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PREFACE.

THE object which we have had in view, in preparing this
work, has been to furnish the public with a clear and accurate
description of the more recent and useful improvements in
electrical science, and especially to explain the principles and
operation of that marvellous production, the Speaking Tele-
phone. In giving particular prominence to this part of the
subject, however, we have by no mecans lost sight of another
matter in connection therewith, of considerable historical im-
portance, and which has also elicited an unusual amount of
general interest. The question as to whom we are indebted for
the telephone is one which, in consequence of the conflicting
statements that have appeared from time to time, is, to sav the
least, extremely puzzling. We have, therefore, endeavored to
give it the attention its importance demands, in order to arrive
at a true solution of the problem, and, in doing so, have taken
every opportunity to consult all available authorities on the
subject. No effort has been spared in our investigation to
obtain all the facts as they are; and these are now given as
we have found them, without favor or prejudice. The reader
will thus be enabled to judge for himself just what measure of
credit to accord to each of the different experimenters who
have been engaged with the problem of electrical transnfission
of articulate speech, and whose labors have been crowned with
such abundant success.
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. Within a short time past, a very extended application of elec-
tricity to illuminating purposes has been made, both in this
country and abroad, and just now public interest in this matter
is very much excited. It was a long time after Davy's discovery,
that the electric current was capable of producing the most
brilliant light, before the thought was seriously entertained of
putting this agency to practical use as a light .producing power.
But with the introduction of Nollet’s improved magneto-clectric
machines the thing soon became an accomplished fact, by which
the solution of the great problem is to be attained. Later and
more efficient machines have rendered this application of elec-
tricity much more feasible, and to-day its field of usefulness for
certain purposes is as clearly defined as that of steam itself.
Whether the further introduction of electricity for domestic
lighting will realize the expectations of many who are at present
studying the subject, remains yct to be seen. The economical
side of the problem is still a debatable subject, and one also of
very general interest, so that it is not at all surprising, consider-
ing what has already been accomplished, that the public gives
easy credence to many extravagant statements made with regard
to it.

How much ground there may be for the anticipations of suc-
cess which are so sanguinely indulged in by friends and pro-
moters of the new light it would be difficult to say, as consider-
able secrecy is properly maintained in regard to the devices at
present. What has been said on the general subject in the
chapters on clectric lighting will, however, give the reader a
fair knowledge of what has already been done, and thus enable
him to judge with some degree of confidence what probability of
success there is in prospect in the immediate future.
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INTRODUCTION.

WHEN Franklin drew from the clouds the electric spark
upon the cord of his kite, it scemed obvious that electricity
might be made use of for the purpose of telegraphy; and more
than one hundred years ago Lesage established a telegraph in
Geneva by the use of frictional electricity. But this force had
very little power when transmitted over a long distance, and
that little was practically uncontrollable, and therefore useless
for telegraphy.

When galvanism was discovered, at the beginning of the pres-
ent century, and the voltaic battery invented, it was at once
supposed that this new form of clectricity might work a tele-
graph, and ten years later the chemical telegraph was invented
by Coxe, in Philadelphia. TUnder this system, the two wires
from a galvanic battery were made to approach each other in a
cell of water. When the galvanic circuit was closed, the water
between the opposite. poles, which were near each other, was
decomposed, and a bubble of hydrogen rose to the surface, as
the bubble from champagne does in the wine cup; and the
observer, seeing it, knew that a current was passing, and that
the bubble was the signal. But it was evanescent

¢4 ——— like snow fulls in the river,
A moment white, then melts forever.”

In 1820, Oersted discovered that an electric current would
deflect a magnetic needle, and Arago and Davy simultaneously
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discovered that a piece of iron, surrounded by a spiral wire
through which a current of galvanism passed, would become
magnetic. From this fact Ampére deduced the hypothesis that
magnetism is the circulation of currents of electricity at right
angles to the axis joining the two poles of the magnet. That
was a brilliant deduction; but no practical result was produced
from it until 1825, when the first simple electro-magnet was
made by Sturgeon, who bent a piece of wire into the shape of a
horseshoe, and wound a fine wire around it in a helix, through
which the galvanic current passed ; and he found that the horse-
shoe wire was magnetic as long as the current flowed. Then
at once an attempt was made with Sturgeon’s magnet to produce
the electro-magnetic telegraph, but without success. The diffi-
culty was that the magnetic power could not be transmitted from
‘the battery for more than fifty feet with Sturgeon's magnet,
which was, therefore, entirely useless for the purposes of a
telegraph ; and, in 1829, Professor Barlow published a scientific
demonstration in England, which was accepted by the scientific
world, that an electro-magnetic telegraph was impossible; which
was true in the then state of knowledge.

In 1880, Professor Henry deduced from the hypothesis of
Ampere the invention now known as the compound electro-
magnet. He also answered the demonstration of Barlow, and
proved that the electro magnetic telegraph was possible. In the
same year he set up an electro-magnetic telegraph in Albany,
over a line of a mile and a half in length, using a polarized relay,
the armature of which was pivoted so as to vibrate between its
poles as the current of electricity was reversed, thus transmitting
intelligence by sound.

In 1831, Professor Faraday made known his discovery of
the phenomenon of magnetic induction. '
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In 1834, Gauss and Weber constructed a line of telegraph,
containing about 15,000 feet of wire, which was operated by the
magneto-electric currents generated in a coil of wire when the
latter was moved up or down upon a permanent magnet, around
which it was placed. The slow oscillations of a magnetic needle,
caused by the passage of the current, and which were observed
through a glass, furnished the signals for correspondence. Sir
William Thomson has since greatly improved the latter appa-
ratus, and thereby given us the beautifully sensitive mirror gal-
vanometer which bears his name.

In 1837, Steinheil discovered the important fact that the earth
would serve as a conductor, thereby saving one wire in forming
a circuit: Cooke invented his electro-magnetic semaphore,
known as the needle telegraph, in which needles swing upon the
face of a dial, just as the vanes of the old semaphores swung
on the hill tops : Morse invented his electro-magnetic telegraph,
which he put in operation between Baltimore and Washington
in 1844: and Page discovered that a musical sound accom-
panies the disturbance of the magnetic forces of a steel bar,
when poised or suspended so as to exhibit acoustic vibrations.

In 1861, Reiss discovered that a vibrating diaphragm could be
actuated by the human voice so as to cause the pitch and rhythm
of vocal sounds to be transmitted to a distance, and reproduced
by electro-magnetism.

In 1872, Stearns perfected a duplex system, whereby two com-
munications could be simultaneously transmitted over one
wire; and, in 1874, Edison invented a quadruplex system for
the simultaneous transmission of four communications over the
same conductor.

In 1874, Gray invented a method of clectrical transmission by
means of which the intensity of the tones, as well as their pitch
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and rhythm, could be reproduced at a distance ; and subsequently
conceived the idea of controlling the formation of electric waves
by means of the vibrations of a diaphragm capable of responding
to all the tones of the human voice, thus solving the problem of
the transmission and reproduction of articulate speech over an
electric conductor.

In 1876, Bell invented an improvement in the apparatus for
the transmission and reproduction of articulate speech, in which
magneto-electric currents were superposed upon a voltaic cir-
cuit, and actuated an iron diaphragm attached to a soft iron
magnet.

During the same year, Dolbear conceived the idea of substitut-
ing permanent magnets in place of the electro-magnets and
battery previously employed, and of using the same instrument
for both sending and receiving, instead of employing instru-
ments of different construction, as had been previously done.

In 1877, Edison applied to the telephone the discovery made
by himself a few years before, of the variation of resistance
which carbon and certain other semiconductors undergo when
subjected to a change of pressure. By this means he not only
succceded in varying the strength of the battery current in
unison with the rise and fall of the vocal utterances, but, at the
same time, also obtained louder articulation.
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SPEAKING TELEPHONE AND ELECTRIC LIGHT.

CHAPTER L
THE SPEAKING TELEPHONE.

The Speaking Telephone, a recent American invention, which
at the present moment is exciting the wonder and admiration of
the civilized world, is a device for transmitting to a distance,
over an electric circuit, and accurately reproducing at any desired
place, various kinds of sounds, including those of the human
voice. The function of the telephone is analogous to that of
a speaking tube capable of almost infinite extension, through
which conversation may be carried on as readily as with per-
sons in the same room.

Before proceeding to give a description of the apparatus
employed for communicating or reproducing articulate speech at
a distance by the telephone, it will be well to devote some con-
sideration to the process by which the ear distinguishes the vibra-
tions of a particular tone, or the aggregate of the vibrations of
all the tones which simultaneously act upon it, for by this means
we may be enabled to ascertain the conditions under which the
transmitting and receiving apparatus must act in order to effect
the desired result.

It is well known that the sensation which we call sound is
excited by the action of the vibrations of the atmosphere upon
the tympanum or drum of the ear, and that these vibrations are
conveyed from the tympanum to the auricular nerves in the
interior parts of the ear, by means of a mechanical apparatus of
wonderful delicacy and precision of action, consisting of a series
of bones termed respectively the hammer, anvil and stirrup. In
the process of reproducing tones by electro-magnetism, an arti-
ficial imitation of the mechanism of the human ear is employed,
consisting of a stretched membrane or diaphragm corresponding
to the tympanum, which by its vibrations generates and controls
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an electric circuit extended to a distant station by a metallic
conductor.

If we analyze the process by which the ear distinguishes a
simple sound, we find that a tone results from the alternate ex-
pansion and condensation of an elastic medium. If this process
takes place in the medium in which the ear is situated, namely,
the atmosphere, then at each recurring condensation the elastic
membrane or tympanum will be pressed inward, and these vibra-
tions will be transmitted, by the mechanism above referred to, to
the auricular nerves.

The greater the degree of condensation of the elastic medium
in a given time, the greater is the amplitude of the movement of
the tympanum, and consequently of the mechanism which acts
upon the nerves. Hence it follows that the function of the
human ear is the mechanical transmission to the auditory nerves
of each expansion and contraction which occurs in the surround-
ing medium, while that of the nerves is to convey to the brain
the sensations thus produced. A series of vibrations, a definite
number of which are produced in a given time, and of which we
thus become cognizant, is called a tone. .

The action which has thus reached our consciousness, being a
purely mechanical one, may be rendered much more easy of
comprehension by graphical delineation. If, for example, we
assume the horizontal line « b to represeut a certain period of
time, let the curves extending above the line a b represent the

successive condensations ( -+ ), and the curves below the line the
successive expansions ( — ), then each ordinate represents the
degree of condensation or expansion at the moment of time cor-
responding to its position upon the line a b and also the amplitude
of the vibrations of the tympanum. :
A simple musical tone results from a continuous, rapid and
uniformly recurring series of vibrations, provided the number of
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GRAY'S SPEAKING TELEPHONE. 15

the telephone, both in respect to the reproduction of harmonic
musical tones and of articulate speech, as it enabled any required
number of different tones to be reproduced simultaneously with-
out destroying their individuality.

In this method the transmitters were so arranged that a sepa-
rate series of electrical impulses of varying strength as well as
rapidity passed into the line, thus reproducing at the distant end
the intensities of the vibrations, corresponding to the graphic
representation on the fourth or bottom line of fig. 1. By
this means a tune could be reproduced at any distance with
perfect accuracy, including its pitch and varying intensity as
well as quality of sound. With a receiving instrument consist-

~LINE

Fig. 6.

ing of an electro-magnet, having its armature rigidly fixed to
one pole, and separated from the other by a space of g of an
inch, and mounted upon a hollow sounding box, which, like that
of a violin, responded to all vibrations which were communicated
to it, the tones became very loud and distinct.

Subsequently Mr. Gray conceived the idea of controlling the
formation of what may be termed the electric waves, as repre-
sented in the diagram, figs. 1, 2 and 8, by means of the vibra-
tions of a diaphragm capable of responding to sounds of every
kind traversing the atmosphere, so arranged as to reproduce
these vibrations at a distance. When this was accomplished, the
problem of the transmission and reproduction of articulate speech
over an electric conductor was theoretically solved.



16 THE SPEAKING TELEPHONE.

The principle and mode of operation of Gray’s original
telephone are shown in the accompanying fig. 6. The per-
son transmitting*sounds speaks into the mouthpiece T:. D?
is a diaphragm of some thin substance capable of respond-
ing to the various complex vibrations produced by the human
voice. To the centre of the diaphragm one end of a light metallic
rod, N, is rigidly attached, the other extending into a glass vessel
J, placed beneath the chamber. This vessel, whose lower end is
closed by a metallic plug, P, is filled with slightly acidulated
water, or some other liquid of the same specific resistance, and
the metallic plug or end placed in connection with one terminal
of an electric circuit, the other end being joined by a very light
wire to the rod N, near the diaphragm. It will thus be seen
that the water in the vessel forms a part of the circuit through
which the current from a battery placed in this circuit will pass
Now, as the excursions of the plunger rod vary with the ampli-
tude of the several vibrations made by the diaphragm to which
it is attached, as well as with the rapidity of their succession, it
will readily be seen that the distance, and consequently the resist-
ance to the passage of the current, between the lower end of the
rod and the metallic plug, must vary in a similar manner, and
this produces a series of corresponding variations in the strength
of the battery current.

The receiving apparatus consists simply of an electro-magnet,
H, and armature, a diaphragm, D, and a mouthpiece, T. The
soft iron armature which is attached to the diaphragm stands
just in front of the electro-magnet; consequently, when the
latter acts, it does so in obedience to current pulsations, which
have all the characteristics of the vibrating diaphragm D, and
thus, through the additional intermedihry of the soft ironm, the
vibrations produced by the voice in T are comwunicated to the
diaphragm T of the receiving apparatus, and thus sounds of
every character, including all the tones of the human voice, are
reproduced with absolute fidelity and distinctness.

In the summer of 1876 Professor A. G. Bell], of the Boston
University, exhibited at the Centennial Exhibition, in Phila-'
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delphia, a telephonic apparatus, differing somewhat in its details
from that just described, by which articulate speech could be
transmitted over an electric circuit, and reproduced at a distance
with some degree of distinctness.

The principle of his method is illustrated in fig. 7. A repre-
sents the transmitting and B the receiving apparatus. When
a person speaks into the tube T, in the direction of the arrow,
the acoustic vibrations of the air are communicated to a mem-
brane tightly stretched across the end of the tube, upon which
is cemented a light permanent bar magnet n s. This is in
close proximity to the poles of an electro-magnet M, in the
circuit of the line, which is constantly charged by a current
from the battery E. The vibrations of the magnet n s induce

Fyg. 1.

magneto-electric pulsations in the coils of the electro-magnet M,
which traverse the circuit, and the magnitude of these pulsa-
tions is proportional to the rapidity and amplitude of the vibra-
tions of the magnet; thus, for instance, when the small perma-
nent magnet is made to move toward M, a current of electricity
will be induced in the cqils, which will traverse the whole cir-
cuit. This induced electricity will consist of a single wave or
pulse, and its force will depend upon the velocity of the ap-
proach of n s to M. A like pulse of electricity will be induced
in the coils when n s is made to move away from M ; but this
current will move through the circuit in an opposite direction,
so that whether the pulsation goes from A to B or from B to A,
depends simply upon the direction of the motion of n s.
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DOLBEAR'S SPEAKING TELEPHONE, 19

late speech, even in an imperfect manner, at the farther end, ex-
cited great interest in a scientific as well as popular point of
view, throughout the civilized world.

During the ensuing autumn some 1mportant changes in the
telephone were effected, whereby its articulating properties
were greatly improved. Professor A. E. Dolbear, of Tufts Col-
lege, observing that the actual function of the battery current
with which the line was charged in Bell’'s method had simply
the effect ot polarizing the soft iron cores of the transmitting and
receiving instruments, or of converting them into permanent
magnets, and that the mere passage of the constant voltaic cur-
rent over the line had nothing to do with the result, conceived
the idea of maintaining the cores in a permanently magnetic or
polarized state by the inductive influence of a permanent mag-

LINE

Fiy. 8.

net instead of by a voltaic current. He therefore substituted
‘permanent magnets with small helices of insulated copper wire
surrounding one or both poles, in place of the electro-magnets
and battery previously empioyed.

Another important improvement made by him consisted in
using the same instrument for both sending and receiving instead
of employing instruments of different construction, as all previous
inventors had done.

The principle and mode of operation of the improved appara-
tus is represented in figure 8.

It consists of an ordinary permanent bar magnet, N S, a single
helix, II, of insulated copper wire placed upon one end of the
magnet, and a metallic diaphragm, D, consisting of a disk of thin



www.libtool.com.cn



www.libtool.com.cn



www.libtool.com.cn



www.libtool.com.cn



www.libtool.com.cn



www.libtool.com.cn



www.libtool.com.cn



www.libtool.com.cn



www.libtool.com.cn



MAGNETO-ELECTRIC BELL CALL. 29

of what we have called the extra loud Speaking Telephone. In
the ordinary working condition of the apparatus the switch S
should be placed on the button contact, shown just to the right
of it, and the telephone hung in its fork, which causes the
spring A to be forced against the inside contact point. The
telephone and magneto machine are thus cut out of cireuit,
as will be seen on tracing the connections, but the call currents
arriving from a distant station on the line, find a ready path

e

Fig. 15,
through the coils of the bell magnet B and spring below the
push button C to the spring A, and thence by switch S to line
again or ground, as the case may be, the final connection de-
pending, of course, upon whether the station is located some-
where in the centre or at the terminal of the line. A call given
by any one of the stations in the circuits will, therefore, be heard
at all the others, as the connections at each are precisely similar.
In giving the call, it is necessary, in addition to turning the
crank of the magneto machine, to press against the push button



30 THE SPEAKING TELEPHONE

C, s0 as to bring the adjacent spring in contact with the little
connecting piece which is metallically joined to the coils of the
machine. Unless this is done no current will be sent into the
line, because it is by this means alone that the inductive appa-
ratus is placed in the circuit Wken the button is down, the
path opened for the current may be traced from the line terminal
of the instrument by way of the bell and magneto coils to the
spring beneath C; thence by way of spring A and switch S to

line or ground.
UNE . Bﬁ /_; une

Fig. 16.
It will be obvious that the above arrangement supplies the
means for giving a variety of calls in case there are several
offices in one circuit; for, while turning the crank, the push
buiton can be used, like a Morse key, to give different signals,
The removal of the telephone from its fork or holder puts it
in circuit, and cuts everything else out, as will readily be seen by
tracing the connections. The manner in which the apparatus is
cut out of circuit, by turning the switch S on the left hand con-
tact point, will also be seen on referring to the diagram.
Figures 15 and 16 show tbe internal connections and arrange-



www.libtool.com.cn



www.libtool.com.cn



www.libtool.com.cn



www.libtool.com.cn



EDISON'S SPEAKING TELEPHONE. 85

resistance of this substance when so subjected. The device con-
sists of a carbon disk, two or three cells of battery, and a tan-
gent or other form of galvanometer. The carbon Cis placed be-
tween two metallic plates which are joined with the galvanome.
ter and battery in one circuit, through which the battery current
is made to pass. When a given weight is placed upon the upper
plate the carbon is subjected to a definite amount of pressure,
which is shown by the deflection of the galvanometer needle
through a certain number of degrees. As additional weight is
added, the deflection increases more and more, so that by care-
fully noting the deflections corresponding to the gradual in-
crease of pressure we can thus follow the various changes of
resistance at our leisure. Iere, then, was the solution; for,

Fig. 20.

by vibrating a diaphragm with varying degrees of pressure
against a disk of carbon, which is made to form a portion
of an electric circuit, the resistance of the disk would vary in
precise accordance with the degree of pressure, and consequently
a proportionate variation would be occasioned in the strength of
the current. The latter would thus possess all the character-
istics of the vocal waves, and by its reaction through the medium
of an electro-magnet, might then transfer them to another disk,
causing the latter to vibrate, and thus reproduce audible speech.

Fig. 21 shows the telephone as constructed by Mr. Edi-
son. The carbon disk is represented by the black portion, E,
near the diaphragm, A A, placed between two platinum plates,
D and G, which are connected in the battery circuit, as shown by
the lines. A small piece of rubber tubing, B, is attached to the
centre of the metallic diaphragm, and presses lightly against an
ivory piece, C, which is placed directly over one of the platinum
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rigid plate of metal is substituted in its place. With the old
vibrating diaphragm the articulation produced in the receiver is
more or less muffled, owing to slight changes which the vibrating
disk occasions in the pressure, and which probably results from
tardy dampening of the vibrations after having been once
started. In the new arrangement, however, the articulation is

P
il “|‘i“ iﬁ
O
ol .mllm
i

Fig. 22.

8o clear and exceedingly well rendered that a whisper even may
readily be transmitted and understood. The inflexible plate, of
course, merely serves, in consequence of its comparatively large
area, to concentrate a considerable portion of the sonorous waves
upon the small carbon disk or button ; a much greater degree of
pressure for any given effort on the part of the speaker is thus
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bronght 1o bear on the disk than could be obtained if only its
small surface alonz were nsed

The bLest substance so far discovered for these disks is lamp-
black. such as is produced by the burning of any of the lighter
hydrocarbons. Mr. Edison has found, however, that plumbago,
hyperoxide of lead. iodide of copper. powdered gas retort car-
bon, black oxide of manganese, amorphous phosphorus, finely di-
vided metals, and many sulphides mayv be used ; indeed, tufts of
fibre, coutexd with various metals by chemical means and pressed
into buttons have alzo been employved. but thev are all less sensi-
tive than the lapblack. and have consequently been abandoned
for the latter substance.

With the telephone, as with the ordinary telegraphic instru-
ments, there is of course a limit beyond which the apparatus cannot
be rendered practically serviceable, but in most cases this limit is
sooner reached for the telephone than for other instruments that
are employed for the transmission of telegraphic matter. One
reason why this is so is probably due to the fact that the current
pulsations generated by the vibrating diaphragm are made to
follow cach other with so much greater rapidity than those that
are sent into the line by the ordinary hand manipulation, that
less time is allowed for charging and discharging the line, and
the phenomenon of inductive retardation thus becomes soonest
manifest in the former case.

Another reason, however, and perhaps the principal one, is
that the disturbances created by the inductive action of elec-
trical currents in neighboring wires combine with the signals, and
80 confuse the latter in many cases, that it becomes altogether
impossible to distinguish them. It is necessary, therefore, when
we wish to speak over long distances, or over wires in close prox-
imity to Morse lines, either to employ some means for neutral-
izing these disturbances, or to so increase the loudness of the ar-
ticulation that it can be heard above this confused mingling of
many sounds.

One of the best means so far suggested for overcoming the diffi-
culty is the employment of metallic circuits throughout for the



EDISON’S TELEPHONIC REPEATER 39

telephone, placing the two wires forming a single circuit very
close together, so as to render the inductive action practically
the same in each. The resulting currents would thus neutralize
each other and leave the telephone quite free.

It is claimed that the inductive disturbances just noticed are
much less marked with Mr. Edison’s telephone than with any
of the other forms, owing to the fact that the signals or sounds
in the former are produced by stronger currents, and the re-
ceiving instruments are made less scnsitive to those fugitive

= currents that are always met with in telegraph lines.

Mr. Edison has recently invented a telephonic repeater, which
is designed to be used in connection with his apparatus for in-
creasing the distance over which it may be made available. The
principal parts are shown in fig. 23. Iis an induction coil, whose

Fig. 23.

secondary is connected in the main line I, into which the repeat-
ing is to be done; C is a carbon transmitter, included with
battery B in the primary circuit, and operated by the magnet
M instead of by the voice. The variations in the current pro-
duced by speaking against the disk of the instrument at the
transmitting end of the line, cause this magnet to act on the re-
peater diaphragm, and thus produce different degrees of pressure
on the carbon disk and thereby change its resistance. A corre-
sponding change consequently takes place in the current of the
primary coil, and thus gives rise to a series of induced currents
in the secondary, which pass into the line, and, on reaching
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the receiver at the opposite terminal, are there transformed into
audible sound.

We have not yet personally experimented with this apparatus,
but if it can be made only in a slight degree as effective as the
ordinary carbon telephones, which already have permitted conver-
sation to be carried on over five hundred miles of actual tele-
graph line, its advantage must sooner or later be made ser-
viceable.

Instead of the magneto machine and call bell, which have
already been described in connection with the telephone, a bat- -

LINE
13
E
B
Fig. 24.

tery and vibrating bell may be, and sometimes are used for sig-
naling purposes. Fig. 24 represents the connections for an
arrangement of this kind. The line wire is joined to the back
end of a four point button switch, S. The right hand front con-
tact leads to one end of the helices which surround the bell
magnet, and whose opposite end is in metallic connection with
the armature lever. In its normal position this lever is held by
a spiral spring against the back stop, which is joined to a wire
leading to the ground. The middle front point of the switch
communicates with one pole of a battery, E, whose opposite pole
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notice directly from the factory or works quite as readily as from
the warehouse, and at much less expense. Figs. 27 and 28 clearly
illustrate the facility with which communication may be main-
tained between office and factory, and plainly show to what ex-
tent personal supervision may be exercised without at all neces-
sitating the presence of the managing director at the place itself.
In the former figure the manager at his desk in the city is seen
giving instructions to his foréeman, who is shown at the works in
the latter, carefully noting everything that is being said.

As a matter of prophetic interest in connection with the tele-
phone we feel constrained to reproduce here an extract from a
popular little work, published a few ycars ago in France.! The
author, as will be seen, strikingly foreshadows the realization of
the Speaking Telephone as it exists to-day, complete in every-
thing but loudness of articulation. Speaking of the marvels in
telegraphy, he says:

“ Wonderful as are these achievements, the inventions in tele-
graphy have gone still further. To be able to transmit thought
to a distance is a triumph which was formerly astonishing; but
we are now accustomed to it, and continue to practice it without
its creating the slightest wonder. To be able to transmit hand-
writing, and even drawings, appeared to be more difficult; but
this problem has also been resolved, and we now hardly wonder
that this feat is accomplished by means so simple. Mankind
ever requires a new stimulus to its curiosity, and already it is
looking forward to the discovery of more marvels in telegraphy.
Some years hence, for all we know, we may be able to transmit
the vocal message itself, with the very inflection, tone and ac-
cent of the speaker. Already has the acoustic telegraph been
invented ; the principle has been discovered, and it only remains
to render the invention practicable and useful—a result which,
in these days of science, does not appear to be impossible.

Sound, of whatever kind, is produced by a series of vibra-
tions, more or less rapid, which, setting out from a sonorous

1 Les Merveilles de U Electricité, par J. Baille. Paris, 1371.
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Should this process be perfected it will be possible to transmit
sound by means of the telegraph—to transmit a series of sounds,
a tune, or spoken sentence and conversation. This consumma-
tion has not, however, been yet attained. =~ Many experiments
have been made, the principle has been applied in divers ways,
and everything makes us hope that we will yet arrive at a perfect
system of acoustic telegraphy. Advances have been made very
far upon the road to success. A series of vibrating plates, an-
swering to the strings of a harp, has been arranged, each of
which vibrates when struck by a particular sound, and sends off
electricity to create at the end of a line the same vibrations in a
corresponding plate, or, in other words, to reproduce the same
sound.

This system, it must be admitted, is at least very ingenious.
Experiments have been made in laboratories, that is to say under
conditions entirely favorable, and such as we would not often
find in actual practice. Under these conditions a musical air
has actually been successfully transmitted by this acoustic tele-
graph.  All must admit that this is a promising beginning; but
we must not make too much haste to exalt the miracle and to
extol the advantages of the future machine, or to abandon our-
selves to the indulgence in indiscriminate laudation on the
strength of this new discovery. That would be a gross mistake
and an injury to science. True scientific faith is doubt, until
the truth appears in uncontrovertible clearness. Care must be
taken not to take for reality that which is merely a desire on our
part 'We must guard against all premature exultation, because
it weakens us in the search for truth, and because even one de-
ception is cruel.  Let us therefore give to doubt, to patience and
to perseverance, the place which some too readily give to con-
gratulation.”
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various stages through which the apparatus passed, but shall
merely say that after a time I produced the form of instrument
shown in fig. 51, which served very well as a receiving tele-
phone. In this condition my invention was exhibited at the
Centennial Exhibition in Philadelphia. The telephone shown in
fig. 50 was used as a transmitting instrument, and that in fig. 51
as a receiver, so that vocal communication was only established
n one direction.

Another form of transmitting telephone exhibited in Phila-
delphia, intended for use with the receiving telephone (fig. 51),
is represented by fig. 52.

A platinum wire attached to a stretched membrane completed
a voltaic circuit by dipping into water.! Upon speaking to the

membrane articulate sounds proceeded from the telephone in the
distant room. The sounds produced by the telephone became
louder when dilute sulphuric acid, or a saturated solution of salt,
was substituted for the water. Audible effects were also pro-
duced by the vibration of plumbago in mercury, in a solution

1 From the reading of the text it might be erroneously inferred that the apparatus
shown in figure 52 was invented by Professor Bell, and exhibited by him at the
Centennial Exhibition. Professor Bell neither invented nor exhibited it. The
above figure represents the trensmitting portion of Elisha Gray’s original Speaking
Telephone—the first articulating telephone ever invented. The complete apparatus
is shown in figure 6, page 15. Mr. Gray experimented with his telephone at the
Centennial Exhibition at Philadelphia 1n 1876, and showed it to some of his friends,
among others to Professor Barker, of the University of Pennsylvania, but did not.
exhibit it to the Judges.—G. B. P.
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course, the process of tapping by telephone could not be carried
out if the instrument in use was a Wheatstone dial or single
needle, or if the wire was being worked duplex of with a fast
speed Morse, for in these cases the sounds are too rapid or too
indefinite to be read by ear. The danger is thus limited to ordi-
nary sounder or Morse telegraphs; but these still form the main-
stay of every public system.

Since the trials here described were made, the newspapers
have recorded a beautiful application, by Sir William Thomson,
of the electric part of the telephone to exhibit at a distance the
motions of an anemometer, the object being to show the force of
air currents in coal mines. This is a useful application of an
electric fact, and doubtless points the way to further discoveries.
But it is to be noticed that the experiment, interesting as it is,
hardly comes under the head of telephony, what is reproduced
at a distance being not sound, but motion.

Obviously the invention cannot rest where it is; and no one
more readily than the practical telegraphist will welcome an
instrument at once simple, direct and reliable. Even in its
present form the telephone may be successfully used where its
wire is absolutely isolated from all other telegraph wires. But the
general impression is that its power of reproducing the sound
must be intensified before its use can become general, or come
up to the popular expectation.
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124 THE SPEAKING TELEPHONE.

diameter, at least within certain limitx It was by means of a
very delicate apparatus, similar to the instrument employed in
measuring the dilation of solids, that Mr. Joule discovered that
a soft iron bar experiences a decided elongation, which is about
Tevoooth of its total length, at the moment when the current by
which it is magnetized is established, and a shortening af the
moment when it is interrupted. The shortening is less than the
lengthening, because the bar always retains a certain degree of
magnetism It would appear that the lengthening is propor-
tional, in a given bar, to the square of the intensity of the
magnetism that is developed in it. When we make use of iron
wires instead of bars, it may happen that it is a shortening, and
not a lengthening, that is obtainced at the moment of magnetiza-
tion. This change in the nature of the effect is observed when
the degree of tension to which the wire is subjected exceeds a
certain limit.

Thus an iron wire, 12} inches in length by } inch in diameter.
distinctly lengthens under the influence ol the magnetism, so
long as it is not exposcd to a greater tension than 772 1bs.; but
the less so, however, as it approaches nearer to this tension
Setting out from this limit, and for increasing tensions, which in
one experiment were carriedd up to 1764 1bs., the wire was con-
stantly seen to shorten at the moment when it was magnetized.
Tension exercises no influence over highly tempered steel: o
there is never any elongatior, but merely a shortening, which
commences when the force of the current exceeds that which is
necessary to magnetize the bar to saturation.

M. Wertheim, on his purt, at the close of long and minute
researches, siiceeeded in analvzing the mechanical effeets that
are manifested in magnetization.  Ie found that, when an iron
bar is fixed by one ot its extremities, and the bobbin is so placed
that its axis coincides with that of the bar, no lateral movement
is observed, but merely a very small clongation, which rarely
exceeds .0007%8 inch.  This clongation is the greater as the bob-
bin is sitnated nearer to the free extremity of the bar, and dim-
inishes in proportion as it approaches the point by which it is
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with which the tube i3 surrounded, the particles of oxide arrange
themselves in a regular and symmetrical manner, so as to allow
the larger proportion of the light to pass. The particles in this
case are not small fragments of iron wire, artifically disaggre-
gated from a more considerable mass, but iron precipitated
chemically, and consequently in its natural molecular state. such
as constitutes a solid body by its aggregation.

This disposition of the particles of iron and of magnetic
bodies to approach each other in the transverse direction, and to
extend in the longitudinal direction, under the influence of
an exterior magnetization, which is probably due to the form
of the elementary molecules, and to the manner in which they
are polarized, is now established in an irrefragable manner by
direct and purely mechanical proofs.

It is casy to see that it accounts in the clearest manner for the
production of sound in a bar or a wire subjected to the influence
of the intermittent current of the helix.  The particles contend-
ing against cohesion arrange themselves in the longitudinal
direction when the current acts, and return to their primitive
position as soon as it ceases : there follows from this a series of
oscillations, which are isochronous with the intermittence of the
current. All these effects are much more decided in soft iron
than in steel or hardened iron, because the particles of soft iron
are much more mobile around their position of equilibriumn.

I have also remarked that both iron and steel, when they are
already magnetized in a permanent manner by the current trans-
mitted through a second helix, or by the action of an ordinary
magnet, do not experience such strong vibrations when the dis-
continuous current tends to magnetize them in the direction in
which they are already magnetized. but stronger ones in the
contrary case. It is evident that, in the former case, the par-
ticles already possess, in very nearly a permanent manner, the
position that the exterior action to which they are submitted
tends to impress upon them; while, in the latter case, they arc
farther removed from it than they arc in their natural position.
Much more powerful oscillations, therefore, ought to occur to
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TONES PRODUCED BY ELECTRICITY. 141

the tube come in contact. In the latter case it seems as though
a second tone appears with the former one.

The sounds obtained in this manner from metallic tubes
whose edges just come in contact with each other, are evidently
produced by the induced current generated in the mass of the
tubes by the action of the intermittent current in the coil. They
must evidently, therefore, become stronger or weaker as the con-
ditions which give rise to them render the induced current
stronger or weaker. For example, they are increased when iron
wires are placed in the coils, as was done in the experiments
made by the writer. They are also increased, but in a smaller
degree, when the coil is connccted with a condenser, which was
also done in all of these experiments.

The weakening of the tones. however, may be still more
strikingly shown. For this purpose it is only necessary to
place between the tube producing the tone and the induction
coil another metallic tube, completely closed and of somewhat
smaller diameter. As soon as this is done, the tone of the
wider tube ceases instantly, and when the smaller tube is
withdrawn again the tone recommences at once.

Even two tubes of different diameters capable alone of giving
out tones will show this weakening. but if placed simultaneously
one within the other around the coil, they do not interfere with
each other.

In place of the smaller closed tube, which, for example, may
consist of zine or any other non-magnetic metal, an open iron
tube may be substituted. In this case also the action depends
upon the length and thickness of the metal, and weakens or
destroys the tones accordingly ; not, however, because an induced
current is formed in it, as in the case of the closed zine tube, but
because it becomes magnetized by the action of the coil, just as
the core does, and the effects of the coil and core consequently
oppose each other.

The proof of the connection of the tones with the induced
current, if additional proof is necessary. is still further shown by
the fact that they are quite independent of the diameter of the
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any effect upon the Morse instruments at the several inter-
mediate stations; while at the same time, by means of key K1
and rheostat R and relay D, a communication may be trans-
mitted to, or received from, any one of two or more way offices,
equipped with suitably arranged Morse instruments.

PHENOMENA ATTENDING THE TRANSMISSION OF VIBRATORY
CURRENTS. !

The vibratory impulses used in electro-telephonic transmission
are attended by certain phenomena which are not apparent in
ordinary electric telegraphy. Their peculiarities seem to be
closely connected with the short duration and the rapid suc-
cession of the single impulses.

It is my purpose in this paper to give the results of some
experiments on this subject, without attempting to present any
well-defined theory in regard to the molecular action which
takes place under the conditions described, but leaving the
reader to make such explanation as may be suggested by the
facts presented.

Among the remarkable developments attending the intro-
duction of the telephone there is, perhaps, none more striking
than the effect upon the amplitude of the received vibrations
which follows a change in the magnetic condition of the
receiving electro-magnet.

Very early in the course of my experiments in the matter
of telegraphically transmitting musical and other sounds, I
observed that better effects were obtained when I operated
through a closed circuit, having a constant current of electricity
flowing through it, and transmitted the electric vibrations by
simply superposing them upon this constant current without
varying its power.

To define more clearly what I mean, I will give an instance
in my experience which occurred in the winter of 1874-5.

1 By Elisha Gray, Sc. D. Journal of the American Electrical Society, 1878.
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when the key was closed and the battery thrown into vibra-
tion. After working over it for some time, I concluded that
there must be some fault in the connections, and proceeded to
test the wires by inserting a Morse relay. I found the circuit
all right, when a recollection of my former experience caused
me to place in the circuit an additional battery of one hundred
cells, leaving the vibrator and shunt wires as they were before,
around the twenty-five cells only. The arrangement after the
additional one hundred cells were inserted is shown in fig. 82.
M R is the receiving telephone, T the telephonic transmitter, K
the Morse key. E represents one hundred cells of battery, and
e twenty-five cells.

‘When the key was now closed, the receiver responded without

= -—aR

i

<]

(el

Fig. 82,

difficulty. By inserting an additional amount of battery in the
circuit at the receiving end, the amplitude of vibration on the
receiving reed, which was tuned in unison with the transmitter,
was still greater. I have verified this experiment at different
times since the above date, and on different lines, varying in
length up to five hundred miles and over. It will be observed
by studying the diagram in fig. 82, that the only effect the vibrator
could have upon the circuit, when the key was closed, was to
throw into vibration the twenty-five cells included in its short
circuit, at a rate corresponding to the fundamental of the vibrator.
It would seem that no effect could be had from the one hundred
or more additional cells, inasmuch as they were simply inserted
in that portion of the circuit which was never broken or opened,
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204 THE SPEAKING TELEPHONE.

My present belief is that the most effective method of pro-
viding an apparatus capable of responding to the various tones
of the human voice, is a tympanum. drum or diaphragm,
stretched across one end of the chamber, carrving an apparatus
for producing fluctuations in the potential of the electric current,
and consequently varying in its power.

In the drawings, the person transmitting sounds is shown as
talking into a box, or chamber, A. across the outer end of which
is stretched a diaphragm a, of some thin substance, such as
parchment or gold-beaters’ skin, capable of responding to all the
vibrations of the human voice, whether simple or complex.
Attached to this diaphragm is a light metal rod, A’, or other
suitable conductor of electricity, which extends into a vessel B,
made of glass or other insulating material, baving its lower end
closed by a plug, which may be of metal, or through which
passes a conductor b, forming part of the circuit.

This vessel is filled with some liquid possessing high resist-
ance, such, for instance, as water, so that the vibrations of the
plunger or rol A’, which does not quite touch the conductor 4.
will cause variations in resistance, and, consequently, in the
potential of the current passing through the rod A’.

Owing to this construction, the resistance varies constantly in
response to the vibrations of the diaphragm, which, although
irregular, not only in their amplitude, but in rapidity, are never-
theless transmitted, and can, consequently, be transmitted through
a single rod, which could not be done with a positive make and
breuk of the circuit employed, or where contact points are used.

I contemplate, however, the usc of a series of diaphragms in a
«common vocalizing chamber, each diaphragm carrying an inde-
pendent rod, and responding to a vibration of different rapidity
and intensity, in which case contact points mounted on other
diaphragms may he employed.

The vibrations thus imparted are transmitted through an elec-
tric circuit to the receiving station, in which circuit is included
an electro-magnet of ordinary construction, acting upon a.dia-
phragm to which is attached a piece of soft iron, and w
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214 THE SPEAKING TELEPHONE.

becomes louder.  So, if A and B, fig. 6, are sounded simul-
taneously (A loudly and B softly), the instruments Al and A3
repeat loudly the signals of A, and B! B2 repeat softly those
of B.

One of the ways in which the armature ¢, fig. 5, may be set in
vibration has been stated before to be by wind. Another mode
is shown in fig. 7, whereby motion can be imparted to the arma-
ture by the human voice or by meals of a musical instrument.

The armature ¢, fig. 7, is fastened loosely by one extremity to
the uncovered leg d of the clectro-magnet b, and its other
extremity is attached to the centre of a stretched membrane, a.
A cone, A, is used to converge sound-vibrations upon the mem-
brane.  When a sound is uttered in the cone the membrane ais
set in vibration, the armature ¢ is forced to partake of the motion,
and thus electrical undulations are created upon the circuit
Ebefg. These undulations arc similar in form to the air
vibrations caused by the sound—that is, they are represented
graphically by similar curves. The undulatory current passing
through the electro-magnet £ influences its armature A to copy
the motion of the armature c. A similar sound to that uttered
into A is then heard to proceed from L )

In this specification the three words, “ oscillation,” * vibra-
tion,” and “undulation,” are nsed synonyinously, and in con-
tradistinction to the terms “intermittent ” and “ pulsatory.” By
the term “body capable of inductive action,” I mean a body
which, when in motion, prodnces dynamical electricity. 1
include in the category of bodies capable of inductive action
brass, copper, and other metals, as well as iron and steel.

Having deseribed my invention, what I claim, and desire to
scenre by letters patent, is as follows:

1. A system of telegraphy in which the receiver is set in
vibration by the employment of undulatory currents of electricity,
substantially as set forth.

2. The combination, substantially as set forth, of a permanent
magnet or other body capable of inductive action, with a closed
cireuit, so that the vibration of the one shall occasion electes
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Fig. 102.
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232 THE SPEAKING TELEPHONE.

by the approach of the diaphragm contained in A or B towards
or its recession from a highly charged electrophorous, C or D.
The vibrations of the transmitting diaphragm cause a disturbance
of the charge at both ends of the line, and thus give rise to faint
sounds. Perfect insulation, however, is necessary, and either
apparatus can be used both for transmitting and receiving, but
the resulis are necessarily very weak.

Another form of electro-static telephone is shown in fig. 111
In this arrangement Deluc piles of some 20,000 disks each are
contained in glass tubes A and B, and conveniently mounted on
glass, wood or metal stands The diaphragms, which are in
electrical connection with the earth, are also placed opposite to
one pole of each of the piles, while the opposite poles are joined
together by the line conductor. Any vibration of either dia-

LINE I

Fig. 111,

phragm is thus capable of disturbing the electrical condition of
the neighboring disks, the same as in the electrophorous tele-
phones ; and consequently the vibrations, when produced by the
voice in one instrument, will give rise to corresponding eleetrical
changes in the other, and thereby reproduce in it what has been
spoken into the monthpiece of the former.

With this arrangement fair results may be obtained, and it is
not necessary that the insulation should be so perfect as for the
electrophorous apparatus.  Fig. 112 shows a form of electro-
mechanical telephone, referred to near the beginning of this
communication, by means of which I attempted to transmit
clectrical impulses of variable strength, =o as to reprodyce spoken
words at a distance.  Small resistance coils—1, 2, 8, etc.—wewe
so arranged with connecting springs near a platinum fae
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216 THE SPEAKING TELEPHONE.

descend gradually, till at the end of six twelfths of a second it had
reached its mean position b, and then it continued descending on
the opposite side till the end of nine twelfths of a second, and so-
on.  We can also easily determine where the vibratory point
was to be found at the end of any fraction of this twelfth of a
second. A diagram of this kind, therefore, shows at a glance at
what point of its path.a vibrating particle is to be found at any
given instant, and thus gives a complete image of its motion.?

Although we are not yet able to make all vibrating bodies
automatically record their movements on paper in this manner,
yet we may ourselves construct curves which truthfully represent
their vibration when the law of their motion*is known; that
is, when we know how far the vibrating point will be from its
mean position at any given moment of time. We set off on a
horizontal line, suchas a b, fig. 119, lengths corresponding to the
interval of time, and let fall perpendiculars, or, in mathematical
langnage, ordinates to it, on either side, making their lengths
equal or proportional to the distance of the vibrating point from
its mean position, and then by joining the extremities of these
perpendiculars, we obtain a curve such as the vibrating body
would actually have drawn, if it had been possible to make it do
so.  Physicists, therefore, having in their minds such curvilinear
forms, representing the law of the motion of vibrating bodies,
are accustomed to speak as a matter of convenience of the form
of vibration of such bodies,® a term which I shall hereafter
employ when referring to the subject.

We are now ready to return to the consideration of the
phenomena of compound vibrations.  To illustrate in a general
way the characteristics of this kind of motion, we conveniently
refer again to the waves formed upon a calm surface of water.
We have seen that if this surface is agitated by a pebble dropped
upon it, that the agitation is propagated by concentric waves
extending in every direction from the centre to a greater and

1 Helmholtz— Die Lekre von den Tonempfindumgen (English Translation, by A F -
Elli~ « peo il
2 lllid-, ) R
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APPLICATION OF PERMANENT MAGNETS. 259

tery current served no other purpose, in Bell's experiment, than
to permanently magnetize the soft iron cores of the electro-
magnet, while the magneto-inductive waves were superposed. In
September, 1876, Prof. A. E. Dolbear substituted a permanent
steel magnet for the electro-magnetic arrangement previously
employed by Bell,? and the instrument thus improved is now
going into very extensive use. Its articulation, while distinct, is
not very loud, although sufficiently so in a well-constructed
instrument to admit of lengthy sustained conversations, without
the slightest misunderstanding or repetition.  Of course, it is not
to be expected that the loudness of this form of telephone can be
increased very greatly beyond its present volume, for we can at
best only get from it the mechanical equivalent of the human
voice, deducting the loss inseparable from its conversion, first
into mechanical motion, then into electricity, then into magnet-
ism, and, finally, back again into motion. The most striking
results are to be looked for in the direction first pointed out by
Mr. Gray, for the reason that, if an effectual method of con-
trolling the resistance of the circuit by means of a vibrating dia-
phragm can be discovered, the source of power, which in this
case is the battery, may be augmented to any required extent.
It is not to be denied that the problem thus presented is one of
exceeding mechanical difficulty ; but there is no reason to sup-
pose that it may not be successfullysolved. It is to the develop-
ment of this variety of the speaking telophone, rather than to
that of the magneto-instrument, that inventors will find it most
advantageous to turn their attention, for I hazard little in saying
that the latter has already reached such a surprising degree of
efficiency as to leave comparatively little more to be done within
tlae necessary limitations which have been pointed out.

2 Dolbear—** The Telephone,” p. 119. (See also preface of samo work.)



CHAPTER VIIL

DOLBEAR'S TELEPHONIC RESEARCHES.?!

DuriNG the year 1854, while at work in Allen & Thurber’s
pistol factory, in Worcester, Massachusetts, -I began to make ex-
periments in electricity and magnetism. I introduced at that
time the use of a permanent magnet to pick up the small parts
of the locks of pistols from the cases.  This had previously been
done by the employés with their fingers, which were often made
sore by the nails being worn off too short. The magnet was
adopted by those having that kind of work.

I also tried to make a perpetual motion machine, which should
derive its power from permanent magnets. I also constructed
a trough battery of six cells, with which I tried many experi-
ments.

1855.—During this vear I made a magneto-electric machine,
of the common pattern.  Was frequently with Henry M. Paine,
who was then trying to construct a successful electromotor.

1859.—Made another magneto-clectric machine.  Also in-
vented a steam whistle, which was designed to play any tune.
This was while employed in Mason's locomotive works, at Taun-
ton, Massachusetts.

1861.—Invented and constructed a gyroscope to run by electro-
magnetism, consisting of a small clectro-magnet revolving be-
tween the poles of a permanent magnet, shaped like the letter C.

186+.—Made for the Ohio Wesleyan College, at Delaware, O.,
a large compound permanent magnet; also an electro-magnet for
lecture purposes. I invented a magneto-electric telegraph, in
which the current of electricity was gencrated by the action of s
permanent magnet when thrust into or withdrawn from a hollow
bobbin. This was designed to move a needle. Also proposed to

1 Abstract from ‘ Rescarches in Telephony,” by Professor A. E. Dolbear, of
Tutts College.
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CONVERTIBILITY OF SOUND INTO ELECTRICITY. 278

oOf heat, may fairly be inferred, I think; so that, a priori, one should
look for electric phenomena from such a combination of favorable,
conditions. At any rate, it will hardly be asserted by any one
that because the electricity is generated in the thermo-pile its im-
xmediate cause must be heat. I do not know that it has ever been
Joroved that heat motion was the only kind of motion that was
<capable of direct conversion into electricity in the so-called
thermo-pair. It is probable that the more general statement is
true, namely, that molecular disturbance at the junction of dis-
similar metals will give rise to electricity.

‘We know that the molecular disturbance called heat will give
xise to it, and it is not improbable that the disturbance caused by
a regularly vibrating tuning fork, may do the same thing directly.
My experiment does not prove that such is the case, but it hints
at it, and I offer these considerations to meet the objections of
some who take it for granted that it cannot be true that sound

vibrations are really converted into electricity, except in an in-
direct way. This is capable of verification, I do not doubt, but
I have not had time to apply the experimentum crucis, as the idea
did not occur to me until a day or two ago, and I bring it to the

association as an interesting experiment, whatever its rationale
may be.
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284 THE SPEAKING TELEPHONE.

to suppose that sufficient leakage took place on the three brackets
and three poles, which were common to the New York and the
local wire, to account for the transfer in Providence. The mag-
neto-telephone has also proved itself abundantly capable of pick-
ing up signals in an adjoining wire by induction alone. Without
rejecting wholly, therefore, the other modes of transfer, I should
ascribe to induction the principal part in the transfer of the con-
certs from wire to wire between New York and Providence.

What proportion, then, of the electrical music, set in motion
in New York, could have reached the listeners on the shunt in
Providence? Whether induction, leakage, or crowded ground
was concerned, will any electrician say that the New York and
Providence wires situated as described, could have robbed the
Albany wire of one tenth or even one hundredth of its electrical
force or motion? When this one tenth or one hundredth reached
Providence, will any electrician say that the wires from New
York, in the course of 975 feet, could have given up to the
parallel District wire one tenth or one hundredth of their elec-
trical wave motion? Lastly, when the District circuit had secured
this minute fraction of the original music bearing electric waves,
will any electrician say that the shunt as described (containing
500 ohms resistance, while the shunted quarter of a mile of Dis-
trict wire contained only 5 ohms resistance) could have diverted
one tenth of the clectric motion from the District circuit ?

The music heard plainly in Providence did not, therefore,
require or use onc ten thousandth, hardly one hundred thou-
sandth, of the electro-motive force originally imparted to the
Albany wire.

This startling conclusion suggests, first, thec wonderful delicacy
of the magneto-telephone, on which point I shall venture to
enlarge, and second, the as yet unimagined capacity of electricity
to transport sound.

The magneto-telephone is probably.the most sensitive of elec-
troscopes for galvanic, magneto-electric, and atmospheric or frea
clectricity, and will be used extensively in science and the arte,
in this capacity. In the French Academy, on the ¢th of Ng
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CURRENTS PRODUCED IN THE TELEPHONE. 291

their strength alone. They are, consequently, much more favor-
able for the production of phonetic vibrations than voltaic cur-
rents; and the fact that the inverse currents which follow the
initial pulsation tend to discharge the line promptly, contributes
still more toward rendering their action sharper and more rapid.

If we consider, also, that the currents produced by the action
of the voice on the diaphragm of an ordinary telephone do not
exceed that from a single Daniell cell in a circuit of 100 meg-
ohms resistance, as has been shown by the researches of Mr.
Warren de la Rue to be the case, we can readily understand
that the greater or less strength of these currents is of little
importance in the phonetic effects produced, and, under ordi-
nary circumstances, would be incapable of producing mechani-
cal movements or vibrations of sufficient magnitude in a plate
like that of the telephone to produce the sounds we hear.
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LOGOGRAPHIC RECORDS. 297

noticed that while a certain variation occurs, due to the energy,
each sound preserves a specific character.

Fig. 139 shows in the upper portion the effect of words of
quantity which require a large volume of air, and are maintained
arelatively longer time than the more explosive or intense kind.

The lower diagram is what the tracer wrote when the familiar
stanza from Hohenlinden was repeated.

A much more delicate instrument for recording sonorous

e
Vo

§.Juw\__ﬁ_f-

Kite Tin

By torch and trumpet fast arrayed,

SN S—

Zach horseman drew Ais battle blade;

N A T SR

And furious every charger neighed,

To join the dreadfd revelry.
Fig. 139,

vibrations has been made by using the membrana tympani of the
human ear as a logograph. This is represented in fig. 140.

The stapes was removed, and a short stylus of hay substituted,
of about the same weight, so as to increase the amplitude of the
vibrations and afford means of obtaining tracings upon smoked
glass, as in the logograph experiments. The membrane is kept
moist by a mixture of glycerine and water, and the specimen
attached to a perpendicular bar sliding in an upright post, and
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TRACINGS FROM PHONOGRAPHIC RECORDS. 308

Mr. Edison has found that the clearness of the ins&lment’s
articulation depends considerably upon the size and shape of the
opening in the mouth-piece. When words are spoken against
the whole diaphragm, the hissing sounds, as in shall, fleece, ete.,
are lost. These sounds are rendered clearly when the hole is
small and provided with sharp edges, or when made in the form
of a slot surrounded by artificial tecth.

Beside tinfoil other metals have been used.  Impressions have
been made upon sheets of copper, and even upon soft iromn
With the copper foil the instrument spoke with sufficient force
to be heard at a distance of two hundred and scventy-five feet in
the open air.

By using a form of pantograph, Prof. A. M. Mayer has ob-
tained magnified tracings on smoked glass of the record on the

» ®© @ © o oo @ © 00 @ <= 900 ©2A

A

e T e e ———~_—B
' c
Fig. 143, ]

fol. The apparatus he used consisted of a delicate lever, on the
under side of which is a point, made as nearly as possible like
the point under the thin iron plate in the phonograph. Cemented
to the end of the longer arm of this lever is a pointed slip of thin
copper foil, which just touches the vertical surface of a smoked
glass plate. The point on the short arm of the lever rests in the
furrow, in which are the depressions and elevations made in the
foil on the cylinder. Rotating the cylinder with a slow and uni-
form motion, while the plate of glass is slid along, the point of
copper foil scrapes the lampblack off the smoked glasg plate and
traces on it the magnified profile of the depressions and cleva-
tions in the foil on the cylinder. In fig. 143, A represents the
ce to the eve of the impressions on the foil. when the

sound of ain bat is sung against the iron plate of the phono-
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308 THE TALKING PHONOGRAPH. ’

gested many valuable uses in trade, manufactures and social
life, and it will be the aim of this department to report the
progress of this, one of the most remarkable inventions of this
century, and its applications to science and industry.
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DIFFERENTIAL METHOD. 319

wire 1, spring b, lever ¢,, wires 2 and 8, contact point o, spring O,
wires 4 and 5, battery B, wires 6 and 7, contact point n, and
spring N, thence by wire 8 to line L. The battery B sends a 4-
current to line.

2. First key closed and second key open. The route is now

Fig. 146.

Xom earth at G, by wire 1 and spring b to point a, wires 12 and

‘T and thence as before to the line. In this case there is no
ttery in circuit, and no current goes to line.

8. Second key closed and first key open. The route is now

from earth at G by wire 1, spring b and lever ¢,, wires 2 and
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DIFFERENTIAL METHOD. 328

Fig. 148 shows the connections of another form of quadruplex
apparatus, embodying several important improvements that are
not found in the apparatus heretofore described. Both receiving
relays R, and R, are provided with differential helices and polar-
ized armatures, and in general the differential method is employed

Fig. 148.

throughout in place of the bridge. The relays R, and R, may
be constructed as shown in the figure, or according to Siemens’s
pattern. Experience has shown that the latter form gives, on
the whole, the most satisfactory results, and it has therefore heen
adopted in all the more recent apparatus. The combination of
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874 THE ELECTRO-MOTOGRAPH.

Mr. Thomas A. Edison, the inventor of the electro-motograph,
states that he has a machine in operation in his laboratory con-
structed upon the principle shown in fig. 169, with which he
has succeeded in repeating automatic signals from one circuit
into another, at the rate of one thousand two hundred words
per minute, an average of six thousand letters, or twenty-four
thousand waves per minute, compelling the lever A (fig. 169)
to move backward and forward from the point on the left to the
point D on the right four hundred times per second.

By attaching an ink wheel to the extremity of the lever,
opposite a continuous strip of paper moved by clock work, mes-
sages transmitted at a speed of several hundred words per min-
ute may be recorded in ink; and by attaching a local circuit to
the repeating points and adding a sounder thereto, as shown in
the figure, the apparatus may be used as a Morse relay to work
long lines of telegraph.

. —



www.libtool.com.cn



www.libtool.com.cn



www.libtool.com.cn



www.libtool.com.cn



www.libtool.com.cn



www.libtool.com.cn



www.libtool.com.cn



www.libtool.com.cn



www.libtool.com.cn



384 ELECTRIC CALL BELLS.

some particular cases, is an advantage of considerable import-
ance.

In general, the prmcxple of all vibrating bells is that of the
self-acting make and break; but, when the contacts are rigid
points, the vibrations of the armature take place only withiu
narrow limits, and the arrangement cannot very well be utilized
for ringing a bell. Siemens has devised a plan, in his dial in-
struments, which answers the purpose much better, by giving
the armature a greater range of movement; but the adaptation
of this device to the ringing of bells for simple calls is a little
troublesome, and, in fact, for general use, would be altogether
too complicated. By far the most preferable way of obtaining
the desired range of stroke is that already described, in whicha
spring of some kind forms part of the path for the current, and

(11

Fiy. 181,

"

which, with the attraction of the armature, follows the latter for
such a distance as may be required.

When one battery is to serve for operating several of the bells
above described, the vibrators cannot all be placed in one circuit
as each one interrupts the circuit independently of the others;
and it i3 impossible, or rather impracticable, to make the arma:
tures of the various instruments so that they will all vibrate in
exactly the same time, or always be in unison.

The plan generally adopted for such cases is shown in figure
181, where each Uell, I, II, III, has a scparate conducting wire
of its own, as represented by the numerals 1, 2, 8, and a retura
wire, L L, serves for all. If, now, onc of the bells is
by the pressure of a push button in1,2 or 3, as the ¢m
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CLOCK WORK ALARM. 399

one ¢ to the plate B B, but the two are attached to one picee,
and move together with any movement of the armature. The
operation of the apparatus will now be readily understood.
When a current is sent into the line the armature of magnet M
is attracted, the front point ¢’ of the escapement, fig. 191, is
moved to the left, and the arm f'is carried forward by the action
of the weight on the train work to ¢, and as soon as the circuit
is broken e moves toward the back B B, and the arm makes
one complete revolution, when it is stopped again by e!. Simul-
taneously with this movement the pins A A pass under the arm
%, and the hammer strikes against the bell, making one tap for
each make and break in the circuit.
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404 THE ELECTRIC LIGHT.

firmly held in place by friction. Within a barrel connected with
wheel H there is a powerful spring, which serves as the motive
force for actuating the mechanism of the lamp. A double rack
J, terminating above in the rod O, which passes through an

Fig. 191.

insulating guide in the cover, and is provided with a socket for
holding the lower carbon, engages on one side with the wheel
H, and on the other with the axis of wheel K. This wheel, in
like manner, engages with the pinion of wheel L, better shown
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THOMSON AND HOUSTON'S ELECTRIC LAMP. 499

A flexible bar, b, of metal, fig. 244, is firmly attached at one
of its ends to a pillar, p, and bears at its other end an iron arma-
ture, a, placed opposite the adjustable pole piece of the electro
magnet m. A metal collar, ¢, supports the negative electrode,

Fig. 244.

the positive electrode being supported by an arm, j, attached to
the pillar p.
The pillar p is divided by insulation at 7 into two sections, the
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conducting plugs, attached to the bar v, to fall into their respect-
ive mercury cups, attached, respectively, to the positive and
negative binding posts by a direct wire. This action practically
cuts the lamp out of the circuit.

Another form of electrical lamp, devised recently by M.
Reynier, is shown in figs. 246 to 249. The action of this lamp
is based upon the well known principle that if a very intense
current of electricity be led through a resisting and refractory
conductor, such as a pencil of carbon, the temperature of this
conductor may rise to a dazzling white heat, and it will then
emit a vivid light. The principal difficulty to be overcome in

A

Fig. 245.

the electrical lamp is to limit the undue waste of the luminous
conductors—a waste which is very rapid, even in an enclosed
space, on account of the volatilization and disaggregation of the
carbon pencils; and which is greatly accelerated in the open air
by the rapid combustion of the incandescent carbon.

 In the various systems of electrical lamps with continuous
conductors heretofore proposed, the renewing of the carbon
points is performed in the following manner: The incandescent
pencil is placed in the circuit, with fixed contacts, and remains
part of the same until broken by being consumed. The light is
then extinguished. The current now suddenly passes from this
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ELASTICITY OF THE LAMP-BLACK BUTTON. 588

insomuch that it allows a considerable initial pressure to be
placed upon it without materially reducing its sensibility ; hence
the apparatus is not so liable to be thrown out of adjustment as
those employing an inelastic button, where the initial pressure
must be exceedingly light to retain its sensibility. —When
adjusted in this manner, a loud sound causes a bresk in the
circuit, and the sounds are harsh and disagreeable, and allow
sparks to occur, which in time coats the metallic armature and
renders it unfit for use. The only defect, if so it may be called,
in the button made of lamp-black, is that it is somewhat friable ;
but Mr. Edison’s experience goes to prove that if the telephone
is made in a proper manner, so that no part of it will, when
under the effect of the sonorous waves, vibrate and hammer the
button, it will last for months, and as far as can be seen, will
continue to last as long as the instrument that holds it; but if
the instrument is so devised that the armatures are allowed to
hammer the button, or if the initial pressure is very light and
the instrument reccives a violent concussion (for instance, by
being dropped on the floor), the button is liable to crack, but
even in this case the volume of sound is not materially lessened.
Mr. Edison has attempted to harden these buttons by mixing
the lamp-black with sugar, tar and other substances previous to
moulding, and after moulding subjecting themn to a high temper-
ature. This treatment makes them hard but inclastic, and yet
far superior to any other substance which he has tried.

The value of different substances to be used as buttons in
the telephone are given below, the first mentioned being the best,
and the others in the order given:

Lamp-black,

Hyperoxide of lead,

Todide of copper,

Graphite,

Gas carbon,

Platinum black.

Finely divided materials which do not oxidize in the air, such
as osmium, ruthenium, silicon, boron, iridium and platinum,
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THE MICROPHONE. 687

sealing wax. Upon grasping this tube by the two ends, and
giving it a tensile strain by pulling them in contrary direc-
tions, but in a line with its length, the galvanometer needle
is deflected in one direction, and on pushing the ends towards
one another, so as to put on a strain of compression, the ncedle
of the galvanometer is instantly deflected in the opposite direc-
tion. In this case the finely divided metallic particles forming
the contents of the tube are brought into more intimate connec-
tion by compression, and are more scparated during the opera-
tion of extension, and thus the resistance of the circuit is varied,
increasing the current in the first instance, and decreasing it in
the second. If this view be correct. the movement of the gal-
vanometer needle in the reverse direction cannot be called a

B G
Pens (|
Fig. 261.

deflection, but a returning to zero, stopping at that position
which represents the strength of the current flowing through its
coils when the tube is being extended. This experiment alone
would be a remarkable example of the marvellous sensitiveness
of the telephone as a detector of minute variations of electrical
force, for it is hardly possible to conceive the minute increment
that takes place in the length or capacity of a glass tube, some
three inches long, when extended by pulling with the fingers. But
this sensitive tube is far more delicate than is shown by the last
named experiment. So sensitive is 1t, that it is capable of taking
up sonorous vibrations, and by its own vibrations under their
influence it transmits through an electric wire to a distant tele-
phone, undulatory currents capable of reproducing therein all
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MECHANICAL TELEPHONE. 549

for siiort distances only, as it is essential that the gas used in
communicating offices should be drawn from the same main
pipe. Inthe figure, P is the main pipe. The telephones are
represented at T and T". The instrument is merely a cone fast-
ened by its apex to the gas pipe in place. of the burner. The
larger end is closed by a thin circular diaphragm. The vibra-
tions are conveyed from one diaphragm to another through the
medium of the gas.

The phonograph and telephone, when combined, form an in-
strument known as the telephonograph, of which fig. 286 (de-
vised August 17, 1877) is a representation. The drum of the
phonograph is shown in section. The diaphragm, instead of
being vibrated by the voice, is vibrated by the currents which
traverse the helix I, and which originate at a distant station.

1

il . il

Fig. 284.

The object of the instrument is to obtain a record of what is said
at the distant office, which can be converted into sound when
desired.

THE MOTOGRAPH.

The motograph receiver, from which we have been accustomed
to hear sounds almost destitute of quality, has by a little modi-
fication become an articulating telephone.

It works quite well in conjunction with the Edison carbon
transmitter. In fig. 286 (the form shown was devised Novem-
ber 23, 1877) the back of the motograph receiver has been re-
moved, showing its construction. Within the drum D is con-
tained the decomposing solution, and the covering surrounding
the drum is kept constantly moist by capillary action. A me-
tallic spring attached to the centre of the diaphragm rests upon
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THE MEGAPHONE. 561

electro-magnets placed near the end of each arm. These magnets
are connected in circuit with each other and with a commutator
worked by one of the arms,

Small branches extend from the fork arms into a box con-
taining a miniature pump having two pistons, one attached to
each arm. Each stroke of the pump raises a very small quan-
tity of water, but this is compensated for by the rapidity of the
strokes. Mr. Edison's proposal is to compress air with the har-

monic engine, and use it as a motor for propelling sewing ma-
chines and other light machinery. It appears to be considerably
in advance of other electric engines, and through its agency
electricity may yet become a valuable motive power.

THE MEGAPHONE.

One of the most interesting experiments made by Mr. Edison
in his researches on sound is that of conversing through a
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EDISON'S EARLY LIFE. 688

hundred and three. It is a point not altogether unimportant to
note in passing, since it holds out the prospect,in the ordinary
course of time, for the matured completion of the wonderful
programme the inventor has laid out for himself already, at the
comparatively youthful age of thirty-one. Hismother, of Scotch
parentage, though born in Massachusetts, was of good education,
and had formerly been a school teacher in Canada. She im-
parted to him about all the instruction from outside sources he
ever received. Of regular schooling he had no more than two
months in his life ; and his school mates of this brief period do
not remember him as brilliant, nor are there preserved family
records of phenomenal infantile doings. But he was a child
who amused himself much alone, and doubtless, if his quiet
plays had been noted, there would have been detected indica-
tions of the faculty in which his extraordinary future career-was
involved. He had the intense curiosity about the world we in-
herit, and its great names and great deeds, which will be found
an early trait in common in almost all the lives that have his-
tories of their own to leave behind them. At ten, he was read-
ing Hume’s England, Gibbon's Rome, the Penny Encyclopeedia,
and even some books of chemistry, which came in his way, with
the rest, and gave, as it seems, the direction to his future action.
‘While it will thus be observed, that his school opportunities
were of a very limited nature, the statement that he is an un-
educated man, which hasappeared in some of the daily journals,
is by no means true. During the whole of his life the habit, so
early acquired, of reading everything that came within his reach
has been continued, and much has, consequently, been gained in
this manner, as he possesses a most retentive memory. Asan in-
dication of his thirst for knowledge, the naive ignoring of enor-
mous difficulties and the completeness with which the shaping of
his career was in his own hands, it may be stated that at one
time he formed the project of reading through the whole public
library of Detroit! There was no one to tell him that all
human knowledge may be found in a certain moderate number
of volumes, nor to point out to him approximately what they are,
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Each book was, in his view, a distinct part of the great domain, and
he meant to lose none of it. He began with the solid treatises of
a dirty lower shelf, and actually read, in the accomplishment of
his heroic purpose, fifteen feet in a line. He omitted no book
and skipped nothing in the book. The list contained, among
others, Newton's Principia, Ure's Scientific Dictionaries and
Burton’s Anatomy of Melancholy.

When Edison was fourteen years old he entered the telegraph
service, and remained in it until he was twenty-three, becoming
in the meantime an accomplished operator. His experience as
a practical telegraphist has been of the greatest value to him in
the prosecution of his electrical inventions, particularly those
relating to telegraphy.

The great number and variety of subjects to which Mr. Edison
has given his attention is scarcely less surprising than the
marked success with which his labors have been crowned
Electricity alone, although receiving the most attention, has fur-
nished but a single field for the display of his versatile powers.
Iis path has been through extended portions of physics and
chemistry, and is clearly marked by characteristic inventions in
these vast domains. Not less remarkable, too, is the originality
of hisideas. Many of his inventions, to be sure, are but im-
provements upon the methods of previous investigators, but
many others have been produced while pursuing a line quite
outside of that followed by these earlier pioneers, and in some in-
stances, also, without any knowledge whatever that the subjects
had been considered by them. As illustrations of this faculty
for original research, we have only to mention his chemical sys-
tem of telegraphy, the electro-motograph, the system of double
transmission in the same direction, the quadruplex telegraph
and the carbon telephone, in all of which this faculty is con-
spicuously displayed. Stark, it is true, invented a method of
simultaneous trausmission in the same direction, in 1855, and
at that time had the idea of quadruplex telegraphy in mind: ‘
Kramer, shortly afterwards, improved upon this methe3-
subsequently the idea was also taken up by Bernstein-
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SCHREDER'S DUPLEX TELEGRAPH. 591

Second : K, closed, and K, open. Current = — 2 B.

The current in this case is of the right polarity, and of suffi-
cient strength to actuate the relays R, and Ry, causing armature
a, of the former, and armature a, of the latter, to make con-
tacts with their respective stops o, and oy, thus closing the local
circuit of battery e, and sounders S, and S,. In order, however,
that sounder S, alone should respond, it is essential that arma-
tures a, and ag, of relays R, and R,, should move simultane-
ously, that is to say, ag should make contact with its front stop
0 at the same time that a,, of relay R,, makes contact with its
front stop o,, otherwise a false signal will be recorded upon
sounder S,, around the cores of which two paths are provided
for the current to pass, but by a simultaneous movement of the
armatures ¢, and ag the current passing through sounder S, is
divided, each half passing around its cores in opposite directions,
thereby rendering the latter inoperative. Armature a,, or relay
Ry, is held more firmly in the position shown in the figure, the
local circuit of battery e, remaining open between a, and
stop 0,. ’

Third: K, open, and K, closed. Current = - B,.

The polarity of the current in this case is such as to cause the
armature a,, of relay R,, to make contact with stop o,, thus
closing the local circuit of battery e,, which, passing around one
half only of sounder S,, causes the latter to respond.

Armatures a, and a,, of relays R, and R, respectively,
remain in the position shown, thus rendering S, inoperative.

Fourth : K and K, closed. Current = — B.

In this case armature ag, of the relay R, remains in the posi-
tion shown, the local circuit of battery e, being open at point o,.
This current not being of sufficient strength to overcome the
retractile force of spring s, of armature a4, the latter also remains
upon its back stop. Armature a,, of relay R,, is, however,
caused to move forward, and make contact with its front stop o,,
thus closing the local circuit of battery e, which, circulating
through sounder S, and one half of sounder S,, causes them
both to respond.
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PROPORTION OF FORCES8 TO DIAMETERS. 595

sions as the electro-magnet. Hence we arrive at the conclusion
that the maximum of force of which an electro-magnetic system,
composed of a helix, core and armature, is capable, is developed
when the dimensions of the two latter in respect to their length
and surface are equal.

The proportion of the forces to the diameters indicates that
the former depends more upon the surfaces than upon the
magnetic masses. It follows from this principle, that if a second
armature is attached to the inactive pole of a straight electro-
magnet, the effective force of the combined system ought to be
considerably augmented ; for the reason that the electro-magnet
with its first armature constitutes, in point of fact, an electro-
magnet of double length. Therefore, the maximum of force
ought to be developed when the length of the second armature
is also equal to that of the electro-magnet. If we consider the
system with reference to the first armature, we arrive at the
following general law :

In a straight electro-magnet, the length of whose core exceeds
that of the magnetizing helix, at the end opposite the armature,
the force progressively increases with the length of the core, until
the total length becomes three times that of the bobbin. This
result is confirmed by experiment. We are now able to estab-
lish other conditions of maxima in respect to double electro-
magnets. In fact, since the length of the magnetic core which
projects beyond the magnetizing helix becomes more and more
favorable to the development of magnetic force until the core
becomes three times the length of the helix, we can readily
understand that the force can be still further augmented by
causing this mass of iron to react on the armature, and by
enveloping the latter in a second helix. Now, if this second
helix is of the same length as the first, we then have two elec-
tro-magnets, each of which is placed in its condition of maxi-
mum, and of which the part without the coils—which is usually
termed the yoke—of the double electro-magnet should be equal
in length to one of the cores, if it is desired to keep it within the
maximum conditions already established. We may, therefore.
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VARIOUS FORMS OF ELECTRO-MAGNETS. 599

given to the double branched electro-magnets. Fig. 9 represents
the best known and more generally used form. Fig. 10 shows
an electro-magnet in which the helix is wound around the iron
core without retaining disks at the ends; the various spirals are
wound so as to form two truncated cones in opposite direction
to their base. This form of electro-magnet is especially made
use of in Clark’s instruments, to favor the effects of induction,
which is more energetic in the centre of the cores than at the
extreme ends. Fig. 12 represents an electro-magnet with hollow
cores and iron end pieces. Fig. 11 represents an electro-magnet
with one coil. By bringing near together the two branches of
such an electro-magnet, and bending the free branch around, as
is shown in fig. 13, we may bring the two poles of the electro-
magnet very near together, and hence make them react at the
same time on an armature placed endwise, and of very small size.
A similar form, and devised for the same purpose, has been
adopted by Mr. Hughes for the two bobbin electro-magnets of
his telegraphs, the branches, however, being bent back, as in
fig. 17.

If a soft iron cylindrical case is placed around the bobbin and
soldered to the circular end piece of a straight electro-magnet,
this cylinder will share the magnetism of the end piece, and will
present a like pole to its free end ; hence there would be at one of
the ends of the electro-magnet a circular pole, in the centre of
which the other pole would be found, as shown in fig. 15.
Manufacturers of these tubular electro-magnets claim a great
superiority for them in strength over the other forms. Electro-
magnets of this style have been used in electro-motors, the poles
being oblong instead of circular, as shown in fig. 21.

If we place over an iron tube electro-magnet like that shown
in fig. 4, two soft iron cylindrical cases, leaving between them,
towards the middle of the electro-magnet, a small open groove,
we shall obtain a circular electro-magnet having a different pole
on each of the two iron cases which surround it, and hence
acting through its two poles at the same time on a longitudinal
or circular armature, on which it rests. This form of magnet, as
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ARRANGEMENT OF THE ARMATURES. 608

this description, besides the greater armature excursions, is that
with the armature at but a little distance from the poles of the
electro-magnet, the direct magnetic action, which is always the
strongest,! reacts from the first instant of the armature’'s move-
ment, which is precisely opposite to what takes place in other
systems of attraction, and hence it is that its advantages in many
instances are so marked. Two methods of arranging the arma-
tures, and allowing the use of bar electro-magnets in place of
double branched magnets, are shown in figs. 29 to 81. These
were first employed in a couple of electro-motors exhibited in
1855. In one, the armature is bent twice at right angles to itself,
s0 as to bring its extremities opposite the two poles of the electro-
magnet : the piece which supports it stands perpendicular to the
axis of the electro-magnet, and passing through the latter, may
also carry another armature, as shown in fig. 29. In the other
arrangement. the electro-magnet is hollow, and the armature in
this case. a straight bar of iron, is placed inside the iron cylinder,
and the armature support passes throngh the electro-magnet ; the
action of the latter is manifest in one direction or another, accord-
ing to the proximity of the armature to one or the other of the
inner sides of the cvlinder. Preferable forms, on account of the
simplicity of the arrangement of the various parts, are shown in
figs. 30 and 31. in which an oblong shayx is given to the electro-
magnets.

In using any of the different enmbinations here referred to,
it is well. whenever practicable, to pivot the armatures on pointa,
for which purpeose it is only necessary to emmploy serew supporty
in the frameworx.  Sometimes, however, apring supporta may be
used instead. in which case they are alao made o serve as
retractile springs to withdraw the armatnre after the enrrent has
been interrupted. (See fig. 34.) This arrangement. is expecially
advantageous wnen a continnona vibration of the armatare ia

1 Experience ah.ow3 shas he c.enreo-magnatic foren of an eleeteo mingnet is grontay
at the edzes of :fe zres 2han 2t i%a canten, a fact of which wn tun randily con.
vince ourseizes £F 1.azentiny 2 prann of aft e and aeprany it narmally cver
the polar centres. ThLe isor. wii t4 Arswn from the =~ Lowards the wmiges
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612 THE ELECTRIC TIME SERVICE.

which indicates the beginning of each minute by a pause of two
seconds. The beginning of each five minutes is identified Ly a
pause of twenty seconds, obtained through the agency of the
five minute wheel to the left of the seconds wheel. At each
revolution of the five minute wheel the lever at the top drops
into the notch in the wheel, making electric connection between
the two wires governing the relay, thus preventing the minute
wheel from breaking the circuit for the space of twenty seconds.
At the right, near the top of the figure, is shown a sounder,
which may be located at any point on the lines. It is by means
of these sounders, with which the recipients of the service are
supplied, that their time pieces are regulated.

The practical advantages of this constant and trustworthy time
service will appear to any one who has to do with important
commercial or industrial affairs. One of the great sources of
friction in social and business intercourse is time variation and
uncertainty. The maintenance of a common and authoritative
standard will go far to lessen such friction, to the great time
saving of all classes, and the prevention of many mistakes and
misunderstandings. Where thousands are engaged, delays of no
more than a minute at a time amount in practical eflect to the
loss of hours, days, even months of individual labor. In a
factory employing only three hundred men, a variation of one
minute in the signal for starting and stopping means the loss of
one man's work for a whole day.
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ph, 307.

Condenser, application to telephone, 81.

Combination of the Morss and harmonic
telephone, 167.

Construction of the telephone, 83, 298.

Correlation of forces, 42.

Clarke, Louis W., researches and experi-
ments in telegraphy, 76, 279,

Current induction, arrangements for neu-
tralizing, 392.

Currents, intermittent, pulsatory and undu-

atory, 54.
Currents produced in the telephone, 201.

Dsw;_ssns's researches in telephony, 56,
i .

De lasluve, researches in telephony, 55, 112,

181.

Diaphragm, vibrating, 16.

Discharge of a Leyden jar through an iron
\]vge causes the wire to produce a sound,

Dolbear’s, Professor A. E., s tele-
phone, 19,75 ; 1 hes, H to-
electric telephone, 263; electrophone,
2067; projective apparatus, 269 ; converti-
bility of sound into electricity, 272.

Du Moncel's researches in telephony, 58, 146;
theory of the telephone, 288,

EAR. human, employed as a phonauto-
graph, 69.
Eurlé' cxpfgémenm in telephony by Elisha
ray, 185.

Edison’s telephonic researches, 218; Carbon
telephone, 224 ; talking phonograph, 202;

clectro-static telcphone, 238; electro-har-

monic telegraph, 167 ; thermo-electric

telephone, 233 ; quadmgex telegraph,

810; electro-motograph, 371.

Effects produced by resonant devices, 183,
Electrical rh , 1195 tr ission of
speech, 146,

Electro-magnetic piano, 52,

Electro-motograph, 871.

Electro-harmonic telegmg}‘l , 285.

Electro-static telephone, 231,

Elecat.rlc call bells, rs.';'» ;l v\i:cuntl;llmtlon ke

77 ; apparatus for givin, esiﬁnal, B
the vR)mtin bell, sso? double bells:
882 ; single bells to be worked without
interrupting the clrcuit, 885; electric
alarm with relays, 887; Siemens and
Halske station alarm, !!88; Breguet's
alarm or call, 888; combination of a
single call with two or more relays for
several lines,391; Siemens's and Halske's
rela{‘s with annunciator plate, 392;
clock work alarm, 895.

Electric light, 400; Brush’s improved car-
bong, 427 ; Brush's dynamo-electric ma-
chines, 425; Brush’s sutomatic regula-
tors, 412; cost of the light, 426; Davy's
:‘x‘?eriments, 400; Duboscq's re or,

; Farmer's automatic lamp, 409;

Farmer's dynamo-electric machine, 428 ;

Foucault's regulator, 406; Gramme's

machine, 421 ; Hart's lamp, 409; Jab-

lochkof?'s candle, 410; Lugd'a dynamo-
clectric machine, 419 ; magneto-electric
machines, 413 ; Siemens’sarmature, 417 ;
subdivision of the light, 427; tempera-
tare of the arc, 401,
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Founm‘n law of vibrational forms, 249.

Gux;mo mausic, 110.
Gassiot's researches in telephony, 55,

Galileo's observations, 226.
Gay-Lussac’s ducover‘es, 128.

Gore's researches, 56.

Gower's, F. A., experiments, 80.
Gottoin de Comma’s observations, 122.

- Gray, Elisha, telephonic researches, 151, 171;
electro-harmonic telephone, 167 ; earl
experiments in telephony, 185 ; bath-tu

egg)eriments, 187; violin experiment,

188 ; phenomena attending the trans-
mission of vibratory currents, 171 ; dis-
covery of the speaking telephone, 15;
transmission of composite tones, 189 ;
telephonic specifications filled in the
United States Patent Office, February
14, 1876, 217.

hical method of physicists, 245.

Graham, Professor, theory of vibration of
Trevelyan's bars, 115,

@Grove's cxperiment demonstrating the ten-
dency of the particles of magnetic bodies
to group themselves under the influence
of magnetism in a longitudiual or axial
direction, 128.

Guillemin’s researches in telephony, 53, 112,

ENRY, Professor Joseph, telephonic re-
searches, 14,

Helmholtz on the human voice, 48: ana-
lysis of the vowel sounds, 51, 64; of
vocal sounds, 255 ; method of analyzing
tones transmitted through a wire, 161.

Humorous example of telephonic expectancy
related by W. H. Preece, 82

NDUCTION currents, 87, 104,
Infl o lecular actions upon
nlmgnestism, produced by dynamic electri-

city, 184.
Induced currente, reactive effect of, 179.
Invention of th; s;gakiusf telel;;hone. 201.

pro 8 by luke, Peirce,
Jones and Austin, 275.

Joule's researches in telephony, 55;
influence of magnetism over dimensions
of bodies, 123,
Jones, Edison 8., invention of telephone
dle, 278.

Juxun‘s telephonic rescarches, 55.

N1GHT's American dictionary, cuts from,
69, 296, 297,
Konig's researches, 68 ; phonograph, 295;
monometric flames, 209,

A CoUr's telephone, 62.
Laborde's telephonic researches, 55.
Legat's telephonic investigations aud pub-
lications, 55.
Logograph fuvented by W. II. Barlow, F. R. |
s D

Ingo_;';ruph'ic records, 297 ; with the human |
ear, 298, .

<

615

Mmm's heat experiments, 183.
Marianini’s experimeuts, 135,

Magnetic cores for telephones, 177.

Magnetic speaking telephone, 221.

Mauometric capasule, 68,

Maurey’s experiments, 48,

Matteucci's experiments, 55, 112,

Marrian's researches, 55, 112, 117.

Magneto-electric machine, 28.

Membrane, elastic, 6.

Mm'mtal tel ph contrasted with the tele-
phoae,

Molecular forces disturbed by magmetism,
111 ; action of magnetic bodles, 117, 121.

Multiple telegraphy, b57.

Mayer's, Professor A. M., magnified tracings
on smoked glass of the talking phono-
graph record ou tie foil, 303 ; what the
form of the trace depends upon, 304.

chu-‘:‘s tubular electro-magnet, 101.
N .

HX, or unit of resistance, 103.
On the disturbance of molecular forces
by magnetism, 111.
On the convertibility of sound into elec-
tricity, 2:2.

PAGB. Dr. Charles G.é researches in tele-

phony, 14@ 117, 252,
Peirce, Professlir John, experiments and in-
ventions, 78, 274.
P.culiarities vibratory currents, 173 ; of
compound Yibrations, 247,

Phelps's telephéne, 21,

Phonogr%)h, the talking, 202 ; mounting of
the, 301 ; what clearness of articulation
depends upon, 303.

Phonautograph, Barlow’s, 205 ; Konig, 295 ;
Scott's, 295; experiments with, 68,

Phonographic records, tracings from, 803 ;
dramas ; letters, 305.

Pill box telephone, 90.

{:lute. izﬂf’éible, 3v. h

oggendorf's researches in telephony, 53.
Providence experimenta‘ists, 76,p 204, v
Preece, W. H., obscrvations on the tele-

hone, 82.

Production of vocal sounds, 181.

Properties of the pendulum, 237,

Producing the record of sound, 204,

UADRUPLEX telegraphy, 809 ; brid
Q method, 313 ; differential method, Blge;
combined differential and bridge meth-
ods, 821 ; arrungement of apparatus for
long circuits, 325 ; double acting relay,
329 ; single current transmitter, 3%8. 3393
adjustment of the quadruplex, 841 ; com-
bined quadruplex and duplex circuits,
315 ; arrangement for contraplex trans-
mission, 847 ; combined diplex and con-
truglex systems, 349; combined diplex
an cuntrarplex systems, 349, 851 ; com-
bination of quadruplex and duplex sys-
tems, 353 ; quadruplex repeater, 355, 857 §
improved relay, 333 ; directions for set-
ting up the quadruplex, 836 ; the double
current transmitter, 836 ; the compound
polarized relay, 338 ; the single polarized
relay, 310 ; adjustment of the apgaratus
for working, 311 ; combination of quad-
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