of the ringer
gongs as soon as the receiver is removed from the
hook. A sensitive transmitter will take up these
vibrations and magnify them to such an extent
that it is impossible to carry on a conversation.
This is particularly true with a compact type tele-
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phone. It has become customary to place the hand
on the gongs when calling or answering a call, but
the gong damper obviates this necessity.

F1a. 63 .
COMPLETE TELEPHONE

In Fig. 62 is shown the device attached to the
door of a compact type telephone. A lever formed
of heavy wire is secured to the door by hinges,
just ‘beneath the ringer and in such a position as
to rest upon the switch hook when the door is
closed. When the receiver is removed, the hook is
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raised and the lever is tilted upward. Two prongs
of the lever extend through the door, one into the
inside of each gong. The tilting of the lever
throws these prongs downward and leather discs
on their ends strike the gongs and deaden their
vibrations. When the receiver is replaced, the
lever falls back and removes the discs so that the
next ring is not affected.

COMPACT TYPE TELEPHONES

The compact type of telephone is used to a
greater extent than all other types of magneto tele-
phones combined. The reason for this is that it
satisfies a greater number of conditions than any
other yet produced. The apparatus is easy of ac-
cess, it is neat in appearance; its wiring is simple.
As all the apparatus is enclosed in a single cabi-
net, it utilizes a comparatively small amount of
space, as the name implies and is easy to handle
and install.

Compact TYPE SERIES TELEPHONES.—A Series
telephone of the compact type is shown in Fig. 63,
It is equipped with a 3-bar generator and 80-ohm
ringer. Some exchanges prefer to use 250-ohm or
even 500-ohm ringers, but, although this is good
_ practice, 80-ohm ringers are extensively and satis-
factorily used for all classes of individual lines.
The bridging telephone has replaced the series set
for practically all party line work.

A diagram of the wiring used in a standard
series compact set is shown in Fig. 65. The
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various lines show the connections between the
different pieces of apparatus; for example, the
line numbered 44 represents the wire connecting
the receiver binding post with the line binding

F1a. 64
COMPLETE TELEPHONE, KELLOGG TYPE

post. The small simplified diagram to the left
in Fig. 65 is given so that one can see at a glance
the circuit used, but does not show the actual
wiring employed.
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Compact TyYPE BripeING TELEPHONES.—In
Fig. 64 is shown a five-bar bridging telephone
of the compact type. This instrument may be
equipped with a ringer of any desired resistance
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COMPLETE CIRCUIT FOR SERIES INSTRUMENT

for bridging work; usually either 1,000 ohms or
1,600 ohms, according to the length of the line
and the number of telephones on the line. Higher
resistances can be obtained, but an efficient 1,600
ohm ringer will give satisfactory service on any or-
dinary heavily loaded bridging line.
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Fig. 64 reveals the arrangement of the equip-
ment as well as a portion of the wiring. The
transmitter connections are made of stranded
copper wire with a double insulation. These wires
lead from the transmitter through the hollow arm
to the inside of the door and here they are held in
place by a suitable clamp.

From here one wire goes to one terminal of the
battery and the other is soldered to a connector
to which is already attached a wire that is carried
through a slot in the backboard to the primary of
the induction coil. '

These compact sets are also made with all parts
of the circuit highly insulated for use on lines
near high tension circuits.

The hinges form no part of the talking circuit
which is an important feature in the design of
a telephone for the reason that a poor contact
quite frequently occurs at this point. The presence
of the hinges in the ringer circuit presents no
‘serious obstacle to the high potential current such
as is used for ringing.

The wiring of a standard bridging compact set
is shown in Figs. 66 and 67. Upon turning the
generator crank the ringer is automatically cut out
of the circuit.

The five-bar generator and high wound ringer
sets are admirably adapted for use on the longest
heavily loaded farmers’ lines, while a four-bar,
1,000-ohm set will work satisfactorily on a line of
moderate length with 10 or 12 phones depending
entirely upon the condition of the line.
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It frequently happens that on heavily loaded
lines some party fails to hang his receiver on the
hook. This not only allows the batteries to run
down but leaves the receiver bridged across the
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F1a. 66

line in series with the secondary of the induction
coil.

This forms a very low resistance path for the
generator current, consequently such a small por-
tion of the same passes through the ringers of the
other telephones on the line that they fail to re-
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gspond. To overcome this difficulty and in accord
with an essential principle of electricity—that “a
condenser offers a small resistance to high fre-
quency alternating current and a high resistance

Fia. 67

to a low frequency alternating current”—a low
capacity condenser may be in the secondary circuit.

This offers ample resistance to the low frequency
ringing current to cause a sufficient flow through
the ringers to operate them satisfactorily and at
the same time the resistance offered to the high
frequency talking current is negligible.
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A simplified diagram of such a circuit is shown
in Fig. 66.

The actual wiring of the set is the same as
shown in Fig. 67 with a condenser inserted in the
place of the condenser punching.

In all the sets wired with this circuit a con-
denser punching should be provided so that a con-
denser can be installed at any future time without

I
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F1a. 68
METHOD FOR CONNECTING TELEPHONES WITH
GROUNDED CALLING PUSH BUTTON

changing the wiring of the set in any way. All
that is necessary to install the condenser, is to re-
move the wires from the punching and connect
them to the condenser terminals. With the or-
dinary telephone it is necessary to procure a special
condenser and place it on the outside of the tele-
phone or on the wall near by.

In rural telephone service it has always been
considered, that, to be able to ring central without
ringing the other parties on the line and to ring
any party on the line without ringing central, is a
great advance in telephony.

This has been accomplished on metallic lines
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inh the following manner: In addition to the two
line wires a ground connection is provided at each
telephone as indicated in Fig. 68 which shows the
complete system with four telephones connected.

Fia. 69
CIRCUIT OF BRIDGING TELEPHONE WITH GROUND-
ING KEY FOR CALLING CENTRAL

With this type of telephone the left post is con-
nected to the sleeve and the right post to the tip of
the line which is just the reverse arrangement used
for standard instruments. This arrangement is
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used to avoid complications in the wiring of the
set.

The diagram of the circuit employed in wiring
these telephones is shown in Fig. 69. The only
piece of apparatus required in addition to that
used in a standard bridging telephone is the
grounding key. Normally the generator is bridged
across the line through the break contact in the
grounding key.

To ring any party on the line, all that is neces-
sary is to turn the generator crank using the proper
code of rings. This will not affect the drop at the
switchboard as it is connected to ground from one
side of the line. _

When the subscriber desires to call central, he
presses the grounding key which completes a cir-
cuit through the switchboard drop and at the
same time breaks the circuit with the other tele-
phones on the line. Now upon giving the generator
a turn the drop is thrown and the other parties
on the line are not aware of the fact.

It often happens that telephone companies de-
gsire to change some of their old bridging instru-
ments for use with a grounding key. To provide
for this and obviate the considerable work which
is necessary to install this key in the telephone
as it is done in factories, a key, has come into
noticeable practice. This key is mounted in an
oak block together with all the necessary wiring
for making the changes. No change is required
in the telephone. The method of connecting is
shown in the diagram, Fig. 70. To ring central
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secretly on grounded lines is a far more difficult
thing to accomplish than on metallic lines as on
grounded lines the complications at the switch-
board render the problem a most difficult one, and
while there has been introduced such apparatus,
it is doubtful if entire satisfaction can yet be
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Fi1a. 70
METHOD OF CONNECTING GROUNDING KEY TO A
BRIDGING TELEPHONE

given under, very trying conditions, although,
like all the other difficult problems which have been
solved in practical telephony, this difficulty will
be surmounted in the course of time, and this class
of service may also be given with most satisfactory
results. » .

~ However, in the interim the essential want is
practically provided for by the type of telephone
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with which central can be called secretly and also
the parties on the line can be called, but in doing
this the switchboard drop is operated. The opera-
tor can usually tell if the party on the line is

Fie.-71
CIRCUIT OF INSTRUMENT WITH GENERATOR DE-
SIGNED TO GIVE ALTERNATING AND
PULSATING CURRENTS !

being called by the number of rings and conse-
quently restores the drop without listening in. To
aid in discerning a coded call a combined ringer
and drop is often used on such lines.
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The wiring used in this type of set is shown in
Fig. 71. The peculiar feature in the equipment

" being in the construction of the generator. This
is designed to give both alternating and pulsating
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Fia. 72

current. The alternating current is used for ring-
ing other parties on the same line and is normally
connected. To call central the subscriber presses
the key which connects the pulsating current to
the line. This will operate the drop but will not
affect the ringers on the line as they respond only
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to alternating current. The pulsating current
tends to pull the tapper over in the same direction
all the time and as it is held over to the proper
side by a small spring there can be no action.

The condenser can be used to advantage in this
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Fi1a. 73
COMPLETE CIRCUIT FOR CENTRAL CHECKING
INSTRUMENT

type of telephone and a sketch of the circuit for
the same is shown in Fig. 72, and for the actual

—_—
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wiring reference can be made to the preceding dia-
gram, Fig. 71.

Some telephone companies desire to give service
in which the subscribers on a line are not per-
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F16. 74
SIMPLIFIED DIAGRAM OF TELEPHONE
CENTRAL CHECKING

mitted to call one another, but must first call
central and she will call the desired party in the
usual way. A telephone to satisfy this class of
service is equipped with a generator producing pul-
sating current only. This will cause the drop at
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central to fall but will not affect the ringers on
the line. Instruments of this type are frequently
spoken of as “central checking telephones.”

Fig. 73 shows a wiring diagram of such a tele-
phone. It is very similar to the standard bridging
circuit shown in Fig. 67, the only difference being
that the ringer in the latter circuit is not cut out

Fi1e. 75
TWO PARTY SYSTEM

by the generator shunt for the reason that the sub-
scriber is not able to ring his own bell due to the
fact that his telephone is equipped Wlth a pulsat-
ing current generator.

Fig. 74 shows a simplified diagram of the cir-
cuit for this kind of telephone equipped with a
condenser in the secondary circuit.

The code system of ringing telephone bells is
one of the disagreeable features of party line serv-
ice. Many times the wrong party answers the call
due sometimes to careless ringing and other times
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to a misunderstanding of the signal. To overcome
this trouble several selective ringing systems for
magneto exchanges are in use.

The two party systems is extremely simple, em-

W W
F1a. 76

COMPLETE CIRCUIT OF TWO PARTY INSTRUMENT
WITH ALTERNATING CURRENT GENERATOR

ploying the divided circuit scheme as illustrated
in Fig. 75. In this diagram a “master-key” com-
mon to all the ringing keys in an operator’s posi-
tion, is used for switching the generator to either
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side of the line. To ring the first party the opera-
tor connects the generator to the tip side of the
line by means of her “master key” and rings in the
usual way. This causes the ringing current to
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Fia. 77
SIMPLIFIED CIRCUIT OF TWO PARTY INSTRUMENT
WITH PULSATING GENERATOR

flow over the tip of the line through the ringer,
in the first party’s telephone to ground. The bind-
ing posts of the second party’s instrument are con-
nected to the line in the opposite way from those
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of the first party—that is, the tip post is con-
nected to the sleeve instead of the tip side of the
line, etc.

Any number of telephones may be bridged across
the line with one-half of the ringers connected
from either side of the line to ground. By this
divided circuit arrangement only one-half of the
subscribers will be disturbed when a party is sig-
naled, which for a heavily loaded line is great
advantage.

In Fig. 76 is shown the wiring diagram of a
regular two party set with an alternating current
generator and in Fig. 77 is shown a simplified dia-
gram of a circuit for the same type of set equipped
with a pulsating current generator. Either set is
equally satisfactory for this service.

FOUR PARTY SELECTIVE WITH BIASED BELLS

Referring to Fig. Y8 which shows a complete
diagram of a four party selective ringing magneto
system, it can be seen that each subscriber’s instru-
ment consists of a regular talking circuit, differ-
ing in no way from that of the standard bridg-
ing subscriber’s set, and a signaling outfit which
consists of a bridging generator with an automatic
switch to cut it out of circuit when not in use,
and a special high wound ringer.

This ringer is preferably wound to a resistance
of 2,500 ohms, and is provided with an adjustable
biasing spring to hold the armature against one
of the pole pieces, thereby making it possible to
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ring only the bell with the right polarity of cur-
rent, the wrong polarity simply tending to attract
the armature of the ringer in the same direction as
the tension of the biasing spring.

In order to make the telephones interchange-

Two Party on
Greunded Line
Condenser
WEFH -
s
Fig. 79

COMPLETE CIRCUIT OF FOUR PARTY INSTRUMENT

able as regards the station, the ringer is provided
with a switching device. This consists of two
cords with tips Nos. 4 and 5 attached to the ringer

—_—— e —_— e —
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terminals and three binding posts Nos. 1, 2 and 3
arranged to hold these tips. Thus to adapt a tele-
phone to serve for any of the four stations, these
"cords are connected as per a printed code. Fig.
79 shows the proper connections for each of the
four parties as well as the wiring of the set.

Selective telephones should always be connected
to the line wiring in the same manner, i. e., by
connecting the left hand binding post to- the tip
side and the right hand binding post to the sleeve
side of the line circuit and the middle binding post
to “ground,” which latter can be a water pipe or
regular ground rod of iron driven into a place
where it will be in contact with moist earth during
the entire year.

These sets have been used to a large extent for
two party service on a grounded line. For this
work the first and third party are used, connect-
ing the sleeve binding post as well as the middle
binding post to ground.

Selective party lines should terminate at the ex-
change switchboard in low wound line drops ar-
ranged to be cut out of circuit when the plug is
inserted in the corresponding spring jack.

The function of this low wound drop is to con-
sume enough current from the generator of a
party calling the exchange so that the other ringers
on the same line will not operate and as far as
disturbance from signaling is concerned, each party
will have the same advantage as on an individual
line. .

Besides the low wound drop for each party line
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it will be necessary to supply the switchboard with
generators capable of giving positive (4) and
negative (—) pulsating current for selecting pur-
poses in addition to the alternating (4-) current -
for regular ringing and master keys common to
each operator’s position to switch the different gen-
erator currents to the regular ringing keys. Fig.
78 shows the complete wiring of this exchange
apparatus.

To call a subscriber on any one of these party
lines the operator first sets the master key to cor-
respond to the party desired, and with the plug
inserted in the line jack of that circuit, she rings
with the regular ringing key in the usual manner.
The operation of the master key simply switches
the generator current required, to operate the de-
sired station, to the strap wires, which are common
to all of the keys in an operator’s position, so that
any cord circuit can be used in calling. When the
levers of the master key are in an upright posi-
tion, alternating generator current is on these
strap wires, so that the switchboard can be operated
for regular service.

HARMONIC SELECTION

Since the introduction of the Harmonic System
of selective ringing for Common Battery Systems
several years ago, there have been many important
changes made in the system of supplying ringing
current, so that it is now possible at a small ex-
pense to install what is called a Frequency Pole
Changer which will supply ringing current of dif-
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ferent frequencies in the same manner in which
original multi-cycle ringing machines were used
for large Common Baftery installations.

In Fig. 80 a circuit of the connections for a-
four party system is shown in which the ringing
ag well as the talking circuit is metallic. A wiring
diagram of a four or eight party frequency selec-
tive ringing telephone is shown in Fig. 81. This
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Fic. 80
CIRCUIT OF FOUR PARTY FREQUENCY SELECTIVE
SYSTEM

diagram includes the plan of connections for either
four or eight party service.

The distinguishing feature in this telephone is
the construction of the ringer which is especially
designed to respond only on a current of a fixed
frequency.

By this system it is now possible to furnish
selective eight party service on magneto lines by
wiring the ringers of four telephones from each
gide of a metallic line to ground. In Fig. 82 is
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illustrated an eight party circuit showing the wir-
ing of the telephones in connection with the line;
also the wiring of the ringing circuit at the ex-
change.
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F1a. 81
CIRCUIT OF FOUR OR EIGHT PARTY FREQUENCY
SELECTIVE RINGING TELERHONE

CoMMoN Bartery TypE MaeNero TELE-
PIIONES.—A type of telephone which has been in-
troduced is called the Common Battery Type,
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owing to its cabinet being very similar in appear-
ance to the cabinet most commonly used for
central energy telephones.

it
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Fi1a. 82
EIGHT PARTY FREQUENCY SELECTIVE CIRCUIT

This comparatively new cabinet takes up less
space than the compact form, and yet there is suf-
ficient room for the convenient mounting of the
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parts. The writing shelf is hinged to the back-
board, so that it can be raised. The front of the
generator box can then be lowered, it being hinged

at the bottom. This leaves the interior of the cab--

inet open for the inspection of the parts. A brass
arm fastened within the generator box affords a
rest for the writing shelf when it is raised, so that
a man working on the parts within does not have
to hold up the shelf.

A machine screw put through a special bushing
and arranged so that it cannot come out when
loosened, fastens the writing shelf and the front.
This screw is placed under the edge of the shelf
where it is out of the way, but readily accessibl2
when wanted.

The ringer is' mounted on the front, and as the
gongs and striker are located at a point where
they might be tampered with, a nickel plated brass
guard is placed over the striker ball.

Two cells of dry battery are supplied with this
telephone and are placed in the lower part of the
cabinet. The cover of the battery box can be re-
moved by loosening the machine screw in the bot-
tom. This machine screw fits into a brass bushing
permanently fastened in the wood. A solid fasten-
ing is thus secured.

DouBLE BATTERY Box TELEPHONES.—A type of
telephone, known as the Wide or Double Battery
Box instrument, is used for either series or bridg-
ing work, with three, four or five-bar generator
and ringer of any desired resistance. It is usually
equipped with two cells of wet battery, and is so
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constructed as to permit of the use of all special
features, such as condensers, push buttons, etc.
This type of the battery box telephone is shown,
open, in Fig. 83. The magneto box containg the
generator, induction coil, ringer and hookswitch
and is so designed that it can be easily removed

F1c. 83
WIDE OR DOUBLE BATTERY BOX TELEPHONE

from the backboard without unsoldering any
connections.

The battery box is also easily removed exposing
the batteries for inspection. They rest on a metal
shelf fastened to the backboard. Dry cells may
be used with this telephone if desired.
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SINGLE BATTERY BOX TELEPHONES

The single battery box telephone is identical
with the double battery box type just described
except that the battery box and the lower part of

Fic. 84
CENTRAL ENERGY TELEPHONE

the backboard are made narrower, to accommo-
date one wet cell or two cells of dry batteries.
These sets are used in either bridging or series.
The bridging sets may be used with three or four
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bar generators and any desired resistance of the
ringer. The circuit used in wiring these sets is
the same as for the double battery box type.
CeNTRAL ENERGY TELEPHONES.—There are nu-
merous types of Central Energy Telephones. ~ Fig.

Fia. 85
MAGNETO RESIDENCE TYPE TELEPHONE OPEN

84 shows a popular type. The arrangement of the
parts is very convenient, there being no concealed
connections when the front is lowered. The con-
denser is mounted beneath the writing shelf and
parallel to it so that the two terminals are in plain
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view when the cabinet is open. The ringer is
placed in the box beneath the shelf and the bell
tapper which protrudes through the front is pro-
tected by a nickel plated brass shield. The hook

Fia 86
MAGNETO RESIDENCE TYPE TELEPHONE

switch is mounted*upon a shelf and the induction
coil upon the back board. The receiver binding
posts are beneath the hook switch shelf, while the
line posts are mounted upon it. '

The transmitter used on this central energy
telephone is different from the local battery in-
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strument only in the construction of the carbon

chamber and the use of the carbon granules.
HoTeL AND ResIDENCE TELEPHONES.—In Figs.

85 and 86 are shown two views of a magneto

Fi1c. 87
MAGNETO RESIDENCE TYPE TELEPHONE WITH
LIGHTNING ARRESTER

residence type telephone. This set is equipped
with lightning arrester and outside binding posts,
while in hotel type telephones the arresters are
omitted and the line and receiver cord binding
posts are placed within the cabinets. The bat-
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teries for both types have to be placed outside as
the cabinets are not large enough for their accom-
modation.

As shown in Fig. 85 the arrangement of the
parts is very convenient, as none are concealed
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Fi1g. 88
CIRCUIT OF COMMON BATTERY HOTEL SET

when the door is open. The transmitter is mounted
upon a knuckle joint, which allows a considerable
vertical adjustment.

Another type of the residence or hotel tele-
phone is shown in Fig. 87, and it may be used
with either bridging or series equipment. It is
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particularly designed to fill the want when a small
sized instrument is required.

Telephones of the type shown are made for either
series or bridging work. The cabinet used for the
five bar residence sets is slightly wider than the
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"Fie. 89
COMPLETE CIRCUIT OF PARTY LINE TELEPHONE,
RESIDENCE TYPE

one shown, but in all other respects it is the same.

Another type of telephone for hotel use is known
as the “Kick Coil Hotel Set,” as it is equipped
with a kick coil instead of a generator. The kick
coil operates on the current taken from two cells
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of dry battery mounted within the cabinet. These
batteries are used both for signaling and talking.
The removal of the receiver from its hook causes
an impulse to be given by the kick coil, which
throws the drop at the switchboard. The clearing-
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F1a. 90

CIRCUIT OF SERIES TELEPHONE, RESIDENCE TYPE

o

out signal is given by hanging the receiver upon
the hook.

Fig. 88 shows a common battery hotel set cir-
cuit and Fig. 89 shows the same circuit two party.
The wiring for a series set is shown in Fig. 90,
while the bridging wiring is shown in Fig..91.
At the bottom of the backboard two binding posts
are provided to give connection with the batteries
which are located outside of the telephone cabinet,
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in the basement or some nearby closet. These cir-
cuits are very similar to those described under
double battery box telephone.

Desk TeLeEPHONES.—Fig. 92 shows a form of
desk stand. The desk telephone, which is now an
instrument in universal use, is made in a variety of

Fi1c. 91
CIRCUIT OF BRIDGING TELEPHONE

styles, the essential features of all, however, being
identical. The switch is mounted in the base, as
shown in Fig. 93. The actuating spring engages
a rod which extends upwards through the tube to
the hook lever. Within the tube is placed a long
spiral spring, which gives a quick, positive action
to the hook. There are no other parts within the
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tube so it is never necessary to remove more than
the bottom protecting plate of the stand in order
to inspect or repair any of the parts.

The supporting block in the base, upon which all
of the connections are mounted, is composed of
hard rubber and is securely fastened to the cast
iron base by three machine screws. This rubber

Fia. 92
DESK SET

block is a unit in itself, as the wiring from the
various connections is done on the block with in-
sulated copper wire. The block used in a local
battery desk set is slightly different from that used
in a common battery desk set, but in order to
change from one system to the other, it is only
necessary to change the block, as all other parts
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are standard with the exception of the transmitter.
A common battery transmitter, of course, has to be
substituted for one of the local battery type.

The transmitter connections are entirely insu-
lated from the stand. They are brought from the
transmitter to the mounting block in the base by
means of silk insulated cords, which terminate in

Fi1a. 93
BASE OF DESK TELEPHONE

brass connectors. The four conductor cord which
carries the connections from the stand to the ring-
ing apparatus, also terminates on this block in
brass connectors. Each connection is marked in
the rubber, as can be seen in Fig. 93.

Several different combinations for desk sets are
used ; one of the most popular being the combina-
tion of the desk stand, connecting rack and induc-
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tion coil, with generator mounted in one box and
ringer in another.

Another combination which is fast becoming
popular is the desk stand with the cord attached
to a connecting rack with induction coil mounted
thereon and the generator and ringer mounted in

Fic. 94
MAGNETO DESK SET WITH BOX

one box. A third combination, and one which is
‘almost new in the Independent field, is the desk
stand with the four conductor cord extending to
a desk set box containing a connecting rack, in-
duction coil, generator and ringer. This box is
shown in Fig. 94 and it will be 'seen that all of
the parts, with the exception of the batteries, are
included in this one cabinet. This arrangement
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cuts down the number of pieces of the desk set,
and lessens the chances for trouble. The connec-
tions on the connecting rack within the box, are
marked, and the circuits are easily traced. Bat-
teries are required with any of the above combina-

Fia. 95
PRESSED STEEL DESK STAND

tions, but binding posts are provided on the con-
necting rack for connecting to the two cells of dry
battery belonging to the sets.

Common battery desk sets consist of a desk
stand, such as described above, a receiver and
common battery transmitter, a four conductor green
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silk cord, and the desk set box containing a ringer,
condenser and induction coil.

Desk sets are made for all classes of service.
Bridging sets with four or five bar generators,
ringers of any desired resistance and any other

Fi1a. 96
PRESSED STEEL TRANSMITTED HEAD

special feature the practicability of which has been
demonstrated.

An extension desk telephone for talking only
consists of a stand with transmitter and receiver,
six foot four conductor cord, connecting rack with
induction coil and two cells of dry battery. Such
instruments are extensively used in offices. They
can be connected to either wall or desk sets with-
out difficulty.
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Booth sets often consist of desk stands with
transmitters, receivers, connecting cords, induction
coils and batteries.

Fig. 95 illustrates an excellent desk stand. The
construction of the upper part is shown in the

SERIES DESK SET CiRCUIT

=k

il

Fie. 97
SERIES TELEPHONE CIRCUIT

gsectional view, Fig. 96. Being made of pressed
steel, it is very durable.

In Fig. 97 is shown the wiring for a series tele-
phone, while Fig. 98 shows the same for a stand-
ard bridging instrument. It will be noticed in both
of these circuits that the four conductors leadihg
from the stand to the box are marked Green, Black,
Red and Orange. These colors correspond to the
colored tracers in the desk stand cord. Green con-
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nects with binding post No. 1, Black with No. 2,
Red with No. 3, and Orange with No. 4.

This type of telephone is also used to some ex-
tent on party lines having different equipments.
Fig. 99 shows the wiring of a regular bridging
equipment with a condenser in the secondary cir-

BRIDGING DESK SET CIRCUIT Wicieg
A.C.GEN.
of Cord
Fia. 98
BRIDGING DESK SET CIRCUIT
A. C. GEN,

cuit, while in Fig. 100 a similar equipment with a
grounding key is shown.

In Fig. 101 the wiring is shown for a four party
pulsating system.

In the diagram, Fig. 102, is shown the wiring
for a four or eight party harmonic equipment of
this type. Fig. 103 shows a Kellogg Common
Battery Desk Set Circuit.
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BATTERY Box.—In the use of local battery hotel
or desk type telephones it has often been a source
of perplexity what disposition to make of the bat-
teries. The usual custom is to place them in the

A.C GEN. & COND IN SECONDARY

RINGER

p— )
LY

F1a. 99
CIRCUIT OF BRIDGING TELEPHONE WITH A. C.
GEN. AND COND. IN SECONDARY

GRELn

basement or a closet, either of which is undesirable,
as it not only requires additional unsightly wiring
but the batteries are usually unprotected and apt
to be knocked over, and as a natural consequence
the telephone is put out of commission by a car-
bon breaking or a wire being torn loose.

To prevent this trouble a battery box is made,
out of pressed steel, lined with fiber.
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Holes are provided in the top and bottom
for bringing in the wires.

This box is so designed that it can be attached
to any desired surface and detached without re-
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CIRCUIT OF BRIDGING TELEPHONE WITH
GROUNDING KEY

moving screws. For desk use it is convenient as it
can be placed beneath or on the end of the same,
back of the desk set box.

ApjUsTABLE TELEPHONE. — The instrument
shown in Figs. 104 and 105 contains & desk stand
and an adjustable desk stand holder combined in
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one. It may be attached to any vertically or hori-
zontally flat surface, or to any style desk.

The cylindrical box encloses the hook-switch and
cord connections and to it the transmitter is ad-
justably attached. The hook-switch springs are en-
tirely insulated from the metal of the case and re-

svavew 3 BRIDGING DESK SET CIRCUIT
f 4 PARTY PULSATING
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Fi1a. 101

ceiver hook. The adjustable lever arms and base
are made from steel, nickel plated.

The adjustable desk telephone uses the same cir-
cuits as the standard portable desk type instru-
ments with slight variations such as the arrange-
ment of the hook-switch springs and binding posts.

SpECIAL BRIDGING TELEPHONES.—A great many
improvements have been made in bridging tele-
phones during the past two years; in fact the serv-
ice on bridging party lines has so advanced that to

42 I
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day the subscribers on such lines can secure almost
as perfect service as the subscribers on the in-
dividual lines used in towns and cities.
BripgiNg TELEPHONES WITH DIRECT CURRENT
GENERATORS.—By the use of a direct current gen-
erator in each of the telephones a central checking
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Fi1a. 102
BRIDGING PARTY LINE TELEPHONE CONDENSER
IN SECONDARY

system can be secured in bridging party lines.
The subscribers will then have to ring central even
though they wish to talk to some other subscriber
on the same line. The direct current generator
will throw the drop at the switchboard, but will
not operate the subscribers’ bells, as these bells are
arranged to ring on an alternating current. By the
use of a system of this kind, the operating company
can- keep an exact record of each and every call
made on the bridging lines, and can find out just



The Transmitter 191

which subscribers use the line the most. Several
other advantages are derived, which affect not only
the operating company, but the subscribers. The
bells of the subscribers are not being continually
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Fia. 103
KELLOGG COMMON BATTERY DESK 3ET

rung by people calling central. This fact also tends
to alleviate the annoyance due to people listening
in on the line when they hear central being called.

BripciNG TELEPHONES WITH DIRECT AND AL- -
TERNATING CURRENT GENERATORS.—By equipping -
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a metallic or grounded party line with direct and
alternating current generators, wired to push but-
tons, very good service may be given to subscribers.
By the use of such instruments any subscriber on
a bridging line can call any other subscriber on
the same line or can call central without ringing
any of the telephone bells on that line.

F1a. 104
ADJUSTABLE DESK TELEPHONE

The push button, which is mounted on the side
of the cabinet, is wired in the generator circuit,
go that an alternating current will be given out
by the generator when the button is not pressed,
and a direct current will be given when the button
is'pressed. By turning the generator crank without
pushing the button, the alternating current passes
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out over the line and rings all of the bells and at
the same time throws the drop at the switchboard.
By the number of rings given the operator knows
the signal to be for a subscriber and not for a con-
nection, so she restores the drop without answering
the call. By turning the generator crank, and at
the same time pressing the button, a direct current

F1e. 105
ADJUSTABLE DESK TELEPHONE

passes out over the line and throws the drop at
the swiichboard, but does not ring the bells, as they
are arranged to be operated on an alternating cur-
rent. By this means, a subscriber secures secret
service to the exchange.

When the operator rings out to cell a party on a
line equipped with telephones of this description,
all of the bells ring as on an ordinary bridging
line.
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BripaiNe TELEPHONES EqQUIPPED WITH CON-
DENSERS.—The most serious disadvantage to the
service on a bridging party line is the “listening
in” of the subscribers. The fact that the talking
circuit of a bridging telephone is of much lower re-
sistance than the ringer, causes a great reduction
in the efficiency of a bridging line if one or two re-
ceivers are removed from the hooks. In place of
the 1,000 ohm, 1,600 ohm or even higher resistance
ringer, bridged across the line, is a receiver and
the secondary of an induction coil. The combined
resistances of the receiver and the induction coil do
not, as a usual thing, measure over 275 ohms. This
resistance,. as compared to the ringer resistance,
is very small, and the path through the talking
circuit is therefore of much less resistance than
through the ringer. Even one receiver removed
will make it almost impossible to ring by that sta-
tion unless a condenser is installed. By placing a
condenser of low capacity in series with the re-
ceiver an impedence is offered the ringing current,
which fully equals a 1,600 ohm ringer. There-
fore it will make no difference whether the re-
ceiver is on or off of the hook. The condenser,
while offering a high impedence to the ringing or
generator current, does not retard the talking cur-
rent to any appreciable extent. Actual tests made
both in laboratories and on country lines show that
it is impossible to detect any difference in the talk-
ing qualities with a condenser in or out of the cir-
cuit. On any bridging line equipped with con-
densers, all the receivers between the first and last




The Transmatter 195

telephones may be removed, and the first subscriber
can ring the last without difficulty.

FOR METALLIC LINES ONLY

Bripging TELEPHONES WITH PusH BUTTONS TO
Rixg CENTRAL. OVER ONE SIDE oF LINE AND
GRrOUND.—A metallic line offers greater opportuni-
ties for variation of circuits than does a grounded
line. A very simple and practical arrangement can
be had by wiring the generators of the telephones
to push buttons, which, in their normal position,
allow the current to pass out over the metallic
line, and when operated cut off one side of the
line and ground the generator from. the other
side. The switchboard drop on such a line is
grounded so it will not be operated when a sub-
scriber rings while pressing the button. As the
ringers of the telephones are bridged across the
metallic line, the subscribers can call each other
without di\sturbing central or can call central with-
out ringing any of the bells’ on that line. This
system has all of the advantages of the direct and
alternating generator system, and in addition has
the advantage that the subscribers can call among
themselves without bothering the operator.

Divipep Circuir TELEPHONES.—Divided Cir-
cuit Telephones are extensively used on metallic
bridging lines as they tend to better the service.
Each instrument is equipped with a direct current
generator bridged across the line, and a high re-
sistance ringer of 1,000, 1,600 or 2,000 ohms,
bridged from one side of the line to ground.
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One-half of the telephones have their ringers
bridged from one side of the line to ground while
the other half have their ringers bridged from the
other side of the line to ground. Therefore, the
metallic line is virtually two grounded lines so far
as the ringers are concerned. As stated above, the
generators are arranged to give direct current and
are bridged across the metallic line. The switch-
board drop is also connected across the line and
consequently is thrown when any of the generators
are operated. The ringers being grounded, this
current on the metallic line does not affect them.

The signaling from the switchboard is controlled
by a two-way key which grounds one side of the
generator according to the position of the cam. In
one locking position of the cam the generator is
grounded from one side of the line and will ring
‘all of the telephones which have their ringers
bridged to ground from that side. In the other
locking position, the generator is bridged to ground
from the other side”of the line and will ring all
of the telephones which have their ringers bridged
to ground from that side.

BringING TELEPHONES EQUIPPED WITH PuUsH
ButrToNs For CoDE SiGNALING.—As the code sig-
nals on some bridging lines are necessarily long
and complicated, and as the sudden starting of a
generator causes a great deal of wear on the parts,
it is sometimes desirable to install a push button
with which to signal. This button is wired in
series with the generator, and is so arranged that in
its mormal position the circuit is open, but when
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operated, the circuit is closed. A subscriber, when
calling, turns the generator crank continuously and
presses the button to give the long and short rings.

OrHER SPECIAL TELEPHONES.—Push buttons
can be installed in both series and bridging tele-
phones to cut in or cut out the battery when
operated. In the first instance, the transmitter
battery circuit is normally open, but by means of
the push button, it is closed. A saving of battery
can ‘thus be made, as there is no flow unless the
button is pressed.

In the second instance, the transmitter battery
circuit is normally closed, but when the push but-
ton is pressed, it is opened. This arrangement is
especially valuable for telephones installed in noisy
places, as the subscriber can cut out his own trans-
mitter while listening, and thus eliminate the noise
which would ordinarily be taken up from the room
about him. While talking he leaves the button in
its normal position.

SELECTIVE SIGNALING TELEPHONES

The demand for selective signaling telephones
has been increasing very rapidly during the past
few years, as a great many exchanges have found
them very profitable. Preliminary to a descrip-
tion of one leading four party selective system, a
brief outline of the requirements of the switch-
board, telephones and line is given below:

A four way locking key or other switch wired in
circuit with a pulsating current generator is nec-
essary at the board. The generator must give
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both positive and negative pulsating current. The
telephones must be equipped with biased ringers
with terminals arranged so that the polarity can
be readily changed and a ground taken from
either side of the line. The lines must be metallic
with the telephone generators and switchboard
drop bridged across. The drop should not be
wound to more than 100 ohms resistance.

By referring to Fig. 106 an explanation will be

)
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THEORY OF FOUR PARTY SELECTION WITH
PULSATING CURRENT
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more readily understood. The circuit used in the
telephones is shown in instrument No. 1, which
has its ringer grounded from the B side of the line
and arranged to ring on a positive (4 ) pulsating
current. Instrument No. 2, has its ringer bridged
to ground from the A side of the line and arranged
to ring on a positive (4 ) pulsating current. In-
strument No. 3, has its ringer bridged to ground
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from the same side of the line as No. 1. (B), but
arranged to ring on a mnegative (—) pulsating
current, and Instrument No. 4. has its ringer
bridged to gréund from the same side of the line
as No. 2. (A) but arranged to ring on a negative
(—) pulsating current. The four selections are
thus secured, the proper party being called by the
operator throwing the four way key into the
proper position and then ringing with her regular
ringing key. Although Fig. 106 shows the gene-
rator permanently grounded, the custom is to
ground the generator with the key, thus keeping
all grounds out of the board except when required.

The subscriber is provided with a weak gen-
erator which will throw the drop without ringing
the bells. '

There is a two party selective system very sim-
ilar to the four party, but it can be used on either
metallic or grounded lines. The ringers are
bridged across the metallic line, one being ar-
ranged to operate on a positive pulsating current
and the other on a negative pulsating current. - On
grounded lines the ringers are bridged to ground
instead of across the line, but otherwise the system
is the same.

Fig. 79 illustrates a compact type four party
telephone. A three bar generator is strong
enough for this service as the only work to be
done by it is to throw the drop. Two thousand
or twenty-five hundred ohm ringers are the best,
although in some cases one thousand and sixteen
hundred ohms have proven satisfactory.
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A very convenient arrangement for reversing
the polarity of the ringer and grounding it from
either side of the line is also shown in Fig. 79. It
will be seen that the ringer terminals are brought
out in flexible cord with clips on the ends. The
two sides of the line and the ground connection
end in screw terminals. The clips on the cords

e Fic. 107
BIASED RINGER

can be slipped under the screw heads and washers
and‘ made fast.
b}ased rlnger is illustrated in Fig. 107. A
ldn‘g' spli'al spring, fastened to one side of the
armature by a hook, holds the armature to one
side. An adjustment is provided so the tension
can be regulated according to the requirements.
Otherwise the ringer is the same as heretofore
described.
TeLEPHONE TALKINgG Circuir WiTHoUT IN-
puctioN CorL.—This circuit, devised by the Kel-
logg Company, is shown in Fig. 108 in which 4
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is a polarized bell; 15 is a 1 or 2 microfarad con-
denser; 17 is a receiver wound to 70 ohms resist<
ance; 6, 7, 8, 9 and 10 are the springs of the
switch-hook; 11 is the transmitter and 13 is the
retardation coil. )
Assuming the receiver to be on the hook, the
ringing circuit may be traced from conductor 1 to
branch 3, ringer 4, conductor 5, switch-hook points
6 and 7, around the receiver by way of the shunt

Fie. 108
KELLOGG COMM(_)N BATTERY TELEPHONE CIRCUIT

16, thence through the condenser 15 and back to
the central office over conductor 2. With the re-
ceiver off the hook, as shown in the figure, two par-
allel paths are provided, one opposing the passage
of alternating or voice currents and the other op-
posing the passage of direct.current but permitting
the passage of the voice current. These two paral-
lel paths are shown in Fig. 109.

Referring back to Fig. 108 the first path may be
traced from conductor 2, through branch 12, re-
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tardation coil 13, branch 14, through the hook
springs 8 and 9, transmitter 11 and back through

F16. 109 -
THEORY OF KELLOGG COMMON BATTERY TELEPHONE

conductor 1. In this path the retardation coil
offers a high apparent resistance to the voice cur-
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Fia. 110
COMMON BATTERY TELEPHONE, INDUCTION
COIL TYPE

rent on account of its high freqixency while per-
mitting the passage of the direct battery current.
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The second path leads from conductor 2, through
condenser 15, receiver 17, through the contacts 10
and 8, back to central by way of the transmitter
11 and conductor 1. In this path the condenser
prevents the passage of the direct battery current
but offers a low resistance to the voice current.

The circuit shown in Fig. 110 is typical of the
circuits employing induction coils and which
shows that the current reaching the receiver is an
induced one; the incoming voice currents reach-
ing the receiver by being transformed from the
primary to the secondary of the induction coil.



CHAPTER X
MAGN. E'.i.‘O GENERATORS AND CALL-BELLS

Favorite instruments for calling attention on
telephones, and which do not require any batteries,
are magneto call-bells. In Fig. 111 the electrical
connections are shown. G is a permanent mag-
net; a b is a soft iron armature magnetized S at
both ends by induction. The upper poles of the
electro-magnet are both magnetized N when no
current is passing, hence both ends of the arma-
ture are attracted alike, and will remain against
either pole. The electro-magnet poles are oppo-
sitely polarized when a current flows, and one end
of the armature will be attracted more strongly
than the other. The current is reversed at the half
revolution of the generator, thus reversing the
poles of the electro-magnet, and the hammer is
drawn to the other gong. The rapid rotation of
the generator armature causes a ringing like that
of an ordinary alarm bell.

The generator consists of three or more strongly
magnetized horseshoe magnets. The soft iron
armature A, usually of the Siemens H pattern, is
pivoted between the soft iron pole pieces P P. In
the deep grooves on the sides the wire is wound.
The pole pieces are cut to fit closely around the
curved sides of the armature. In the position

204
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shown in the figure most of the lines of force pass
from the N to the S pole through the curved sides
of the armature. The number of lines of force
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Fie. 111
THEORY OF MAGNETO AND POLARIZED BELL

cutting the coil constantly varies as the armature
rotates, and currents are produced in the coil
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which flow to line, to which the coils are joined.
The resistance of the armature is between 100 and
200 ohms. Various devices have been adopted to
cut out the coils which should not be in the cir-

F1e. 112
HAND GENERATOR DETAILS—ARMATURE SHUNTS

cuit of the incoming current, two of which are
illustrated. In Fig. 112, cc are the ends of the
coils which are short-circuited by the spring S
and the axle when the generator is at rest. When
the handle is turned the pin p rides up the V re-
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cess, drawing the axle away from S, breaking the
circuit there and bringing the coil into circuit. In
Fig. 112 is shown. a centrifugal cut-out. With the

F1a. 113
VIBRATING BELL CIRCUIT

armature at rest the granules of silver-plated cop-
per shunt the coil, and when the handle is turned
the granules fly towards the edge of the box, thus
breaking connection with the central pin and
bringing the armature coil into cireuit.
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THE VIBRATING BELL

This bell consists of an electro-magnet fixed in
a metal frame which is screwed to a wooden
back Figs. 114, 115. At one end the arma-
ture is fixed to the metal frame by a flat spring,
and on the other a small hammer is attached near

F1e. 114
VIBRATING BELL

the bell dome. See Fig. 113. The spring rests
against an insulated stud with which electrical
connection with the coil has been established. The
current, in passing through the coils, attracts the
armature, and the hammer strikes the bell, but in
doing so the spring is drawn away from the in-
sulated stud, breaking the path of the current; the
electro-magnet no longer attracts the armature,
which is drawn back by the spring, when the cir-
cuit is again complete, and these same movements
occur as long as the battery is joined up.
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One form of bell, shown in Fig. 115, has an ex-
tra contact spring which keeps the battery cir-
cuit closed, and a continual ringing of the bell
until it is stopped by pulling a string which is at-
tached to a small lever on the bell.

When a number of bells are connected in a cir-

Fi1a. 115
VIBRATING BELL WITH CONSTANT RINGING
ATTACHMENT

cuit in series, intermittent ringing is caused by
the make and break, which is overcome by con-
necting the coils m m shown in Fig. 116. The
-armature A is attracted by the current flowing
through the coils, a continuation of which makes
contact with the spring s and short-circuits the
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coils, and causes the armature to fall back. The
current flows continuously either through the coils
or through the short circuit, whish reaching the
distant bells is not affected in any way.
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Fie. 116

SERIES SHUNTING BELL

Coils of vibrating battery bells are usually
wound to 4 or 5 ohms, though they may be made
several hundred ohms for special service.
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LIGHTNING PROTECTORS

- For the low voltages which are employed in
telephony and telegraphy the silk and cotton -insu-
lation of the wire used in coils is sufficient, but
there is no ordinary covering capable of resisting
the enormous electro-motive force of lightning.
Therefore lightning protectors or arresters, which
are connected between the line and earth, are em-
ployed. These protectors or arresters act on the

Fie. 117
MULTI-DISCHARGE LIGHTNING ARRESTER

principle that the impedence of coils to lightning
discharges is so great that the discharge sparks
across the air-gaps between the. carbons, and saves
the apparatus from destruction. In locations
where lightning storms are very severe the light-
ning rods and earth wires should be as straight as
possible and angles should be avoided as a flash,
in preference to turning a right angle in an earth
wire, will occasionally leap across a space of 3
feet.

The arrester shown in Fig. 117 is known as the
“Multi-Discharge” owing to the numerous dis-
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charge points offered for the escape of the light-
ning. There are several types, the one shown in
Fig. 117 being a lightning arrester only, for use on
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Fia. 118
CARBON PLATE LIGHTNING ARRESTER

lines not exposed to crosses with wires carrying
heavy currents. Other types of this device are
equipped with fuses of the open or enclosed types.
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The saw tooth arrester is an early simple form
of lightning protector which consists of two brass
plates having sharp saw-teeth clamped close to-
gether but without touching. The line connects
to the one plate and the earth to the other. (See
Fig. 303).

Fig. 118 shows a type of lightning protector
used for metallic circuits. - It consists of two cir-

1

F1a. 119
CARBONS FOR ARRESTER

cular carbon discs cc, separated by a thin sheet of
mica m, with three circular perforations. The
lower carbon disc rests in a brass cup in metallic
connection with the line terminal L, and the sys-
tem is securely held by means of a spring 8, fixed
at one end by the clamping screw B, and having
at the other end a small projection on its under
surface which fits into an indentation in the
centre of the upper carbon disc. The whole is
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mounted on a wooden base W, and the line and
earth connections made as shown,

The type of lightning protector shown in Fig.
119 is employed in connection with heat coils, and
consists of two rectangular blocks of carbon. The

F1a. 120
CENTRAL OFFICE PROTECTOR WITH HEAT COILS

upper block is fluted for the reception of a clamp-
ing spring with which both carbons are pressed
firmly against an earth connection, the upper
block being connected to the line. As carbon is
inoxidisable and infusible it is now used instead
of brass, which is liable to be fused.
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In Figs. 120 and 121 are shown two typical
forms of protectors, G F and F G are the carbon
protectors, H are the heat coils, and D the earth
connection. The lines are joined to Al, A2, Bl

. Ly
F1a. 121
CENTRAL OFFICE PROTECTOR WITH ENCLOSED FUSES

and B2. In Fig. 121 the heat coil is replaced by
a fuse.

A fuse is a safety device which serves to pro-
tect the apparatus from the heavy currents used
on power circuits. The glass-tube fuse, Fig. 122,
one of a great variety of fuses, and an old type,
consists of a glass tube two inches long with brass
caps cemented to its ends. Passing through the
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tube is a wire W made of alloy three or five
mils in diameter, the ends being soldered to
the brass caps in which are a number of small
holes to serve as air-vents for expansion when the
fuse melts. This occurs when the current reaches
a certain value. It is mounted on a porcelain
base as a prevention from fire and is called a
glass-tube cut-out.

A heat-coil is a small coil wound to a resistance
of 25 ohms over a brass bobbin with fibre cheeks,

Fra, 122
GLASS TUBE ENCLOSED FUSE

one end of which is soldered to the bobbin and the
other is clamped to the metal cover. One end of
the bobbin is drilled to receive a pin with a large
head which is soldered into position with a special
soft solder. The function of the heat-coil is to
protect the apparatus from currents which would
not blow the fuse but which would probably dam-
age the instrument. A current of 250 milliam-
peres will operate the pin in 30 seconds but a cur-
rent of 150 milliamperes will not release it even
after several hours. The heat-coil is placed be-
tween two German silver springs, see Fig. 120,
one of which has an outward tendency. The ten-
sion of the spring withdraws the pin and earths
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or disconnects the line when the current is strong
enough to melt the solder and release the pin.

A special coil wound to only 3.8 ohms, and hav-
ing a striking point of 500 milliamperes, is em-
ployed in the common battery system.



CHAPTER XI
- BATTERIES

THE PRIMARY BATTERY.—A simple cell, illus-
trated in Fig. 123, shows the essential principle
upon which all chemical batteries operate. A
piece of zinc, Z, and a piece of carbon, C, are im-
mersed in the proper solution or electrolyte and
connected together with a wire which causes a
current to flow from one to the other, and the
zinc is eaten up by the solution mor'e or less rap-
.idly. Zinc and carbon are the substances in com-
mon use; but others can be used.

The current flows through the liquid from the
zinc to the carbon and outside of the liquid from
the carbon to the zinec. No current will flow un-
less the carbon and zinc are connected by a wire
and when disconnected the zinc is slowly eaten up
by the solution. When the connection between the
carbon and zinc is not made by a wire, or if the
wire is severed between them, the circuit is then
said to be open, and when the connection is com-
plete, the circuit is said to be closed. The zinc and
carbon constitute the two poles or electrodes of
the battery; the zinc carries a minus terminal and
the carbon a plus terminal. '

The form of battery which is not designed
for continuous work, the circuit being open most

218




Batteries 219

of the time, is termed an open circuit battery.
This battery is used for intermittent work in or-
dinary telephones, but the closed circuit battery
is employed for switchboards, as they are in con-
stant use.

The internal circuit of a battery is that part
which passes through the liquid and the external
circuit is that part outside of the battery repre-
sented by the wire connecting the two poles or

Fic. 123
SIMPLE CELL

electrodes. The resistance which a battery offers
to the passage through it of the current is termed
the internal resistance. )

The carbon is said to be the positive pole, be-
cause it is the first one into which the electricity
passes after the electrical condition has been set
. up by the chemical action of the solution upon the
zine.- The zinc itself is negative, because its
terminal is at a lower potential than that of the
carbon. When the carbon is connected by the wire
to the zinc in the external circuit, this charge be-
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comes a current, and flows from the positive car-

bon to the negative zinc, and continues as a cur-

rent as long as the connection is maintained and
the chemical action is kept up.

As already explained, electricity is not gen-
erated. 1t exists everywhere, manifesting itself
when conditions are favorable to make operative
the laws by which it is governed. In verbal inter-
course, the phenomena of electricity caused to
manifest themselves by chemical or mechanical
means, are referred to as “generating” electricity,
and this term has the sanction of custom, although
it must not be considered in its literal interpreta-
tion.

The current given by a battery is equal to
i3 electro-motive force or voltage, divided by the
sum of the external and internal resistances.

Batteries are required for two purposes in con-
nection with a telephone system: for ringing up
the distant offices, and for speaking in the micro-
phonic circuit. In both cases the time that the
battery is actually in use is very short, and the in-
tervals during which the battery is mot required
may be very long; hence it is desirable to employ
cells in which all action ceases when they are not
in use.

THE GRaVITY CELL.—A form of cell known as

the “Gravity,” “Crowfoot” or “Bluestone” battery .

is shown in Fig, 124. This battery is used to a
great extent in telegraph service and also in tele-
phone work where a small but constant current
flowing all the time must be had.
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Three sheets of copper fastened together at the
middle constitute the positive electrode, and to
this is attached an insulated wire. The zinc is in
the form of a “crow foot,” having a lug attached
and adapted to hook over the rim and permit the
device to hang in the glass jar. This battery is

F1a. 124
GRAVITY CELL

set up by first putting the copper in place in the
bottom of the jar and filling in around the copper
to a height almost sufficient to cover it, with sul-
phate of copper, called blue vitriol ; and then fill-
ing the jar with water and setting the zinc in
place, as shown in Fig. 124. Sulphuric acid
forms in this battery which attacks the zinc and
forms zinc sulphate, a fluid which occupies the
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upper portion of the cell, being lighter than the
solution of copper sulphate. The name “gravity
cell” is given to this battery because of the fact
that the two solutions are kept apart by gravity
instead of by means of a porous pot, and the line
of separation may easily be distinguished as the
zine sulphate is colorless while the copper sulphate
is of a dark blue color. This “blue line,” as it is
called, should not be allowed to rise high enough
to come in contact with the zinc, but should be kept
about half-way between it and the copper. The
blue line can always be lowered by short-circuiting
the battery for a little while or by filling in with
zinc sulphate from another battery or by siphon-
ing off some of the blue fluid and filling in with
water. Sometimes the reverse may occur and the
blue line sinks down. Should it reach the upper
parts of the copper, unless the difficulty can be
remedied by dropping in more blue stone, some of
the zinc sulphate should be siphoned out and
clear water supplied in its place. On account of
their high internal resistance these batteries are
not adapted to telephone work in general, but they
give very satisfactory results in closed-circuit
work.

THE GorpoN CELL.—This cell, as illustrated in
Fig. 125, which gives an open view of the cell
showing the parts assembled, consists of a per-
forated tin cylinder, the negative element, which
is filled with black oxide of copper—a powerful
depolarizing agent. To the lower portion of the
cylinder, three - porcelain cleats or lugs are at-
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tached by iron bolts, and the rolled zinc cylinder,
forming the positive element, rests upon these
lugs. Electro-sodium—a strong solution of an
alkali—constitutes the electrolyte. For a 6x8 inch
cell, the size of the zinc is 514 inches in diameter
and 214 inches wide, containing about 1% pounds .

F1a. 125
GORDON CELL

of amalgamated zinc. Fastened to the zinc and
extending through a porcelain bushing in the
cover and forming the negative pole is a No. 12
B. & 8. gauge insulated copper wire.

The positive pole is formed of a metal rod pass-
ing through a porcelain bushing in the center of
the lid. This rod supports the entire negative
element to which it is fastened. A layer of oil is
poured over the top of the solution to prevent
evaporation after the cell is set up complete.
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In comparison with most other cells, the electro-
motive force of this cell is low, being very close to
.66 volt under working conditions. The internal
resistance is about .04 ohm. The 6x8 inch cell
has a capacity of 300 ampere-hours when dis-
charged at a rate varying from one to six amperes.
Larger sizes of cells are made, with capacities said
to be as high as 1000 ampere-hours.

This cell is adapted to open or closed-circuit
work, particularly the latter, where for a long time
a small current is required steadily. It has these
advantages: Until entirely exhausted requires no
attention. Throughout its life it maintains a
constant electromotive force. At all ordinary
temperatures it is non-freezing. It is free from
local action. In small common battery exchanges,
it is frequently used as a reserve battery to supply
current, if for any reason the charging current
for the storage battery gives out; but it has often
been demonstrated, however, that it is not econom-
ical to use in such exchanges for the regular
source of current supply.

There should be no action between the electro-
lyte and the zinc when any battery is idle. Were
it economical to use perfectly pure zinc this would
be the case; but inasmuch as commercial zinc al-
ways contains impurities, frequently consisting of
other metals, a local galvanic action is set up, the
impurities forming with the zinc minute galvanic
couples. It is advisable, especially in such cells as
the Fuller, to amalgamate the zinc—that is, to
coat it with mercury, in order to reduce this action
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to a minimum. This gives a homogenous surface
to the zine, which prevents local action. The fact
that this local action takes place on account of
impurities in the zinc shows that the quality of
metal used is a matter of much importance.

THE DRY CELL

In telephone work, a type of primary cell,
known as the dry cell, is coming into constantly
increasing favor. These cells are not strictly dry,
for their very action depends on the presence of
moisture. If they become really dry chemical ac-
tion ceases, and with it their capabilities to gen-
erate a current.

The dry cell derives its name from the fact that
the electrolyte is not in the form of a free liquid,
but it is absorbed by some kind of porous material
like blotting paper or saw dust, and evaporation is
prevented by sealing the- cell.

The early forms of dry cells were wholly unre-
liable and were universally condemned by tele-
phone men, but it is now believed by many that
the dry cell when properly made is superior for
local battery work than any of the wet forms of
zinc-carbon cells using an electrolyte of salam-
moniac. Electrically and chemically the dry cells
have been brought to such a high standard of
efficiency that their outputs are as great if not
greater than any of the other types of the Le-
clanché batteries and their recuperative power is
better. From the viewpoint of economy and con-
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venience they are superior because of their low
cost, and non-spillable and non-breakable features.

Dry batteries may be temporarily renewed by
drilling a few holes through the outside case and
setting the batteries in a jar filled with a strong
solution of salammoniac. This serves very well
in an emergency case where it is necessary to get
a telephone in working order quickly. In case no
salammoniac is at hand, a strong solution of salt
and water may be used. The holes should not be -
punched in such a manner that the zinc case is
forced through the paper lining; they should be
cut clean with a hand drill and 14 inch drill.

Dry batteries being used largely in telephones
on rural lines, it is well to caution farmers not to
leave their receivers off the hook, and also against
unnecessarily long conversations.

On farmers’ lines where each subscriber pays
for the maintenance of his instrument, the person
using the telephone should be shown how to re-
place the batteries in case some become exhausted,
and particularly how to connect the carbon on one
cell to the zinc of the other and then connect the
two remaining posts to the wires provided for this
purpose in the telephone instrument. This is a
very simple process, and if the subscribers are
shown how to do this, it will very often save the
exchange manager much trouble and expense.

In Fig. 126 is shown a recent, improved dry
cell. A zinc cup forms the outer casing so that it
answers the purpose both of retaining chamber and
positive electrode. Shown in detail at the right
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of Fig. 126 is a carbon rod which forms the neg-
ative electrode, and which is held in the center of,
but out of contact with, the cup, all the surround-
ing space being filled with a mixture of peroxide
of manganese, powdered carbon eand some porous

3 B
Fra. 126

SECTION OF DRY CELL

substance which will hold moisture. The whole is
saturated with a solution of salammoniac.

The exact formule used by various manufac-
turers are not made public. A cylinder of several
thicknesses of blotting-paper lining the inside
walls of the zinc chamber will prevent the carbon
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and manganese from coming directly in contact
with the zinc.

The zinc chamber is closed, after assembling,
with a substance resembling sealing wax poured
in while hot, and an outer casing of pasteboard
put on. This outer casing has no other function
than to insulate the zinc cup from surrounding
objects. A binding post serving as the positive
end of the cell, is provided at the end of the car-
bon plate which projects through the sealing ma-
terial, and a rod extending upward from the cas-
ing of zinc carries a binding post which constitutes
the negative pole.

The selection by exchanges of batteries having
a high degree of electrical efficiency is of para-
mount importance and low first cost should not
be considered as against a basis of practical com-
mercial test. This is particularly significant when
considering the fact that among dry cells now
used in the United States there is a difference in
the ratio of the best and the poorest types of
about four to one in their telephone life.

In exchanges, therefore, where the poorer types
are used the extra expense is véry heavy as such
exchanges are compelled to pay for the labor and
other expenses incident to four renewals, where
by using the best types of cells only one renewal
would be necessary.

BATTERY TESTS are often made by short-
circuiting the cell for a given period, or by
permanently closing its circuit through a certain
resistance and noting the time taken for a cell to




Batteries , 229

completely discharge or to discharge until its
voltage is reduced to a certain amount. These
methods lead to erroneous conclusions. These con-

i
el

Fie. 127
METHOD OF TESTING PRIMARY BATTERIES

ditions are not those of practical telephony; cells
designed for open-circuit work only being thus
tested under the conditions of work that would be
given to a closed-circuit cell.

A method of making comparative battery tests

A



230 Telephony

which may be made to closely approximate the
actual conditions of service, is shown in the dia-
gram, Fig. 127. Any ordinary clock may bhe
equipped with three contacts on its face, each
adapted to be engaged once each hour by a wiping
contact carried by the minute hand. Each of
these contacts extends over an arc equal to that
traversed by the minute hand in the time during
which it is desired to have the battery on closed
circuit, assuming it to be for five minutes. Thus
for a period of five minutes, three times each hour
the circuit will be closed, there being between each
closure an intermediate open-circuit period of
fifteen minutes. The winding of a number of
relays, and a battery of 24 volts are placed in
geries in the circuit with the contacts of the clock.
For. each battery to be tested a relay is provided
and when operated each relay closes its battery
circuit through a resistance which equals the aver-
age resistance of the transmitter designed to be
used in that battery.

In Fig. 127 a and v represent two double-con-
tact spring jacks connected with the circuit of
each battery being tested. This facilitates the
daily reading of the current and voltage. The
- connection of jack a includes both the coil and. the
battery being tested between its terminals, while
the connection of jack v is across the terminals of
the battery only, in order thus to make a direct
reading of the voltage when the same kind of a
plug in connection with a voltmeter is inserted.

Fig. 128 illustrates in plotted form of curves
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the result of tests made with apparatus arranged
as referred to above. Each battery, in these tests,
was closed through its resistance three times an
hour for a period of six minutes, all readings were
taken for each battery at twenty-four hour inter-
vals and while the batteries were on open-circuit.
The voltage readings alone were considered a true
indication of the condition of the cell, inasmuch
ag at all times the current was shown to be sub-
stantially in proportion to the voltage. There-
fore, for every day during the test these curves
show the voltage of each battery. At a height in-
dicating one and one-half volts a line is drawn
across the curve sheet, as it was assumed that a
battery of two cells was inefficient for service
when it dropped below one and a half volts in
potential ; and the number of days required under
the conditions of the test for each battery to drop
below this voltage is indicated by the point where
the horizontal line is crossed by the curve. These
curves show the duration of the several batteries
before the drop as follows: A, sixty days; B,
forty-four days; C, not quite twelve days; D,
about 16 days. While the curve indications for
A and B were both first-class, the showing for B
is inferior to that of A. Both batteries C and D
show poor results, although the showing of bat-
tery D is somewhat better than that of battery C.

In making these tests the conditions must be
adjusted to meet the requirements of the ex-
change. Equality of resistance between the coil
through which the discharge is made and the aver-
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age of that of the transmitter and primary wind-
ing of the induction coil should be maintained.
When desired the clock can be adjusted to close
the circuit more frequently and for a smaller
period of time. The actual average conditions of
- telephone service, however, may be more closely
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Fia. 128
RECORD OF DRY CELL TEST

approached by opening the circuit of the clock at
night, thereby giving a complete rest to all of the
batteries, as this is the least busy time for the
telephones.

THE STORAGE BATTERY.—This battery is the
same in operation as the primary battery with the
exception that it can be recharged after being dis-
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charged without changing the plates or adding any
new material. It only requires a current to be
passed through it in the right direction. The
plates of a storage battery are composed of lead,
the negative plate being of a spongy lead and the
positive plate of lead peroxide. Figs. 129 and 130
afford a good idea of the formation of these parts;

F1a. 129
NEGATIVE PLATE OF STORAGE BATTERY

the positive one being made from a solid sheet
of lead in which ridges or holes are punched and
into which is set the material forming the plate.

Pure sulphuric acid and water is the electrolyte
used. The voltage is always the same in a storage
battery regardless of the size of the cell and is a
little over two volts for each cell. The large types
of storage batteries use several positive and nega-
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tive plates; but the small types have only two
plates. There is always one more negative than
positive plate where more than two plates are used
in one cell and where there are more than two
plates, one positive is always placed between two
negatives.

In Fig. 131 may be seen four small storage cells

F16. 130
POSITIVE PLATE OF STORAGE BATTERY

and Fig. 132 shows a cell on wooden base rest-
ing on glass or insulation.

These cells require but cursory mention and
merely a descriptive outline, as complete direc-
tions and explanations are furnished by the manu-
facturer which will enable any intelligent person
to connect the cells, set up the battery and give
the initial charge, according to the type of cell.
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The electrolyte, which should be procured ready
mixed from the manufacturers is added after the
cells are set up. When the solution cannot be pro-
cured, then a mixture of pure sulphuric acid and
water may be used. The specific gravity of this
should be 1.200 on the ordinary hydrometer scale.

Fia. 131
TWO-PLATE STORAGE CELLS

A hydrometer is a small glass tube like a ther-
_ mometer, weighted at one end. The depth to
which it sinks when placed in any liquid is shown
on a scale and denotes the density of the liquid.

The mixture should be made in a large porce-
lain crock as it will become hot and a glass vessel
is liable to crack. It is best to prepare the elec-
trolyte several hours before use as it must be per-
fectly cool before using. The vessel should be

~
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absolutely free from any dust or metallic sub-
stances. Stir the mixture with a stick.

The charging current must be a direct current,
and the positive pole of the battery must be con-
nected to the positive pole of the generator. This
can be ascertained with a voltmeter of the perma-
nent magnet type, or by dipping the ends of the

Fre. 132
STORAGE CELL IN GLASS JAR

charging wires in a glass of elctrolyte, where, if
they are separated about 14 inch, small bubbles of
gas will collect around each wire. The negative
wire will gas more freely than the positive. The
polarity of the charging current must be definitely
determined before connecting same to the bat-
teries, for if the charging current is reversed, it
will ruin the cells.

Af'er covering the plates about 14 inch with

B S —
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the solution the charging current should be turned
on. The amount used, length of charge, etc.,
vary according to the size of the battery, but
the initial charge should be as continucus as pos-
sible, i. e, after the charge is once started it
should be continued until complete.

F1a. 133
CHARGING BATTERY FROM DIRECT CURRENT
THROUGH A BANK OF LAMPS

By connecting lamps as illustrated in Fig. 133,
storage batteries can be charged by any direct cur-
rent lighting circuit.

The manner of usually mounting cells is shown
in Fig. 134.

STORAGE BATTERY CHARGING.—There are three
methods of supplying the necessary charging
current to a storage batte-~-
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1st. By a motor generator or dynamotor
whereby a suitable charging current is derived
from some available power circuit.

2nd. By a rheostat consisting of lamps or
other suitable resistance in series with some di-
rect current circuit of higher voltage than that
of the battery. ‘

3rd. By a generator belt connected to a suit-
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Fia. 134
STORAGE BATTERY RACK

able engine or other available source of mechan-
ical power.

The first method is most common and gen-
erally is to be recommended in preference to
the second or direct charging method on account
of its greater power efficiency. ~

The third method is also quite satisfactory
and is very efficient unless it becomes necessary
to run the engine or other machine specially
for charging the battery. This method is used
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to a considerable extent in connection with large
exchanges, but seldom in small equipments.
MacHINE CHARGING.—The kind of machine
that is best adapted to the service required in
any instance is always dependent on the nature
of the primary power. This may be either al-
ternating or direet in character and may be
for any one of a large number of voltages com-
monly used in electric power distribution. Di-
rect current power circuits are most frequently
available and moreover offer certain advantages
over alternating current circuits. The chief ad-
vantage in favor of the direct current circuit
when both kinds are equally accessible is that
in case of a breakdown of the machine, the bat-
tery may be charged directly through a rheo-

stat. The voltages most commonly met in prac-

tice are 110, 220, and 500 volts direct current,
and 104 and 115 volts alternating current. The
majority of alternating circuits are 60 cyecles,
single phase, though 50 cycle and 133 ecycle cir-
cuits are not infrequent. Two phase and three
phase circuits are also found.

‘Where alternating current is used, it is al-
ways necessary- to use a generator driven by a
motor and connected either by a belt or by a flex-
ible coupling.

In the case of a direct current primary pow-
er circuit, either a direct connected motor gen-
erator set or a dynamotor may be used for
charging.

The dynamotor has two windings on one ar-
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mature. With this latter style of machine a
speed regulator must be used.

Direct CHARGING.—In any case where a low
voltage (110 to 220 volts) power circuit is con-
venient, and where the power cost is low, or
there is a desire to reduce the initial cost of
the plant to a minimum, the battery may be
charged directly from the power cireuit through
a bank of lamps or other suitable resistance in
series with the battery. By this method a large
part of the power taken from the power mains
is wasted in the resistance.



CHAPTER XII
COMMON BATTERY SYSTEMS

Methods have been devised in modern practice,
where one common source of energy can be em-
ployed to supply the entire current required by all
of the subscribers working on any one exchange
and by which greater efficiency is obtained as well
as greater economy in the working of exchange
systems. One source of energy only is required,
in the systems now being installed, to supply cur-
rent for all signaling purposes and also for use
with the subscribers’ transmitters. The principal
advantage of these arrangements is that the best
results in both speech and signaling are gotten,
as the supply, being obtained from the exchange,
is uniform and maintained at the necessary
standard.

In all common or central battery systems of any
consequence, the current is supplied from one or
more sets of accumulators specially designed for
carrying the load required in the best manner pos-
gible. Being placed in the exchange premises they
can be constantly inspected by trained men. To
guard against any failure of supply it is neces-
sary to employ duplicate sets of accumulators, or
to have the dynamos used for charging these so
designed that the load of the exchange can be

241
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taken direct by the machine without causing dis-
turbance; or where it can be so arranged, means
should be provided by which the dynamos can be
run either by two or more sources, thus obtaining
the current required if the.other supply fail.

It is possible that a slightly better speech trans-
mission may be obtained with local battery with
first-class primary cells in best condition at each
individual instrument, than with a common bat-
tery placed at the exchange; but with the common
battery the average transmission is better, as the
supply is always kept up to the uniform standard.

As indicated, there are two main systems of
common-battery working ; the first having the cur-
rent necessary for signaling only, supplied from
a common source, and the second, which is rapidly
displacing the first as well as other systems, hav--
ing a common supply, not only for all signaling
purposes, but also for energizing all the trans-
mitters of all telephones on the exchange system.

CarLr-Key Ring-THROUGH SYSTEM.—This is
one pattern of the common-battery system first
mentioned. Fig. 135 shows the subscribers’ line
connections. ’

This system has been practically forced out of
use by the full common battery switchboard.

COMPLETE COMMON-BATTERY SYSTEM.

The entire amount of current required for all
purposes in connection with telephones is, in this
system, supplied from the exchange. Although
many years ago an arrangement of common-bat-
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tery working was first proposed, it has only been
of late years that this system has been used to any
great extent. The basis of the modern common-
battery system now largely used is that suggested
by H. V. Hayes, and was patented in America in
1892. This system has been developed by the
Western Electric Company and has been adopted

Subscriber’s Line Coanection

F1a. 135
COMMON BATTERY SUBSCRIBER’S LINE CIRCUIT

by telephone engineers in the equipment of a large
number of telephone exchanges. The description
of the common-battery system here given deals
principally with the methods and apparatus of the
Western Electric Company, although there are
many other arrangements in use involving modi-
fications of greater or less importance.

Under “Telephones” are various cuts which
show the general appearance of instruments used
for subscribers. In Figs. 136 and 137 are shown
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some diagrams of connections on these instru-
ments. The line circuit through the instrument
is disconnected to battery continuous currents by
the condenser while the receiver is on the hook
and all the other circuits are open; but the bell,
being actuated by alternating currents, can be
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F1a. 136
CONNECTIONS OF WALL INSTRUMENT
(COMMON BATTERY)

freely rung through the condenser. When an ex-
tension instrument is not in use the terminals
A E are joined together, and the line circuit is
then through A to E 1,000-ohm bell, and con-
denser to B. The other circuits are closed when
the receiver is removed from the switch hook,
and there is first a connection from A through one
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side of the induction coil, through the contacts at
the switch hook receiver and the second side of
the induction coil and condenser to B, with the
bell in shunt on this circuit. There is also another
circuit through the receiver from A to E through

10007¢
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. F1a. 137
CONNECTIONS OF TABLE INSTRUMENT

the bell, secondary of the induction coil, receiver
switch hook and transmitter to B. Second, there
is the circuit from A through the primary of the
induction-coil, switch hook and transmitter to B.

The connection is completed on this last cir-
cuit as shown on the line diagram, Fig. 138,
through battery at the exchange, which energizes
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the line relay, closing the circuit through the call-
ing-lamp and pilot relay to battery, so that the
calling-lamp glows when the subscriber removes
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FRONT OF SWITCHBOARD

the receiver from the hook, thus calling the oper-
ator’s attention.

MANNER OF OPERATING.—The current is com-
pleted as described above, when the subscriber lifts
the receiver off the hook, and the current passes
out from positive battery through the contact and
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armature of the cut-off relay, over the tip line,
and back over the ring line by the second arma-
ture and contact of the cut-off relay through the
line relay. to battery. This gives the signal to the
operator, as it closes the circuit of calling-lamp
through the pilot relay and the calling-lamp glows,
and the pilot relay having been energized, the pilot

lamp also lights up. These pilot lamps are com-

mon to a group of subscribers’ lines, the standard
arrangement being one per panel. See illustra-
tion showing front of switch-board, Fig. 139.
They are larger than the ordinary calling-lamp
and serve mainly: 1st, for supervision; and 2nd,
- to assist in operating by indicating the panel on
which a call is being made during the hours of
the day and night when there are not many calls
and few operators are on duty. A night-bell relay,
common to a large group of these, or in small ex-
changes to all of the operator’s positions in the
exchange, is also provided in connection with the
pilot lamps. When the pilot-lamp glows the cir-
cuit of the relay is closed, being in the common
wire which connects one side of these lamps to
earth. During the day this relay is short-circuited
by the switch A, and is brought into circuit only at
night; then, being energized, it closes the circuit
through the night-bell or buzzer.

When a call is made the operator inserts the
answering plug, Fig. 140, in the answering jack
corresponding with the lighted lamp, and this
energizes the cut-off relay, which opens the cir-
cuit through the line relay and automatically puts
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out the calling-lamp. If only this one lamp has
been lighted on the group, current would also be
cut off the pilot relay, etc. The operator takes
the call from the subscriber after having put the
combined speaking and ringing key over the speak-
ing position, and having ascertained if the line
wanted is free by tapping the sleeve of the cor-
respondng jack on the multiple with the tip of
the calling plug, the operator inserts this plug
into the jack if the line is disengaged. Then the
key is allowed to come back to mormal position,
which completes the connection.

On the cord circuits there are two supervisory
relays and they are only energized when both sub-
scribers have the receivers off the hook, so that the
supervisory lamp is lighted on the calling cord
until the subscriber called answers. When the re-
lays are energized they shunt the supervisory
lamps, with a resistance of 40 ohms, and these
lamps, which are in series with the third con-
ductors of the cords, cut-off relays and resistance
of 83.5 ohms, are consequently robbed of so much
current that they do not glow; the resistance of
the lamps being 120 ohms when hot. When both
subscribers hang up their receivers, the circuit
through the relays is opened, the lamps glow, and
the operator severs the connection when this
double signal is given. The double supervisory
signal has various important advantages over other
methods of signaling, as it gives to the operator
an exact indication of the condition of the con-
nection, and it is not necessary to listen to de-
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termine whether the subscribers are talking, as the
lamp on the calling cord glows until the called
subscriber answers. If only one lamp glows the
operator will know that one subscriber has gone
to obtain some information necessary while the
other awaits his return and reply. The attention
of the operator can be attracted, if one subscriber
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has any trouble, by moving the switch hook up
and down, causing the supervisory lamp to flicker,
while the line is held by the other subscriber. In
most conditions these signals are very positive and
operating is greatly facilitated.

Each supervisory relay is shunted with a non-
inductive resistance to cut down the impedance,
which woul