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INTRODUCTION.

Wiie^t Franklin drew from the clouds the electric spark

upon the cord of his kite, it seemed 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 electricity might work a tele

graph, and ten years later the chemical telegraph was invented

by Coxe, in Philadelphia. Under 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

" like snow falls in tho 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 Ampere 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 1830, 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 ho 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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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 means 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 say 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 transmission

of articulate speech, and whose labors have been crowned with

such abundant success.
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In preparing the Introduction, we have been much indebted

to a valuable and interesting resume' of the history of electri

cal discovery, by Edward N. Dickerson, Esq.. in an eloquent

and exhaustive argument made by him in a recent important

telegraph cause in this city.



CONTENTS.

Chapter. Page.

I.—The Speaking Telephone 6

II.—Bell's Telephonic Researches 50

III.—The Telephone Abroad 83

IV.—History of the Production of Galvanic Music. 110

V.—Gray's Telephonic Researches . . 151

VI.—Edison's Telephonic Researches 218

VII.—Electro-Harmonic Telegraphy 235

VIII.—Dolbear's Telephonic Researches 260

IX.—Improvements of Channing. Blake and others 274

X.—The Talking Phonograph 292

XI.—Quadruplex Telegraphy 309

XII.—Electric Call Bells 375

XIII.—The Electric Light 400





INTRODUCTION. iii

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 electrical 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

succeeded 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

Thus, the last link in the long chain has been completed, in

the production of that marvellous invention, the speaking tele

phone. In that machine the speaker speaks to a plate of solid

iron, and the voice of the speaker is converted into electricity.

That voice, operating upon the electro-magnet of Prof. Henry,

generates a current of electricity, which, flowing over the line to

the distant station, excites magnetism in a corresponding magnet,

and sets in vibration a plate of iron similar to that to which the
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speaker speaks ; and that plate speaks to the listener. It speaks

with the tones of the human voice ; it speaks so that if three

people are talking at one end, each of their voices is distin

guished at the other, and you hear them all as if you stood in

their presence. That is the crowning achievement of the electro

magnetic telegraph.

This beautiful thing—this mysterious telegraph—beginning

away off a century ago, and now so developed that man can

speak to his fellow-man at the distance of hundreds of miles, as

though they were face to face, and can hear the tones of the

familiar voice, and the loved accents of him whom he would

wish to greet—that beautiful thing has been created by the

genius and the efforts of numbers of our fellow-men, whose

names ought to be remembered now. Franklin, Oersted, Arago,

Ampere, Davy, Sturgeon, Henry, Page and Gray (who also in

vented the first articulating telephone), are they who made the

great discoveries, and added to the treasury of human knowledge

the truths upon which these wonderful and beautiful results

are produced. Passing by them, and coming to the men who

made the new combinations of mechanical devices, to utilize

those discoveries, we have in order—Morse, Cooke, Steinheil,

Reiss, Stearns, Edison, Bell, Dolbear—all names worthy of

honor and respect The first are investigators in science, who

have discovered new truths—who have ascended from nature

to nature's God—who have traced out some of the secret links

that bind together humanity and the Supreme Being in one

common chain ; the others are men who have, by their ingenuity

and mechanical skill, developed these discoveries into usefulness,

more and more perfect, for man. Let us think of them, and

be thankful to them, for what they have done for us. Their

names are for ever associated with this great art, under which
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so much advance has been made in civilization, in refinement,

and in love among men—so much has been done to dispel the

dark clouds of war from earth, and make us all one common

family—the brotherhood of man.

Along the smooth and slender wires

The sleepless heralds run,

Fast as the clear and living rays

Go streaming from the sun.

No peals or flashes, heard or seen,

Their wondrous flight betray;

But yet their words are quickly felt

In cities far away.

Nor summer's heat, nor winter's cold,

Can check their rapid course ;

i Unmoved they meet the fierce wind's blast—

The rough waves' sweeping force.

In the long night of rain and wrath,

A s in the blaze of day,

They rush, with news of weal or woe

To thousands far away.



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 a b to represent 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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complete vibrations per second falls within certain limits. If,

for example, the vibrations number less than seven or eight per

second, a series of successive noises are heard instead of a tone,

while if their number exceeds forty thousand per second, the

ear becomes incapable of appreciating the sound.

The ear distinguishes three distinct characteristics of sound :

1. The tone or pitch, by virtue of which sounds are high or

low, and which depends upon the rapidity of the vibratory move

ment The more rapid the vibrations the more acute will be the

sound.

2. The intensity, by virtue of which sounds are loud or soft,

and which depends upon the amplitude of the vibrations.

3. The quality, by which we are able to distinguish a note

sounded upon, for example, a violin, from the same note

when sounded upon a flute. By a remarkable series of experi

mental investigations Ilelmholtz succeeded in demonstrating

that the different qualities of sounds depend altogether upon the

number and intensity of the overtones which accompany the

primary tones of those sounds. The different characteristics of

sound may be graphically represented and the phenomena thus

rendered more easy of comprehension.

In fig. 1, for example, let the lines c 8 represent a certain

length of time, and the continuous curved line the successive

vibrations producing a simple tone. The curves above the line

represent the compression of the air, and those below the line

its rarefaction ; the air, an elastic medium, is thus thrown into

vibrations which transmit the sound waves to the ear. The ear

is unable to appreciate any sensations of sound other than those

produced by vibrations, which may be represented by curves

similar to that above described. Even if several tones are pro

duced simultaneously, the elastic medium of transmission is

under the influence of several forces acting at the same time,

and which are subject to the ordinary laws of mechanics. If the

different forces act in the same direction the total force is rep

resented by their sum, while if they act in opposite directions, it

is represented by the difference between them.
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In fig. 1 three distinct simple tones, c, g and e are represented,

the rapidity of the vibrations being in the proportion of 8, 6

and 5. The composite tone resulting from the simultaneous pro

duction of the three simple tones is represented graphically by

the fourth line, which correctly exhibits to the eye the effect pro-

 

Figs. J, 2, 3.

duced upon the ear by the three simultaneously acting simple

tones.

Fig. 2 represents a curve formed of more than three tones,

in which the relations do not appear so distinctly, but a musical
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expert will readily recognize them, even when it would be diffi

cult in practice for him to distinguish the simple tones in such a

chord.

This method of showing the action of tones upon the human

ear possesses the advantage of giving the clearest illustration

possible of the entire process.

We may even understand by reference to fig. 3 why it is that

the ear is so disagreeably affected by a discord.

It will be observed that the curves in the diagram represent

the three characteristics of sound which have been referred to.

The pitch is denoted by the number of vibrations or waves re

curring within a given horizontal distance ; the intensity by

the amplitude of the vibrations—that is their comparative

height above or depth below the horizontal line—and the

quality by the form of the waves themselves. It is, therefore,

easy to understand that if, by any means whatever, we can pro

duce vibrations whose curves correspond to those of a given

tone or a given combination of tones, the same impression will be

produced upon the ear that would have been produced by the

original tone, whether simple or composite.

The earliest experiments in the production of musical sounds

at a distance, by means of electro-magnetism, appear to have

been made in 1861 by Philip Keiss, of Friedrichsdorf, Germany.

His apparatus was constructed in the manner shown in fig. 4.

A is the transmitting and B the receiving apparatus, which

are supposed to be situated at different stations. For the sake of

clearness, the appliances by which the apparatus is arranged for

reciprocal transmission in one direction or the other have been

omitted. Furthermore, it may be well to state that, as the ap

paratus was constructed merely for the purpose of making known

to a wider circle the discoveries which had thus far been made,

the possibility of extending the action of the apparatus to a dis

tance beyond the limit of the direct action of the current had not

been taken into consideration. This is a mere question of me

chanical construction, and has no especial bearing upon the phe

nomena under consideration. The tone transmitter A, figure 4,
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is on the one hand connected by a metallic conductor with the

tone receiver B at the distant station, and on the other with the

battery C and the earth, or the return conductor. It consists of

 

Fig. 4.

a conical tube, a b, about 6 inches in length, and having a di

ameter of 4 inches at the larger and 1\ inches at the smaller end.
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It was found by experiment that the material of which- the tube

was constructed had no influence upon the action of the appa

ratus, and the same is true as to its length. An increase in the

diameter of the tube was found to impair the effect The inner

surface of the tube should be made as smooth as possible. The

smaller or rear end of the tube is closed by means of a collodion

membrane, o, against the centre of which rests one extremity, c,

of the lever c d, which lever is in electrical connection with the

metallic conducting wire through its point e and supporting

bracket, The proper length and proportion to be given to the

respective arms c e and d e of the lever c e d is determined by

mechanical considerations. It is advisable that the length of the

arm c e should be greater than that of d e, so as to produce the

necessary movement at c with the least possible exertion of

force at d. The lever itself should be made as light as possible,

in order that it may follow with certainty the movements of the

membrane, as any inaccuracy in this respect will give rise to a

false tone at the receiving station. When the apparatus is in a

state of rest the contact at d g is closed ; a delicate spring n

maintains the lever in this position. The metallic standard f is

connected with one pole of the battery C, the other pole of which

is connected to the earth, or to the return wire leading to the

other station. A flat spring g is attached to the standard f, and

is provided with a contact point corresponding to that at d upon

the lever c d. The position of this contact point may be adjusted

by means of a screw h.

In order to prevent the interference occasioned by the action

of the sonorous vibrations of the atmosphere upon the back side

of the membrane, when making use of the apparatus, it is advis

able to place a disk about twenty inches in diameter upon the

tube a b, in the form of a collar or flange, at right angles to its

longitudinal axis.

The tone receiver B, fig. 4, consists of an electro-magnet m,

mounted upon a sounding box or resonator w, and included in

the circuit of the electrical conductor from the transmitting

station. Pacing the poles of the electro-magnet is an armature
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which is attached to a broad but thin and light plate, i, which

should be made as long as possible. The lever and armature

are suspended from the upright support k, in the manner of a

pendulum, its motion being regulated by the adjusting screw I

and the spring s.

In order to increase the volume of sound, the tone receiver

may be placed at one of the focal points of an elliptical chamber

of suitable size, while the ear of the listener is placed at the

other focal point

The operation of the apparatus is as follows : When the

different parts are in a state of rest the electric circuit is closed.

If an alternate condensation and rarefaction of the air in the

tube a b is produced by speaking, singing, or playing upon

a musical instrument, a corresponding motion is communicated

to the membrane, and from thence to the lever c d, by which

means the electric circuit is alternately opened and closed at d g,

each condensation of the air in the tube causing the circuit to

be broken, and each rarefaction in like manner causing it to be

closed. Thus the electro-magnet m m, of the apparatus at B,

becomes demagnetized or magnetized, according to the alternate

condensations and rarefactions of the body of air contained in

the tube a b, and consequently the armature of the electro-mag

net is thrown into vibrations corresponding to those of the mem

brane in the transmitting apparatus. The plate t, to which the

armature is attached, transmits the vibrations of the latter to the

surrounding atmosphere, which in turn conveys them to the

ear of the listener.

It must however be admitted, that while the apparatus which

has been described reproduces the original vibrations with per

fect fidelity, so far as their number and interval is concerned, it

cannot transmit their intensity or amplitude. The accomplish

ment of this latter result had to await the further development

of the invention.

It was in consequence of this defect in the apparatus that the

more inconsiderable differences of the original vibrations were

distinguished with great difficulty—that is to say, the vowel
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sounds were heard with more or less indistinctness, for the

reason that the character of each tone depends not merely upon

the number of the sonorous vibrations, but upon their intensity

or amplitude also. This also accounts for the observed fact that

while chords and melodies were transmitted and reproduced with

a surprising degree of accuracy, single words, as pronounced in

reading or speaking, were but indistinctly heard, although in

this case, also, the inflections of the voice, interrogative, exclama

tory, etc., could be distinguished without difficulty.

Figure 5 illustrates another form of Reiss's apparatus.

A is a hollow wooden box, provided with two apertures, one

at the top and the other in front The former is covered with a

membrane S, such as a piece of bladder, tightly stretched in a

 

Fig. 5.

circular frame. When a person sings into the mouthpiece M,

which is inserted in the front opening, the whole force of his

voice is concentrated on the tight membrane, which is thrown

into vibrations corresponding exactly with the vibrations of the

air produced by the sound of the singing. A thin piece of pla

tinum is glued to the centre of the membrane and connected

with the binding screw a, in which a wire from the battery B is

fixed. Upon the membrane rests a little tripod efg,oi which

the feet e and/ rest in metal cups upon the circular frame over

which the skin is stretched. One of them, f, rests in a mer

cury cup connected with the binding screw b. The third foot, g,

consisting of a platinum contact point, lies on the strip of plati
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num which is placed upon the centre of the vibrating membrane

and hops up and down with it By this means the closed circuit

which passes through the apparatus from a to b is momentarily

broken for every vibration of the membrane. The receiving

instrument R consists of a coil or helix, enclosing an iron rod

and fixed upon a hollow sounding box, and is founded on the

fact, first investigated by Professor Joseph Henry, that iron bars,

when magnetized by means of an electric current, become

slightly elongated, and at the interruption of the current are re

stored to their normal length. In the receiving instrument these

elongations and shortenings of the iron bar will succeed each

other with precisely the same interval as the vibrations of the

original tone, and the longitudinal vibrations of the bar will be

communicated to the sounding box, thus being made distinctly

audible at the receiving station.

It will be seen that the result produced by these devices is

not the veritable transmission of sound by means of the electric

current, but is simply a reproduction of the tones at some other

point, by setting in action at this point a similar cause, and

thereby producing a similar effect

It is obvious that this apparatus, like the one previously de

scribed, is capable of producing only one of the three charac

teristics of sound, viz., its pitch. It cannot produce different

degrees of intensity or other qualities of tones, but merely sings

the melodies transmitted with its own voice, which is not very

unlike that of a toy trumpet Referring to the graphic repre

sentation of the composite tone in fig. 1, this apparatus would

reproduce the waves at properly recurring intervals, but they

would all be of precisely the same amplitude or intensity, for

the reason that they are all produced by an electric current of

the same strength.

In the spring of 1874 Mr. Elisha Gray, of Chicago, invented

a method of electrical transmission by means of which the in

tensity of the tones, as well as their pitch, was properly repro

duced at the receiving station. This was a very important dis

covery—in fact, an essential prerequisite to the development of
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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-
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ing of an electro-magnet, having its armature rigidly fixed to

one pole, and separated from the other by a space of T*j- 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 3, 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.
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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 T1. D1

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 intermediary of the soft iron, the

vibrations produced by the voice in T are communicated 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

c, , A.

0
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magneto-electric pulsations in the coils of the electro-magnet M,

which traver.-e 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 coils, 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 t > B or from B to A,

depends simply upon the direction of the motion of n s.
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The electricity thus generated in the wire by such vibratory

movements varies in strength, as already observed, with the

variations in the movement of the armature ; the line wire be

tween two places will, therefore, be filled with electrical pulsa

tions exactly like the serial pulsations in structure.

These induced electric currents are very transient, and their

effect upon the receiver R is either to increase or decrease the

power of the magnet there, as they are in one direction or the

other, and consequently to vary the attractive power exercised

upon the iron plate armature.

Let a simple sound be made in the tube, consisting of 256

vibrations per second ; the membrane carrying the iron will

vibrate as many times, and so many pulses of induced elec

tricity will be imposed upon the constant current, which will

each act upon the receiver, and cause so many vibrations of the

armature upon it; and an ear held near r will hear the sound

with the same pitch as that at the sending instrument If two

or more sound waves act simultaneously upon the membrane,

its motions must correspond with such combined motion ; that

is, its motion will be the resultant of all the sound waves, and

the corresponding pulsations in the current must reproduce at

B the same effect Now, when a person speaks in the tube, the

membrane is thrown into vibrations more complex in structure

than those just mentioned, differing only in number and inten

sity. The magnet will cause responses from even the minut

est motiou, and, therefore, an ear near r will hear what is

said in the tube. Consequently, this apparatus is capable of

transmitting both the pitch and intensity of the tones which enter

the tube T. The receiving instrument consists simply of a

tubular electro-magnet R, formed of a single helix with an ex

ternal soft iron case, into the top of which is loosely fitted the

iron plate r, which is thrown into vibrations by the action of

the magnetizing helix. The sounds produced in this manner

were quite weak, and could be transmitted but a short distance ;

but the mere accomplishment of the feat of transmitting electric

impulses over a metallic wire which should reproduce articu
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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 important changes in the

telephone were effected, whereby its articulating propertias

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 of- 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-
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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 employed.

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, NS,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
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sheet iron, two and a quarter inches in diameter and one fiftieth

of an inch tiiick, forming an armature to the magnet, N S. The

vibratory motions of the air produced by the voice or other

cause are directed towards and concentrated upon the diaphragm,

D, by means of a mouthpiece, T. It will thus be seen that when

vibrations are communicated to the air in front of the mouth

piece the impact of the waves of air against the elastic diaphragm

will cause a corresponding movement of the latter. This in turn,

by reacting upon the magnet, disturbs the normal magnetic con

dition of the bar, and since any change of magnetism in this

tends to generate electrical currents in the surrounding helix, the

circuit in which the helix may be placed will be traversed by a

series of electrical pulsations or currents. Moreover, as these

currents continue to be generated so long as the motion of the

diaphragm continues, and as they increase and decrease in

strength with the amplitude of its vibrations, thus varying with

the variations of its amplitude, it is evident that they virtually

possess all the physical characteristics of the agent acting upon

the transmitting diaphragm. Consequently, by their electro

magnetic action upon the magnet of an apparatus identical with

the one above described, and placed in the same circuit at the

receiving end, they will cause its diaphragm to vibrate in exact

correspondence with that of the transmitting apparatus.

During the past year many ingenious persons have turned their

attention to the subject of telephones, and by the introduction

of various modifications have succeeded in greatly improving

the invention, so as to make it available for practical applica

tion. Prominent among these is Mr. G. M. Phelps, mechanician

of the Western Union Telegraph Company, to whose ability in

the invention of valuable improvements, as well as in the scien

tific arrangement of details in the construction of the apparatus,

the public is indebted for some of the most effective telephones

yet introduced. The peculiar excellence of these instruments

consists in their distinct articulation, combined with a loudness

of utterance that is not often met with in the numerous other

forms that have appeared up to the present time. Both of these
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qualities, manifestly so desirable, are developed in these instru

ments in a very remarkable degree, while the distance over which

they may be used is also another of their distinguishing charac

teristics, circuits of over one hundred miles having been worked

by them with the most admirable results.

The most essential improvements introduced by Mr. Phelps

consist in combining two or more vibrating diaphragms and two

or more corresponding magnetic cores, enveloped in separate

helices, connected in the same circuit, with a single mouthpiece

or vocalizing chamber ; in mounting two magnetic cores, when

combined with separate diaphragms and coils, and a single

mouthpiece, upon opposite poles of the same permanent magnet,

 

and in subdividing a single continuous induction plate into two

or more separate and distinct areas of vibration, thus virtually

forming two or more separate diaphragms, each of which acts or

is acted upon by a separate magnetic core, to the consequent in

creased usefulness of the apparatus.

Figure 9 represents a form of the instrument constructed

upon the above principles, which, both as regards distinctness of

articulation and the facility with which it permits conversation

to be carried on in consequence of the loudness of its tone, leaves

little else to be desired. It consists of the permanent magnet M

of hardened steel, which is bent into an oblong form, so as to

occupy but little space, and also bring its poles conveniently

near each other ; two helices, H and H1, of copper wire, placed

respectively upon the north and south poles of the magnet; two
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metallic diaphragms, D and D1, and the speaking tube or mouth

piece T, which may be made of wood, metal, or such other

substance as fancy may suggest The diaphrngms are placed

upon opposite sides of a short cylindrical piece of hard rubber,

provided with a lateral opening for the insertion of the mouth

piece, and, together with it, form a sort of chamber, within

which the air is alternately condensed and rarefied, in conse

quence of the motion or impulses communicated to its particles

by the voice when directed toward the opening of the tube.

Hence, it will be seen that each condensation exerts an outward

pressure of its own upon the diaphragm, while each rarefaction

causes a corresponding pressure from the external air, and thus

a vibratory movement is imparted to both diaphragms at one

and the same instant ; consequently, if the helices are so con

nected that the direction of the current pulsations, which are

inductively produced by the vibrations of the diaphragms in the

manner already explained, are similar when they become united

in the line, the magnetic force, as exhibited in the receiving ap

paratus at the distant station, will be augmented considerably

above that produced by the action of a single coil and diaphragm

alone, and thereby a corresponding increase in the loudness of

the sound will be produced. The best effects are obtained when

instruments of this form are employed both in transmitting and

receiving, the advantages they possess for the latter purpose

being quite as marked as for the former, as will appear obvious

enough when we consider that every time a current passes

through the helices the attractive forces thereby imparted to the

cores or magnet poles are such as to cause the centres of the two

diaphragms to be drawn directly from each other, thus produc

ing a much greater rarefaction of the air within the chamber

than could be obtained by the action of a single diaphragm

alone. A corresponding condensation, on the other hand, is pro

duced at each cessation of the current, owing to the return of the

diaphragms, in virtue of their elasticity to their normal position.

The greater the degree of condensation and rarefaction, how

ever, the greater the amplitude of the sonorous vibrations—one
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expression being the equivalent of the other—and, therefore, the

greater will be the intensity or loudness of the sound produced.

We might add, in this connection, that the introduction of a

second helix in the line circuits presents in itself a slight disad

vantage. This arises from the inductive action of the pulsatory

currents upon themselves in the coils and the reactive influence

of the core, whereby other and opposing currents are produced,

which, tend to delay, and, in part, neutralize the effects of the

former. The latter are termed extra currents, to distinguish

them from those produced in circuits exterior to that in which
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the inducing currents are passing. As they are found to accom

pany all electro-magnetic action whenever one part of a circuit

is brought in proximity to another, as is the case in magnet

helices, it will readily bo seen that they must become the more

troublesome as the number of stations are increased—it being

necessary to keep the vibratory bells at each station in cir

cuits, in order that calls may be heard. By the use of con

densers, consisting of alternate sheets of tin foil and paraffined

paper placed around the bell coils, we are enabled to overcome

the difficulty these currents would otherwise present Con
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densers, therefore, become almost indispensable in cases where

many telephones are employed in one circuit

The instrument we have just described is made separate by

itself, to be used as a transmitting or receiving instrument, or it

is combined in a box represented below, with a call bell and the

oval shaped telephone to be considered presently. In the latter

case it is usually employed to transmit alone, while the oval form

serves for receiving ; it can, however, be used for either purpose.
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Mr. Phelps also found that the efficiency of the telephone for

transmitting the human voice was much improved by reducing

the cavity or chamber in which the diaphragm vibrates to the

smallest practicable dimensions. Further gain was also made by

cushioning the bearings of the diaphragm on both sides with

rings of paper. In the form described below the diaphragms are

still further cushioned on the side towards the magnets by a
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number of small spiral springs, placed under a hard rubber ring

which supports the diaphragm.

The value of these last named improvements lies not so much

in increasing the loudness of tone as in eliminating the reverber-

atory quality characteristic of most of the early telephones, and

which gave an unnatural and hollow sound to the voice trans

mitted by them.
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Another of the forms designed by Mr. Phelps, and now being

extensively introduced by the American Telephone Company, is

represented in fig. 10. It consists of a polished oval shaped case

of hard rubber, with magnet, diaphragm and coils inside. In con

nection with this there is also a small magneto-electrical machine,

contained in the oblong box shown in fig. 11, which is used for
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operating a call bell when the attention of the correspondent

at the distant station is required. The currents generated by

this machine, when the crank is turned, are conveyed by the

conducting wires through the helices of a polarized magnet,

shown on the under side of the cover, fig. 12, and cause the ham

mer attached to the armature lever to vibrate against the bell,

thus producing a violent ringing during the time the crank is

turned.

By the use of polarized magnets—the latter so named on

account of their armatures being permanent magnets—the arma

ture levers are retained in a definite position, depending upon the

direction of the current last sent into the line, and no retractile

spring whatever is required. At the same time, also, the alter

nating currents produced by the magneto-electrical machine are

permitted to act with their maximum power, as the repelling

force exercised in one pair of c >ils urges the armature in the

same direction as that of the attractive force in the other, and

the two effects are thus added.

It is usual to supply two telephones with this apparatus—two

being preferable to one—as then one can be held to the ear while

the other is being used to speak into. By this means any

liability of losing a word while the instrument is being passed

from the mouth to the ear, supposing one only to be used, is

entirely prevented, and consequently the necessity for repetition

avoided.

When the telephone is not in use it is placed in a slide, as

shown in fig. 11, which causes a spring, shown at the end of the

box in fig. 12, to be pressed inward and cut out the instrument,

leaving only the magneto machine and call bell in circuit The

spring, when in its normal position, on the other hand, cuts out

the machine and call bell and leaves the telephone alone in

circuit

Fig. 13 represents a somewhat more expensive but at the same

time also a more desirable combination of the telephone and

its accessories. The box is intended to be fastened permanently

to the wall. It contains, in addition to the extra loud telephone



PHELPS'S DUPLEX TELEPHONE. 27

with double diaphragms, which was described above, a call bell

and a magneto-electric machine ofimproved construction. When

not in use, only the call bell of this apparatus is in the main line

circuit—the magneto machine, unlike that in the box just noticed,

being cut out, so as to guard against accidental demagnetization of
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the permanent magnet by lightning discharges, or by currents from

telegraph lines when the latter are crossed or in contact with the

telephone line, which is sometimes liable to occur. When we

wish to send a signal, however, it is only necessary to turn the
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crank of the magneto machine, shown in front of the case, and

at the same time press upon the push button C, which is visible

on the left The latter movement, by a change of connection

to be more fully described presently, puts the magneto machine

in circuit, and thus allows the currents generated by it to pass

into the line and act upon the distant call bells.

The switch near the top of the case serves for cutting the ap

paratus in and out of circuit When it is turned to the right,

and the telephone is in the fork or holder, as represented in

the figure—in which case it presses against a button correspond

ing to the spring in the former box and cuts itselfout of circuit—

only the call bell is left in with the main line. 'When it is
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turned to the left hand or opposite side, which should always be

done whe i left at night, all of the apparatus is cut out of circuit

A lightning arrester is provided in each box for the protection

of the apparatus; but during thunder storms, and especially

severe ones, it is best to cut the apparatus out of circuit altogether

by means of the switch, as the best arresters sometimes fail. The

accompanying diagrams, showing the internal arrangements of

the different boxes, will give a much clearer understanding of

the connections. Figure 14 represents the parts and connections

of the improved apparatus, which is placed in a portable box,

like the one shown in figure 11, without, however, the addition
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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 circuit,

as will be seen on tracing the connections, but the call currents

arriving from a distant station on the line, find a ready path
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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 eacb 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
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C, so 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 When 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.
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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

button 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 the internal connections and arrange
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ment of the large box, figure 15, being the arrangement for a ter

minal, and figure 16 that for an intermediate station. The loud

speaking instrument is shown in both. Figure 16 also shows

the manner of connecting the condenser D around the bell coils,

so as to avoid the previously noticed inductive difficulties which

present themselves when many sets of the apparatus are placed

in one circuit The lightning arrester is represented at L. It

will hardly be necessary to say anything further in regard to the

connections in the last two figures, as the same letters that were

used in the preceding figure have been retained for correspond

ing parts in these, and have, therefore, been already considered.
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Figure 17 represents a form of Gray's Speaking Telephone

manufactured by the Western Electric Telegraph Company, of

Chicago.

Figure 18 shows a section of the same, reduced to about one

third the natural size, and designed to show the internal mechan

ism.

By referring to the latter it will be seen that the core C is fas

tened to the upper end of the curved metallic bar H, which

serves as the handle of the telephone. The lower end of the

handle is in like manner attached to the metallic brace B. To

this brace is secured, by means of a stout screw, the iron rim
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which holds the diaphragm ; thus the core and the diaphragm

form the two ends of a rigid metallic system, every part of which

is of soft iron.

Around the core two helices of insulated copper wire are

wound. One of these—the polarizing helix—is somewhat longer

than the other, and contains wire of larger gauge. In using the

telephone, this helix is connected in circuit with a local battery.

The soft iron system is in consequence rendered magnetic, the

end of the core exhibiting opposite polarity to that of the dia

phragm confronting it

By employing the battery current to charge the soft iron core,
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a greater degree of magnetism is thereby secured than could be

obtained by the use of a permanent magnet of the same dimen

sions.

The difference also of magnetic potential existing between the

diaphragm and the core is increased by making these respectively

the opposite poles of the same magnet

The other helix is made of verv fine wire, and serves to con-

vey to the line the undulating currents induced by the vibrating

diaphragm. At any point on the line these currents may be

reconverted into sound by introducing an instrument similar to

the above.
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In adjusting this telephone advantage is taken of the elasticity

of the brace B, which has a tendency to approach the handle

H. This tendency is checked and regulated by the adjusting

screw A, a turn of which will cause the brace to move towards

or recede from the handle ; and, consequently, the diaphragm will

also move to or recede from the core of the magnet

Another of the forms devised by Mr. Gray is shown in fig. 19.

In this there are two diaphragms, and no battery is used to

charge the soft iron cores of the telephone, as is done in the

original apparatus, the same result being obtained by the use of

a permanent magnet, bent into a form like the letter IT, as seen

in the figure. The magnet also answers as a handle, by which

the instrument may be held conveniently. Two soft iron pieces

are secured by screws to the poles of the magnet and carry helices

of copper wire, which are joined together, and terminal wires

leading therefrom serve to put the instrument in circuit

The mouthpiece, which is of metal, has two divergent tubes con

necting with narrow chambers, within which separate diaphragms

of thin sheet iron are placed, so as to stand just opposite the

pole pieces of the magnet and in close proximity thereto. When

ever, therefore, any movement is produced in the air at the

opening of the tube the resultant impulse is readily conveyed

through it and its branches to the chambers, and thus communi

cates motion to the diaphragms. The principle of the action in
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this apparatus is, of course, the same as that in the other forms

of magneto telephones.

It will be observed that all the Speaking Telephones which

we have described, possess certain common characteristics em

bodied in Mr. Gray's original discovery, and are essentially the

same in principle although differing somewhat in matters of de

tail. All, for example, employ a diaphragm at the transmitting

end capable of responding to the acoustic vibrations of the air ;

all employ a diaphragm at the receiving end capable of being

thrown into vibrations by the action of the magnetizing helix,

corresponding to the vibrations of the transmitting diaphragm ;

all depend for their action upon undulating electric currents pro

duced by the vibratory motion of a transmitting diaphragm,

which increases and decreases the number and amplitude of

the electric impulses transmitted over the wire without breaking

the circuit ; and, finally, in all practically operative telephones,

whether vocal or harmonic, the cores of the receiving instru

ment are maintained in a permanently magnetic state by the

inductive action, either of a permanent voltaic current or of a

permanent magnet Repeated experiments have shown, also,

that this permanent magnetic condition of the cores is absolutely

essential, in order that the receiving magnet may become prop

erly responsive to telephonic vibrations, especially when these

are of great rapidity and comparatively small amplitude.

Mr. Thomas A. Edison, of Menlo Park, New Jersey, has in

vented a telephone, which, like that of Gray, shown in figure

6, is based upon the principle of varying the strength of a bat

tery current in unison with the rise and fall of the vocal utter

ance. The problem of practically varying the resistance con

trolled by the diaphragm, so as to accomplish this result, was by

no means an easy one. By constant experimenting, however,

Mr. Edison at length made the discovery that, when properly

prepared, carbon possessed the remarkable property of changing

its resistance with pressure, and that the ratios of these changes

moreover corresponded exactly with the pressure. Fig. 20 rep

resents a convenient and ready way of showing the decrease in
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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 C is 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. Here, then, was the solution ; for,
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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, AA, 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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plates. Whenever, therefore, any motion is given to the dia

phragm, it is immediately followed by a corresponding pressure

upon the carbon and by a change of resistance in the latter, as

described above. The object in using the rubber just mentioned

is to dampen the movement of the disk, so as to bring it to rest

almost immediately after the cause which put it in motion has

ceased to act ; interference with articulation, which the prolonged

vibration of the metal tends to produce in consequence of its
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elasticity, is thus prevented, and the sound comes out clear

and distinct It is obvious that any electro-magnet, properly

fitted with an iron diaphragm, will answer for a receiving instru

ment in connection with this apparatus.

Fig. 22 shows a sending and receiving telephone and a box

containing the battery.

In the latest form of transmitter which Mr. Edison has intro

duced the vibrating diaphragm is done away with altogether, it

having been found that much better results are obtained when a
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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
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Fig. 22.

so 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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brought to bear on the disk than could be obtained if only its

small surface alone were used.

The best 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 may be used ; indeed, tufts of

fibre, coated with various metals by chemical means and pressed

into buttons have also been employed, but they are all less sensi

tive than the lampblack, 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 each 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

so 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
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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 sensitive 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. I is an induction coil, whose

M

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

iu 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

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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Fig. 24.
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is in connection with the ground wire, and the left hand point is

connected to one or two telephones, T, also in communication

with the ground.

When the apparatus is not being used the switch is left on

the right hand contact, so that a current coming from the line

has a free path through the helices, armature lever and back

stop to earth. The soft iron core is thus rendered magnetic and

attracts the armature, but after the latter has moved a short

distance it leaves the spring forming part of the back stop, and

in so doing breaks the circuit The magnetism of the cores

consequently disappears, and the armature is drawn back so as

to complete the circuit once more, when another attraction fol

lows, and so the process goes on alternating as long as battery

is kept on at the distant station. Each attraction, therefore,

occasions a distinct tap upon the bell, and as the magnetization

and demagnetization are exceedingly rapid, the taps consequently

succeed each other with sufficient rapidity to keep up a continu

ous ringing.

If the attendant at the distant station is wanted, the switch is

placed on the middle contact, which allows the current from bat

tery E to pass into the line, causing the distant bell to ring. The

switch is then turned to the right again, when, if the signal has

been observed, an acknowledgment to that effect is given by the

distant correspondent placing his battery in circuit, and thereby

in turn causing the bell at the station which originally gave the

signal to ring. Both switches are then turned to the left hand

side, by which means the telephones are put in circuit and made

available for the interchange of correspondence.

Fig. 25 shows an arrangement for a Morse and telephone com

bination, which in many cases it is very convenient to have.

When the switch is turned on to the right hand contact point

the Morse apparatus is in circuit, and can then be used for the

exchange of business in the ordinary way. The Morse apparatus

answers also for a call to attract the attention of a correspondent

when wanted ; the local battery has been omitted in the diagram.

When the switch is turned to the left the telephones alone are

in circuit
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Before leaving the subject we must more particularly mention

one point in connection therewith that is of too much interest to

be overlooked. This is in relation to the various characteristics

or forms of action that take place in the transmission of articu

late speech, and which furnish us, in the operation of the

Speaking Telephone, with a most beautiful illustration of the

correlation of forces, or of their mutual convertibility from

one form into another. When we speak into a telephone

the muscular efforts exerted upon the lungs force the air

through the larynx, within which are situated two membranes

called the vocal chords. These can be tightened or relaxed at
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will by the use of certain muscles, and, being thrown into vibra

tion by the passage of the air, give rise to a series of sonorous

waves or aerial pulsations, varying in pitch with the tension or

laxity of the chords. The impact of there pulsations against the

metallic diaphragm produces, in turn, corresponding vibrations

of the latter, which, as we have seen, is in close proximity to the

poles of a permanent magnet By this means, therefore, the

inductive action of the diaphragm on the magnet is called into

play, and there is consequently generated in the surrounding

helix a series of electrical currents, which the intervening con
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ductor conveys to the distant station, where their further action

is then spent in the production of magnetism. The receiving

diaphragm, being then thrown into vibration by the resulting

attractions, responds with faithful accuracy to the vibrations

originally produced at the transmitting end of the line, and thus

 

Fig. 2G.

also reproduces those sonorous waves which reach the ear and

srive us the sensation of sound. Here, then, we have, first, the

mechanical effects of muscular action converted into electricity,

then into magnetism, and finally back again into mechanical

action. At each transformation, however, a portion of the
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energy is lost, so far as its available usefulness is concerned ; and,

therefore, the sound waves which reach the ear, although pre

cisely similar in pitch and quality to those first produced by the

vocal organs, are nevertheless much enfeebled—their amplitude,

on which alone loudness depends, being diminished by the

amount of energy lost in the transformation.

 

Fig. 27.

During the past year the articulating or Speaking Telephone

has attracted very general interest and attention, not only in this

country but also in Europe. It has already been extensively

introduced here upon many of our short lines, and bids fair to

become of almost universal application in a very short time, its
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extreme simplicity and the reliability of its operation rendering

it one of the most convenient of the many electrical appliances

in use. In Germany it has been adopted as a part of the tele

graph system of the country, and there, as well as in other foreign

countries, it is also being generally introduced for various private

purposes, for establishing communication with the interior of coal
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and iron mines, and for facilitating the carrying on of a multitude

of industries of various kinds.

The innumerable uses to which the telephone has already been

applied shows more forcibly than anything else its practical im

portance, and the advantages it affords for communicating
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between places separated even by comparatively long distances ;

no more convenient or serviceable instrument for this purpose

has ever been produced, while at the same time it is capable of

being used by every one. It can also be united with the District

Telegraph system, so extensively developed here, and thereby

the range of the latter system, which is now limited to a few

special calls, such as police, fire, hack, etc., may be very much

extended and improved. In addition to this again, its connection

with the general telegraph system will soon greatly increase the

usefulness of that service, by bringing many villages and hamlets

that are now destitute of any telegraphic facilities whatever into

communication with the rest of the world. Hitherto the great

obstacle in the way of accomplishing this object has been the

expense of keeping skilled employes at such places, where the

business receipts are usually less than would be required to pay

the salary of an operator. The application of the telephone,

however, now provides the means of connecting these places to

the nearest telegraph office with very little trouble and with little

or no outlay for running expenses. We may therefore confidently

expect that another year or two will suffice to establish telegraph

communication with nearly every place in the country.

The apparatus, as at present furnished to the public by the

American Speaking Telephone Co., is all contained in a neatly

finished oblong box, which has already been described on

pages 25 and 26. Figs. 11 and 12 show the outfit complete.

Fig. 26 gives a large size front view of the telephone, and

also shows the manner of holding it when in use. Manu

facturers and others, whose works are situated at some dis

tance from their offices, will hardly need to be told of the

advantages that may be derived from the xise of the telephone,

whereby they are at all times practically enabled to oversee and

personally superintend the details of affairs at the works ; these

must be evident to every one. It will also appear equally

obvious that large and expensive warehouses may in many cases

be dispensed with in cities where rents are always high, the

telephone rendering it possible to fill orders at a moment's
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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 foreman, 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 years ago in France.1 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, ho 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 son6rous

1Zes Merveilles de V Electricity, par J, Bailie. Paris, 1871.
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body, traverse the air and reach our ear. Just as a stone,

dropped into a pond, throws off a succession of circular undu

lations or water rings, so a concussion, acting on the air, pro

duces analogous vibrations, though they are invisible, and it is

when these vibrations reach the ear that we become sensible of

sound. Helmholtz, an eminent German scientist, has analyzed

the human voice and determined its musical value. According

to him each simple vowel is formed by one or more notes of the

scale, accompanied by other and feebler notes which are harmo

nics of these. Ho demonstrates that it is the union of all these

notes that give quality to the voice Every syllable is formed by

the notes of the vowel accomplished by different movements of

the organs of the mouth. Helmholtz, reflecting upon this,

thinks it would be possible to construct a human voice by artifi

cially producing and combining the elementary sounds of which

it is composed. This is not the place to discuss such theories,

but if we grant that there is any truth in them, we can under

stand that the acoustic telegraph can be invented and can trans

mit the living voice. Already experiments have been made in

this direction.

A vibrating plate produces a sound, and, according to the

rapidity of the vibrations, these sounds are sharp or flat At

each of the vibrations the plate touches a small point placed in

front of it, and this contact suffices to throw the current into the

line. When the plate ceases to vibrate and returns to its posi

tion of equilibrium, it no longer touches the metal point and the

current is consequently interrupted. By this means is obtained

a series of interruptions, more or less rapid, according to the

sound, the current being thrown into the line and interrupted

once for each of the vibrations.

At the extremity of the line the current enters an electro

magnet, which attracts another vibrating plate of size and qual

ity identical with the former. Attracted and repelled very

rapidly, exactly, and as rapidly in fact as the plate mentioned

above, this second plate gives forth a sound which will have the

same musical value as that of the other, as the number of vibra

tions per second is the same in both cases.
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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."



CHAPTER IL

bell's telephonio researches.

In a lecture delivered before the Society of Telegraph En

gineers, in London, October 31st, 1877, Prof. A. G. Bell gave a

history of his researches in telephony, together with the experi

ments that he was led to undertake in his endeavors to produce

a practical system o£ multiple telegraphy, and to realize also the

transmission of articulate speech. As the subject has now be

come of great interest, both in a scientific and popular point of

view, we feel warranted in reproducing the lecture in fulL After

the usual introduction, Professor Bell said :

" It is to-night my pleasure, as well as duty, to give you some

account of the telephonic researches in which I have been so

long engaged. Many years ago my attention was directed to

the mechanism of speech by my father, Alexander Melville

Bell, of Edinburgh, who has made a life-long study of the

subject Many of those present may recollect the invention

by my father of a means of representing, in a wonderfully ac

curate manner, the positions of the vocal organs in forming

sounds. Together we carried on quite a number of experiments,

seeking to discover the correct mechanism of English and foreign

elements of speech, and I remember especially an investigation

in which we were engaged concerning the musical relations of

vowel sounds. When vowel sounds are whispered, each vowel

seems to possess a particular pitch of its own, and by whispering

certain vowels in succession a musical scale can be distinctly

perceived. Our aim was to determine the natural pitch of each

vowel ; but unexpected difficulties made their appearance, for

many of the vowels seemed to possess a double pitch—one due,

probably, to the resonance of the air in the mouth, and the other

to the resonance of the air contained in the cavity behind the

tongue, comprehending the pharynx and larynx.
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I hit upon an expedient for determining the pitch, which, at

that time, I thought to be original with myself. It consisted in

vibrating a tuning fork in front of the mouth while the positions

of the vocal organs for the various vowel sounds were silently

taken. It was found that each vowel position caused the rein

forcement of some particular fork or forks.

I wrote an account of these researches to Mr. Alex. J. Ellis,

of London, whom I have very great pleasure in seeing here to

night In reply, he informed me that the experiments related

had already been performed by Ilelmholtz, and in a much more

perfect manner than I had done. Indeed, he said that Helm-

holtz had not only analyzed the vowel sounds into their con

stituent musical elements, but had actually performed the syn

thesis of them.

He had succeeded in producing, artificially, certain of the

vowel sounds by causing tuning forks of different pitch to vi

brate simultaneously by means of an electric current Mr. Ellis

was kind enough to grant me an interview for the purpose of

explaining the apparatus employed by Helmholtz in producing

these extraordinary effects, and I spent the greater part of a de

lightful day with him in investigating the subject At that

time, however, I was too slightly acquainted with the laws of

electricity fully to understand the explanations given ; but the

interview had the effect of arousing my interest in the subjects

of sound and electricity, and I did not rest until I had obtained

possession of a copy of Helmholtz's great work,1 and had at

tempted, in a crude and imperfect manner it is true, to reproduce

his results. While reflecting upon the possibilities of the pro

duction of sound by electrical means, it struck me that the prin

ciple of vibrating a tuning fork by the intermittent attraction of

an electro-magnet might be applied to the electrical production

of music.

I imagined to myself a series of tuning forks of different

pitches, arranged to vibrate automatically in the manner shown

1 Ilelmholtz. Die Lehro von dem Tonempfindungen. (English translation, by

Alexander J. Ellis, Theory of Tone.)
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by Helmholtz—each fork interrupting, at every vibration, a vol

taic current—and the thought occurred, Why should not the

depression of a key like that of a piano direct the interrupted

current from any one of these forks, through a telegraph wire, to

a series of electro-magnets operating the strings of a piano or

other musical instrument, in which case a person might play the

tuning fork piano in one place and the music be audible from

the electro-magnetic piano in a distant city ?

The more I reflected upon this arrangement the more feasible

did it seem to me ; indeed, I saw no reason why the depression

of a number of keys at the tuning fork end of the circuit should

not be followed by the audible production of a full chord from

the piano in the distant city, each tuning fork affecting at the re

ceiving end that string of the piano with which it was in unison.

At this time the interest which I felt in electricity led me to

study the various systems of telegraphy in use in this country

and in America. I was much struck with the simplicity of the

Morse alphabet, and with the fact that it could be read by sound.

Instead of having the dots and dashes recorded upon paper, the

operators were in the habit of observing the duration of the click

of the instruments, and in this way were enabled to distinguish

by ear the various signals.

It struck me that in a similar manner the duration of a musi

cal note might be made to represent the dot or dash of the tele

graph code, so that a person might operate one of the keys of

the tuning fork piano referred to above, and the duration of the

sound proceeding from the corresponding string of the distant

piano be observed by an operator stationed there. It seemed to

me that in this way a number of distinct telegraph messages

might be sent simultaneously from the tuning fork piano to the

other end of the circuit by operators, each manipulating a differ

ent key of the instrument These messages would be read by

operators stationed at the distant piano, each receiving operator

listening for signals of a certain definite pitch, and ignoring all

others. In this way could be accomplished the simultaneous

transmission of a number of telegraphic messages along a single
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wire, the number being limited only by the delicacy of the

listener's ear. The idea of increasing the carrying power of a

telegraph wire in this way took complete possession of my mind,

and it was this practical end that I had in view when I com

menced my researches in electric telephony.

In the progress of science it is universally found that com

plexity leads to simplicity, and in narrating the history of scien

tific research it is often advisable to begin at the end.

In glancing back over my own researches, I find it necessary

to designate, by distinct names, a variety of electrical currents by

means of which sounds can be produced, and I shall direct your

attention to several distinct species of what may be termed tele

phonic currents of electricity. In order that the peculiarities of

these currents may be clearly understood, I shall ask Mr. Frost
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to project upon the screen a graphical illustration of the different

varieties.

The graphical method of representing electrical currents shown

in fig. 29 is the best means I have been able to devise of studying,

in an accurate manner, the effects produced by various forms of

telephonic apparatus, and it has led mo to the conception of that

peculiar species of telephonic current, here designated as undula-

lory, which has rendered feasible the artificial production of

articulate speech bv electrical means* ......
r j ......... •

A horizontal line (a qXw'&kett.'aii't\it\zctn bi *.cutfent, and im-. '

pulses of positive electricity.are represented, above Jhe zero line,

and negative impulses'.bpltfw it,VJr jyjtfg \evxi.\\] ; ;.*•

The vertical thickness of any electricar impulse* (5*or d), mea

sured from the zero line, indicates the intensity of the electrical
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current at the point observed, and the horizontal extension of

the electric line (b or d) indicates the duration of the impulse.

Nine varieties of telephonic currents may be distinguished,

but it will only be necessary to show you six of these. The

three primary varieties designated as intermittent, pulsatory and

undulatory, are represented in lines 1, 2 and 3.

Sub-varieties of these can be distinguished as direct or re

versed currents, according as the electrical impulses are all of

one kind or are alternately positive and negative. Direct cur

rents may still further be distinguished as positive or negative,

according as the impulses are of one kind or of the other.

An intermittent current is characterized by the alternate pres

ence and absence of electricity upon the circuit ;

A pulsatory current results from sudden or instantaneous

changes in the intensity of a continuous current ; and

An undulatory current is a current of electricity, the intensity

of which varies in a manner proportional to the velocity of the

motion of a particle of air during the production of a sound :

thus the curve representing graphically the modulatory current

for a simple musical tone is the curve expressive of a simple

pendulous vibration—that is, a sinusoidal curve.
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( ( Positive 1 Positive intermittent current.
) Direct i

Intermittent < ( Negative 2 Negative " "

( Reversed 3 Reversed " "

1 I Positive 4 Positive pulsatory current.
\ Direct i *

Pulsatory ■> ( Negative 5 Negative " "

' Reversed 6 Reversed " "

( i Positive 1 Positive undulatory current
1 Direct J

Undulatory -< ( Negative 8 Negative " "

Reversed 9 Reversed
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And here*! nit}! reaiarkj tiiA.t^ altUMgli the conception of the

undulatory current. qf# electricity is eutirely original with myself,

methods of prpchjeprg BOAip<3.:by.*meanS*pf/ intermittent and pul

satory currents' have long*Been known. For instance, it was

long since discovered that an electro-magnet gives forth a de
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cided sound when it is suddenly magnetized or demagnetized.

When the circuit upon which it is placed is rapidly made and

broken, a succession of explosive noises proceeds from the mag

net These sounds produce upon the ear the effect of a musical

note when the current is interrupted a sufficient number of

times per second. The discovery of Galvanic Music by Page,1

in 1837, led inquirers in different parts of the world almost

simultaneously to enter into the field of telephonic research ;

and the acoustical effects produced by magnetization were

carefully studied by Marxian,1 Beatson,3 Gassiot,* De la

Rive,5 Matteucci,6 Guillemin, 1 Wertheim,8 Wartmann,* Jan-

mar,10 Joule,11 Laborde,13 Legat,13 Reis,14 Poggendorff,1 5

I C. G. Page. "The Production of Galvanic Music." Silliman's Journ., 1837,

xxxii. p. 396 ; Silliman's Journ., 1838, xxxiii. p. lis ; Bibl. Univ. (new series), 1839,

ii. p. S98.

* J. P. Marrian. Phil. Mag., xxv. p. 382 ; Inst., 1845, p. 20 ; Arch, de l'Electr.,

v. p. 195.

» W. Beatson. Arch, de l'Electr., v. p. 197 ; Arch, de Sc. Phys. et Nut. (2d series),

ii. p. 113.

* Gassiot. See " Treatise on Electricity," by De la Rive, i. p. 300.

5 De la Rive. "Treatise on Electricity," i. p. 300; Phil. Mag., xxxv. p. 422;

Arch, de l'Electr. v. p. 200 ; Inst. 1846, p. 83 ; Comptes Rendus, xx. p. 1287 ; Comp.

Rend. xxii. p. 432 ; Pogg. Ann. lxxv. p. 637 : Ann. de CLim. et de Phys. xxvi.

p. 158.

* Matteucci. Inst., 1845, p. 315 ; Arch, de l'Electr., v. 389.

» Guillemin. Comp. Rend. xxii. p. U04 ; Inst. 1846, p. 30 ; Arch. d. Sc. Phys. (2d

series), i. p. 191.

» G. Wertheim. Comp. Rend. xxii. pp. 336, 544; Inst. 1846, pp. 65, 100 ; Pogg.

Ann. lxviii. p. 140; Comp. Rend. xxvi. p. 505; Inst. 1848, p. 14e; Ann. do Chim.

et do Phys. xxiii. p. 302 ; Arch. d. Sc. Phys. et Nat. viii. p. 200 ; Pogg. Ann. lxxvii.

p. 43; Berl. Ber. Iv. p. 121.

0 Elic Wartmann. Comp. Rend. xxii. p. 544; Phil. Mag. (3d series), xxviii. p.

544 ; Arch. d. Sc. Phys. et Nat. (2d series), i. p. 419 ; lust. 1846, p. 290 ; Mouatscher.

d.Bcrl. Akad. 1846, p. 111.

10 Jannair. Comp. Rend- xxiii. p. 319; Inst. 1846, p. 269; Arch. d. Sc. Phys. et

Nat. (2d series), ii. p. 394.

II J. P. Joule. Phil. Mag. xxv. pp. 76, 225 ; Berl. Ber. iii. p. 489.

Laborde. Comp. Rend. 1. p. 692 ; Cosmos, xvii. p. 514.

is Legat. Brix. Z. S. ix. p. 125

i* Reis. " Telephonic." Polytechnic Journ. clxviii, p. 185 ; Biittger's Notizbl.

1863, No. 6.

15 J. C. Poggendorff. Pogg. Ann. xcviii. p. 198 ; Berliner Monatsber, 1856, p. 133;

Cosmos, ix. p. 49; Berl. Ber. xii. p. 241 ; Pogg. Ann. lxxxvii. p. 189.
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Du Moncel, 1 Delezenne2 and others. 3 It should also be men

tioned that Gore* obtained loud musical notes from mercury,

accompanied by singularly beautiful crispations of the sur

face, during the course of experiments in electrolysis; Page5

produced musical tones from Trevelyan's bars by the action of

•the galvanic current ; and further it was discovered by Sullivan*

that a current of electricity is generated by the vibration of a wire

composed partly of one metal and partly of another. The cur

rent was produced so long as the wire emitted a musical note,

but stopped immediately upon the cessation of the sound.

For several years my attention was almost exclusively directed

to the production of an instrument for making and breaking a

voltaic circuit with extreme rapidity, to take the place of the

transmitting tuning fork used in Ilelmholtz' researches. I will

not trouble you with the description of all the various forms of

apparatus that were devised, but will merely direct your atten

tion to one of the best of them, shown in fig. 30. In the trans

mitting instrument T a steel reed a is employed, which is kept

in continuous vibration by the action of an electro-magnet e and

local battery. In the course of its vibration the reed strikes

alternately against two fixed points m, /, and thus completes

alternately a local and a main circuit When the key K is

depressed, an intermittent current from the main battery B

is directed to the line wire W, and passes through the electro

magnet E of a receiving instrument R at the distant end of the

circuit, and thence to the ground G. The steel reed A is placed

1 Du Moncel, Expose, ii. p. 125; also, iii. p. 83.

* Delezenne. " Sound produced by magnetization," Bibl. Univ. (new series),

1841, xvi. p. 406.

* See London Journ. xxxii. p. 402; Polytechnic Journ. ex. p. 16; Cosmos, iv.

p. 43 ; GlOsener Truito general, &e. p. 350 ; Dove.-Repert. vi. p. 58 ; Pogg. Ann.

xliii. p. 411 ; Berl. Ber. i. p. 144 ; Arch. d. Sc. Phys. et Nat. xvi. p. 406 ; Kuhn's

Encyclopaedia der Physik, pp. 1014-1021.

* Gore. Proceedings of Royal Society, xii. p. 217.

* C. G. Puge. "Vibration of Trevelyan's bars by the galvanic current." Silh-

man's Journal, 1850, ix. pp. 105-108.

« Sullivan. " Currents of Electricity produced by the vibration of Metals," Phil.

Mag. 1S45, p. 261 ; Arch, de l'Eleutr. x. p. 480.
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in front of the receiving magnet, and when its normal rate of

vibration is the same as the reed of the transmitting instrument

it is thrown into powerful vibration, emitting a musical tone of a

similar pitch to that produced by the reed of the transmitting

instrument, but if it is normally of a different pitch it remains

silent

A glance at figs. 31, 32 and 33 will show the arrangement of such

instruments upon a telegraphic circuit, designed to enable a num

ber of telegraphic despatches to be transmitted simultaneously

w
 

Fig. 30.

along the same wire. The transmitters and receivers that are

numbered alike have the same pitch or rate of vibration. Thus the

reed of T' is in unison with the reeds T' and R' at all the stations

ripon the circuit, so that a telegraphic despatch sent by the man

ipulation of the key K' at the station shown in fig. 31, will be

received upon the receiving instruments K' at all the other

stations upon the circuit Without going into details, I shall

merely say that the great defects of this plan of multiple tele

graphy were found to consist, firstly, in the fact that the receiving

operators were required to possess a good musical ear in order to

discriminate the signals ; and secondly, that the signals could

only pass in one direction along the line (so that two wires would

be necessary in order to complete communication in both direc-
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tions). The first objection was got over by employing the de

vice which I term a "vibratory circuit breaker," shown in the

next diagram, whereby musical signals can be automatically re

corded.

Fig. 34 shows a receiving instrument, R, with a vibratory cir

cuit breaker V attached. The light spring lever V overlaps the

free end of the steel reed A, and normally closes a local circuit,

in which may be placed a Morse sounder or other telegraphic

apparatus. When the reed A is thrown into vibration by the

passage of a musical signal, the spring arm V is thrown upwards,

opening the local circuit at the point C. When the spring arm V

is so arranged as to have normally a much slower rate of vibra

tion than the reed A, the local circuit is found to remain perma-

 

Fig. 34.

nently open during the vibration of A, the spring arm V coming

into contact with the point G only upon the cessation of the re

ceiver's vibration. Thus the signals produced by the vibration

of the reed A are reproduced upon an ordinary telegraphic instru

ment in the local circuit

Fig. 35 shows the application of electric telephony to auto

graphic telegraphy, q, q represent the reeds of transmitting instru

ments of different pitch, s, s the receivers at the distant station of

corresponding pitch, and u, u, etc., the vibratory circuit breakers

attached to the receiving instruments, and connected with metallic

bristles resting upon chemically prepared paper w. The message

or picture to be copied is written upon a metallic surface, p, with

non-metallic ink, and placed upon a metallic cylinder connected

with the main battery, c; and the chemically prepared paper,

upon which the message is to be received, is placed upon a



60 THE SPEAKING TELEPHONE.

metallic cylinder connected with the local battery d at the

receiving station. When the cylinders at either end of the cir

cuit are rotated—but not necessarily at the same rate of speed—

a fac simile of whatever is written or drawn upon the metallic

surface p appears upon the chemically prepared paper w.

The method by means of which musical signals may be sent

simultaneously in both directions along the same circuit is shown

in our next illustration, figs. 36, 37 and 38. The arrangement is

similar to that shown in figures 81, 32 and 33, excepting that the

intermittent current from the transmitting instruments is passed

 

Fig. 35.

through the primary wires of an induction coil, and the receiving

instruments are placed in circuit with the secondary wire. In this

way free earth communication is secured at either end of the

circuit, and the musical signals produced by the manipulation of

any key are received at all the stations upon the line. The

great objection to this plan is the extreme complication of the

parts and the necessity of employing local and main batteries at

every station. It was also found by practical experiment that

it was difficult, if not impossible, upon either of the plans here

shown, to transmit simultaneously the number of musical tones
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that theory showed to be feasible. Mature consideration re

vealed the fact that this difficulty lay in the nature of the electrical

current employed, and was finally obviated by the invention of

the undulatory current

It is a strange fact that important inventions are often made

almost simultaneously by different persons in different parts of

the world, and the idea of multiple telegraphy, as developed in

the preceding diagrams, seems to have occurred independently

to no less than four other inventors in America and Europe.

Even the details of the arrangements upon circuit—shown in

figs. 31, 32, 33 and 36, 37, 38—are extremely similar in the plans

proposed by Mr. Cromwell Varley, of London, Mr. Elisha Gray,

 

Fig. 39.

of Chicago, Mr. Paul La Cour, of Copenhagen, and Mr. Thomas

Edison, of Newark, New Jersey. Into the question of priority

of invention, of course, it is not my intention to go to-night

That the difficulty in the use of an intermittent current may

be more clearly understood, I shall ask you to accompany me

in my explanation of the effect produced when two musical

signals of different pitch are simultaneously directed along the

same circuit Fig. 39 shows an arrangement whereby the reeds

r r' of two transmitting instruments are caused to interrupt

the current from the same battery, B. We shall suppose the

musical interval between the two reeds to be a major third, in

which case their vibrations are in the ratio of 4 to 5, i. e., 4

vibrations of r are made in the same time as 5 vibrations of r'.

A and B represent the intermittent currents produced, 4 im
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pulses of B being made in the same time as 5 impulses of A.

The line A -j- B represents the resultant effect upon the main

line when the rccds r and r' are simultaneously caused to make

and break the same circuit, and from the illustration you will

perceive that the resultant current, whilst retaining a uniform

intensity, is less interrupted when both reeds are in operation

than when one alone is employed. By carrying your thoughts

still further, you will understand that when a large number of

reeds of different pitch or of different rates of vibration are sim

ultaneously making and breaking the same circuit, the resultant

effect upon the main line is practically equivalent to one contin

uous current

It will also be understood that the maximum number of
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musical signals that can be simultaneously directed along a

single wire without conflict, depends very much upon the ratio

which the " make " bears to the " break ;" the shorter the con

tact made, and the longer the break, the greater the number of

signals that can be transmitted without confusion, and vice versa.

The apparatus by means of which this theoretical conclusion has

been verified is here to-night, and consists of an ordinary parlor

harmonium, the reeds of which are operated by wind in the

usual manner. In front of each reed is arranged a metal screw,

against which the reed strikes in the course of its vibration. By

adjusting the screw, the duration of the contact can be made

long or short The reeds are connected with one pole of a

battery, and the screws against which they strike communicate
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with the line wire, so that intermittent impulses from the battery

are transmitted along the line wire during the vibration of the

reeds.

We now proceed to the next illustration. Without entering

into the details of the calculation you will see that with a pulsa-

 

Fig. 41.

tory current the effect of transmitting musical signals simultane

ously is nearly equivalent to a continuous current of minimum

intensity—see A + B, fig. 40; but when undulatory currents

are employed the effect is different—see fig. 41. The current

 

Fig. 42.

from the battery B is thrown into waves by the inductive action

of iron or steel reeds vibrated in front of electro-magnets placed

in circuit with the battery ; A and B represent the undulations

caused in the current by the vibration of the magnetized bodies,
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and it will be seen that there are four undulations of B in the

same time as five undulations of A. The resultant effect upon

the main line is expressed by the curve A-)-B, which is the alge

braical sum of the sinusoidal curves A and B. A similar effect

is produced when reversed undulatory currents are employed, as

shown in fig. 42, where the current is produced by the vibration

of permanent magnets in front of electro-magnets united upon a

circuit without a voltaic battery. It will be understood from figs.

41 and 42 that the effect of transmitting musical signals of dif

ferent pitches simultaneously along a single wire is not to ob

literate the vibratory character of the current, as in the case of

intermittent and pulsatory currents, but to change the shapes of
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the electrical undulations. In fact, the effect produced upon the

current is precisely analogous to the effect produced in the air

by the vibration of the inducing bodies. Hence it should be

possible to transmit as many musical tones simultaneously

through a telegraph wire as through the air. The possibility of

using undulatory currents for the purposes of multiple telegraphy

enabled me to dispense entirely with the complicated arrange

ments of the circuit shown in figs. 31, 32, 33 and 36, 37, 38, and to

employ a single battery for the whole circuit, retaining only the

receiving instruments formerly shown. This arrangement is
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represented in fig. 43. Upon vibrating the steel reed of a re

ceiver R, R', at any station by any mechanical means, the corre

sponding reeds at all the other stations are thrown into vibration,

reproducing the signal. By attaching the steel reeds to the

poles of a powerful permanent magnet, as shown in fig. 45, the

signals can be produced without the aid of a battery.

I have formerly stated that Helmholtz was enabled to produce

vowel sounds artificially by combining musical tones of different

pitches and intensities. His apparatus is shown in fig 44.

Tuning forks of different pitch are placed between the poles of

electro-magnets (a', a2, &c.), and are kept in continuous vibration

by the action of an intermittent current from the fork b. Reso-

 

Fig. 441.

nators 1, 2, 3, etc., are arranged so as to reinforce the sounds in

a greater or less degree, according as the exterior orifices are

enlarged or contracted.

Thus it will be seen that upon Helmholtz's plan the tuning

forks themselves produce tones of uniform intensity, the loud

ness being varied by an external reinforcement ; but it struck me

that the same results would be obtained, and in a much more

perfect manner, by causing the tuning forks themselves to vibrate

with different degrees of amplitude. I therefore devised the

apparatus shown in fig. 45, which was my first form of articulat

ing telephone. In this figure a harp of steel rods is employed,

1 The full description of this figure will be found in Mr. Alexander J. Ellis's

translation of Helmholtz's work, " Theory of Tone."
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attached to the poles of a permanent magnet, N. S. When any

one of the rods is thrown into vibration an undulatory current

is produced in the coils of the electro-magnet E, and the electro

magnet E' attracts the rods of the harp H' with a varying force,

throwing into vibration that rod which is in unison with ihet

vibrated at the other end of the circuit Not only so, but the

amplitude of vibration in the one will determine the amplitude

of vibration in the other, for the intensity of the induced current

is determined by the amplitude of the inducing vibration, and

the amplitude of the vibration at the receiving end depends

upon the intensity of the attractive impulses. When we sing

into a piano, certain of the strings of the instrument are set in

vibration sympathetically by the action of the voice with differ-

 

Fig. 45.

ent degrees of amplitude, and a sound, which is an approxima

tion to the vowel uttered, is produced from the piano. Theory

shows that, had the piano a very much larger number of strings

to the octave, the vowel sounds would be perfectly reproduced.

My idea of the action of the apparatus, shown in fig. 45, was

this : Utter a sound in the neighborhood of the harp H, and

certain of the rods would be thrown into vibration with differ

ent amplitudes. At the other end of the circuit the correspond

ing rods of the harp II' would vibrate with their proper relations

of force, and the timbre of the sound would be reproduced. The

expense of constructing such an apparatus as that shown in fig.

45 deterred me from making the attempt, and I sought to sim

plify the apparatus before venturing to have it made.

I have before alluded to the invention by my father of a sys
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tem of physiological symbols for representing the action of the

vocal organs, and I had been invited by the Boston Board of

Education to conduct a series of experiments with the system in

the Boston school for the deaf and dumb. It is well known that

deaf mutes are dumb merely because they are deaf, and that there

is no defect in their vocal organs to incapacitate them from utter

ance. Hence it was thought that my father's system of pictorial

symbols, popularly known as visible speech, might prove a means

whereby we could teach the deaf and dumb to use their vocal

organs and to speak. The great success of these experiments

urged upon me the advisability of devising methods of exhibit

ing the vibrations of sound optically, for use in teaching the
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deaf and dumb. For some time I carried on experiments with

the manometric capsule of Koenig and with the phonautograph

< f Leon Scott The scientific apparatus in the Institute of Tech

nology in Boston was freely placed at my disposal for these ex

periments, and it happened that at that time a student of the

Institute of Technology, Mr. Maurey, had invented an improve

ment upon the phonautograph. He had succeeded in vibrating

by the voice a stylus of wood about a foot in length, which was

attached to the membrane of the phonautograph, and in this

way he had been enabled to obtain enlarged tracings upon a

plane surface of smoked glass. With this apparatus I succeeded
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in producing very beautiful tracings of the vibrations of the air

for vowel sounds. Some of these tracings are shown in fig. 46.

I was much struck with this improved form of apparatus, and it

occurred to me that there was a remarkable likeness between

the manner in which this piece of wood was vibrated by the

membrane of the phonautograph and the manner in which the

ossicului of the human ear were moved by the tympanic mem-

 

Fig. 47.

brane. I determined, therefore, to construct a phonautograph

modelled still more closely upon the mechanism of the human

ear, and for this purpose I sought the assistance of a distin

guished aurist in Boston, Dr. Clarence J. Blake. He suggested

the use of the human ear itself as a phonautograph, instead of

making an artificial imitation of it The idea was novel and

struck me accordingly, and I requested my friend to prepare
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a specimen for mc, which he did. The apparatus, as finally con

structed, is shown in fig. 47. The stapes was removed and a

stylus of hay about an inch in length was attached to the end

of the incus. Upon moistening the membrana tympani and the

ossicular with a mixture of glycerine and water the necessary

mobility of the parts was obtained, and upon singing into the

external artificial ear the stylus of hay was thrown into vibration,

and tracings were obtained upon a plane surface of smoked

glass passed rapidly underneath. While engaged in these ex

periments I was struck with the remarkable disproportion in

weight between the membrane and the bones that were vibrated

by it It occurred to me that if a membrane as thin as tissue

paper could control the vibration of bones that were, compared

to it, of immense size and weight, why should not a larger and

thicker membrane be able to vibrate a piece of iron in front of

Ah a A fyJ,
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Fig. 48.

an electro-magnet, in which case the complication of steel rods

shown in my first form of telephone, fig. 45, could be done

away with, and a simple piece of iron attached to a membrane

be placed at either end of the telegraphic circuit

Fig. 48 shows the form of apparatus that I was then employ

ing for producing undulatory currents of electricity for the pur

poses of multiple telegraphy. A steel reed, A, was clamped

firmly by one extremity to the uncovered leg h of an electro

magnet E, and the free end of the reed projected above the

covered leg. When the reed A was vibrated in any mechanical

way the battery current was thrown into waves, and electrical

undulations traversed the circuit BEWE', throwing into vibra

tion the corresponding reed A' at the other end of the circuit

I immediately proceeded to put my new idea to the test of

practical experiment, and for this purpose I attached the reed
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A (fig. 49) loosely by one extremity to the uncovered pole h of

the magnet, and fastened the other extremity to the centre of a

stretched membrane of goldbeaters' skin n. I presumed that

upon speaking in the neighborhood of the membrane n it would

be thrown into vibration and cause the steel reed A to move in

a simdar manner, occasioning undulations in the electrical cur

rent that would correspond to the changes in the density of the

air during the production of the sound ; and I further thought

that the change of the intensity of the current at the receiving

end would cause the magnet there to attract the reed A' in such

a manner that it should copy the motion of the reed A, in which

case its movements would occasion a sound from the membrane

n' similar in timbre to that which had occasioned the original

vibration.

 

Fig. 49.

The results, however, were unsatisfactory and discouraging.

My friend, Mr. Thomas A. Watson, who assisted me in this first

experiment, declared that he heard a faint sound proceed from

the telephone at his end of the circuit, but I was unable to

verify his assertion. After many experiments, attended by the

same only partially successful results, I determined to reduce

the size and weight of the spring as much as possible. For this

purpose I glued a piece of clock spring, about the size and shape

of my thumb nail, firmly to the centre of the diaphragm, and

had a similar instrument at the other end (fig. 50) ; we were

then enabled to obtain distinctly audible effects. 1 I remember

1 On the 14th of February, 1876, Mr. EUsha Gray, of Chicago, filed a caveat in

the Patent Office at Washington, describing the Speaking Telephone shown in

figure 6, page 15, and which, upon examination, will bo found to be identical with

that shown in figures £0 and 58. On the same day Professor Bell filed an applica

tion in the Patent Office at Washington, describing the apparatus shown in figure
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an experiment made with this telephone, which at the time gave

me great satisfaction and delight One of the telephones was

placed in my lecture room in the Boston University, and the

other in the basement of the adjoining building. One of my

students repaired to the distant telephone to observe the effects

of articulate speech, while I uttered the sentence, 'Do you

 

Fig. 60.

understand what I say ?' into the telephone placed in the lecture

halL To my delight an answer was returned through the in

strument itself, articulate sounds proceeded from the steel spring

attached to the membrane, and I heard the sentence, " Yes, I

understand you perfectly." It is a mistake, however, to suppose
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that the articulation was by any means perfect, and expectancy

no doubt had a great deal to do with my recognition of the

sentence ; still, the articulation was there, and I recognized the

fact that the indistinctness was entirely due to the imperfection

of the instrument I will not trouble you by detailing the

49, which ho hero acknowledges would not work, and it was not until after he had

substituted the apparatus shown in Mr. Gray's caveat in place of it, that ho was

enabled to successfully accomplish the grand object of reproducing articulate

speech at a distance. See note, page 73.—G. B. P.
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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

in 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. 1 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 bo 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 transmitting 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 in 1876, and showed it to some of his friends,

among others to Professor Barker, of the University of Pennsylvania, but aid not

exh1bit it to the Judges.—G. B. P.

 

Fig. 52.
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of bichromate of potash, in salt and water, in dilute sulphuric

acid, and in pure water.

The articulation produced from the instrument shown in fig.

51 was remarkably distinct, but its great defect consisted in the

fact that it could not be used as a transmitting instrument, and

thus two telephones were required at each station, one for trans

mitting and one for receiving spoken messages.

It was determined to vary the construction of the telephone

shown in fig. 50, and I nought, by changing the size and tension

of the membrane, the diameter and thickness of the steel spring,

the size and power of the magnet, and the coils of insulated wire

around their poles, to discover empirically the exact effect of

each element of the combination, and thus to deduce a more per

fect form of apparatus. It was found that a marked increase in
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the loudness of the sounds resulted from shortening the length

of the coils of wire, and by enlarging the iron diaphragm which

was glued to the membrane. In the latter case, also, the dis

tinctness of the articulation was improved. Finally, the mem

brane of gold beaters' skin was discarded entirely, and a simple

iron plate was used instead, and at once intelligible articulation

was obtained. The new form of instrument is that shown in

fig. 53. and, as had been long anticipated, it was proved that the

only use of the battery was to magnetize the iron core of the

magnet, for the effects were equally audible when the battery

was omitted and a rod ot magnetized steel substituted for the

iron core of the magnet

It was my original intention, as shown in fig. 45, and it was
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always claimed by me, that the final form of telephone would

be operated by permanent magnets in place of batteries, and

numerous experiments had been carried on by Mr. Watson and

myself privately for the purpose of producing this effect

At the time the instruments were first exhibited in public the

results obtained with permanent magnets were not nearly so

striking as when a voltaic battery was employed, wherefore we

thought it best to exhibit only the latter form of instrument

The interest excited by the first published accounts of the

operation of the telephone led many persons to investigate the

subject, and I doubt not that numbers of experimenters have

independently discovered that permanent magnets might be em

ployed instead of voltaic batteries. Indeed, one gentleman.

Professor Dolbear, of Tufts College, not only claims to have
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discovered the magneto-electric telephone, but, I understand,

charges me with having obtained the idea from him through the

medium of a mutual friend.

A still more powerful form of apparatus was constructed by

using a powerful compound horse shoe magnet in place of the

straight rod which had been previously used (see fig. 54). In

deed, the sounds produced by means of this instrument were of

sufficient loudness to be faintly audible to a large audience, and

in this condition the instrument was exhibited in the Essex In

stitute, in Salem, Massachusetts, on the 12th February, 1877, on

which occasion a short speech shouted into a similar telephone

in Boston, sixteen miles away, was heard by the audience in

Salem. The tones of the speaker's voice were distinctly audible

to an audience of six hundred people, but the articulation was
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only distinct at a distance of about six feet On the same occa

sion, also, a report of the lecture was transmitted by word of

mouth from Salem to Boston, and published in the papers the

next morning.

From the form of telephone shown in fig. 53 to the present

form of the instrument (fig. 55) is but a step. It is, in fact, the

arrangement of fig. 53 in a portable form, the magnet F H being

placed inside the handle and a more convenient form of mouth

piece provided. The arrangement of these instruments upon a

telegraphic circuit is shown in fig. 56.

And here I wish to express my indebtedness to several scien

tific friends in America for their cooperation and assistance. I

would specially mention Professor Peirce and Professor Blake,

of Brown University, Dr. Channing, Mr. Clarke and Mr. Jones.

In Providence, Rhode Island, these gentleman have been carry

ing on together experiments seeking to perfect the form of ap

paratus required, and I am happy to record the fact that they

communicated to me each new discovery as it was made, and

every new step in their investigations. It was, of course, almost

inevitable that these gentlemen should retrace much of the ground

that had been gone over by me, and so it has happened that

many of their discoveries had been anticipated by my own re

searches ; still, the very honorable way in which they, from time

to time, placed before me the results of their discoveries, entitles

them to my warmest thanks and to my highest esteem. It was

always my belief that a certain ratio would be found between

the several parts of a telephone, and that the size of the instru

ment was immaterial ; but Professor Peirce was the first to de

monstrate the extreme smallness of the magnets which might be

employed. And here, in order to show the parallel lines in

which we were working, I may mention the fact that two or

three days after I had constructed a telephone of the portable

form (fig. 55), containing the magnet inside the handle, Dr.

Channing was kind enough to send me a pair of telephones of

a similar pattern, which had been invented by the Providence

experimenters. The convenient form of mouthpiece shown in
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fig. 55, now adopted by me, was invented solely by my friend,

Professor Peirce. I must also express my obligations to my

friend and associate, Mr. Thomas A. Watson, of Salem, Massa

chusetts, who has for two years past given me his personal assist

ance in carrying on my researches.

In pursuing my investigations I have ever had one end in

view—the practical improvement of electric telegraphy—but I

have come across many facts which, while having no direct bear

ing upon the subject of telegraphy, may yet possess an interest

for you. 1

For instance, I have found that a musical tone proceeds from

a piece of plumbago or retort carbon when an intermittent cur

rent of electricity is passed through it, and I have observed the

most curious audible effects produced by the passage of reversed

intermittent currents through the human body. A rheotome

was placed in circuit with the primary wires of an induction coil,

and the fine wires were connected with two strips of brass. One

of these strips was held closely against the ear, and a loud sound

proceeded from it whenever the other slip was touched with the

other hand. The strips of brass were next held one in each

hand. The induced currents occasioned a muscular tremor in

the fingers. Upon placing my forefinger to my ear a loud

crackling noise was audible, seemingly proceeding from the fin

ger itself. A friend who was present placed my finger to his

ear, but heard nothing. I requested him to hold the strips him

self, He was then distinctly conscious of a noise (which I was

unable to perceive) proceeding from his finger. In this case a

portion of the induced currents passed through the head of the

observer when he placed his ear against his own finger, and it

is possible that the sound was occasioned by a vibration of the

surfaces of the ear and finger in contact

When two persons receive a shock from a Ruhmkorff's coil by

clasping hands, each taking hold of one wire of the coil with

the free hand, a sound proceeds from the clasped hands. The

1 Sets Researches in Telephony. Trans, of American Acad, of Arts and Sciences,

vol. xii, p. 1.
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effect is not produced when the hands are moist When

either of the two touches the body of the other a loud sound

comes from the parts in contact When the arm of one is

placed against the arm of the other, the noise produced can be

heard at a distance of several feet In all these cases a slight

shock is experienced so long as the contact is preserved. The

introduction of a piece of paper between the parts in contact

does not materially interfere with the production of the sounds,

but the unpleasant effects of the shock are avoided.

When an intermittent current from a Ruhmkorff's coil is

passed through the arms a musical note can be perceived

when the ear is closely applied to the arm of the person experi

mented upon. The sound seems to proceed from the muscles of

the fore-arm and from the biceps muscle. Mr. Elisha Gray1 has

 

Fig. 55.

also produced audible effects by the passage of electricity

through the human body.

An extremely loud musical note is occasioned by the spark of

a Ruhmkorff's coil when the primary circuit is made and broken

with sufficient rapidity. When two rheotomes of different pitch

are caused simultaneously to open and close the primary circuit

a double tone proceeds from the spark.

A curious discovery, which may be of interest to you, has

been made by Professor Blake. He constructed a telephone in

which a rod of soft iron, about six feet in length, was used

instead of a permanent magnet A friend sang a continuous

musical tone into the mouthpiece of a telephone, like that shown

1 Elisha Gray. Eng. Pat. Spec, No. 2040, Aug., 1874.
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in fig. 55, which was connected with the soft iron instrument

alluded to above. It was found that the loudness of the sound

produced in this telephone varied with the direction in which

the iron rod was held, and that the maximum effect was pro

duced when the rod was in the position of the dipping needle.

This curious discovery of Professor Blake has been verified by

myself.

When a telephone is placed in circuit with a telegraph line

the telephone is found seemingly to emit sounds on iis own

account The most extraordinary noises are often produced, the

causes of which are at present very obscure. One class of

sounds is produced by the inductive influence of neighboring

wires and by leakage from them, the signals of the Morse

alphabet passing over neighboring wires being audible in the

telephone, and another class can be traced to earth currents upon

the wire, a curious modification of this sound revealing the

presence of defective joints in the wire.

Professor Blake informs me that he has been able to use the

railroad track for conversational purposes in place of a tele

graph wire, and he further states that when only one telephone

was connected with the track the sounds of Morse operating

were distinctly audible in the telephone, although the nearest

telegraph wires were at least forty feet distant

Professor Peirce has observed the most curious sounds pro

duced from a telephone in connection with a telegraph wire

during the aurora borealis, and I have just heard of a curious

phenomenon lately observed by Dr. Channing. In the city of

Providence, Rhode Island, there is an overhouse wire about one

mile in extent with a telephone at either end. On one occasion

the sound of music and singing was faintly audible in one of

the telephones. It seemed as if some one was practicing vocal

music with a pianoforte accompaniment. The natural supposi

tion was that experiments were being made with the telephone

at the other end of the circuit, but upon inquiry this proved not

to have been the case. Attention having thus been directed to

the phenomenon, a watch was kept upon the instruments, and
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upon a subsequent occasion the same fact was observed at both

ends of the line by Dr. Channing and his friends. It was proved

that the sounds continued for about two hours, and usually com

menced about the same time. A searching examination of the

line disclosed nothing abnormal in its condition, and I am

unable to give you any explanation of this curious phenomenon.

Dr. Channing has, however, addressed a letter upon the subject

to the editor of one of the Providence papers, giving the names

of such songs as were recognized, with full details of the obser

vations, in the hope that publicity may lead to the discovery of

the performer, and thus afford a solution of the mystery.

My friend Mr. Frederick A. Grower communicated to me a

curious observation made by him regarding the slight earth con

nection required to establish a circuit for the telephone, and

together we carried on a series of experiments with rather start

ling results. We took a couple of telephones and an insulated

wire about 100 yards in length into a garden, and were enabled

to carry on conversation with the greatest ease when we held in

our hands what should have been the earth wire, so that the con

nection with the ground was formed at either end through our

bodies, our feet being clothed with cotton socks and leather

boots. The day was fine, and the grass upon which we stood

was seemingly perfectly dry. Upon standing upon a gravel

walk the vocal sounds, though much diminished, were still per

fectly intelligible, and the same result occurred when standing

Tipon a brick wall one foot in height, but no sound was audible

when one of us stood upon a block of freestone.

One experiment which we made is so very interesting that I

must speak of it in detail. Mr. Grower made earth connection

at his end of the line by standing upon a grass plot, whilst at

the other end of the line I stood upon a wooden board. I re

quested Mr. Gower to sing a continuous musical note, and to

my surprise the sound was very distinctly audible from the tele

phone in my hand. Upon examining my feet I discovered that

a single blade of grass was bent over the edge of the board, and

that my foot touched it The removal of this blade of grass
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was followed by the cessation of the sound from the telephone,

and I found that the moment I touched with the toe of my

boot a blade of grass or the petal of a daisy the sound was

again audible.

The question will naturally arise, Through what length of

wire can the telephone be used ? In reply to this I may say

that the maximum amount of resistance through which the un-

dulatory current will pass, and yet retain sufficient force to pro

duce an audible sound ;it the distant end, has yet to be deter

mined ; no difficulty, has, however, been experienced in labora

tory experiments in conversing through a resistance of 60,000

ohms, which has been the maximum at my disposal. On one

occasion, not having a rheostat at hand, I may mention having

passed the current through the bodies of sixteen persons, who

stood hand in hand. The longest length of real telegraph line

through which I have attempted to converse has been about 250

r~A jg

Fig. 56.

miles. On this occasion no difficulty was experienced so long

as parallel lines were not in operation. Sunday was chosen as

the day on which it was probable other circuits would be at

rest Conversation was earned on between myself, in New

York, and Mr. Thomas A. Watson, in Boston, until the opening

of business upon the other wires. When this happened the vocal

sounds were very much diminished, but still audible. It seemed,

indeed, like talking through a storm. Conversation, though pos

sible, could be carried on with difficulty, owing to the distracting

nature of the interfering currents.

I am informed by my friend Mr. Preece that conversation has

been successfully carried ^on through a submarine cable, sixty

miles in length, extending from Dartmouth to the Island of
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Guernsey, by means of hand telephones similar to that shown

in fig. 56."

At the conclusion of the lecture complimentary remarks were

made by the President and various other members who were

present, and a cordial vote of thanks was extended to Professor

Bell for his very philosophical and entertaining discourse. We

reproduce a portion of the remarks made by Mr. Preece :

"While on the one part Professor Bell has placed in our

hands, to a certain extent, a new power, he has, on the other

hand, thrown upon our shoulders an extra weight The poor

telegraph engineer has now to master many sciences. Not only

must he know something of electricity and magnetism—not only

must he know a good deal of chemistry—not only must he pass

through various stages of mathematical knowledge, but now,

thanks to Professor Bell, he is obliged to be master of the in

tricacies of acoustics. I do not blame him, because the study

of sound is in itself a beautiful occupation, and when it becomes

linked to one's profession it becomes almost a luxury.

Professor Bell alluded to the fact that expectancy led him in

his first telephone to anticipate what was said. I will give you

an illustration of the effect of expectancy. It was my pleasure,

on a recent occasion, to exhibit the telephone before a very large

audience. Many learned men were present There is one very

remarkable feature of a learned meeting. When you call upon

a learned member to make a learned remark he frequently

makes a foolish one. Now, I selected one of the leading scien

tific men of the day, and placed the telephone in his hand. It

was in connection with a similar instrument fifty-five miles

away. Of course we expected to hear from him some learned

axiom, some sage aphorism or some wonderful statement ; but,

after some hesitation, he said : ' Hey diddle diddle—follow

that up.' He rapidly put the telephone up to his ear and an

nounced with much glee, 'He says, cat and the fiddle.' Fifty

miles off my assistant was answering the question. I asked him

next day if he understood 'Hey diddle diddle.' He said 'No.'

' 'What did you say ?' ' I asked him to repeat !' "



CHAPTER TIL

THK TELEPHONE ABROAD.

1 Op all modern inventions connected with the transmission of

telegraphic signals, the telephone, devised by Mr. Alexander

Graham Bell, has excited the most widespread interest and won

der. Wherever Mr. Bell has appeared before the public to give

an account of his invention and the researches which have led

up to it, crowds have assembled to hear him. Nor is this

astonishing; for the telephone professes not only to convey

intelligible signals to great distances without the use of a bat

tery, but to transmit in fac-simile the tones of the human voice,

so that a voice shall be as certainly recognized when heard over

a distance of a few hundreds of miles as if its owner were speak

ing in the room by our side. And the telephone does not fall

short of its profession. Scientific men have had their wonder

and curiosity aroused even more than the unscientific public,

since a scientific man appreciates the enormous difficulties to be

overcome before such an instrument can be realized. Had any

hardy speculator a few years ago proposed a telephone which

should act on the principle, and be constructed in the form, of

Mr. Bell's instrument, he would probably have been considered

a lunatic.3 The effects are so marvellous ; the exciting causes at

first sight so entirely inadequate to produce them. For a tele

phonic message differs as widely from an ordinary telegraphic

message as a highly finished oil painting differs from a page of

print In the one you have only white and black—black sym

bols on a white ground—the symbols being limited in number,

and recurring again and again with mere differences of order.

The painting, on the other hand, discloses every variety of color

and arrangement No sharp lines of discontinuity offend the

eye : on the contrary, the tints shade off gradually and softly

1 From the Westminder Review. 8 See Bailie's prediction, page 47.



84 THE SPEAKING TELEPHONE.

into each other, presenting tone and depth in endless variety.

The page of print is unintelligible without the aid of a key ; the

painting tells its story plainly enough to any one who has eyes

to see.

Let us inquire for a moment what is the nature of the appar

atus which we have been using for the last thirty or forty years

for the transmission of telegraphic signals. The instruments

chiefly employed have been the single needle telegraph and the

Morse instrument In the former a coil of wire surrounds a

magnetized needle, which is suspended in a vertical position.

When an electrical current passes through the coil, the needle is

deflected to right or left, according to the direction of the cur

rent The sender, by means of a handle, can pass either positive

or negative currents into the circuit The right and left deflec

tions of the needle are combined in various ways to form the

letters of the alphabet, and the letters form words. Thus, at

the sending station a message is broken up into little bits, each

bit or part of a bit transmitted separately, and the process of

building these up again performed at the receiving station.

Some of the letters of the alphabet are indicated by a single

movement of the needle, that is, by a single current ; for others,

as many as four are required.

In the Morse instrument only one current is utilized, which

may be either positive or negative, and the requisite variety

is obtained by allowing the current to pass through the cir

cuit for a longer or shorter interval. The essential part

of the instrument consists of an electro-magnet with an iron

armature attached to one end of a lever. At the other end

of the lever is a pointer or pencil, and a paper ribbon moves at

a constant rate in front of the end of the pointer. When the

coils of the electro-magnet are traversed by a current, the iron

armature is attracted, and the pointer comes in contact with the

paper ribbon, on which it makes a mark, long or short, according

to the duration of the current Thus are produced the dots and

dashes. These are combined in a similar way to the right and

left movements of the needle in the needle instrument In some
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of the more refined instruments letters are indicated and even

printed directly at the receiving station. This is, of course, a

great simplification ; but with such arrangements we cannot have

more than this. The page of print represents the limit of what

such instruments and methods can do for us. It is true that a

skilled operator with the Morse instrument can interpret the sig

nals as they arrive without looking at the marks on the paper,

simply by using his ears. Every time the circuit is made or

broken a click is heard, and long practice has taught him to rely

on the evidence of his ears with as much confidence as one less

accustomed to the work would trust his eyes. Nevertheless, he

hears only a succession of clicks, which must be interpreted

before they become intelligible to any one but himself.

In these forms of apparatus, it will be observed, the currents

are intermittent; each current, circulating through the coil, is

followed by an interval of rest They begin and end abruptly,

and all perform the same kind of work ; that is, they deflect a

needle, or produce marks on a piece of paper. Telephonic cur

rents, on the other hand, rise and fall, ebb and flow, change in

intensity within comparatively wide limits, but preserve their

continuity so long as continuous sounds are being uttered in the

neighborhood of the telephone. They are called undulatory

currents, to distinguish them from the intermittent currents of

the ordinary telegraphic apparatus ; and their peculiar character

is an essential feature of the telephone.

No skill or training is required for the effective use of the

telephone. The operator has merely to press the instrument to

his ear to hear distinctly every sound transmitted from the dis

tant end. For this, it is true, an effort of attention is required,

and some persons use the instrument at the first trial with more

success than others. Individuals differ in the facility with which

they are able to concentrate their attention on one ear, so as to

be practically insensible to what goes on around them. But this

habit of attention is readily acquired, and when it is once

acquired the telephone may be used by any one who has ears

to hear and a.tongue to speak. In sending a message, the instru
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ment is held about an inch in front of the mouth, and the sender

merely talks into the mouthpiece in his ordinary, natural man

ner. The words are repeated by the instrument at the other end

of the circuit with the same pitch, the same cadences, and the

same relative loudness. But what strikes one the most is that

the character of the speaker's voice is faithfully preserved and

reproduced. Thus one voice is readily distinguished from

another. No peculiarity of inflection is lost Nor is this

result effected over short distances only. No doubt a sen

tence will be heard with diminishing distinctness as it comes

over an increasing distance. In this country experiments have

not yet been made, so far as we know, over very long dis

tances; but Mr. Bell states that he carried on a conversation

without any difficulty between Boston and New York, two hun

dred and fifty-eight miles apart, through an ordinary telegraph

wire. A man's breathing was distinctly heard one hundred and

forty-nine miles away. At the Newport torpedo station, in

Rhode Island, speaking was carried on through a line including

five miles of submerged cable and an equal length of land wire.

Resistance coils were added two thousand ohms at a time, until

twelve thousand ohms were introduced into the circuit, without

interfering with the transmission of speech. The importance of

this test will be understood when it is remembered that the re

sistance of the Atlantic cable is equal to seven thousand ohms

only. 1 The experiments at Newport were continued by the addi

tion of a total resistance of thirty thousand ohms, but beyond

twelve thousand ohms, the sound was found to diminish in inten

sity. Mr. Bell states that the maximum amount of resistance

through which the undulating current will pass, and yet retain

sufficient force to produce an audible sound at the distant end,

i It by no means follows, as the writer would lead us to infer, that the telephone

can bo used to transmit articulate speech through extended lengths of cable simply

becauso it has served well, under very dissimilar circumstances, to communicate

through an equivalent resistance of artificial line. The laws regarding the phenom

enon of inductive retardation in long ocean cables, like those across the Atlantic,

hold good for currents produced by the telephone as well as for currents derived

from any other source whatever.
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has yet to be determined. In the laboratory he has conversed

through a resistance of sixty thousand ohms. There is a prac

tical difficulty in transmitting telephonic signals through a tele

graph wire running parallel to a number of other wires which

are being nsed for ordinary telegraphic purposes. Induction

currents are produced in the telephone wire, which greatly inter

fere with the distinctness of the sounds. The difficulty is said

to be overcome by having an extra return wire, instead of util

izing the earth for a part of the circuit, as is ordinarily done.

The two wires are put side by side in close proximity, and the

detrimental effect of the inductive currents is thus partially or

entirely disposed of. The following extract from a letter which

appeared in the Daily News a few weeks ago shows that induc

tive action, when the parallel circuits are not numerous, does not

seriously interfere with the transmission of speech :

The experiments with the telephone were made by me upon

the cable lying between Dover and Calais, which is twenty-one

and three-quarter miles long. Several gentlemen and ladies

were present, and conversed in French and English with a second

party in France for upwards of two hours. There was not the

slightest failure during the whole tune. I was only using one

wire. The other three (it is a four wire cable) were working di

rect with London and Paris, Calais and Lille. I could distinctly

hear the signals by the three wires on the telephone , and at

times, when but one of the three wires was working, I could

decipher the Morse signals, and read a message that was passing

from Glasgow to Pans. Yet when all the three wires were

working simultaneously, the telephone sounds were easily and

clearly distinguishable above the click of the signals . I hap

pened to know several of the party in France, and was able to

recognize their voices. They also recognized mine, and told us

immediately a lady spoke that it was a female voice. When

making some trials upon a line three fourths of a mile long, I

arranged a musical box (the tones of which are very feeble) un

der the receiver of an air-pump, the top of the receiver being-

open. Upon this opening I placed the telephone, and every
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note came out at the second end so clearly as to enable those who

were present to name the tune that was played. Unfortunately

we had not the same means in France, but simply held the

mouth of the telephone close to the box, and some of the notes

were audible, but not so perfect as on the short line. One young

lady burst out laughing the moment she placed the instrument

to her ear, and exclaimed, "Some one is whistling, 'Tommy,

make way for your uncle !' " As my correspondent and myself

had had a little practice, we were, without the slightest difficulty,

able to talk in our usual manner, without any strain upon the

voice or any unnatural lengthening of syllables. We were not

able to hear breathing, in consequence of the continued pecking

caused by induction from other wires.

The construction of the telephone (fig. 57) is remarkably simple.

 

Fig. 57.

It consists of a steel cylindrical magnet, about five inches long

and three eighths of an inch in diameter, encircled at one ex

tremity by a short bobbin of wood or ebonite, on which is wound a

quantity of very fine insulated copper wire. The magnet and

coil are contained in a wooden cylindrical case. The two ends

of the coil are soldered to thicker pieces of copper wire, which

traverse the wooden envelope from one end to the other, and

terminate in the binding screws at its extremity. Immediately

in front of the magnet is a thin circular iron plate, which is kept

in its place by being jammed between the main portion of the

wooden case, and a wooden cap carrying the mouth or ear

trumpet These two parts are screwed together. The latter is

cut away at the centre, so as to expose a portion of the iron plate,
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about half an inch in diameter. In the experiments which Mr.

Bell has carried out in order to determine the influence of the vari

ous parts of the telephone on the results produced, and their rela

tions to each other when the best effects are obtained, he employed

iron plates of various areas and thicknesses, from boiler plate

three-eighths of an inch in thickness to the thinnest plate pro

curable. Wonderful to relate, it appears that scarcely any plate

is too thin or too thick for the purpose, but the best thickness is

that of the ferrotype plate used by photographers. Thin tin

plate also answers very well The iron plate is cut into the form

of a disk, about two inches in diameter, and is placed as near as

possible to the extremity of the steel magnet without actually

touching it ; the effect of this position being that, while the in

duced magnetism of the plate is considerable, it is susceptible to

very rapid changes, owing to the freedom with which the plate

can vibrate. The dimensions of the various parts of the instru

ment here given are found to be convenient, but they are by

no means essential. Good results have been obtained by means

of a magnet only an inch and a half long, and a working instru

ment need not be too large for the waistcoat pocket There is no

difference between the transmitting and the receiving telephone ;

each instrument serves both purposes. Nevertheless, in order to

avoid the inconvenience of shifting the instrument backwards

and forwards between the ear and the mouth, it is better to have

two on the circuit at each station. The operator then holds one

permanently to his ear, while he talks with the other.

It will not be supposed that the idea of this marvellously

simple piece ot apparatus was evolved ready formed from the

inventor's brain : very far otherwise. It is the final outcome of a

long scries of patient researches carried out by Mr. Bell in the

most skilful and philosophical manner, in which one modifica

tion suggested another, accessory after accessory was discarded,

and finally the instrument was pruned down to its present form

and dimensions. Telephones have been long known. A few

years ago a simple arrangement whereby articulate sounds could

be transmitted over a distance of fifty or sixty yards, or even fur
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thev, could l)e bought in the streets for a penny. It consisted of

a pair of pill boxes, the bottoms of which were connected by a

pirns of string stretched tight, while over the mouth of each was

pasted tissue paper. On speaking to one of the pill boxes the

tissue paper and enclosed air were set in vibration. The vibra

tions so produced were communicated to the thread and trans

mitted to the distant pill box, which was held close to the ear,

where they affected the air in such a way as to reproduce the

original sounds. The simple apparatus was more effective than

would be at iirst imagined. Electric telephones were devised in

this country about the same time that the telegraph was intro

duced, but the best of them dilfered widely from the modern in

strument They were capable of conveying to a distance sounds

of various pitch, so that the succession of notes constituting a

melody could be reproduced many miles away, but the special

character of the voice by which the melody was originated was

entirely lost 1 Now the great interest which attaches to Mr.

Bell's telephone, and the intense wonder and curiosity it has

aroused, are due to its power of conveying absolutely unaltered

every peculiarity of voice or musical instrument A violin note

reappears as a violin note ; it cannot be mistaken for anything

else. And in the case of a human voice, it is not less easy to

distinguish one speaker from another than it would be if the

speakers were in the room close by instead of being miles or

even hundreds of miles away. This is the charm of the new

telephone; this it is which renders it immeasurably superior to

anything of the kind which preceded it

Mr. Bell's researches in electric telephony began with the arti

ficial production of musical sounds, suggested by the work in

which he was then engaged in Boston, viz: teaching the deaf

and dumb to speak. Deaf mutes are dumb merely because

they are deaf. There is no local defect to prevent utterance,

and Mr. Bell has practically demonstrated by two thousand of

1 Reiss's telephone was the first invention which eould accomplish tho result

here- stated, ami this was invented in (ieriuany, in 1*11. See description of Keiss's

telephone, page 9.
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his own pupils that when the deaf and dumb know how to con

trol the action of their vocal organs, they can articulate with

comparative facility. Striving to perfect his system of teaching,

it occurred to Mr. Bell that if, instead of presenting to the eye

of the deaf mute a system of symbols, he could make visible

the vibrations of the air, the apparatus might be used as a means

of teaching articulation. In this part of his investigations Mr.

Bell derived great assistance from the phonautograph. He suc

ceeded in vibrating by the voice a style of wood, about a foot in

length, attached to the membrane of the phonautograph ; and

with this he obtained enlarged tracings of the vibrations of the

air, produced by the vowel sounds, upon a plane surface of

smoked glass. Mr. Bell traced a similarity between the manner

in which this piece of wood was vibrated by the membrane

of the phonautograph and the manner in which the ossicula)

of the human ear were moved by the tympanic membrane.

Wishing to construct an apparatus closely resembling the

human ear, it was suggested to him by Dr. Clarence J.

Blake, a distinguished aurist of Boston, that the human ear

itself would be still better, and a specimen was prepared. Our

readers are aware that the tympanic membrane of the ear is con

nected with the internal ear by a series of little bones called res

pectively the malleus, the incus and the stapes, from their pecu

liar shapes, and that by their means the vibrations of the tympanic

membrane are communicated to the internal ear and the audi

tory nerves. Mr. Bell removed the stapes and attached to the

end of the incus a style of hay about an inch in length. Upon

singing into the external artificial ear, the style of hay was thrown

into vibration, and tracings were obtained upon a plane surface

of smoked glass passed rapidly underneath. The curves so ob

tained are of great interest, each showing peculiarities of its own

dependent upon the vowel sound that is sung. Whilst engaged

in these experiments Mr. Bell's attention was arrested by observ

ing the wonderful disproportion which exists between the size

and weight of the membrane—no thicker than tissue paper—

and the weight of the bones vibrated by it, and he was led to
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inquire whether a thicker membrane might not be able to vibrate

a piece of iron in front of an electro-magnet The experiment

was at once tried. A piece of steel spring was attached to a

stretched membrane of gold beaters skin and placed in front of

the pole of the magnet This answered very well, but it was

found that the action of the instrument was improved by in

creasing the area of metal, and thus the membrane was done

away with and an iron plate substituted for it It was important

at the same time to determine the effect produced by altering the

strength of the magnet ; that is, of the current which passed

round the coils. The battery was gradually reduced from fifty

cells to none at all, and still the effects were observed, but in a

less marked degree. The action was in this latter case doubtless

due to residual magnetism : hence, in the present form of appar

atus a permanent magnet is employed. Lastly, the effect of

varying the dimensions of the coil was studied, when it was

found that the sounds became louder as its length was dimin

ished ; a certain length was, however, ultimately reached, beyond

which no improvement was effected, and it was found to be only

necessary to enclose one end of the magnet in the coil of wire.

Such was the instrument that Mr. Bell sent to the Centennial

Exhibition at Philadelphia. The following is the official report

of it, signed by Sir William Thomson and others :

Mr. Alexander Graham Bell exhibits an apparatus by which

he has achieved a result of transcendent scientific interest—a trans

mission of spoken words by electric currents through a telegraph

wire. To obtain this result Mr. Bell perceived that he must pro

duce a variation of strength of current as nearly as may be in

exact proportion to the velocity of a particle of air moved by the

sound, and he invented a method of doing so—a piece of iron

attached to a membrane (fig. 58), and thus moved to and fro in

the neighborhood of an electro-magnet, which has proved per

fectly successful. The battery and wire of this electro-magnet are

in circuit with the telegraph wire and the wire of another electro

magnet at the receiving station. This second electro-magnet has

a solid bar of iron for core which is connected at one end by a
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thick disk of iron to an iron tube surrounding the coil and bar.

The free circular end of the tube constitutes one pole of the

electro-magnet, and the adjacent free end of the bar core the

other. A thin circular iron disk, held pressed against the end of

the tube by the electro-magnetic attraction and free to vibrate

through a very small space without touching the central pole,

constitutes the sounder by which the electric effect is reconverted

 

Fig. 58.

into sound (fig. 59). With my ear pressed against this disk. I

heard it speak distinctly several sentences. I need scarcely say

1 was astonished and delighted. So were others, including some

judges of our group, who witnessed the experiments and verified

with their own ears the electric transmission of speech. This,

perhaps, the greatest marvel hitherto achieved by the electric

 

Fig. 09.

telegraph, has been obtained by appliances of quite a homespun

and rudimentary character. With somewhat more advanced

plans and more powerful apparatus, we may confidently ex

pect that Mr. Bell will give us the means of making the voice

and spoken words audible through the electric wire to an eaa'

hundreds of miles distant

The present form of instrument, which is now being manu
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factum! in large numbers by the Silvertown Company, does not

essentially differ from that reported on so enthusiastically by

Sir 'William Thomson. Only it is more simple in construction

and more handy.

Before attempting any explanation of the action of the tele

phone, it may be well to draw the attention of our readers to the

special characteristics of the human voice, and to those peculiari

ties which distinguish one musical note from another. What

ever the differences in question may depend upon, it is certain

that they are transmitted and reproduced in the telephone with

unerring fidelity, and it is, therefore, important that we should

understand their nature and origin. Take a tuning fork and set

it in vibration by striking or drawing a violoncello bow across

its prongs. The fork yields its own proper note, which will be

loud or the reverse, according as the fork has been struck ener

getically or lightly. 80 long as we use one fork only it is obvious

that the only variation which can be produced in the sound is a

variation of intensity. If the extent of vibration be small, the

resulting sound is feeble ; its loudness increases with the excur

sion of the prongs. What is true of the tuning fork is true of

any other musical instrument, and hence, generally, the loudness

of a musical sound depends upon the amplitude of vibration of

that which produced it Now, take two similar tuning forks of

different pitch, and suupose that one is exactly an octave above

the other. They may be excited in such a way that the notes

emitted are of equal loudness, and then the only respect in which

they differ from each other is in pitch. The pitch of a fork de

pends upon its rate of vibration. It is comparatively easy with

suitable apparatus to measure the rate of vibration of a tuning

fork, and were we to test the two forks in question, it would be

found that that giving the higher note vibrates exactly twice as

fast as the other. If the one performs a hundred oscillations in

a second, the other which is an octave above, completes two

hundred in the same interval of time. Thus, the pitch of a note

yielded by a tuning fork depends upon its rate of vibration, and

on nothing else, and the same is true of a piano-forte wire, the
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air in an organ pipe, a harmonium reed, etc. We have now ac

counted for two of the characteristics of a musical note, its loud

ness and its pitch ; but there is a third, equally, if not more im

portant, and by no means so simple of explanation. We refer

to what is usually spoken of in English books on acoustics as

the quality of the note ; the French call it timbre and the Ger

mans klangfarbe. It is that which constitutes the difference be

tween a violin and an organ, or between an organ and a piano

forte, or between two human voices ; indeed between any two

musical sounds which are of the same pitch and loudness, but

are still distinguishable from each other. In order to explain the

physical cause of quality, we will suppose we have a thin metallic

wire about a yard long stretched between two points over a

sounding board. When plucked at its centre the wire vibrates

as a whole , the two ends are points of rest, and a loop is formed

between them. The note emitted by the wire when vibrating

in this manner is called its fundamental note. If the wire be

damped at its centre, by laying on it with slight pressure the

feather of a quill pen, and plucked at a point half way between

the centre and one end, both halves will vibrate in the same

manner, and independently of each other. That is to say, there

will be two equal vibrating segments and a point of rest or node

at the centre. But the rapidity of vibration of each segment will

be twice as great as that of the wire when vibrating as a whole,

and consequently the note emitted will be the octave of the fun

damental. When damped at a point one third of the length from

either extremity, and plucked half way between that point and

the nearer extremity, the wire will vibrate in three equal divi

sions, just as it vibrates in two divisions in the previous case.

The rate of vibration will be now three times as great as at

first, and the note produced will be a twelfth above the funda

mental. Similarly, by damping and plucking at suitable points

the wire may be made to vibrate in four parts, five parts, six

parts, etc., the rate of vibration increasing to four, five, six,

etc., times what it was at first Let us suppose that when

the wire was swinging as a whole, and sounding its fundamental
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note, the number of oscillations performed in a second was one

hundred. Then we see that by taking suitable precautions the

wire can be made to break up into two, three, four, five, six, etc;,

vibrating segments, the rates of vibration being respectively two

hundred, three hundred, four hundred, five hundred, six hundred,

etc., and the series of notes emitted being the octave above the

fundamental, the fifth above the octave, the double octave, the

third and fifth above the double octave, and so on. We now

come to an important point, which is this—that, the wire being

free, it is practically impossible to strike or pluck it in such a way

as to make it vibrate according to one of the above systems only.

It will vibrate as a whole wherever and however it be struck, but

this mode has always associated with it or superposed upon it

some of the other modes of vibration to which we have just re

ferred. In other words, the fundamental note is never heard

alone, but always in combination with a certain number of its

overtones, as they are called. Each form of vibration called into

existence sings, as it were, its own song, without heeding what is

being done by its fellows, and the consequence is that the sound

which reaches the ears is not simple but highly composite in its

character. The word clang has been suggested to denote such a

composite sound, the constituent simple sounds, of which it is the

aggregate, being called its first, second, third, etc., partial tones.

All the possible partial tones are not necessarily present in a

clang, nor of those which are present are the intensities all the

same. For instance, if the wire be struck at the centre, that point

cannot be a node, but must be a point of maximum disturbance ;

hence all the even partial tones are excluded and only the odd

ones, the first, third, fifth, and so on, are heard.

That characteristic of a musical note or clang, which is called

its quality, depends upon the number and relative intensities of

the partial tones which go to form it The tone of a tuning fork

is approximately simple ; so is that of a stopped wooden organ

pipe of large aperture blown by only a slight pressure of wind.

Such tones sound sweet and mild, but also tame and spiritless.

In the clang of the violin, on the other hand, a large number of
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partial tones are represented ; hence the vivacious and brilliant

character of this instrument The sounds of the human voice

are produced by the vibrations of the vocal chords, aided by the

resonance of the mouth. The size and shape of the cavity of

the mouth may be altered by opening and closing the jaws, and

by tightening or loosening the lips. We should expect that

these movements would not be without effect on the resonance

of the contained air, and such proves on experiment to be the

fact Hence, when the vocal chords have originated a clang

containing numerous well developed partial tones, the mouth

cavity, by successively throwing itself into different postures,

can favor by its resonance first one overtone and then another ;

at one moment this group of partial tones, at another that, In

this manner endless varieties of quality are rendered possible.

Any one may prove to himself, by making the experiment, that

when singing on a given note he can only change from one

vowel sound to another by altering the shape and size of his

mouth cavity.

Having thus briefly indicated the physical causes of the vari

ous differences in musical notes, and the production of sounds

by the organ of voice, we will devote a few moments to consider

how these sounds are propagated through the air and reach the

plate of the telephone. When a disturbance is produced at any

point in an aerial medium, the particles of which are initially at

rest, sonorous undulations spread out from that point in all di

rections. These undulations are the effect of the rapid vibratory

motions of the air particles. The analogy of water waves will

help us to understand what is taking place under these circum

stances. If a stone be dropped into the still water of a pond, a

series of concentric circular waves is produced, each wave con

sisting of a crest and a hollow. The waves travel onwards and

outwards from the centre of disturbance along the surface of the

water, while the drops of water which constitute them have an

oscillatory motion in a vertical direction. That is to say, fol

lowing any radial line, the water particles vibrate in a direction

at right angles to that in which the wave is propagated. The
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distance between two successive crests or two successive hollows

is called the length of the wave ; the amplitude of vibration is

the vertical distance through which an individual drop moves.

In a similar manner sonorous undulations are propagated through

air by the oscillatory motion of the air particles. But there is

this important difference between the two cases, that, in the lat

ter, the vibrating particles move in the same direction in which

the sound is being propagated. Consequently such waves are

not distinguished by alternate crests and hollows, but by alter

nate condensations and rarefactions of the air, the transmission

of which constitutes the transmission of sound. The wave

length is the distance betweeu two consecutive condensations or

rarefactions. It depends upon the pitch of the transmitted sound,

being shorter as the sound is more acute, while the extent of

vibration of the air particles increases with the loudness. Such

are the peculiarities of the vibratory motion in air corresponding

to the pitch and loudness of the transmitted sound. But what

is there in the character of the motion to account for difference

in quality ? A little consideration will show that there is only

one thing left to account for these, and that is the form of the

vibration. Let us mentally isolate a particle of air, and follow

its movements as the sound passes. If the disturbance is a

simple one, produced, say, by the vibration of a tuning fork, the

motion of the air particle will bo simple also, that is, it will

vibrate to and fro like the bob of a pendulum, coming to rest at

each end of its excursion, and from these points increasing in

velocity until it passes its neutral point Such, however, is

clearly not the only mode of vibration possible. If the disturb

ance be produced by a clang comprising a number of partial

tones of various intensities, all excited simultaneously, it is ob

vious that the air particle must vibrate in obedience to every one

of these. Its motion will be the resultant of all the motions due

to the separate partial tones. We may imagine it, starting from

its position of rest, to move forward, then stop short, and turn

back for an instant, then on again until it reaches the end of its

excursion. In returning it may perform the same series of to
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and-fro motions in the opposite direction, or it may move in a

totally different way. Nevertheless, however complex its mo

tion may be—and, as a rule, it will be exceedingly complex—its

periodic character will be maintained. All the tremors and per

turbations in one wave length will recur in all the others.

When sonorous undulations impinge upon the iron plate of

the telephone, the latter is set in vibration. Its particles move

to and fro in some way or other. The complexity of their mo

tion will depend upon that of the air from which it was derived.

But for the sake of simplicity we will assume that the plate has

a simple pendulous motion. It will be remembered that the iron

plate is placed quite close to, but not quite in contact with, the

extremity of the steel magnet It becomes, therefore, itself a

magnet by induction ; and, as it vibrates, its magnetic power is

constantly changing, being strengthened when it approaches the

magnetic core, enfeebled as it recedes. Again, when a magnet

moves in the neighborhood of a coil of wire, the ends of which

are connected together, an electrical current is developed in the

coil, whose strength depends upon the rapidity with which, and

the distance through which, the magnet moves. In the telephone

then, as the plate moves towards the coil, a current is induced in

the latter which traverses the whole length of wire connecting it

with the distant instrument ; the plate returning, another current

with reversed sign follows the first The intensity of these cur

rents depends, as we have said, on the rapidity with which these

movements are effected, but is largely influenced also by the

fact that the plate does not retain a constant magnetic strength

throughout its excursions. Under the assumption we have made

with respect to the simplicity of the plate's motion, it follows

that the induced currents, alternately positive and negative, fol

low each other in a uniform manner, and with a rapidity corre

sponding to the pitch of the exciting note. These currents pass

along the circuit, and circulate round the coil of the distant tele

phone. There they modify the magnetic relations between the

steel magnetic core and the iron plate in such a way that one

current—say the positive—attracts the plate, while the other
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—the negative—repels it And since the arriving currents fol

low each other, first positive and then negative, with perfect

regularity, the plate will also vibrate in a uniform manner, and

will perform the same number of vibrations per second as did

the plate of the sending instrument Hence the sound heard

will be an exact copy, except as to loudness, of that produced at

the sending station. Having thus followed the sequence of

phenomena in this simple case, we are enabled to extend our

explanation to the case in which composite sounds of more or

less complexity—vowel sounds and speech—are transmitted.

We are compelled to admit that every detail in the motion of an

air particle, every turn and twist, must be passed on unaltered to

the iron membrane, and that every modification of the motion of

the membrane must have its counterpart in a modification of the

induced currents. These, in their turn, affecting the iron plate

of the receiving telephone, it follows that the plates of the two

telephones must be vibrating in an absolutely identical manner.

We can thus follow in a general manner the course of the

phenomena, and explain how air vibrations are connected with

the vibrations of a magnetic plate—how these latter give rise to

electrical currents, which, passing over a circuit of hundreds of

miles, cause another magnetic plate to vibrate, every tremor in

the first being reproduced in fac-simile in the second, and thus

excite sonorous undulations which pass on to the ear. We can

understand all this in a general way, but we are not the less lost

in wonder that the sequence of events should be what it is.

That a succession of currents could be transmitted along a tele

graph wire without the aid of a battery, that, by simply talking

to a magnetic membrane in front of a coil of wire, the relations

of the magnetic field between the two could be so far modified

as to produce in the coil a succession of electrical currents of

sufficient power to traverse a long circuit, and to reproduce a

series of phenomena identical with those by which the currents

were brought into existence, would have been a few years ago

pronounced an impossibility. A man would have been derided

who proposed an instrument constructed on such principles.
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Nevertheless, here it is realized in our hands. We can no longer

doubt, we can only wonder, and admire the sagacity and pa

tience with which Mr. Bell has worked out his problem to a suc

cessful issue.

1 The articulating telephone of Mr. Graham Bell, like those of

Reiss and Gray, consists of two parts, a transmitting instrument

 

Fig. 60.

and a receiver, and one cannot but be struck at the extreme

simplicity of both instruments ; so simple, indeed, that were it

not for the high authority of Sir William Thomson, one might

be pardoned at entertaining some doubts of their capability of

producing such marvellous results.

The transmitting instrument, which is represented in fig. 60,

 

Fig. 61.

consists of a horizontal electro-magnet, attached to a pillar about

2 inches above a horizontal mahogany stand ; in front of the poles

of this magnet—or, more correctly speaking, magneto-electric

inductor—is fixed to the stand in a vertical plane a circular brass

ring, over which is stretched a membrane, carrying at its centre

a small oblong piece of soft iron, which plays in front of the in-

1 Engineering, 1877.
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ductor magnet whenever the membrane is in a state of vibration.

This membrane can be tightened like a drum by the three mill

headed screws shown in the drawing. The ends of the coil sur

rounding the magnet terminate in two binding-screws, by which

the instrument is put in circuit with the receiving instrument,

which is shown in fig. 61. This instrument is nothing more

than one of the tubular electro-magnets invented by M. Nicies

in the year 1852, but which has been reinvented under various

fancy names several times since. It consists of a vertical bar

electro-magnet inclosed in a tube of soft iron, by which its mag

netic field is condensed and its attractive power within that area

increased. Over this is fixed, attached by a screw at a point

near its circumference, a thin sheet iron armature, of the thick

ness of a sheet of cartridge paper, and this, when under the

influence of the transmitted currents, acts partly as a vibrator

and partly as a resonator. The magnet with its armature is

mounted upon a little bridge, which is attached to a mahogany

stand similar to that of the transmitting instrument

The action of the apparatus is as follows : When a note or a

word is sounded into the mouthpiece of the transmitter, its mem

brane vibrates in unison with the sound, and in doing so carries

the soft iron inductor attached to it backwards and forwards in

presence of the electro-magnet, inducing a series of magneto-elec

tric currents in its surrounding helix, which are transmitted by

the conducting wire to the receiving instrument, and a corre

sponding vibration is therefore set up in the thin iron armature

sufficient to produce sonorous vibrations, by which articulated

words can be distinctly and clearly recognized. In all previous

attempts at producing this result the vibrations were produced

by a make and break arrangement; so that, while the number of

vibrations per second, as well as the time measures, were correctly

transmitted, there was no variation in the strength of the cur

rent, whereby the quality of tone was also recorded. This de

fect did not prevent the transmission of pure musical notes, nor

even the discord produced by a mixture of them, but the com

plicated variation of tone, of quality, and of modulation, which
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make up the human voice, required something more than a mere

isochronism of vibratory impulses.

In Mr. Bell's apparatus not only are the vibrations in the

receiving instrument isochronous with those of the transmitting

membrane, but they are, at the same time, similar in quality to

the sound producing them ; for, the currents being induced by an

inductor vibrating with the voice, differences of amplitude of

vibration cause differences in strength of the impulses, and the

articulate sound as of a person speaking is produced at the other

end.

1 The telephone has been regarded as a toy, or a curiosity to be

played with ; but, while it is undoubtedly extremely interesting

as a novelty, it is very much more than this ; it is, scientifically

and practically, a great success. There are, undoubtedly, diffi

culties in its use, but, considering that it is a contrivance but of

yesterday, the wonder is that it is so perfect

When a telegraphist first gets into his hand this beautifully

simple and electrically delicate instrument, his first inclination is

to test its carrying power. This is, of course, a closet experiment,

not working with actual telegraph line, but with a resistance coil

equivalent to a telegraph line of stated length. An experiment

of this nature gives better results than could be obtained by a

veritable line, because the insulation is, so to speak, perfect No

leakage at undesigned points of contact, or disturbance from un

favorable atmospheric conditions, is felt, and the experiment is

entirely under the observer's control. The apparatus used is

designed to offer the same labor for the electric current to over

come as would be offered by a stated length of outside telegraph

line. This artificial resistance is nicely graduated, and, as the

method of testing was suggested by Ohm, a German electrician,

the unit of resistance is termed an ohm. Removing the tele

phone to such a distance that the two observers were out of ear

shot, the test with resistance was tried, and with a resistance of

1,000 ohms—roughly speaking, equal to seventy miles of a well

constructed line—the sound was perfect, although not very loud.

i Chambers' Journal.
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Every articulation of the speaker at the other end could he dis

tinguished so long as silence was maintained in the room, or so

long as no heavy lorry rumbling over the stones outside sent in

no harsh noise which drowned the faint whisper of the instru

ment The resistance was gradually raised to 4,000 ohms—

nearly 300 miles—with like favorable results ; and for some lit

tle distance beyond, articulation could still be made out But by

the time 10,000 ohms had been applied, putting the speaker at a

distance of, say, 700 miles, sound only, but not articulate sound,

reached the ear. The tone was there, and every inflection of the

voice could be followed, but articulation was absent, although

the listener strained every nerve to catch the sound, while the

speaker, as was afterwards ascertained, was shouting in a loud,

clear voice. The prolonged notes of an air sung could be heard

with the resistance, but again no words could be distinguished.

The next experiment was to join up the telephones in the

office with different line wires in succession going to various

distances, and working with different kinds of telegraph instru

ments. When this was done, the real obstacle to telephonic

progress at once asserted itself in the shape of induction. The

first wire experimented with was partly overhouse and partly

underground, and the offices upon it were working Wheatstone's

step-by-step dial instruments. It is difficult to render clear to

the person ignorant of telegraphic phenomena the idea expressed

by the word induction. Briefly, it may be put thus : that, when

an electric current is passing on a wire, it has the faculty of

setting up a current of opposite character in any wire in its

vicinity.

In various recent articles on the telephone, mention has been

made of contact as the cause of disturbance. This word, how

ever, although it has been used by telegraphists, is misleading,

and can only be used as an endeavor to express popularly an

electric fact Actual contict of one wire with another would

spoil the business altogether. A wire bearing an electric cur

rent seems to be for the time surrounded, to an undefined dis

tance, by an electric atmosphere, and all wires coming within
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this atmosphere have n current in an opposite direction set up in

them. This is as near an explanation of the phenomena of in

duction as the state of telegraph science at present affords. Now,

the telephone works with a very delicate magnetic current, and

is easily overpowered by the action of a stronger current in any

wire near which the telephone wire may come. To work prop

erly, it requires a silent line.

In the place where the observations were made, there were a

large number of wires travelling under the floor, along passages

to the battery room, and to a pole on the outside, whence they

radiate ; or out to a pipe underground, where many gutta-percha

covered wires lie side by side. On applying the ear to a tele

phone joined into a circuit working in such an office, a curious

sound is heard, comparable most nearly to the sound of a pot

boiling. But the practiced ear could soon separate the boiling

into distinct sounds. There was one masterful Morse instru

ment—probably on the wire lying nearest the one on which we

were joined up—whose peremptory click, cli-i-i-ck, click, repre

senting dot, dash, dot on the printed slip we read from, could

be heard over all. Then there was the rapid whir of a fast speed

transmitter sending dots and dashes at express speed by mechani

cal means ; and, most curious of all, the rrrrr-op, rr-op, rrrrrrr-

rrrrrr-op, rrrrr-op, rr-op of the Wheatstone dial instrument, the

deadliest foe to the telephone in its endeavors to gain admission

into the family of telegraph instruments. There may be reason

in this, for as the Wheatstone dial instrument is the instrument

used for private telegraphy, or for the least important public

offices, because it requires no code to be learned by the manipu

lator, so it would likely be the first to be displaced if an acoustic

telegraph permanently took the field. So the sentient little

Wheatstone dial opens its mitrailleuse fire on the intruder, on

whose delicate currents, in the words of an accomplished elec

trician, it plays old Harry. The peculiar character of the sounds

we borrow on the telephone from this instrument arises from the

fact that, as the needle flies round the dial, a distinct current or

pulsation passes for each letter, and the final op we have tried to
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represent shows the stoppage of the needle at the letters as words

were spelled out

It must not be understood that the sounds of those various

instruments are actually heard in the telephone. What happens

is, that the currents stealing along the telephone wire by induc

tion produce vibrations in the diaphragm of that instrument, the

little metal membrane working on the magnet in ready response

to every current set up by the latter. When it is remembered that

the principle of the telephone is that the sound-caused vibrations

in the filmy diaphragm at one end create similar but magneti

cally-caused vibrations in the diaphragm at the other end, and

so reproduce the sound, it will be obvious why the rapid roll

of the Wheatstone dial currents, or the swift sending of the

fast-speed transmitter, when brought by induction into the tele

phone wire, cause disturbances in the sound vibrations, and

thereby cripple the instrument One instrument of either kind

named would have a certain effect, but one Morse would not

have any greatly prejudicial effect But a number of Morses

going together, such as were heard in our experiments, would

combine to be nearly as bad as one Wheatstone dial or fast-

speed Morse. So delicate is the diaphragm to sound (and neces

sarily so) that, in all experiments with the telephone itself, every

sound from without broke in, giving effect like the well-known

murmur of the shell.

Joining \\y> our wire now to a more distant station at some

miles along the railway, and having on its poles a number of

what are known as heavy circuits, the pot-boiling sound assumed

even more marked characteristics. The Wheatstone dial no

longer affected us; but a number of Morse instruments were in

full gear, and the fast-speed transmitter was also at work. AVhile

we were listening, the circuit to which we were joined began to

work, and the effect was literally electrical. Hitherto we had

only borrowed currents—or, seeing they were so unwelcome, we

might call them currents thrust upon us—and the sounds, though

sharp and incessant, were gentle and rather low. But, when the

strong current was set up in the wire itself, the listener who held
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.one of our telephones nearly jumped from the floor when an

angry pit-pat, pit-pat, pit-pat-pit assailed his ear, causing him to

drop the instrument as if he had been shot It was a result

none of us had expected, for it did not seem possible that the

delicate metal diaphragm and the little magnet of the telephone

could produce a sound so intense. Of course, it was only in

tense when the ear was held close to the orifice of the instrument

Held in the hand away from the ear, the telephone now made a

first rate sounder, and we could tell without difficulty not only

the signals that were passing, but found in it a more comfortable

tone than that given by the Morse sounder in common use.

Other experiments of a like character led to results so similar

that they may be left unnoticed; and we proceed now to

describe one of a different character, designed to test the tele

phone itself. At a distance of about half a mile, access was ob

tained to a Morse instrument in private use, and joined to the

office by overhouse wire. Dividing our party and arranging a

programme of operation, two remained with a telephone in the

office, while other two, of whom the writer was one, proceeded

with the second telephone to the distant instrument By an ar

rangement which a practical telegraphist will understand, the

key of the Morse was kept in circuit, so that signals could

be exchanged in that way. It may be noticed, however, that

this was hardly necessary, as the diaphragm of the telephone

can be used as a key, with the finger or a blunt point, so

that dot and dash signals are interchangeable, should the

voice fail to be heard. As the wire in this instance travelled

almost alone over part of its course, we were in hopes that

induced currents would be conspicuous by their absence. In

this we were, however, disappointed, for the pot was boiling

away, rather more faintly, but with the plop-plop-plop distinctly

audible, and once more a sharp masterful Morse click was

heard coming in now and again. The deadly Wheatstone dial

was, however, absent, so that our experiment proved highly suc

cessful. For some reason or another—probably an imperfect

condition of the wire, or the effects of induction over and above
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what made itself audible to us—the spoken sounds were deficient

in distinctness ; but songs sung at either end were very beauti

fully heard, and, indeed, the sustained note of sung words had

always a better carrying power than rapidly spoken words.

Every syllable and every turn of melody of such a song as

'- M y Mother bids me Bind my Hair,'" sung by a lady at one end,

or " When the lleart of a Man," sung at the other, could be

distinctly heard, but with the effect before noticed, that the voice

was muffled or shut in, as if the singer were in a cellar, while it

was not always possible to say at once whether the voice was

that of a man or a woman.

In the course of some domestic experiments it was remarked

that, in playing the scale downward from C in alt on the piano,

the result to the listener was a tit only for the four upper notes,

although all below that had a clear ting, and the octaves below

were mostly distinct, although at the low notes of the piano the

sound was again lost The ringing notes of a musical box were

not so successful, but, with close attention, its rapid execution of

" Tommy Dodd " could be well enough made out An endeavor

was made to catch the ticking of a watch, but this was not suc

cessful, and the experiment is not recommended, as the near

presence of a watch to a magnet is not desirable: and the watch

exposed to it in this instance was, it is thought, affected for a

short time thereafter, although it received no permanent damage.

The observations made in the course of these experiments

convinced those present that the telephone presents facilities for

the dangerous practice of tapping the wire, which may make it

useful or dangerous, according as it is used for proper or im

proper purposes. It might be an important addition for a mili

tary commander to make to his flying cavalry; as an expert

sound reader, accompanying a column to cut off the enemy's

telegraph connections, might precede the act of destruction by

robbing him of some of his secrets. The rapidity and sim

plicity of the means by which a wire could be milked, without

being cut or put out of circuit, struck the whole of the party

engaged in the various trials that are described above. Of
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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 or 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 eveiy 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.



CHAPTER IV.

HISTORY OF THE PRODUCTION OF GALVANIC MUSIC.

This chapter will he devoted to the history of the production

of galvanic music, and to the reproduction of sounds by elec

tricity, from the experiments of Page, in 1837, to those of Gray,

in 1874. The authorities quoted are given in chronological order.

1 The following experiment was communicated by Dr. C. G.

Page, of Salem, Mass., in a recent letter to the editor. From the

well known action upon masses of matter, when one of those

masses is a magnet and the other some conducting substance,

transmitting a galvanic current, it might have been safely infer

red (a priori), that if this action were prevented by having both

bodies permanently fixed, a molecular derangement would occur

whenever such a reciprocal action should be established or de

stroyed. This condition is fully proved by the following singular

experiment A long copper wire, covered with cotton, was

wound tightly into a flat spiral. After making forty turns, the

whole was firmly fixed by a smearing of common cement, and

mounted vertically between two upright supports. The ends of

the wire were then brought down into mercury cups, which were

connected by copper wires with the cups of the battery, which

was a single pair of zinc and lead plates, excited by sulphate of

copper. When one of the connecting wires was lifted from its

cup, a bright spark and loud snap were produced. When one

or both poles of a large horseshoe magnet are brought by the

side or put astride the spiral, but not touching it, a distinct ring

ing is heard in the magnet as often as the battery connection

with the spiral is made or broken by one of the wires. Thinking

that the ringing sound might be produced by agitation or

reverberation from the snap, I had the battery contact broken in

a cup, at considerable distance from the field of experiment ; the

effect was the same as before. The ringing is heard both when

1 C. G. Page, Silliman's Journal, vol. xxxii., p. 396, July, 1837.
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the contact i.s made and broken ; when the contact is made, the

sound emitted is very feeble ; when broken, it may be heard at two

or three feet distance. The experiment will hardly succeed with

small magnets. The first used in the experiment consisted of

three horseshoes, supporting ten pounds. The next one tried

was composed of six magnets, supporting fifteen pounds by the

armature. The third supported two pounds. In each of these

trials the sounds produced differed from each other, and were the

notes or pitches peculiar to the several magnets. If a large

magnet supported by the bend be struck with the knuckle, it

gives a musical note ; if it be slightly tapped with the finger nail,

it returns two sounds, one its proper musical pitch, and another

an octave above this, which last is the note given in the experi

ment

ON THE DISTURBANCE OF MOLECULAR FORCES BY MAGNETISM.

1 A short article on this subject appeared in the last number of

this journal under the caption, " Galvanic Music." The following

experiment (as witnessed by yourself and others not long since)

affords a striking illustration of the curious fact, that a ringing

sound accompanies the disturbance of the magnetic forces of a

steel bar, provided that bar is so poised or suspended as to ex

hibit acoustic vibrations. An electro-magnetic bar four and a

half inches in length, making five or six thousand revolutions

per minute, near the poles of two horseshoe magnets properly

suspended, produces such a rapid succession of disturbances that

the sound becomes continuous and much more audible than in

the former experiment, where only a single vibration was pro

duced at a time.

TONES PRODUCED BY ELECTRICAL CURRENTS.

2 Mr. Page was the first to discover that an iron bar, at the

moment it became magnetic through the galvanic current, gave

a peculiar tone, and this fact has since been confirmed by Mr.

Delezenne.

1 C. G. Page, Silliman's Journal, vol. xxxiii., p. 118, October, 1837.

* W. Weitheim. Annalen dor Physic and Chemie. LXXVII., June, 1849.
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Without being aware of this discovery, I published, in 1844, a

treatise in which I dealt with several questions relating to this

subject In this work I attempted to prove :

1st That the electrical current causes a temporary weakening

of the coefficient of the elasticity of iron.

2d. That likewise the magnetization is accompanied by a very

slight decrease of the coefficient of the elasticity of the iron, which

diminishes only partially when the magnetizing current is inter

rupted, and that this result does not manifest itself at once, but

only upon the continued action of the currents.

The production of sound through the outside current (that is,

a current which passes through a helix in whose axis is an iron

bar or extended iron wire) was first accurately noticed by Mr.

Marrian.

According to these physicists, the sound produced was identical

with that obtained by striking the rod on either of its ends in the

direction of its axis. Striking the rod sideways, however, did

not give the same result

Mr. Marrian also noticed that other metals, under the same con

ditions as iron, did not give any sound, and that the sounds from

rods of the same dimensions, whether of iron, tempered steel or

magnetized steel, were identical.

Mr. Matteucci has repeated these experiments with wires as well

as iron bars, attempting especially to establish the relation between

the strength of the current and the intensity of the sounds. He

has, however, been in some doubt as to the character and value

of the sounds.

Messrs. De la Rive and Beatson individually made the dis

covery that the current which passes directly through an iron

wire produces a sound therein. In one of his later treatises, Mr.

De la Rive has given a minute description of a series of experi

ments with various combined currents on different metals and

under different conditions.

Mr. Guillemen made an interesting experiment, the result of

which confirms my experiments already mentioned. He found

that a weak iron, bar which, surrounded by a helix, is fixed at
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one of its ends in a horizontal position and at the other end is*

loaded with a light weight, visibly straightens itself when a cur

rent passes through the helix. Mr. Guillemen attributes this

movement to a temporary increase of the elasticity of the iron

effected by magnetization.

At the same time I delivered to the academy a short note, in

which, without entering into the details of the experiments, I

explained the results which I had obtained, and how, according

to my opinion, the sounds were to be accounted for. The pres

ent treatise contains developments and proofs to sustain the

opinions given by me at that time. It seems superfluous to

repeat here the discussion which occurred at the time of writing

this note, between Messrs. De la Rive, Guillemen and Wartmann.

I desire simply to say that the last named scientist was the first

to notice that a current passing through a wire may produce a

sound without there being, in the wire, a resistance of any amount

to oppose. Sound may therefore be produced as well in an iron

bar as in an extended iron wire, heat having only an insignifi

cant part to play in the phenomenon.

Later on Mr. De la Rive sent a treatise to the Royal Society, in

London, which dealt with a part of this subject After admit

ting that no sound is produced by a current passing through any

metal, other than iron, he goes on to describe a new class of facts.

All conductors, when exposed to the influence of a powerful

electro-magnet, give, at the moment of the passage of an inter

rupted electrical current, a very distinct sound, similar to that of

Savart's cogged wheel. The influence of magnetism on all con

ducting bodies seems to consist in its imparting to the latter,

similar properties to those possessed by iron in itself ; thus devel

oping in these conductors the property of emitting sounds which

are similar to those given by iron and other metals without aid

from the action of a magnet

VIBRATIONS OF TREVELYANS BARS BY THE GALVANIC CURRENT',

1 The vibrations of Trevelyan's bars by the action of heat is

an experiment more interesting than familiar, and one which

i Silliman's Journal, 1850. Vol. ix., p. 105.
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has been variously and vaguely explained by most authors. It

will not be necessary for me to recapitulate the several descrip

tions and solutions of this phenomenon, as the novel experi

ment about to be detailed will embrace substantially the whole

subject

About a year since, while exhibiting to a class the vibration

of these bars by heat, it became inconvenient to prolong the ex

periment, as the vibration ceases as soon as the temperature of

the bar is somewhat reduced, and I was induced to seek for

some method by which the vibratory motion could be produced

and continued at pleasure without the trouble of reheating the

bars for each trial. After various fruitless efforts, I obtained a

most beautiful result by using the heating power of a galvanic
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current Fig. 62 shows the mode of performing the experi

ment with the battery. A and B are the two forms usually given

to Trevelyan's bars, which, when to be vibrated by the action

of heat, are made of brass, and weighing from one to two

pounds, and after being sufficiently heated are placed upon a

cold block of lead, as seen in fig. 63. The two bars may be

placed upon the same block, though the vibrations are apt to

interfere when two are used. When the bars are to vibrate by

the galvanic current, they may be of the same size and form as

shown, and of any kind of metal—brass, or copper, or iron, how

ever, seeming to be most convenient One or both of the bars

may be placed at once, without reference to temperature, upon

the stand, as in fig. 62, the bars resting upon metallic rails E F,
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which latter are made to communicate each with the poles of a

galvanic battery of some considerable heating power. Two

pairs of Daniell's, of Smee's, or of Grove's battery of large size

are sufficient The battery I employ consists of two pairs of

Grove's, with platinum plates four inches square. The vibration

will ])roceed with great rapidity as long as the galvanic current

is sustained.

In fig. 63 one pole of the battery is connected with the metallic

block, and the other pole with mercury in a little cavity in the

centre of the vibrating bar. The experiment succeeds much

better with the rails as in fig. 62, and quite a number of bars

may be kept in motion by increasing the number of rails, and

passing the current from one to the other through the bars rest

ing upon them.

 

Fig. 63.

The rails are best made of brass wire, or a strip of sheet brass,

though other metals will answer—the harder metals which do

not oxidate readily, however, being preferred. A soft metal,

like lead, is not so favorable to the vibrations in this experi

ment, although in Trevelyan's experiment lead seems to be

almost the only metal that will answer to support the bar, which

is usually made of brass.

Prof. Graham and other authors have attributed the vibration

of Trevelyan's bars to the repulsion between heated bodies, and

others have classed the phenomenon with the spheroidal state of

heated bodies. I do not consider that any repulsive action is

manifested or necessary in either of these cases, nor do I know

of any instance in which a repulsion has been proved between

heated bodies. It is obvious some other solution is required for

this curious phenomenon, and it appears to me that the motion
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is due to an expansion of the metallic block at the point of con

tact, and, upon this supposition, it appears plainly why a block

of lead is rccpiired. That is, a metal of low conducting power

and high expansibility is necessary, and lead answers these con

ditions best In a future communication I will analyze this

matter and explain more fully.

The size of the bars may be very much increased when the

galvanic current is employed, and some curious motions are ob

served when long and large cylinders of metal are used. If they

are not exactly balanced, which is almost always the case, they

commence a slow rolling back and forth, until finally they roll

entirely over, and if the rails were made very long they would
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go on over the whole length. An inclination of the rails is re

quired in this case, but it may be so slight as not to be percep

tible to the eye.

If a long rod of some weight be placed across one of the bars,

as shown in fig. 64, the vibrations will become longer, and by way

of amusement I have illustrated this with a galvanic see-saw, as

it may be termed.

It is well known that where mere contact (without metallic

continuity) is made by metals conveying the galvanic current,

the metals become most heated at the points of contact, and if the

current be frequently broken the heat at these points is still more

augmented. It is for this reason we are able to use various
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kinds of metals for the experiment, without reference to their

conducting powers and expansibilities.

VIBRATORY MOVEMENTS AND MOLECULAR EFFECTS DETER

MINED IN MAGNETIC BODIES BY THE INFLUENCE OF ELEC

TRIC CURRENTS.

1 Mr. Page, an American philosopher, had observed, in 1837,

that on bringing a flat spiral, traversed by an electric current,

near to the pole of a powerful magnet, a sound is produced.

M. Delezenne, in France, also succeeded, in 1838, in producing

a sound by revolving a soft iron armature rapidly before the

poles of a horseshoe magnet In 1843, I myself remarked that

plates or rods of iron give out a very decided sound when placed

in the interior of a helix whose wire is traversed by a powerful

electric current; but only at the moment when the circuit is

closed, and when it is interrupted.

Mr. Gassiot, in London, and Mr. Marrian, in Birmingham,

had also made an analogous experiment in 1844. Attributing

this singular phenomenon to a change brought about by the

magnetism in the molecular constitution of the magnetized body,

I went through a great number of experiments, in order to study

this interesting subject

It is above all things important, in order to obtain a numerous

series of vibrations, to be provided with a means of interrupting

and of completing, many times in a very short space of time, the

circuit of which the wire that transmits the current forms a part ;

in other words, to render a current discontinuous or continuous.

With this view, I made use of one of the numerous apparatus

called rheotomes, or cut-currents, and which are intended, when

placed in the circuit, to render a current discontinuous. One

of the most convenient (fig. 65) consists of a horizontal rod,

carrying two needles, inserted perpendicularly and parallel with

1 Treatise on Electricity in Theory and Practice, by Aug. Dc la Kive. 1853, Vol.

13 ; pages 300 to 3il inclusive.
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each other, so arranged that when they are immersed simultane

ously in two capsules filled with mercury, and insulated from

each other, the circuit is closed ; and when they are not immersed,

it is open. A clock work movement, or simply a winch moved

by the hand, gives a rotatory movement to the axis ; whence it

follows that, in a given time, a second for example, the circuit

may be closed or interrupted a great number of times. The ap

paratus of fig. 65 presents four needles instead of two, and

consequently four compartments corresponding with the four

needles. We shall have occasion hereafter to see the use of the

second system of two needles ; for the present, a single one is

sufficient; and, consequently, in all the experiments that will

follow, in order to place it in the circuit, we shall employ indif

ferently either the one that is nearest to the clock work move-
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ment or the one that is most distant There is a risk of the

mercury being projected when the movement is too rapid ; to

prevent this inconvenience, we must cover the capsules, the

needles, and the axis that carries them, with a small glass shade.

When the current is very powerful, the mercury is oxidized by

the effect of the sparks that occur at the moment when the

needles emerge ; in this case it is necessary to remove the oxide,

or to change the mercury. We may do without mercury, and

supply its place by two elastic metal plates resting on a cylinder,

or on the circumference of a varnished wooden or ivory wheel,

in the edges of which are inserted small pieces of metal, in me

tallic communication together. When the elastic plates, by

means of the rotation of the cylinder or of the wheel upon its

axis, come in contact with the metal part of the surface, the cir-
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cuit is closed; when the contact with this metal part ceases,

which occurs when the contact is with the wood or ivory, the

circuit is open. It is necessary in this case that the two plates,

as were the mercury cups in the preceding case, shall he in the

course of the circuit, that is, to traverse the wire of the helix, and

shall press strongly against the circumference.

We may also interpose in the course of the current merely a

toothed wheel and an elastic metal plate, which presses upon the

teeth of the wheel (fig. 66). By giving the wheel a movement

upon its axis, we cause the plate to leap from one tooth to

another ; each leap produces a rupture in the circuit, which is

closed again immediately afterwards. The musical tone given

out by the plate, when we have no other means of measuring it,

give's us exactly the number of times that the circuit has been

opened and closed, that is to say, interrupted, in a second. I

have dwelt upon these several kinds of rheotomes because we

frequently make use of one or the other of them. For the pres

ent, we shall apply them to the study of the vibratory movement

experienced by magnetic bodies under the influence of discon

tinuous currents.

When we place a magnetic but unmagnetized body, such as

iron or steel, in the interior of a bobbin, this body experiences

very remarkable vibratory movements, as soon as we pass a series

of discontinuous currents through the wire with which the bobbin

is encircled. These movements are made manifest under the

form of very decided and varied sounds, when the body has a

cylindrical, or even an elongated form. The sound is less de

cided, but more sharp and more metallic, with steel than it is with

soft iron. Whatever be the form or the size of the pieces of soft

iron, two sounds are always to be distinguished ; one a series of
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blows or shocks, more or less dry, and very analogous to the

noise made by rain when falling on a metal roof ; these blows

exactly correspond to the alternations of the passage and the in

terruption of the current; the other sound is a musical sound,

corresponding to those which would be given by the mass of iron,

by the effect of the transverse vibrations. We must take care in

these sounds to distinguish those that are due to the simple me

chanical action of the current upon the iron—an action which,

being exercised throughout the entire mass, may deform it, and

consequently produce, by its very discontinuity, a succession of

vibrations. However, this is not sufficient for the explanation of
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all the sounds ; and we must admit that there is, in addition, a

molecular action, namely that the magnetization determines a

particular arrangement of the molecules of the iron, a rapid suc

cession of magnetizations and demagnetizations gives rise to a

series of vibrations. How, for example, can we otherwise explain

the very clear and brilliant musical sound given out by a cylin

drical mass of iron -i inches in diameter, and weighing 22 lbs.,

when placed in the interior of a large helix (fig. f>7), while tra

versed by a discontinuous current ? Rods of iron half an inch and

upwards in diameter, when fixed by their two extremities, also
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give out very decided sounds under the same influence. But the

most brilliant sound is that which is obtained by stretching upon

a sounding-board well annealed wires, one or two twentieths of an

inch in diameter and a yard or two in length. They are placed

in the axis of one or several bobbins, the wires of which are

traversed by electric currents, and they produce an assemblage

of sounds, the effect of which is surprising, and which greatly

resembles that to which several church bells give rise when

vibrating harmonically in the distance. In order to obtain this

effect it is necessary that the succession of the currents be not

too rapid, and that the wires be not too highly strained. With

a wire 5 feet 2 inches in length, and -y-g-g- inches in diameter, I

found that the maximum of effect occurs when it is stretched by

a weight of from 57 lbs. to 117 lbs., if it is annealed; and from

6-4 lbs. to 126 lbs., if it is hardened. Beyond these limits, in pro

portion as the tension increases, the total intensity and the num

ber of different sounds notably diminish ; and, at a certain degree

of tension, we no longer hear the sound due to the transverse

vibrations, but simply that arising from the longitudinal vibra

tions. The reverse occurs when the wire is slackened.

Sounds entirely analogous to those we have been describing

may be produced by passing the discontinuous electric current

through the iron wire itself. We remark, in like manner, a se

ries of dry blows, corresponding to the interruptions of the cur

rent, and stronger and more sonorous musical sounds, in some

cases, than those that are obtained by the magnetization of the

wire itself. This superiority of effect is especially manifested

when the wire is well annealed, and of a diameter of about one

twelfth of an inch; for greater or less diameters, the magnetiza

tion by the helix produces more intense effects than those which

result from the transmission of the current Moreover, the same

circumstances that influence the nature and the force of the

sound in the former case, exercise a similar influence in the

latter. The transmission of the discontinuous current produces

sounds only when transmitted through iron, steel, argentine, and

magnetic bodies in general ; but in different degrees for each, j
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depending on the coercitive force that opposes the phenom

enon.

Wires of copper, platinum, silver, and, in general, any metals,

except the magnetic, do not give forth any sound, whether under

the influence of transmitted currents, or under that of ambient

currents, such as the' currents that traverse the convolutions of

a wire coiled into a helix around a bobbin. The sound that is

produced when a discontinuous electric current is made to pass

in an iron wire, explains a fact that had been for a long period

observed, and had been described as far back as 1785, by the

Canon Gottoin de Coma, a neighbor and a contemporary of

Volta. This fact is, that an iron wire of at least ten yards in

length, when stretched in the open air, spontaneously gives forth

a sound under the influence of certain variations in the state

of the atmosphere.

The circumstances that accompany, as well as those that favor

the production of the phenomenon, demonstrate that it must be

attributed to the transmission of atmospheric electricity. This

transmission, in fact, does not occur in a continuous manner,

like that of a current, but rather by a series of discharges. Now,

Mr. Beatson has demonstrated that the discharge of a Leyden

jar through an iron wire causes this wire to produce a sound,

provided it does not occur too suddenly, but is a little retarded

by passage through a moist conductor, such as a wet string.

The sounds given out by iron wire and by magnetic bodies,

under the circumstances that we have been describing, seem to in

dicate, in an evident manner, that magnetism produced by the in

fluence of an exterior current, as well as by the direct transmis

sion of a current, determines in them a modification in the ar

rangement of their particles, that is to say, in their molecular

constitution. This modification ceases and is constantly pro

duced again by the effect of the discontinuity of the current;

whence results the production of a series of vibrations, and con

sequently different sounds.

A great number of observations, made by different philoso

phers, have in fact demonstrated in a direct manner the influence
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of magnetization upon the molecular properties of magnetic

bodies. M. de Wertheim, in an extensive work on the elasticity

of metals, had already observed, that magnetization produced by

means of a helix whose wire is traversed by the electric current

produces a diminution in the coefficient of elasticity in iron wire

and even in steel ; a diminution which, in the latter at least, re

mains in part even after the interruption of the current M.

Gruillemin has also remarked moie recently, that a bar of soft

iron, fixed by one of its extremities whilst the other is free, and

which, instead of remaining horizontal, is curved by the effect

of its own weight, or by that of a small additional weight, im

mediately raises itself, when the current is made to pass in the

wire of a helix with which it is surrounded, which helix is itself

raised up with the bar, all the movements of which it follows,

since it is coiled around it This experiment possesses this im

portant feature,—it shows the magnetization determines a modi

fication in the molecular state of iron ; for it cannot be explained

by a mechanical action, which could only occur if the helix is

independent of the bar.

Furthermore, an English philosopher, Mr. Joule, succeeded in

determining the influence that magnetization can exercise over

the dimensions of bodies. By placing a soft iron bar in a well

closed tube, filled with water and surmounted by a capillary

tube, he first satisfied himself that this bar experienced no varia

tion of volume when it was magnetized by means of a powerful

electric current, which traversed all the coils of an enveloping

helix. In fact, the least variation of volume would have been

detected by a change of the level of the water in the capillary

tube ; now not the slightest is observed, however powerful the

magnetization may be. This result is in accordance with what

M. Gay-Lussac had discovered by other methods, and with what

M. Wertheim had also obtained by operating very nearly in the

same manner as Mr. Joule. But if the total volume is not

altered, it is not the same for the relative dimensions of the bar,

which, under the influence of magnetization, experiences an

increase in length at the same time as it docs a diminution in
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diameter, at least within certain limits. 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

•fTjjVjrjth °f its total length, at the moment when the current by

which it is magnetized is established, and a shortening at 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 obtained 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 j- inch in diameter,

distinctly lengthens under the influence of the magnetism, so

long as it is not exposed to a greater tension than 772 lbs. ; 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 carried up to 17*>-i lbs., the wire was con

stantly seen to shorten at the moment when it was magnetized.

Tension exercises no influence over highly tempered steel ; ho

there is never any elongation, 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 part, at the close of long and minute

researches, succeeded in analyzing the mechanical effects that

are manifested in magnetization. He found that, when an iron

bar is fixed by one of. 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 elongation, which rarely

exceeds .00078 inch. This elongation is the greater as the bob

bin is situated 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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fixed. When the bar ceases to be within the axis of the bobbin,

the elongation still remains; but it is accompanied by a lateral

movement in the direction of the radius of the bobbin. The

bobbin that was employed by M. Wertheim was 9.84 inches

long, and 7 inches in interior diameter ; glasses of a magnifying

power of about 20 diameters, and containing two steel wins,

were used to measure the elongation and the lateral displace

ment This displacement, or, what comes to the same thing, the

versed sine of the curvature of the bar, measured at its extremity,

was determined for different intensities of current; and it ap

peared that it was in general proportional to this intensity, but

it varied for each position of the bar in the interior of the bob

bin. However it may be, we are able to find for each of these

positions the mechanical equivalent of the unit of the intensity

of the current, namely, the weight which, when applied at the

extremity of the bar, would produce the same versed sine.

Thus, for example, by calling the length of the part of the

'radius, comprised between the axis of the bar and the axis of

the bobbin 1), the versed sine of the curve /, the weight that

would produce the same versed sine P, the following results

have been obtained by acting successively upon three bars of

iron, the respective masses of which were 100, 40.5, and 25.5 :

so. or bars, j roB D—80. FOB D—60.

/ P / P

1 .4386 feet. 98.92 grs. Tr. .2385 feot.

1.5573 "

.9360 "

53.W1 gr«. Tr.

-23.04 "

1-2.55 "
a s.o«sa " 41.26

1. 5249 " 22.57

We calculate P from the formula P.= in which /is the
448 ' j

versed sine of the curvature, g the coefficient of elasticity, which

is 27,122,653 lbs. avoirdupois per square inch for soft iron, b and

c the width and thickness of the bar, and L its length from its

fixed point to its free extremity. From the preceding table we

deduce the value of the mechanical forces that are between
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them : for D=80, as 100 : 41.71 : 22.81 ; and for D=50, as 100 :

40.50 : 23.34. So we may conclude, since the masses of the

three bars are together as 100 : 40.5 : 25.5, that the effect, which

is here an attraction, is proportional to the mass of iron upon

which the current is acting. We, in like manner, find that it is

proportional to the intensity of the current ; which would render

it an easy manner to construct upon this principle a very sensible

galvanometer, by employing a prismatic bobbin and a wide

and thin iron band.

Thus, all the experiments that we have been relating lead us

to recognize that there is produced, by the effect of magnetiza

tion, a mechanical traction, due to a longitudinal component and

to a transverse component ; that the latter becomes null when

the bar is situated in the centre of the helix ; that they are both

proportional to the intensity of the current and to the mass of

the iron.

It is a more difficult matter to verify the effect of the trans

mitted current than that of the exterior current, by which mag

netization is produced. In fact, in the former case, the mechan

ical effect of the current is very difficultly separated .from its

calorific effect However, it follows, from some of Mr. Beatson's

experiments, that an iron wire, at the instant it is put into the

circuit, appears to undergo a small sudden expansion, and one

very distinct from the dilatation that results in it, as in other

metals, from the heating produced by the passage of the current

These mechanical effects being once well studied, we can re

turn, with greater knowledge of the cause, to the study itself of

the sounds that accompany both magnetization and the trans

mission of currents.

M. Wertheim has in a perfectly accurate manner verified the

existence of a longitudinal sound in an iron or steel bar when

placed in the centre of helices traversed by discontinuous cur

rents. This sound, which is similar to that produced by friction,

is due, as is proved by direct experiment, to vibrations actuallv

made in the direction of the axis. With wires substituted for

bars the effects are the same, except that, when the tension
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diminishes, we hear, in addition to the longitudinal sound, a very

peculiar metallic noise, which seems to run along the wire, as

well as other peculiar noises. With transmitted currents we also

hear the longitudinal sound ; and it remains nearly the same in

intensity whether the current traverses only a part of the bar, or

traverses die whole ; a proof of the analogy existing between the

action of the transmitted current and that of any other mechani

cal force, such as friction ; equally a proof that the sound is not

due to vibrations of a particular kind, engendered by the current

The longitudinal sound occurs equally in bars and in wires ; but

when we operate with wires, if they are not well stretched, the

longitudinal sound is accompanied by the divers noises of which

we have spoken. In fine, whether with bars or wires, every time

the cnrrent is transmitted, but only in the parts where it passes,

we hear a dry noise, a crepitation similar to that of the spark,

and which is transformed into a distinct sound only in the

stretched portion, if it is a wire that is in the circuit Such are

the facts established by M. Wertheim's researches : they are of a

nature to confirm the deduction I had drawn before him from

the simple study of the sonorous phenomena, namely, that mag

netization on the passage of the electric current produces a mole

cular derangement in magnetic bodies, and that the sounds arise

from the oscillations that are experienced by the particles of bodies

around their position of equilibrium, under the influence of cur

rents, whether exterior or transmitted. But what now is the

nature of this molecular derangement? and how is it able to

determine both the mechanical effects and the sonorous effects

that we have described ? When the action of exterior currents

is in question we may form a tolerably exact idea of the nature

of the molecular derangement brought about by magnetization.

For this purpose we have merely to refer back to the experi

ment in which cither fragments of wire or iron filings are placed

in the interior of a helix whose axis is vertical. As soon as the

current is made to pass through the wire of this helix the frag

ments of iron wire all place themselves parallel to the axis, that

is to say, vertically, and the filings arrange themselves in small
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elongated pyramids in the direction of the axis, which destroy

themselves and rapidly form again when the current is intermit

tent The action of the helix, therefore, upon filings, consists in

grouping them under the forms of filaments parallel to the axis—

filamcnts which gravity alone prevents being as long as the helix

itself. This experiment succeeds equally well with impalpable

powder of iron as with filings ; it succeeds equally well with

powder of nickel and cobalt ; only if the current that traverses

the helix is discontinuous, very different effects are observed with

each of these three metals—effects that depend, as to their par

ticular nature, upon the greater or less number of interruptions

which the current experiences in a given time. The pyramids

of filings are at their maximum of height when the disk that sus

tains them is in the middle of the helix. They turn under the

influence of discontinuous currents, providing the succession of

these currents is not too rapid, so that there are not more than

60 or 80 in a second. With 160 there is no longer any effect

These differences are indirectly due to the fact that the softest

iron has still some coercitive force, and that it requires a certain

time for magnetizing and demagnetizing. By comparing under

this relation iron, nickel and cobalt, all reduced to an impalpable

powder, and prepared by hydrogen, we find that nickel still mani

fests movements for a velocity of succession of currents, at which

iron ceases to manifest any ; and that cobalt, on the contrary,

ceases to manifest them before iron, which is quite in accordance

with what we know of the coercitive force of these three metals.

The following is an experiment of Mr. Grove's, which demon

strates in an elegant manner this tendency of the particles of

magnetic bodies to group themselves, under the influence of

magnetization, in a longitudinal or axial direction. A glass

tube, closed at its two extremities by glass plates, is filled with

water holding in suspension fine powder of a magnetic oxide of

iron. On looking at distant objects through this tube, we per

ceive that a considerable proportion of the light is interrupted

by the irregular dissemination of the solid particles in the water.

But, as soon as an electric current traverses the wire of a helix,
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with which the tube is 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 easy 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 equilibrium.

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 are

farther removed from it than they are in their natural position.

Much more powerful oscillations, therefore, ought to occur to
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them around their position of equilibrium in the latter case, and

less powerful in the former, than when they are in their normal

position, at the moment when the discontinuous current exer

cises its action.

The effects of the transmitted current arc due to an action

of the same order, but acting in a different direction. In

order to analyze this action well, we must study the distri

bution of iron filings around a wire of iron, or of any

other metal traversed by a powerful electric current These

filings always place themselves so as to form lines perpendicular

to the direction of the current, and consequently parallel to each

other. This is very readily perceived by fixing the conducting

wire in a groove formed in a wooden plank, covered with a sheet

of paper upon which the filings are placed. The latter arrange

themselves transversely above the wire, whatever be the manner

in which it is curved, forming small filaments of the sixth or

eighth of an inch in length, which present opposite poles at their

two extremities. When the conducting wire is free, these fila

ments, instead of remaining rectilinear, join together by their two

edges, and envelop the surface of the wire, forming around it a

closed curve, like a species of envelope composed of rings that

cover each other and are pressed against each other. Now, the

arrangement assumed by the particles of iron filings round any

conducting wire, iron as well as every other metal, when it trans

mits a current, ought to be in like manner assumed by the mole

cules of the very surface of a soft iron wire itself traversed by a

current, under the influence of the current transmitted by the en

tire mass of the wire. This, also, is equally demonstrated by the

mechanical effects studied by Joule and Beatson. It follows,

therefore, that when the transmitted current is intermittent the

particles of the surface of the iron wire oscillate between the

transverse position and their natural position, and that there is

consequently, a production of vibrations. These oscillations

ought to be the more easy, and consequently the vibrations

more powerful, as the iron is softer ; with hardened iron, and

especially with steel, there is a greater resistance to be overcome ;
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thus the effect is less sensible. If the wire that transmits the

discontinuous current is itself traversed by a continuous current

moving in the same direction as the discontinuous one, the oscil

latory movement ought to be annulled, or at least notably di

minished, since the transmission of the continuous current im

presses upon the particles in a permanent manner the position

which the passage of the discontinuous current tends to give them

in a temporary manner. Thus the sound in this case would com

pletely disappear or notably diminish. If the wire is of steel or

of well hardened iron, the continuous current is, on the contrary,

favorable, by its presence, to the oscillating action of the discon

tinuous current, because it deranges the particles from their nor

mal position, without, however, being able completely to impress

upon them the transverse direction, on account of the too great

resistance they oppose to a displacement, which is easily brought

about in soft iron. The two currents united produce what a

single current would not be able to accomplish, or would accom

plish less effectually, and the sound is then reinforced, as is proved

by experiment In support of the explanation that I have just

given, I have found that a copper wire, with a thin envelope of

iron which is contiguous to it, gives rise to the same effects and of

nearly the same intensity, when the discontinuous current tra

verses it as if it were entirely of iron ; the sound is merely less

musical ; it resembles that which M. Wertheim designated under

the name of " metallic " (iron-y feraille). As this result might

be attributed to a part of the current traversing the iron envelope

itself, instead of circulating exclusively through the copper wire,

I insulated the latter by means of a thin covering of silk or wax,

so that the iron cylinder that surrounds it is not able to com

municate metallically with the copper. The effect is exactly the

same as in the preceding case, that is to say, the discontinuous

current that traverses the copper wire determines a series of vi

brations in the iron envelope, which proves that we may admit

that the same effect is produced upon the surface of an iron wire

which itself transmits the current With regard to the envelope,

we can easily prove that it experiences a transverse magneti
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zation when the copper wire is in the voltaic circuit ; for if we

make in it a small longitudinal groove, wc perceive that the iron

filings are attracted upon its two edges, which have also an

opposite polarity.

The detailed explanation that we have given of the molecular

phenomena, which, in magnetic bodies, accompany the action of

currents both exterior as well as interior, finds a further con

firmation in the observation of several facts of different kinds.

Thus I have remarked that permanent magnetization, whether

impressed upon a soft iron rod by the action of an enveloping

helix, or by the action of a powerful electro-magnet, increases, in

a very decided manner, the intensity of the sounds that are

given out by this rod, when traversed by a discontinuous cur

rent

This reinforcement is, in fact, evidently due to the conflict that

is established between the longitudinal direction that is impressed

upon the particles of iron by the influence of the magnetization,

and the transverse direction that the passage of the current tends

to give to them. The oscillations of the particles ought neces

sarily to have greater amplitude, since they occur between more

extreme positions. The effect is more decided with soft iron

rods than with those of steel, and especially tempered steel.

Mr. Beatson arrived at a similar result by quite another method-

He observed, that if a continuous current traverses a wire, and

if, at the same time it is subjected to the action of a helix in

which a discontinuous current is passing, the wire will undergo

a series of contractions and expansions which become inappreci

able, if the continuous current ceases to be transmitted, even

when the helix continues to act in the same manner. The

author drew from this the same conclusion that I had deduced

from the sonorous effects, namely, that the action of the helix

impresses upon the particles of iron an opposite state to that

which is produced by the transmitted current, and that one of

these actions has the tendency to invert the arrangement which

the other tends to establish.

A very curious fact is that magnetization tends to impress.
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upon the particles of soft iron an arrangement similar to that

which they possess in tempered steel, even before it is magnetized.

What confirms the correctness of this remark is, that the sound

which magnetized soft iron gives out under the action of the

transmitted current, is not only more powerful than it is when

there is no magnetization, but it also acquires a peculiar dry

tone, which makes it resemble that which steel gives out with

out being magnetized.

The very remarkable influence of tension, which, beyond a

certain limit, diminishes in soft iron wires their aptitude to give

sounds, is a further consequence of our explanation. In fact,

the molecules, by the effect of tension, undergo a permanent

derangement in their normal position, and are consequently

found crippled in their movements, and are no longer able,

under the influence of exterior or interior causes, to execute the

oscillatory movements, and consequently the vibrations which

constitute the sound.

Two facts, of a character altogether different from the preced

ing, still further show that the magnetization of iron is always

attended by a molecular change in its mass.

The first of these facts was discovered by Mr. Grove. It is,

that an armature of soft iron experiences an elevation of tem

perature of several degrees when it is magnetized and demagnet

ized several times successively by means of an electro-magnet, or

even of an ordinary magnet set in rotation in front of it Cobalt

and nickel present the same phenomenon, but in a somewhat

slighter degree ; whilst non-magnetic metals, placed under exactly

the same circumstances, do not present the slightest traces of

calorific effects. This experiment can only be explained by

admitting that the development of heat arises from the mole

cular changes which accompany magnetization and demagneti

zation. The second fact, which is no less important, is due to

Dr. Maggi, of Verona, who proved that a circular plate of very

homogeneous soft iron conducts heat with more facility in one

direction than in the other when it is magnetized by a powerful

electro-magnet ; whilst, when it is in the natural state, its conduct
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ibility is the same in all directions, and, consequently, perfectly

uniform. The plate is covered with a thin coating of wax melted

with oil, and the heat arrives at its centre by a tube that tra

verses it, and in the interior of which the vapor of boiling

water is passing. The plate is placed horizontally on the two

poles of a powerful electro-magnet, several insulating cards pre

venting contact between it and the iron of the electro-magnet

So long as it remains in its natural state, the curves that bound

the melted wax assume the circular form which indicates a uni

form conductibility for heat in all directions. But, as soon as

the electro-magnet is magnetized, the curves are deformed ; and

they are always elongated in a direction perpendicular to the

line that joins the magnetic poles ; which proves that the con

ductibility is better in the direction perpendicular to the

magnetic axis than in the direction of the axis ; a result in

accordance with the fact that we have established, that the par

ticles of iron approach each other, by the effect of magnetiza

tion, in the direction perpendicular to the length of the magnet,

and recede in the direction of that length, which is always the

magnetic axis.

INFLUENCE OF MOLECULAR ACTIONS UPON MAGNETISM

PRODUCED BY DYNAMIC ELECTRICITY.

We have seen that heat, tension, and mechanical actions gen

erally facilitate magnetization.1 M. Matteucci has found that

torsion and percussive and mechanical actions, not only facilitate

the magnetization produced upon soft iron by a helix that is

traversed by a powerful current, but they also contribute, when

the current has ceased to pass, to the destruction of magnetism

in a very rapid manner. The same philosopher has likewise

observed, that torsion, when it does not pass beyond certain

limits, augmented the magnetization produced upon steel

needles by discharges of the Leyden jar.

1 M. Lagerhjelm observed that iron becomes strongly magnetic by rupture.
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M. Marianini, who has made numerous and interesting re

searches upon magnetization, arrived at curious results upon

the aptitude that iron bars may acquire of becoming more

easily magnetized in one direction than in another, and even in

being little or much magnetized by the influence of the same

cause. When an iron bar has been magnetized by the influence

of an instantaneous current that circulates around it, and when

it has lost this magnetization by the action of a contrary cur

rent, it is more apt to be magnetized afresh in the former case

than in the latter. We are able, by contrary currents, to give it

even more aptitude to be magnetized in the latter direction than

in the former. The augmentation of aptitude that it acquires

of being magnetized in one direction is equal to the loss of apti

tude that it experiences for being magnetized in the other direc

tion. But, by reiterating the action of the currents upon the

same bar, the increase of aptitude in one direction, and the cor

responding diminution in the other, become always more and

more feeble. The modifications of aptitude for acquiring mag

netization are accompanied by modifications in the aptitude for

losing this magnetization ; but in such direction that the latter is

the reverse of the former.

Willing to enter more deeply into the study of the effects

that we have been relating, M. Marianini subjected iron to differ

ent physical and mechanical actions. First of all, he satisfied

himself that neither elevation of temperature, nor especially the

cooling by which it is followed, neither percussion nor torsion,

nor a violent shock, nor any mechanical action, even the most

energetic, are able of themselves to determine magnetization;

nor, indeed, does the discharge of a Leyden jar through an iron

bar magnetize it But these various operators, incapable of

magnetizing, may all serve to destroy the polarity of magnetized

bodies ; the quantity of magnetic force that they thus lose, when

their aptitude has not been altered, is the greater, as the magnet

ization has been more feeble. But if, after having undergone

one of these actions, the bar has still preserved a little magnet

ism, it can no longer lose it by this or by any similar action.
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What is very remarkable is, that when the magnetism of a bar

has been destroyed, on remagnetizing it in a contrary direction

by a succession of instantaneous currents, so that its magnetiza

tion is null, we may restore to it its former magnetism by means

of a violent shock, by letting it fall, for instance, on the pave

ment from the height of a couple of yards. The greater the

height of the fall, the more powerful is the magnetism it re

covers. Thus, a bar, that made a needle deviate 60°, having

been brought by a succession of discharges to exercise no devia

tion beyond 0°, gave 11° on falling from a height of 12.8 feet,

15° 30' on falling from a height of 15.0 feet, and 21' on falling

from a height of 6.4 feet This new polarity was in the same

direction as the primitive one.

Even when, by destroying the primitive magnetization of the

bar, we have actually imparted to it a new one in a contrary di

rection, we find on letting it fall upon the pavement that we re

store to it the first that is possessed. M. Marianini would be dis

posed to believe from this experiment and other similar ones, that

the bar had retained its former magnetization while still acquir

ing the contrary one, which neutralized the effect of the first and

even surpassed it ; and the shock merely destroyed the second,

either in whole or in part, which permitted the former to reap

pear. Flexion, friction, heat, or an electric discharge traversing

the iron directly, may take the place of the shock, particularly

when very fine wires are in question.

The action that is exercised by an instantaneous discharge

through the wire of a helix upon a body already magnetized, in

creases or diminishes the magnetism of this body according to the

direction in which it is sent; but this increase or diminution is the

less sensible as the iron is more magnetized. In any case, a

given instantaneous current produces proportionately more effect

when it is made to act with a view of diminishing the polarity in

the magnetized bodies than when it is made to act with a view of

increasing it

M. Marianini, in order to explain the results of these experi

ments, admits a difference between what he calls polarity and
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magnetism. Thus, the same magnet, although deprived of

polarity, may very readily retain magnetism, when magnetized at

one time in two contrary directions with an equal force. We

must then suppose that contrary magnetic systems producing

equilibrium are able to exist in iron, and that exterior forces,

such as a current or a mechanical action, do not act with the same

energy upon the opposite systems. This opinion, which does

not as yet appear to us to rest upon facts sufficiently numerous,

has, however, nothing in it that is inadmissible ; nothing, in fact,

opposes there being in the same bar a certain number of particles

arranged so as to produce a magnetization in a certain direction,

and others so as to produce magnetization in the opposite di

rection ; as, for example, the interior particles may be found to

have in this respect an arrangement the opposite of those on the

surface ; and that such exterior action operates proportionately

with greater force upon the one than upon the other. This

point would need to be made clear by further observations, and

especially by comparative experiments made upon bars of dif

ferent forms and different dimensions—upon hollow and solid

cylinders, for example. But if some doubts still remain upon

the conclusions that M. Marianini has drawn from his experi

ments, there are not any upon the new proof which they bring in

favor of the connection that exists between magnetic and mole

cular phenomena. The different degrees of aptitude acquired by

iron under the influence of certain actions, of becoming more easily

magnetized in one direction than in the other, are all quite in har

mony with the disposition with which the particles of bodies are

endowed to arrange themselves more easily in one direction than in

another. This loss of aptitude, after the multiplied repetition of

the contrary actions, corresponds with the indifference to arrange

themselves in one manner or the other, which is finally presented

by the particles of bodies, after having experienced numerous

derangements in different directions.1 Finally the remarkable

•Wo havo u remarkable example of this in the fragility presented by iron when it

has been tor a long time subjected to rapid and frequent vibrations, as are the axles

of locomotives.
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effects of shock, flexion, heat, in fact, of all those actions that

change the relative position of the particles, come in support of

the relation that we have endeavored to establish.

The whole of the magneto-molecular phenomena that we have

been studying, lead us to believe that the magnetization of a

body is due to a particular arrangement of its molecules, origin

ally endowed with magnetic virtue ; but which, in the natural

state, are so arranged, that the magnetism of the body that they

constitute is not apparent Magnetization would therefore con

sist in disturbing this state of equilibrium, or in giving to the par

ticles an arrangement that makes manifest the property with which

they are endowed, and not in developing it in them. The coerci-

tive force would be the resistance of the molecules to change

their relative positions. Heat, by facilitating the movement of

the particles in respect to each other, diminishes, as indeed does

every mechanical action, this resistance, that is to say, the coerci-

tive force.

There remains an important question to be resolved. Are

mechanical or other actions—disturbers, as they are, of the electri

cal state—able of themselves to give rise to magnetism ? or do

they only facilitate the action of an exterior magnetizing cause ;

for example, terrestrial magnetism, which, in the absence of all

others, is ever present? M. Marianini's researches would seem

to be favorable to the latter opinion ; however, the facts that are

known do not appear to us sufficient as yet to establish it in an

incontestable manner. Let us remark that, even although it

should be established, yet the non-existence of a previous and

proper polarity of magnetic bodies, or of electric currents, circu

lating around them in a determinate direction, would not neces

sarily follow. We should merely conclude from it that, in the

absence of an exterior acting cause, the particles when left to

themselves, constantly arrange themselves so as to determine an

equilibrium between their opposed polarities ; whence results the

nullity of all exterior action.
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A NEW METHOD OF PRODUCING TONES BY THE ELECTRIC

CURRENT.

1 In 1837 Dr. Page, of Salem, Mass., made the important dis

covery that a horseshoe magnet, before or between whose poles

a ilat spiral of copper wire was suspended, began to emit tones

whenever he passed through the spiral the discontinuous current

of a galvanic battery.

Other physicists, and especially Delezenne, Beatson, Marrian,

Matteucci, De la Rive, and Wertheim, in following up the dis

covery, have shown us that it is the interrupted current only

which generates this new formation of tones, and that for this

purpose it can be applied in two ways, cither direct, as when it is

passed through the bodies themselves, or again, when conducted

through a helical wire placed around these bodies.

In this manner tones have been produced in iron and steel,

and in these metals only it would seem, as Wertheim has found

from actual experiment, that bars and wires of other metals

cannot be made to emit tones by either method ; and although

De la Rive says in his first treatise that he has obtained tones by

both methods from platinum, silver, copper, brass, lead, tin, and

zinc, it will be observed that he modifies this assertion in a

subsequent work by saying that this took place only when a

powerful electro-magnet was acting at the same time on the wire.

The method which we are now about to describe, and which

the writer happened to discover accidentally in the fall of 1854,

possesses the advantage of generalizing matters, as it shows that

all metals can, under certain conditions, be made to emit tones ;

there are also other considerations which render it interesting as

regards its connection with the theory of electricity. This

method is based upon the interruptions of a battery current,

although in reality it is not the latter, but rather the induced

currents produced by the interruptions that must be considered

as the generator of the tones. In place also of bars or wires as

1 J. C. Poggendorf. PoggendorPs Annaleu, xcviii., p. 11»3. Monatsberichten der

Acad. Miirz, 1856.
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heretofore used for producing the tones, tubes formed of sheet

metal are substituted, and surround the coils through which the

current is passed.

The writer used in his experiments coils five inches in length

and about one and one eighth inches in diameter. Both wires

of the coils were connected, so that their united length was

about 100 feet; the diameter of the wire was 1.4 millimetres.

The coils were maintained in a vertical position by means of a

stand provided for the purpose, and so placed that the lower

ends could be connected to the battery, which, as a rule, consisted

simply of a single Grove cell. The tubes to be examined, which

were about five inches long and from two to four inches in

diameter, were then placed over the coils. Some of them were

left entirely open, some closed by soldering, and others bent

together so that the edges just touched each other. The ma

terial of the tubes consisted of platinum, copper, silver, tin,

brass, zinc, lead and iron.

A Wagener hammer of peculiar construction, so as to deaden

the noise of its own vibrations, and thus prevent it from interfer

ing with the investigations, was used for interrupting the current

From the experiments made with this apparatus it has been

found that none of the metals, except iron, can be made to emit

tones when formed into either open or completely closed tubes

and ])laced over the coils. If, however, the edges of the tubes

just touch each other, then all metals can be made to emit a

very audible tone, which will vary in loudness and quality of

sound with the dimensions of the tubes, the elasticity and qual

ity of the material employed, the strength of the current, and

certain other minor considerations that will readily suggest

themselves.

Iron is distinguished from the other metals by the fact, due

no doubt to its magnetic properties, that it gives a crackling tone

both when made into an open tube which surrounds the coil,

and also when placed alongside of it The tone in this case is

similar to that heretofore noticed in sheet iron when laid in the

coil, but it is much weaker than that heard when the edges of
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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 connected 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 zinc 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 zinc 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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tubes. The writer has obtained tones from tubes of two, four,

and eight inches diameter without noticing any difference in the

strength of the sound, other than what might be attributed to a

change of proportion between the length and diameter of the

tubes.

With proportionate length, a hollow cylinder of any diameter

whatever would obviously be forced by the action of a single

cell of battery to emit tones just as well as a tube of only an

inch in diameter.

Now, while it may be considered sufficiently evident that the

tones in question owe their origin to the induced currents which

are produced in the tubes parallelly with the convolutions of the

coil, and in this respect therefore correspond to the tones gener

ated in steel or iron wires when an intermittent current is passed

directly through the latter, we must by no means conclude that

they are the result of a molecular action extending throughout

the entire mass of the metal, as is certainly the case when iron

wires or open iron tubes are used. On the contrary, as the writer

is fully convinced, the development of tones first noticed by

him, has its origin at the points where the edges of the tubes

touch each other, and that, in consequence of this, slight concus

sions occur which set the tubes to vibrating and thus give out

tones.

The tones, moreover, are only a secondary phenomenon, and

may entirely fail when the material of which the tubes are made

possesses but little elasticity, as, for instance, when lead is used.

The real part of the acoustical phenomenon lies in the dull sound

or kind of ticking, somewhat similar to that of a watch, which is

heard at the points where the edges come in contact simultane

ously with the strokes of the vibrating hammer.

It is consequently this ticking alone, and not the tone produc

tion, whose investigation properly comes within the province of

electrical science, and which I consequently made the especial

subject of study, but up to the present time I am obliged to say

I have not yet succeeded in bringing about a complete solution

of the problem.
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The ticking tone is not audible in .1 tube whose edges have

been soldered, and thus probably made to resemble more nearl y

a hollow cast-iron cylinder. Even a soldered tube, which has

been so nearly cut in two that only a portion of metal of about

a line in width remains, is found to give no ticking sound under

the conditions I employed.

This shows that a certain separation of the edges is required

for the production of the sound; it is furthermore perfectly

clear that the adjacent edges of the tube do not come in so close

contact as the particles within the mass, and is also proven by

phenomena in other provinces of physical science. With ap

parently the very best contact, also, we must admit the exist

ence of a thin air stratum between the edges of the tube, the

same as exists even in the dark centre of Newton's rings.

The influence which distance between the edges of the tubes

has on the ticking is shown by the fact that, the more the edges

are pressed together the greater is the decrease in the sound, and

it is not improbable therefore that if the compression were in

creased with force sufficient to press the particles of metal firmly

against each other, the sound could be entirely destroyed. On

the other hand, again, if a loud sound is wanted it is necessary

to make the edges just touch each other loosely.

It might be thought an increase of pressure would increase

the number of contact points also, and in this manner cause the

decrease in the strength of the sound. This could only have

been the case when I caused greater portions of the edges of the

tubes that were not quite parallel to approach each other, so that

in general such a conclusion will hardly be found to hold good.

It has furthermore been found that when a short piece of wire

or a sewing needle is placed between the edges of the tube, the

ticking then becomes very loud, but decreases in like manner

with increased pressure, although the needle is never made to

touch at all points.

Portions of the tube edges may also be in close metallic con

tact without the entire disappearance of the ticking if only other

portions make but slight contact with each other. Hence tubes
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which have been partially cut in two, like those previously

mentioned, will commence to give out sounds if a needle or

wedge-shape piece of metal is inserted in the slit This explains

a phenomenon which is observed with tin. When a sheet of this

metal is bent around the induction coil and its edges are brought

close to each other, they immediately become fastened together

as if soldered, and yet the ticking continues to be heard exceed

ingly well. If, however, the neighboring edges are melted

together with a spirit flame or soldering iron, the sound ceases.

The principal question in this examination is of course this :

What causes the ticking sound at the divided edges ? On first

consideration it might be attributed to the passage of sparks, but

this certainly is not the origin of the sound. Sparks may gener

ally be seen by separating the edges of the tubes from each other

at the moment the hammer interrupts the battery current They

are also noticed, but in a lesser degree, with tubes which have been

partially cut in two, when the wedge is allowed to drop into the

opening. But so long as the edges remain quietly near each

other no spark is observed, even in perfect darkness, and yet

the ticking continues all the time without the slightest inter*

ruption. I further placed the induction coil with the metallic

tube under the exhausted receiver of an air pump, but even

there the ticking was heard without the least spark being visible

between the edges of the tube.

The sparks, moreover, possess an exceedingly low potential,

but this is not to be wondered at when we consider that they are

produced in a metallic conductor of only a few inches in length.

With easily fusible metals, such as tin for example, sparks are

often seen to be projected for a distance of several lines, but

these cannot be considered as genuine electrical sparks ; they are

caused rather by the projection of particles of melted and glow

ing metal, and their direction also is generally contrary to that

of the electrical current, being sometimes towards one side and

sometimes towards another. In any case, however, they can

never be real electrical sparks, since the electrical potential of the

current, as already stated, is too low for their productioa It
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made no difference how near I brought the edges together with

out causing absolute contact, I could never preceive the pas

sage of sparks between them. The slight space might also be

closed by the moistened fingers, or the tip of the tongue even

might be placed between the edges of the tubes without feeling

the slightest sensation.

If sparks were the cause of the sound one would naturally

suppose it would disappear in a fluid conductor, but while

maintaining the tube in a horizontal position, I have dipped its

edges in spring water, and even in diluted sulphuric acid, without

being able to perceive any decrease in the sound. When, how

ever, a thin piece of blotting paper, which has been saturated

with diluted sulphuric acid, is placed between the edges, and

consequently the metallic contact is broken, the sound disap

pears. It also disappears with zinc tubes when the edges are so

thoroughly amalgamated that drops of mercury remain adhering

thereto, obviously, however, because perfect metallic contact is

thus established.

On the other hand, again, the sound did not cease when the

edges were highly heated by the flame of a spirit lamp, but a

decrease in its loudness was certainly noticeable.

The question therefore presents itself still more forcibly. If

sparks do not produce the sound, what then is the cause that

does ?

We might attribute it to a kind of repulsion such as that

which, as has been shown by Ampere, exists between different

elements of a current for each other. It is possible that during

the time the current is being generated this repulsion causes the

edges of the tubes to separate a little, and on its disappearance

allows them to approach each other again. This alone, however,

is not sufficient; it seems hardly possible that these weak cur

rents could produce such disproportionate mechanical results.

I have noticed the sound in zinc tubes of two inches diameter

and over two and a half lines thickness, which required consider

able effort to bring the edges together. Besides, however much

we may incline to the idea that the sound results from a me
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chanical knocking of the edges together, observation so far has

given no proof that such is the case.

To the unassisted eye the edges seem to remain absolutely at

rest, and even when viewed in the microscope, magnifying at

least a hundred times, which would seem powerful enough to

show any such motion if it existed, we are unable to perceive

any change. In addition to this also, the liquids in which the

ticking tubes were dipped showed no signs whatever of the

slightest tremor or undulating motion, so that the ticking and

toning vibrations, if such they really are, must be extremely small.

The most natural view of the phenomena is, that notwith

standing the apparent metallic contact of the edges of the tubes,

no uniform flow of electricity actually follows, but that as the

current is interrupted, a sudden discharge does take place, with

out, however, the appearance of sparks.

This assumption may seem to be a very extraordinary one,

but at the same time it cannot be said to contradict the experi

ence heretofore obtained; there seems to be no real ground for

asserting that the passage of electricity through an exceedingly

thin stratum of air should necessarily be accompanied by sparks,

while, on the contrary, arguments may be adduced to show that

the appearance of sparks under similar circumstances is some

what doubtful. It still remains an open question whether, in

the sparks as they appear, we really see the substantial transfer

of electricity ; these sparks may just as well be only accompany

ing phenomena of a dark invisible discharge of electricity, and

their comparatively slow motion in certain cases would seem to

render this view not altogether improbable.

I do not, however, purpose forming an hypothesis here, and

additional light on the phenomena in question must be derived

from future observations.

ELECTRICAL TRANSMISSION OF SPEECH.1

I have not thought it desirable to give prominence in this

chapter on the Electric Telegraph to a fantastic idea of a cer-

1 Expos6 dos applications do 1' electricity. Paris, 1S57, parLe Cte. Th. DuMoncel.
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tain M. Ch. Bourseilles, who believes that we shall be able to

transmit speech by electricity, for it might be asked why I class

amongst so many remarkable inventions an idea which is at

present only a dream of its author. Nevertheless, as I am bound

to be faithful to the duty I have undertaken of mentioning every

electrical application which has come to my knowledge, I will

give you some details which the author has already published

on this subject lie says : I ask myself, for example, if words

themselves cannot be transmitted by electricity ; in other words,

if one could not speak at Vienna and make oneself heard in

Paris—the thing is practicable, and I will show you how.

Imagine that you speak against a sensitive plate, so flexible

as to lose none of the vibrations produced by the voice, and that

this plate makes and breaks successively the communication

with an electric pile; you may have at any distance another

plate, which will undergo in the same time the same vibration.

It is obvious that numberless applications of high importance

would immediately arise out of the transmission of speech by

clectricity ; any one who was not deaf and dumb could make

use of this mode of transmission, which would not require any

kind of apparatus,—an electric pile, two vibratory plates, and a

metallic wire are all that would be necessary.

In any case, it is certain that in a future, more or less dis

tant, speech will be transmitted to a distance by electricity. I

have commenced experiments with this object ; they are delicate

and require time and patience for their development, but the

approximations already obtained give promise of a favorable

result

PROPAGATION OF TONES TO ANY DISTANCE BY MEANS OF

ELECTRICITY. 1

Previous to 1840, the attempts to transmit signals to great dis

tances by means of electricity were not very successful. Since

that time, however, great advancement has been made, and tele-

1 Bottger's Polytechnical Notezblatt, 1863.
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graph wires are now so generally erected throughout the country

that it leaves little to be desired.

Experiments have been made to transmit tones to any desired

distance by means of electricity. The first experiment which was

in any degree successful was made by Philip lieiss, professor in

natural philosophy at Friedrichsdorf, near Frankfort on the Main,

and repeated in the meeting room of the Physical Society, in

Frankfort, on the 26th of October, 1861, before a large number

of members. One part of his apparatus was set up in the Civic

Hospital, a building about three hundred feet distant from the

meeting room, the doors and windows of the building being

closed. Into this apparatus he caused melodies to be sung, and

 

Pig. 68.

the same were rendered audible to the members in the meeting

room by means of the second part of his apparatus. The appa

ratus used to obtain this wonderful result is shown in fig. 68, a

small light wooden box in the form of a hollow cube, having a

large and a small aperture at each end. Over the small open

ing was stretched a very fine membrane, s, against the centre of

which rested a small platinum spring e, which was fastened to the

wood. Another strip of platinum/ likewise fastened at one end

to the wood, had a fine horizontal peg inserted in the other end,

which peg rested on the platinum spring at the point of contact

with the membrane. As is well known, tones are generated by

the condensation and rarefaction of the air taking place in rapid



REISS's MUSICAL TELEPHONE. 149

succession. If these motions of the air, called waves, strike the

thin membrane they cause it to vibrate, which forces the plat

inum spring resting upon it against the horizontal peg inserted

in the second platinum strip, which hops up and down with it

Now, if the latter be connected by a wire with one of the poles

of a galvanic battery, and the electricity conducted by a wire at

tached to the other pole of the battery, to any desired distance,

then through a helix, R, six inches long, formed of very fine spun

copper wire, and thence back to the platinum spring on the trans

mitting apparatus—then at every vibration of the membrane an

interruption of the electric current will take place. Through

the opening in the helix above described, an iron bar ten inches

long is run, the ends of which project about two inches and rest

upon two sticks of a sounding board.

It is well known that when an electric current passes through

a helix enclosing an iron rod in the manner described, at each

interruption of the current a tone, produced by the elongation of

the rod,' is audible. When the interruptions follow each other

at a moderate rate, a tone is generated (owing to the change in

position of the molecules of the rod) which is known as the

longitudinal tone of the bar, and which depends upon its length

and the strength of the current If, however, the interruptions

of the electric current in the helix take place more rapidly than

the movements of the molecules of the iron bar, which are

limited by its elasticity, then they are not able to complete

their course, and the movements consequently become smaller

and quicker in proportion to the rapidity of the interrup

tions. The iron bar then docs not emit its longitudinal tone,

but a tone whose pitch is dependent upon the number of inter

ruptions of the current in a given time. It is a well known fact

that higher and deeper tones depend upon the number of air

waves which succeed each other in a second's time. We have

seen heretofore that on these air wayes depend the number of

interruptions of the electric current of our apparatus, through

the agency of the membrane and the platinum strips, and the

iron bar consequently should emit tones of the same pitch as
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those acting upon the membrane. Tones may thus be repro

duced, with a good apparatus, at almost any distance.

It is evident, therefore, that it is by the electric impulses

alone, and not by the transmission of the sound waves them

selves through the wire, that the tones become audible at the

distant end, for the tones are no longer apparent when the ter

minal wires of the helices are joined by a metallic conductor,

and thus the instrument shunted out of circuit

The reproduced tones are generally somewhat weaker than the

original ones, but the number of vibrations is always the same.

Consequently, while we may easily reproduce precisely the same

pitch of the tone, it is difficult for the ear to determine the dif

ference in the amplitude of the vibrations, on account of the

gradually decreasing vibrations, which limit even the weaker

tones. The nature of the tone, however, depends upon the

number of the vibrations—that is to say—tones of the same pitch

are produced by the same number of waves per second—at the

same time each wave, as, for instance, the -1th, 6th, etc., may be

stronger than any succeeding wave.

Scientists have shown that when an elastic spring is made to

vibrate by being struck by the teeth of a cog-wheel, the first

vibration is the strongest, and each succeeding one, less. If,

before the spring stops, it is again struck, then the next vibra

tion becomes equal to the first vibration of the first stroke—

without the spring, however, making more vibrations on that

account

It may be that the time is still distant when it will be possible

for us to hold a conversation with a friend at a distance, and to

distinguish his voice as if he were in the same room with us.

Still the probability of success in this has become as great as it

was during the important experiments of Niepce for the repro

duction of the natural colors by photography.



CHAPTER V.

gray's telephonic researches.

1 While engaged in studying the phenomena of induced cur

rents, I had noticed a sound proceeding from an electro-magnet

connected in the secondary circuit of a small Rhumkorff coil,

which was at that time in operation. This, of course, was not

new (it having been observed by Page, Henry and others that

the magnetization of iron is accompanied with sound), but it

helped to direct my mind to the subject of transmitting musical

tones telegraphically. Subsequently I made a discovery that

led to a thorough investigation of the subject, and I have de

voted my whole time since then to the study which it suggested.

The circumstance was as follows : My nephew was playing

with a small induction coil, and, as he expressed it, was " taking

shocks" for the amusement of the smaller children. He had

connected one end of the secondary coil to the zinc lining of the

bath tub, which was dry at that time. Holding the other end of

the coil in his left hand, ho touched the lining of the tub with

the right In making contact, his hand would glide along the

side for a short distance. At these times I noticed a sound pro

ceeding from under his hand at the point of contact, which

seemed to have the same pitch and quality as that of the vibrat

ing elcctrotome, which was within hearing. I immediately took

the electrode in my hand, and, repeating the operation, to my

astonishment found, that by rubbing hard and rapidly, I could

make a much louder sound than the elcctrotome was making.

I then changed the pitch of the vibration, increasing its rapidity,

and found that the pitch of the sound under my hand was also

changed, it still agreeing with that of the vibration. I then

moistened my hand and continued the rubbing, but no sound

1 Experimental Researches by Elisha Gray. Kead before the American Electri

cal Society, March 17, 1875.
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was produced so long as my hand remained wet ; but as soon as

the parts in contact became dry the sound reappeared.

The next step was to construct a key board, with a range at

first of one octave, similar in appearance to the cut shown in fig.

69, which has two octaves.

Each key has a steel reed or electrotome, tuned to correspond

to its position in the musical scale. A better understanding

of the operation of a key and its corresponding electrotome may

be obtained by referring to the detached section shown in fig. 70.

 

Fig. 69.

a is a steel reed tuned to vibrate at a definite rate, correspond

ing to its position in the scale. One end is rigidly fixed to the

post b, while the other end is left free, and is actuated by a

local battery. The magnets e and f are arranged in the same

local circuit, magnet f having a resistance of about thirty ohms

and magnet e about four ohms. When the reed a is not in

vibration the point g is in electrical contact with it, which throws

a shunt wire entirely around the magnetf; thus, practically, the

whole of the local current passes through magnet e at the instant

of closing the key c. It is well known that when two electro

magnets are placed in the same circuit, the one which has the
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higher resistance (other things being equal) will develop the

stronger magnetism, and that if the magnet of higher resistance

be taken out of the circuit the force of the other will be increased.

When the key c, being depressed, closes the local circuit at d,

the operation of the reed is as follows : The whole of the current

from battery L b. passes through the magnet e, which attracts the

reed, say with a power of four. When the reed has moved

towards i, far enough to leave the point g, the shunt circuit is

broken and the current flows through both the magnets. Im

mediately the power in / rises from zero to five, and that of e

 

Mg.'IO.

drops from four to one, and the reed is attracted towards / with

an effective force of four, until contact is again established with

the point g. The operation- is repeated at a rate determined by

the size and length of the reed, and which corresponds with the

fundamental of the note it represents. The figures given above

only approximate the facts. The relation of the magnets as to

size and resistance, so as to give an equal impulse to the reed in

both directions, was determined by actual experiment with a

battery of a given size.

It will be observed that by this arrangement the centre of

vibration coincides with the centre of the reed when at rest, so
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that the pitch of the tone is not disturbed by any ordinary change

of battery, as is liable to be the case when only one magnet is

used or when the impulse is not equal in both directions.

A second battery, which we will call the main battery, is con

nected as follows : One pole is connected to the ground. The

other runs to the instrument, and, entering at binding screw 4

(fig. 70), runs to point h of key c; from key c to point t,

which makes contact with the reed a ; from reed a to binding

screw 1, and thence to line. It will be seen that when the key

is at rest the batteries are open at the points d and h.

All the keys in the instrument, whether one or more octaves,

have corresponding reeds and actuating magnets, the only differ

ence being in the tuning of the reeds. There is but one main

and one local battery used, and the connections to each key are

run in branch circuits from the binding screws, as shown in fig.

69. But, since all these branches are open at the key points,

neither of the batteries is closed unless a key is depressed.

If now the keys are manipulated, a tune may be played which

is audible to the player. When any key is depressed, the local

battery sets in vibration its corresponding reed, which sounds its

own fundamental note according to the law of acoustics. So far

the instrument is an electrical organ, the motive power being

electricity instead of air. The main battery has had no part

whatever in its operation.

If, however, the main circuit is closed by connecting the dis

tant end to ground, and the point i is properly adjusted, so that

it makes and breaks contact with the reed at each vibration, a

series of electric impulses, or waves, will be sent through the

line, corresponding in number per second to the fundamental of

the reed.

Now, as the pitch of any musical tone is determined by the

number of vibrations per second made by the substance from

which the sound proceeds, it is clear that if these electrical waves

can be converted into audible vibrations at the distant end of

the line, whether it be one mile or five hundred miles from the

player, the note produced will be of the same pitch as that of the

sending reed.
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There are various ways by -which these electrical waves may

be converted into audible material vibrations. One of the most

curious and novel is the one in which animal tissue plays a

prominent part Following out the idea suggested by the bath

tub experiment, I constructed various devices with metallic

plates for receiving the tune by rubbing with the hand. A very

convenient method for doing this is shown in fig. 71.

This instrument has a metal stand of sufficient weight to keep

it in position while being manipulated. Upon the stand a hori

zontal shaft is mounted in bearings, upon one end of which is

a crank, with a handle made of some insulating substance.

Upon the other end is centred a thin cylindrical sounding box,

 

Fig. 71.

made of wood, the face of which is covered with a cap made of

thin metal, spun into a convex form to give it firmness. This

box has an opening in the centre to increase its sonorous quali

ties. The metal cap is electrically connected to the metal stand

by means of a wire.

If the operator connects the cap, through the stand, to the

ground, and taking hold of the end of the line with one hand,

presses the fingers against the cap, which he revolves by means

of the crank with the other hand, the tune that is being played

at the other end of the line becomes distinctly audible, and may

be heard throughout a large audience room. If the conditions
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are all perfect, the faster the plate is revolved the louder will be

the music, and the slower the motion the softer will it become.

When the motion stops the sound entirely ceases.

I have found that electricity of considerable tension is needed

to produce satisfactory results, at least that of fifty cells of bat

tery. The necessary degree of tension is most conveniently

obtained by passing the line current through the primary circuit

(adapted to the circuit wherein it is used) of an induction coil,

and connecting the receiver in the secondary circuit

The cause of this phenomena has been the source of much

specidation and experiment At first, I supposed it to be the

quivering of the muscles of the hand, produced by the electric

impulses and communicated to the plate and box, making an

audible sound, and that the motion was produced through the

medium of the nerves. This idea, however, had to be aban

doned. While visiting England, in 1874, I called on Professor

Tyndall at the Royal Institution, and exhibited to him a portion

of my apparatus. He experimented with various substances,

and found that the same result, in kind if not in degree, could

be produced with dead animal tissue. For instance, a bacon

rind that had been pickled and smoked until there could be no

suspicion of a nervous influence left, would, when sufficiently

pliable, produce the sound, the cuticle being used next the plate.

While Professor Tyndall's experiments did not explain what

the cause of the phenomenon really was, they determined most

conclusively that it was not due to nervous influence upon the

tissues, acting in sympathy with electrical impulses. It was

suggested by some that it might be caused by electrical dis

charges, in the form of a spark, from the hand to the plate;

but if this is true, why should motion, as a gliding of the hand

over the surface of the plate, be necessary to produce the result ?

Others have suggested that the molecules of the substance in

contact were disturbed upon the passage of each electrical im

pulse, roughening the surface, and for the instant producing a

sudden increase of friction. If this is true, why should wetting

the parts in contact destroy the effect ? i



gray's telephonic researches. 157

But to continue my experiments : I noticed that when revolv

ing the plate with my finger in contact, the friction was greater

when a note was sounding. I then connected a small Ruhm-

korff coil to a battery, inserting a common telegraphic key in the

primary circuit, instead of the self-acting circuit breaker. I con

nected one end of the secondary coil to the metal plate, and

holding the other end in my hand, I rubbed the plate briskly,

and had my assistant slowly make dots with the key. I noticed

at each make of the circuit a slight sound, and at each break a very

much louder one, owing to the fact that the terminal secondary

wave is much more intense than the initial. I now held my

hand still, and, while I could feel the shock just as distinctly as

before, there was no audible sound, proving that the motion was

a necessary condition in its production. The sensation when the

sound was produced was as though my finger had suddenly ad

hered to the plate, and then as suddenly let go, producing a

sound.

The next experiment was with one hundred cells of gravity

battery. I connected one pole to the plate and held the other

in my hand, pressing my finger against the plate and revolving

it as before. I inserted a thin piece of paper between my fingers

and the plate to prevent painful effects from the current, and my

assistant made dashes with a key in the circuit I was thus able

to notice the effect of an impulse of longer duration. When the

key closed there was a perceptible increase of the friction, so

that my finger took a position farther forward on the plate, where

it would remain as long as the circuit remained closed. As soon

as the key was opened my finger suddenly dropped back on the

plate, making the same noise I had before heard. This operation

was repeated so often that there could be no question as to the

effect if produced.

From the foregoing experiments, I find that the following con

ditions are necessary to reproduce musical tones through the

medium of animal tissue, by means of electric waves transmitted

through a telegraph wire.

1st The electrical impulses must have considerable tension

in order to make the effect audible.
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2d The substance used for rubbing the receiving plate must

be soft and pliable, and must be a conductor of electricity up to

the point of contact, and there a resistance must be interposed,

very thin, neither too great nor too little.

3d The plate and the hand, or other tissues, must not only be

in contact, but it must bo a rubbing or gliding contact

4th. The parts in contact must be dry, in order to preserve

the necessary degree of resistance.

It will be seen that we have here the conditions of a static

charge, the plate receiving one polarity from the battery, and the

hand the other polarity ; the interposed resistance preventing in

a great degree the dynamic effect It is a well known fact, that

 

Fig. 72.

two bodies statically charged with opposite electricities, attract

each other. May not this be the whole solution of the pheno

menon, that each wave as it arrives at the receiving end becomes

for a moment static, which results in a momentary attraction be

tween the plate and the finger, and this immediately ceasing

when the wave is gone, releases the finger with a noise or

sound ? If, then, sounds are repeated as fast as the sending reed

vibrates, the production of a musical tone must follow, accord

ing to well known laws of acoustics, providing the waves are

sent to line in musical order.

In the winter of 1873-4, I experimented very elaborately,

and worked out many new applications of the principle, not only

to the transmission of music, but to the transmission of telegraphic

messages.
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If, instead of the revolving plate and the animal tissue, we

place in the circuit an electro-magnet, or a number of them, and

have a tune played at the transmitting end, the tune will be

heard from all these electro-magnets. The music produced will

be loud or low ; 1st, as the battery used is strong or weak ; 2d,

as the line offers more or less resistance ; and 3d, as the magnets

are mounted more or less favorably for acoustic effects.

In this case, as in that of the animal tissue, each impulse pro

duces a sound ; but it is produced differently in the two. It is

a well known fact that an iron rod elongates when magnetized,

and contracts again when demagnetized. The elongation and

contraction are so sudden, that an audible sound is produced at

each change. In order to convert this sound into a musical tone,

 

Fig. 73.

it is only necessary to repeat it uniformly and at a definite rate

of speed, which shall not be less than sixteen nor more than four

thousand per second.

When the electro-magnet is properly mounted the tone may

be made very loud. Fig. 72 shows a very good form for

mounting a magnet for receiving music. It is a common electro

magnet having a bar of iron rigidly fixed at one pole, which ex

tends across the other pole, but does not touch it by about one

sixty-fourth of an inch. In the middle of this armature a short

post is fastened, and the whole mounted on a box made of thin

pine, with openings for acoustic effects.

One of the earliest discoveries in connection with these experi

ments was the fact that not only simple, but composite tones
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could be sent through the wire and received, either on the metal

plate or on the magnet Not only could a simple melody be

transmitted, but a harmony or discord could be equally well.

From that time, I have worked assiduously with the view of

making a rapid telegraphic system embodying this discovery.

The first step was to analyze the tones at the receiving end,

which, if successfully accomplished, would open the way to a

multiple Morse, a fast printing, an autographic and other sys

tems.

It would bo impossible to give in this paper all the experi

ments tried, for they were very many indeed. I accomplished

the analysis in a number of ways. The method which seemed

in all respects to give the bast satisfaction is as follows :

Pig. 73 is a perspective of one form of a receiving instru

ment called an analyzer. The construction of the instrument is

very simple. It consists of an electro-magnet adapted to the

resistance of the circuit where it is intended to be used, and of a

steel ribbon strung in front of this magnet in a solid metal frame,

and provided with a tuning screw at one end, so as to readily

give it the proper tension. The length and size of the ribbon

depends upon the note we wish to receive upon it If it is a

high note we make it thinner and shorter ; if a low note we make

it thicker and longer. If this ribbon is tuned so that it will give

a certain note when made to vibrate mechanically, and the note

which corresponds to its fundamental is then transmitted through

its magnet, it will respond and vibrate in unison with its trans

mitted note ; but if another note be sent which varies at all from

 

Fig. 74.
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its fundamental, it will not respond. If a composite tone is sent,

the ribbon will respond when its own note is being sent as a

part of the composite tone, but as soon as its own tone is left

out it will immediately stop. Thus I am able to select out and

indicate when any note is being sent, in fact, to analyze the tones

which are passing over the line.

This method of analyzing tones transmitted through a wire

electrically is analogous to Helmholtz's method of separating

tones transmitted through the air.

The transmitting instruments used in sending composite tones,

are made similar in every respect to the one shown in fig. 70,

 

Fig. 75.

except that each reed is separately mounted. A cut of one of

these transmitters, used in telegraph work, is shown in fig. 74.

Fig. 75 shows a diagram view of two transmitters and two

receivers, with their connections. The local circuits, with their

magnets, are left off to avoid confusion.

A and B represent two transmitters, placed at one end of a

line, A' and B', two receivers at the other end. One end of the

main battery is connected to line, and the other end to ground.

Each transmitter is placed in a shunt wire, running from its

main battery connections around one half of the battery. A
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common open circuit key is placed in each of these shunt wires.

Suppose now the two reeds of A and B to be sounding, A

making 261 vibrations per second, and B 320, just two tones or

a major third above A So long as the keys remain open, all the

battery is constantly on the line. If the key of transmitter A is

closed, half of the battery is being thrown on and off the line, at

the rate of 26-i times per second. This causes a succession of

electrical waves to flow through the line at the same rate. If

now the steel ribbon of the analyzer A' has been tuned in unison

with these electrical waves, it will respond and hum the same

note as the transmitter ; but, if it is not in unison, it will remain

practically quiescent, so that the note can only be heard by sub

mitting it to the most delicate test To bring it in unison it is

 

Fig. 76.

only necessary to turn the tuning screw up or down, as the case

may be. When the fundamental of the ribbon corresponds with

that of the sending reed, it announces the fact by sounding out

loud and full. If (having the key of transmitter A still closed,

and consequently its corresponding analyzer still sounding) we

close the key belonging to transmitter B, the other half of the

battery will be thrown on and off the line, at the rate of 320

times per second, and another succession of electrical waves will

flow through the line, this one being at the rate of 320 times per

second. If the analyzer B' is in proper tune, so that its fun

damental is the same as that of its corresponding transmitter B,

it will hum its note as long as the key is closed, making a chord



gray's telephonic researches. 163

with A'. In the same way, a great number of different notes

may be sounding at the same time, at one end of a telegraphic

line, and be heard simultaneously at the other end, each note-

sounding upon a different receiving instrument

The manner of making these vibrations of the analyzer

operate a sounder, a register, or other recording instrument, is

shown in fig. 76.

The light contact lever c is armed with a contact point at its

free end, resting merely by the weight of the lever itself in the

concave cup d, upon the extremity of the armature a. When

the armature is thrown into vibration the contact lever hops

up and down, and does not close the local circuit (which is

connected to I and ?t) with sufficient firmness to actuate the

sounder, but when the vibration stops the local circuit is closed.

This reverses the writing upon the sounder, but it may be oper

ated by means of a local relay, or arranged in various other ways

which readily suggest themselves. The complete operation is as

follows : When the operator, at the sending station, closes his

key, the armature a b d is thrown into vibration, and remains so

as long as the key continues closed, but comes to rest imme

diately when the key is opened. The lever c, not being able to

follow the armature, rattles against it with a buzzing sound, dis

turbing the continuity of the local circuit by throwing in a

great resistance at the point d. This resistance is sufficient to

act upon the sounder the same, practically, as a dead break. By

this means the sounder is made to follow the key of the operator

who is sending the proper note. In the same manner all the

other tones may be brought into service, each ignoring the other,

and each seeking its own at the receiving end.

A simpler construction of the analyzer, and one which ren

ders the sounder unnecessary, is shown in fig. 77. The elec

tro-magnet M M, which has very short cores, is provided with

an armature a, rigidly attached to the lower core, but separated

from the upper one by a space of of an inch. This may be

increased or diminished by moving the upper core in or out, by

means of the screw S. The armature is made thinner at the
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point b, being filed down until it vibrates to :i certain note, the

nicer adjustment being accomplished by adjusting the movable

weight W. The whole is mounted upon a sounding box B, open

at one end, which is termed a resonator. The principle involved

in the action of the resonator is this : A volume of air contained

in an open vessel, when thrown into vibrations, tends to yield a

certain note, and consequently strengthens that note, when the

latter is sounded in its neighborhood. By placing the instru

ments upon corresponding resonators, the sound is greatly

strengthened, so that an operator may readily read by sound

 

Fig. 11.

the telegraphic characters into which the continuous tone is

broken by the transmitting key.

By this method not only may different messages be sent simul

taneously, but a tune with all its parts may be sent through

hundreds of miles of wire, and be distinctly audible at the

receiving end.

1 Gray's electro-harmonic telegraph is founded upon the prin

ciple that an electro-magnet elongates under the action of the

electric current, and contracts again when the current ceases.

1 American Mechanical Dictionary. Vol. iii. (Tho invention here described is a

modification of tliat shown on pages 159 and 160.)
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Consequently, a succession of impulses or interruptions will

cause the magnet to vibrate, and if these vibrations be of suffi

cient frequency, a musical tone will be produced, the pitch of

which will depend upon the rapidity of the vibrations.

By interrupting an electric current at the transmitting end of

a line, with sufficient frequency to produce a musical tone by an

instrument vibrated by said interruptions, and transmitting the

impulses thus induced to an electro-magnet, at the receiving end

of the line, the latter will vibrate synchronously with the trans

mitting instrument, and thus produce a musical tone or note of

a corresponding pitch.

 

Fig. 78.

The instrument shown in fig. 78 consists of the transmitting

apparatus, mounted on a base board, and a receiving apparatus,

shown in a position beneath the former. The induction coil bl

has the usual primary and secondary circuits. An ordinary

automatic electrotome c has a circuit-closing spring c'1, so

adjusted as, when in action, to produce a given musical tone.

A common telegraph key d is placed in the primary circuit a a,

to make or break the battery connection. The key being

depressed, and the electrotome consequently vibrated, the inter

ruptions of the current will simultaneously produce in the sec
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ondary circuit b b, of the induction-coil, a series of induced

currents or impulses corresponding in number with the vibra

tions of the electrotome, and as the receiving electro-magnet e is

connected with this circuit, it will be caused to vibrate by suc

cessive elongations and contractions, thus producing a tone of

corresponding pitch, the sound of which may be intensified by

the use of a hollow cylinder s, of metal, placed on the poles of

the magnet

When a single electrotome c is thrown into action, its corre

sponding tone will be reproduced on the sounder by the magnet

When electrotomes c c1, of different pitch, are successively ope

rated by their respective keys d d1, their tones will be corre

spondingly reproduced by the receiver ; and when two or more

electrotomes are simultaneously sounded, the tone of each will

still be reproduced without confusion on the sounder, so that,

by these means, melodies or tunes may be transmitted. Another

system is founded upon the alternate making and breaking of a

telegraphic circuit by means of the vibration of tuning forks, or

musical reeds, as in Ilelmholtz's apparatus for the production

and transmission of vocal sounds. If a. given fork be made to

interrupt an electric circuit by its vibrations, and the intermit

tent current thus produced be passed through a series of electro

magnets, each in connection with a fork of different pitch, and

consequently different rate of vibration, only that fork will be

thrown into vibration which is in unison with the first one.

Practically, the time required to do this is a small fraction of a

second. The advantages of this method are numerous. Not

only may many receiving instruments at one station be operated,

each by its own key, through a single wire, but many different

stations in the same circuit may be operated, that one alone

receiving the message which has an instrument with the requisite

pitch, so as to vibrate in synchronism. Many signals may, in

this way, be transmitted over the same wire at the same time,

and many dispatches sent simultaneously to as many stations.

All this may be done, too, without affecting the line for its

ordinary use.
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COMBINATION OF THE TELEPHONE AND MORSE APPARATUS.1

The method of combining the telephonic, or electro -harmonic,

with the ordinary Morse system of telegraphy, invented by Mr.

Elisha Gray, of Chicago, has for its object a means whereby two

communications may be simultaneously transmitted in the same

direction, or in opposite directions, or, in other words, to double

the capacity of a Morse circuit, having thereon several inter

mediate stations, so arranged that while a communication is

being transmitted from one terminal station to the other by

means of the telephonic system, either terminal station or any

way station, may at the same time receive a message from or

transmit one to either of the terminal, or any one of the way

offices by means of the ordinary Morse apparatus. This inven

tion has been subjected to a series of tests upon the lines of the

Western Union Telegraph Company, with considerable success.

One of the several circuits upon which the system was tested

experimentally extends from Chicago to Dubuque—a distance

of 184 miles—with seventeen intermediate stations in the cir

cuit, the total conductivity resistance of which, including all of

the relays on the line, being about 5,000 ohms.

The principle and mode of operation of this invention is shown

in fig. 79, which represents the instruments, in connection with

the line, at a terminal station, including both the telephonic, or

electro-harmonic, and the ordinary Morse apparatus, the former

consisting of transmitter T, key K, local batteries e, e1 and e2,

vibrator or reed V,. receiving instrument or analyzer A, repeat

ing relay A1, sounder S, rheostat R1 and main battery B; and

the latter consisting of relay D, sounder S1, key K1, rheostat R

and condenser C, the earth terminal of the line being at G. Each

intermediate office is equipped with the Morse apparatus only,

including the condenser and rheostat last mentioned ; while at

the distant terminal station both the telephonic, or electro-

1 Abstract of an article from the Journal of the American Electrical Society, Vol.

I., No. 2, entitled, A New and Practical Application of the Telephone, by Elishu

Gray, Sc. D. *
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harmonic, and the Morse apparatus arc arranged precisely as

shown in the diagram.

To effect the object sought, viz., the simultaneous transmis

sion of two communications in the same, or in opposite directions,

it is obviously essential that sounder S (for example) should

respond solely to the movements of key K and transmitter T of

the telephonic apparatus ; while in like manner the sounder S1,

which is connected with the Morse instruments at the distant

terminal, and at the several intermediate offices, should respond

solely to the movements of key K1.

The manner in which this is accomplished will be understood

by reference to the figure, and the following explanation thereof.

 

Fig. 79.

The transmitter T, which in principle is similar to that used

in connection with the duplex and quadruplex systems, is oper

ated by means of the key K and local battery e. The auxiliary

lever b, one end of which rests upon a suitable fulcrum, while

the free end rests upon the anvil of transmitter T, serves, in con

nection with the armature a of the latter, to control the local

circuit of sounder S in a manner and for a purpose to be herein

after described. The vibrator or reed V (which, with the receiving

instrument or analyzer A, are fully illustrated and described on

pages 153 and 162) is kept constantly in vibration by means

of electro-magnets and a local battery (not shown in the figure),
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and is tuned to a certain pitch, corresponding to the reed E of

the receiving instrument or analyzer A. A small secondary

lever bj, having one end pivoted, while the other end rests upon

the free end of the armature or reed E of the analyzer A,

serves to control the local circuit of the relay A1, which latter,

in turn, operates the sounder S ; and when thus arranged forms a

well known device for reversing the signals of the receiving in

strument A, in order that they may appear correctly upon the

sounder S. The normal condition of the key K1 of the Morse

apparatus is closed as shown in the figure, in which position the

rheostat R is cut out of the circuit, while that of key K and

transmitter T is open. Disregarding for the present the appar

atus at the distant terminal and several intermediate stations, the

route of the circuit may be traced from the earth plate G to main

battery B, by wires 1 and 2, to the receiving instrument or ana

lyzer A ; thence by wire 3 to rheostat R1, and wire 4 to the lever

a and spring s of transmitter T ; thence by wire 5 to relay D

and key K1 to the line. With key K closed, and the consequent

operation of transmitter T, the route of the circuit is changed

as follows : From earth plate Gr by wires 1 and 6 to the vibrator

or reed V, and wire 7 to stop o and spring s of transmitter T ;

thence by wire 5 to relay 1) and key K1 to the line and distant

station, as before.

The amount of resistance employed in the rheostat R1, in ad

dition to that of the analyzer A, should be equal to the apparent

resistance caused by the vibration of the reed V, so that no

variation in the strength of the current going to the line is mani

fested in the Morse relay D when the transmitter T is either open

or closed. The rheostat R should be so adjusted, that when in

serted in the line by opening the key K1, it will diminish the

strength of the current to an extent sufficient to cause the arma

ture of the Morse relay I) to yield to the force of its retractile

spring, thus opening the local circuit of sounder S1.

The condenser C is arranged with one set of its poles con

nected to wire 5 and the other to the front stop of key K1, so as

to shunt the relay 1) and rheostat R, and thus, when the key is
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opened and the resistance R introduced into the circuit, the full

diminution of the current does not take place instantaneously,

but only after an exceedingly brief interval of time and in a

gradual manner while the condenser is charging. By this means

the effect of a sudden change in the current on the receiving in

strument or analyzer A, which would tend to make the latter

give a false signal, is entirely avoided.

The condenser C also assists in maintaining a uniform condi

tion of magnetism in the cores of the Morse relay D, by dis

charging through the electro-magnet, during the interval of time

between the vibrations or when the potential is falling, and in

this way the effects of the simultaneous operation of the tele

phonic apparatus are practically nullified.

The auxiliary lever b, which rests upon the anvil of transmit

ter T, serves to prevent a false signal being given upon the

sounder S, which is sometimes an annoyance to the operator

sending. The sudden release of the reed E from the attractive

force of the magnets of analyzer A gives the lever b1 a bound,

which produces a " click " upon sounder S. The upper limiting

stop of the lever a of the transmitter T is insulated from the an

vil, and together with the armature a and auxiliary lever b, forms

a portion of the local circuit of sounder S, so that when the

armature a approaches the magnet T the local circuit of sounder

S is broken, and when released from magnet T, the force with

which it strikes against the upper limiting stop causes the lever

b to vibrate enough to compensate for the vibrations of the reed

E of the analyzer A, caused by the latter being restored to its

previous condition, thus preventing the signal above men

tioned being given upon sounder S during the operation of key

K and transmitter T. The sliding weight C is to regulate the

movements of the lever b.

Thus it will be understood that by a depression of key K and

the consequent operation of transmitter T, the electrical pulsa

tions caused by the vibrating reed V will pass to the line and

operate the analyzer A and reed E at the distant terminal, so as

to record the desired signal upon sounder S, without producing
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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.1

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.

By Elisha Gray, So. D. Journal of the American Electrical Society, 1878.
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While experimenting at Milwaukee, with my electro-harmonic or

electro-acoustic multiple telegraph system, I had with me a set

of my apparatus for receiving tunes, known as the musical tele

phone.

One evening, after the regular work of the day was closed,

I transmitted a few tunes across the street from the telegraph

office to the Newhall House, for the amusement of some friends.

Instead of using an independent battery, I simply tapped one

of the regular batteries of the North-Western Telegraph Com

pany, which contained two hundred cells of the ordinary gravity

form, by connecting my short line wire to the battery, twenty

cells from the ground end, without in any way disturbing the

other connections. This battery at the same time supplied

three lines, which extended through Wisconsin in various direc

tions to distant points. The few cells which I employed did not

in the least interfere with the ordinary working of the lines.

A number of familiar tunes were played during the evening,

and I was surprised next morning to learn from various offices

in the State, through which the three lines ran that were supplied

by the common battery, that the tunes played were all repro

duced audibly and distinctly by the relays in the various offices

along the line. Some of the operators being ignorant of the in

vention of the telephone at that time, were very much amazed at

this new exhibition of the musical powers of their instruments,

and I am told that one gentleman, sixty miles from Milwaukee,

closed his office that night much earlier than he was accustomed

to do.

The relation of the instrument to the various circuits is shown

in the diagram, fig. 80. E and e represent the battery of two

hundred cells used to supply the three telegraph lines L, ex

tending through Wisconsin. T is a musical transmitter placed

in the short wire running to the Newhall LTouse, and attached

to the battery, twenty cells from the ground end. K is a Morse

key ; M is the electro-magnet, and R the armature of the tele

phonic receiver at the Newhall House. It will be readily

observed, that each time the transmitting vibrator closed, the
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twenty cells of battery they would be short circuited through the

receiver in the Newhall House and ground, thereby proportion

ately diminishing the power of the whole battery and restoring

it again each time the vibrator opened the short circuit, thus

sending a series of vibrations superposed upon the uniform cur

rent flowing from the larger battery throughout the lines sup

plied by it I was well aware that twenty cells of this form of

battery, connected to the three lines as shown, would not produce

such marked effect upon so man}' magnets and at so great a dis

tance ; and I was naturally led to conclude that the one hundred

or more cells of the additional battery, which were not thrown

 

Fig. 80.

into action by the transmitter, in some way played a part in the

matter.

At a later date—I think in the latter part of 1875—I made

another experiment at the same place, under the following cir

cumstances : I had been using a wire two hundred miles in

length, and was engaged in transmitting a series of tones simul

taneously over the same wire for the purpose of applying it to

a system of multiple telegraphy. I had been using one hundred

cells of battery, divided into four sections, upon each end of this

wire, as shown in my patent for a multiple circuit, filed in the

United States Patent Office, January 27, 1876, in which it will
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be observed that the batteries are connected to the two ends of

the line in the usual way for an American Morse circuit

The two batteries were divided into four sections by shunt

wires, in each of which was inserted a transmitter or a vibrator

and a Morse key, which stood open except when used for trans

mitting signals while the vibrators were in operation. If the

key belonging to any vibrator was depressed, it would throw in

vibration the section of battery included in its short or shunt

circuit By this arrangement I had as many as eight receivers

in operation simultaneously, each receiving a tone differing in

pitch from the others, and each having a vibration strength of

twenty-five cells.

One evening I wished to make an experiment with one tone

only, and for that purpose inserted only twenty-five cells in the

circuit, leaving out the other one hundred and seventy-five, as it

did not occur to me at first that the battery cells left out would

play any part in a vibration not included in the shunt wires

belonging to their particular tones. As twenty-five cells were

all that were used in transmitting any one single tone, I supposed

that amount of battery would be sufficient for the experiment

that I wished to try. The position of the battery and instru

ment in relation to each other is shown in fig. 81. E is a battery

of twenty-five cells. T is the vibrator and K the key inserted in

a short or shunt circuit thrown around the twenty-five cells of

battery. M E is the telephonic receiver. I was surprised at first

to find that no perceptible effect could be felt on the receiver

 

 

Fig. 81.
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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 rig. 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

 

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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except to produce a permanent magnetic effect in the receiving

magnet corresponding to its current strength. In other words, if

the magnetic effect produced by the one lmndred cells is repre

sented by twenty, twenty-five additional cells would increase the

magnetic effect to a certain point above twenty, and when taken

off it would fall to twenty, but not below.

If the power of the twenty-five cells is represented by five,

why should it not be exerted with equal power without the one

hundred cells inserted in the circuit, as described? This was

the problem, and, in a measure it is a problem still, although I

have satisfied myself in regard to certain facts which help to

strengthen the theory which I then held in regard to the matter.

I supposed at that time I could account for at least part of this

effect, upon the theory that the speed of the signal was increased

by the additional potential given by the larger number of cells.

In other words, the value of any given cell, or number of cells,

when forming part of a large battery, is greater, especially if

used on long lines, than when used alone. This theory, how

ever, is entirely inadequate to account for the whole effect, as

will appear from what follows.

Some very interesting experiments bearing upon this matter

were made by me while experimenting with the speaking tele

phone, known as the battery or supplemental-magnet telephone,

a diagram of which is shown in fig. 83.

In this instrument no permanent steel magnet is used ; nor is

there connected with it a battery current flowing through the

main line. Instead of a permanent steel magnet, such as is more

commonly used in speaking telephones, I used an electro-magnet,

B, which is held permanently charged by a local battery. The

electro-magnet C, which is next to the diaphragm, and which

connects with the line and ground, and a corresponding magnet

at the other end of the line, are charged by induction from the

core of the magnet B, which, as before mentioned, is charged

from the local battery.

Before a battery current had been passed through the coils,

and while the cores were perfectly neutral, I made the following
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experiment : I connected the telephones to the two ends of the

line, as shown in fig. 83, and put on a local battery at station No.

1, shown at the right hand of the diagram, connecting the battery

with magnet B through the wires 4 4. The local battery at sta

tion No. 2, at the left of the diagram, was for the time left

unconnected, so that the core of the magnet B, and also that of

C, were both in a neutral state. I now placed my ear to the

telephone at station No. 2, and had my assistant speak in a loud

tone into the instrument at station No„ 1, which had the local

battery attached, and was therefore in condition to transmit the

electrical vibrations produced by the motions of the diaphragm

  

Fig. 83.

acting inductively upon the then magnetized electro-magnet C.

Although the vibrations were passing through the circuit, and

consequently through the coils of magnet C, at station 2, I could

get no audible effect until I put on the local battery and charged

the cores of the magnet at the receiving end of the line. Im

mediately after this was done I could hear every word loudly

and distinctly, making in all respects the best telephone I have

ever heard, due to the fact that by the aid of local batteries we

can make of soft iron a nmch stronger magnet than can be made

of steel. I then threw off the battery at station 2, when I could

hear the words very faintly, and I was able then to transmit very

faint sounds, due wholly to the residual charge left in the iron

after the battery was taken off. It is easy to see why no sound
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could be transmitted from the apparatus before it had been

charged by the battery, because there was neither electricity nor

magnetism present, nor had we any of the conditions necessary

to produce either of these forces by simply speaking against the

diaphragm. This was not true, however, of the No. 1 station,

because the battery was connected and the magnet charged. No

doubt there was some effect produced upon the receiving magnet,

for the electrical impulses passing through the line must have

been the same whether the magnets at the receiving end were

charged or in a neutral condition. This one fact, however, was

prominently brought out, that in order to make an electro-magnet,

which is the receiver of rapid vibrations (such as will copy all

the motions made in the air when an articulate word is uttered),

sensitive to all the changes necessary in receiving sounds of

varying quality, it must be constantly charged by some force

exterior to the electrical vibrations sent through the wire from

the transmitting station. 'We were well aware that this condition

is unnecessary where the force transmitted is of sufficient magni

tude, or where the signals are of sufficiently long duration. My

experiments lead me to the conclusion that a soft iron core is far

more susceptible to the slight changes in the electrical conditions

of the wire surrounding it when it is already in a high state of

magnetic tension. It is like an individual who, in his more calm

and unruffled moments, may be surrounded by little waves of

excitement without being alfected by them ; when on the other

hand, if from any cause whatever, his nervous system is in a

state of tension, he is readily affected by every disturbing

influence, however slight

It will be noticed that the above observations were made in

regard to electrical impulses of very short duration ; the longest

several hundred per second, and the shortest many thousand.

The explanation of the above results may be partly understood

when we fully consider the effects of the extra current which is

induced in the primary circuit itself: especially when such cir

cuit has included in it the coils of an electro-magnet

The first effect from a current of electricity passing around
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the coils of an electro-magnet is to develop magnetism in its

soft iron core; but as soon as the core begins to magnetize, it

sets up a momentary induced current in the opposite direction

to the primary or inducing current, the effect of which is to re

tard the charge in the iirst instance.

It has long been known that this reactive effect of the induced

current is strongest at the very beginning of the electrical ex

citement : while this effect is only momentary, its duration is

still as great as that of the longest vibratory period of any of the

tones of the voice.

When the magnet is already c harged, the induced current is

far less able to act as an opposing agent to the flow of the pri

mary impulse. The constant charge given to an electro-magnet

seems to have an opposite effect upon the secondary impulse

from that which it has upon the primary. For I noticed when

experimenting with the induction relay, that if I charged the

primary coil with a battery power of, say five, the initial second

ary impulse would be far greater than if I left a constant charge

of five in the primary and suddenly raised it to ten.

I have thought that a further possible explanation of this

phenomenon may be found on the supposition that, when the

molecules of the iron are in a state of magnetic tension, that is

to say, when they have moved from a neutral point up to a given

position, there is then less molecular inertia to overcome in mov

ing them forward. The principle here suggested finds an

analogy in the superior resonating qualities of a sounding-board

which is under mechanical tension, as compared with one in a

neutral state.

It follows from the observations made above, in regard to the

resistance to the passage of rapid vibrations through a helix

having inserted in it an iron core, that any electro-magnet in

serted in the circuit through which rapid vibrations are electri

cally transmitted, will either totally absorb them or greatly dimin

ish their power. This is found to be true in practice, and it was

a serious problem how to successfully use speaking telephones

upon lines where more than two stations were necessary. In
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order to be able to call the party with whom we wish to commu

nicate, it is necessary to have bell magnets, or other signaling

apparatus involving the use of an electro-magnet, and these

magnets must be in circuit when the line is not in use, to be in

position to receive a call from any station on the line. If A, B

and C, have offices on the same line, and A should signal to C,

they would both switch out their bell magnets and switch in

their telephones ; but B's bell magnet would still remain in cir

cuit and act as a resistance to the passage of vibrations over the

line. This difficulty is fully obviated by the use of a condenser,

which is placed in a branch circuit passing around the bell mag

nets. So effectual is the remedy, that even five or six magnets

may be inserted in the line without perceptibly diminishing the

loudness of the tones over that of a clear wire of the same

length. The action of the condenser in this case has been to

some extent explained in an article published in the second num

ber of this journal.1

The effect of a condenser on impulses of short duration is just

the reverse of that of an electro-magnet ; the latter offering a

momentary opposition to the passage of the impulse by creating

a counter one, which to a great extent neutralizes it, while the

former offers an easy passage to it so long as the condenser is

filling, which occupies a very short space of time. The de

crease in resistance effected by the use of the condenser is only

momentary, and will be of no service whatever in prolonged

signals. On the other hand, the increase of resistance caused by

the insertion of an electro-magnet in circuit is also momentary,

and does not act as a retarding influence, where the signal or im

pulse is sufficiently prolonged, more than the same amount of

any artificial resistance.

I will mention another peculiarity which relates to the con

struction of the speaking telephone, with reference to its ability

to accurately reproduce the characteristics of any voice or any

sound that may be transmitted through it or received by it

1 For a description of the application of the condenser, see pages 30 and 31.
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It is a well known principle in acoustics that that element of

sound which we call quality or character is determined by the

number of over-tones that accompany any given fundamental,

and the position that they sustain with reference to the funda

mental. For instance, a pure tone is made by a given number

of vibrations per second, its vibratory periods occur at equal

intervals, and it has no other tones accompanying it, of any pitch

or intensity whatever. As a matter of fact, however, nearly all

tones are composite in their character, and the nature of their

composition, with reference to number and intensity, determines

the character of the composite tone as a whole.

An approximately pure tone is obtained from a tuning fork

constructed with great care, mounted upon a box whose cavity

corresponds accurately to the pitch of the fork when the air

column contained within it is thrown into vibration. When the

fork is thrown into vibration, the sound of the vowel U will pro

ceed from the cavity of the box. Hence, the characteristic of

the vowel U is purity of tone, and may be likened to one of the

positive colors, unshaded by the admixture of any other. On

the other hand, if we add to this pure tone, or the vowel IJ, a

tone whose vibrations are double the rate and very intense; also,

two more tones of feeble intensity, one with a rate three times

as great as the fundamental or lowest tone, and the other four

times, we shall have a composite resultant sound whose character

is that of the vowel 0. And so by varying the composition

with reference to number and intensity of tones, we produce in

turn all of the other vowel sounds, and, in fact, every shade and

variety of audible expression. Every change, however slight, in

any single element of a composite tone, either in amplitude of

vibration, rate or relation to the fundamental tone in the clang or

composition, produces a change in the quality of the sound as a

whole. From this it will be observed how important it is that

the apparatus we use in transmitting and reproducing articulate

speech shall copy with the greatest accuracy, both in the trans

mission and reproduction, all the motions made in the air by the

speaker. Any attempt to reinforce the vibrations, by mounting
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the diaphragm on resonaut substances, such as wood, and over

hollow air cavities, serves to mutilate the words transmitted, and

destroy the peculiar characteristics of the sound. A few mo

ments study of the laws of acoustics will suggest reasons why

this is so.

Every solid substance of a resonant character—striking ex

amples of which are wood and some of the metals—tends to as

sume a fundamental character when thrown into vibration. For

instance, when we strike a bell of a given size, it gives a clang

of the same character at every stroke. If the size of the bell is

changed, the character of the sound or clang will change, so that

everything of a solid or massive character may be said to be able

to respond more readily to some tones than others. This char

acteristic increases as the body assumes the form of a vibratory

reed or tuning fork, and it diminishes as the body is flattened

into a thin shape, and assumes the form of a diaphragm, so that

it ceases to vibrate more readily as a whole than in its equal

parts. It has then more of the characteristics of the air with

reference to its ability to take up simultaneously all forms of

motion. If, then, the transmitting diaphragm of a speaking tele

phone is so constructed and mounted—with reference to what

ever devico is used to transform its mechanical movements into

electrical movements of the same quality—that it copies accu

rately the motions of the air, it must transmit perfectly, and

reproduce at the receiving end the same characteristics of

sound that were transmitted, provided the receiving instrument

is equally perfect in its construction. To secure this result, even

after the diaphragm is as perfect as possible with reference to

size, thickness and quality of material, it must be so mounted as

not to excite the resonant qualities of the surrounding material

which may be a part of the instrument To this end, the instru

ment should be constructed, especially that portion which is im

mediately above and below the diaphragm, of some non-resonant

material, and the diaphragm should be clamped at its edges by

something in the shape of a pad or cushion. 1 The air space above

1A device originally suggested by Professor A. E. Dolbear.
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and below the diaphragm should be the smallest possible. On

the other hand, if the body of the instrument is made of wood,

and an air cavity of considerable size is made under the dia

phragm, or if any device is employed to reinforce the tones, the

effect will be to mutilate the articulation, and change the char

acter of the transmitted sounds. The reason for this will appear

very plain when we consider the importance of preserving the

relations of all the simple elements which make up a composite

sound of a given character. These resonant devices will resonate

or reinforce some of the tones of a clang and not the others, thus

throwing the composition out of proportion, and consequently

destroying its character.

1 In the following pages, which relate especially to the tele

graphic transmission of musical and other sounds, it is my

design to give, with as much accuracy as possible, a concise

history of my own experiments and observations, as they have

been made from time to time since I began the investigation of

this subject It is not my intention to enter into the work which

has been done by others ; but to furnish as faithful a record as

possible of my own, leaving the world to judge who is most

justly entitled to priority of invention and discovery in respect

to the various things hereinafter set forth.

At the time when I began my investigations in connection with

the above subject-matter, I had no knowledge that any one had

previously done anything in this field. I was, however, familiar

with the general fact which had been made known by Page and

Henry, in relation to the effect produced upon the iron core of

an electro-magnet at the moment of its charge and discharge. I

also had some general idea of the nature of the experiments of

Reiss, of Germany, which were made about the year 1861, but

had no knowledge at the time, or until more than a year after

I had been actively engaged in telephonic research, that any one

beside myself was devoting any attention to the same subject

A glance at my antecedents may not be inappropriate at this

1 Abstract of Experimental Research**, by Elislm Oray, Sc. D.
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point, inasmuch as it will help to show how I came to be led

into this particular field of physical research.

From my earliest recollection I was profoundly interested in

all the phenomena of nature, and had an intense desire, whenever

I saw any manifestation of physical force, to become acquainted

with the secret of its operation. When I saw a piece of ma

chinery of any character whatsoever, I usually attempted to re

produce it Of course I was unsuccessful in most instances, owing

to the fact that my facilities for constructing machines were very

limited, and my experience as a mechanician at that early age

was meagre. However, not all of my attempts were failures ; for,

I have in my mind the memory of the operation of many ma

chines constructed by my own hands, ranging from a saw-mill

run by water power to a Morse telegraphic apparatus.

Among all the phenomena throughout the domain of physics,

nothing took such hold upon my mind as that exhibited in the

various effects produced by the action of electricity. I read

whatever I could find relating to this subject, with the same

eagerness and interest that most boys would read Robinson

Crusoe or the Arabian Nights ; and many were the scoldings—

to say nothing of stronger appeals that were sometimes made—

that I received in consequence of my enthusiasm in experi

mental investigations in the various branches of physics. As I

look back from this point, however, I feel no disposition to com

plain of what I then not unnaturally regarded as harsh treat

ment ; for I can readily see that it was not altogether pleasant

for my mother to find, as she sometimes did, that whole skeins of

flaxen thread, which she had spun with her own fingers, had

been used up in manufacturing belts to drive machinery which

in her eyes promised very small results ; or to discover that her

best case-knife had been notched into saw-teeth, with which to

equip a miniature saw-mill. Neither was it altogether agreeable

to her feelings to find her only quart bottle—for quart bottles

in those days were rare, and highly prized by the housewife

—converted into a cylinder for an electrical machine ; or to have

the copper bottom of her wash-boiler cut up to make the plates
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of a galvanic pile. I even think I would have invaded the

sacred precincts of her bandbox, which was only opened once

a week, if thereby I could have made its contents subserve a

purpose in connection with any of my boyish schemes.

While yet a boy I constructed a Morse register, all the parts

of which were made of wood, with the exception of the magnet,

armature and embossing point in the end of the lever (which

latter I made by filing a nail down to a point). I had the magnet

bent into a U form by a blacksmith, and then wound it with

brass bell-wire, which was insulated with strips of cotton cloth

wrapped around it by hand. For a battery I made use of a

candy jar, in which I placed coils of sheet copper and zinc, with

a solution of blue vitriol. With these materials I succeeded in

making a very good electro-magnet, which would sustain nearly

a pound weight, and which, when mounted as a part of the instru

ment, performed the work of actuating the armature with per

fect success.

At quite an early age I was apprenticed to a blacksmith, and

worked with him at that business about one year. Some of the

edge tools which I made during that time are still in my mother's

possession. I soon found, however, that this business was too

laborious for me, as I was naturally of a rather frail constitution.

I therefore relinquished it, and became an apprentice to a car

penter, joiner and boat-builder. I served a full apprenticeship,

during which time I was employed in almost every department

of wood-work.

The prime motive which actuated me through all these years

that I had worked at the bench was my thirst for knowledge.

I felt sure that, with my trade as my capital, I could work my

way through a course of study. In pursuance of this idea,

the time having expired for which I had apprenticed myself

(three years and a half), I began a regular course of study, while

by working a portion of each day and during vacation at my

trade, I was enabled to pay my necessary expenses and keep up

with my class. Here, as everywhere else, the capacity and ability

to master everything relating to physical science was perhaps
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the most prominent characteristic exhibited during my collegiate

course. While studying natural philosophy, it was my custom to

make and carry with me into the class such apparatus as could be

readily constructed and would serve to illustrate the lesson. My

habit of actually constructing everything which I saw or read of,

so far as my facilities would allow, was the best possible method

of fixing the principles of its operation firmly in my mind.

I have given this short autobiographical sketch simply to show

the natural bent of my mind, and the characteristics which have

been most prominent throughout my life.

My career as a professional electrician and inventor dates from

the year 1865, since which time I have invented numerous

electrical appliances, mostly relating to telegraphy. Some of

these have gone into general use, but only a portion of them have

been secured by letters patent My time has been wholly oc

cupied in the prosecution of electrical investigations and in

ventions, with the exception of that which has been required to

secure and exploit certain of these inventions, and that which

has been devoted to the science of acoustics, in connection with

the telephone.

My first patent for electrical or telegraphic apparatus was

granted October 1, 1867. Since that I have made a consider

able number of electrical inventions, many of which have been

patented. Including cases now pending, the number amounts to

about forty in this country and thirty in foreign countries.

Thirty of the United States cases and twenty-five of the foreign

relate to the harmonic telegraph or telephone.

Fig. 84 shows the arrangement of the circuits and position of

the operator when the bath-tub experiment was made, which is

described on page 151.

This experiment produced a profound impression upon my

mind, and determined me at once to take the matter up in

earnest and see what might be in it

I procured a violin, and taking off the strings, substituted in

their place a thin metal plate provided with a wire connection,

so that I could attach it to one pole of the induction coil or bat



 

Fig, 84.
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tery, thus placing it in the same position, with reference to the

body, that the bath-tub was in the original experiment By

rubbing the plate in the same manner as before described, the

sound of the elcctrotome was reproduced, accompanied by the

peculiar quality or timbre belonging to the violin. I noticed,

however, that the characteristics of the initial vibrations were

faithfully preserved, and all that was needed was to sift out such

foreign vibrations as were excited in the receiver, owing to its

peculiar construction ; in which case there would remain the exact

character—nothing more nor nothing less—of the transmitted
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vibrations. Fig. 85 shows the violin and the manner of holding

it when in operation.

I subsequently substituted for the animal-tissue receiver an

electro-magnet combined with a hollow box of tinned iron, hav

ing an opening in one side, while the other was held over the

poles of the magnet at such a distance from it as would produce

the best effect
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With this apparatus I noticed that when I depressed two keys

on my transmitter, if these were in the proper relation to each

other, a composite tone would be received, thus demonstrating

the general fact, that with a receiver properly constructed and

a transmitter properly made and arranged in the circuit, com

posite tones of varying quality could be transmitted and received

telegraphically. This apparatus is shown in fig. 86. In both of

these cases I used an induction coil, placing the transmitters in

the primary, while the line was connected to the secondary coil.

The above fact respecting composite tones was more strongly

impressed upon my mind when I completed my musical trans-
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mitter, having a series of tuned reeds corresponding to the dia

tonic scale. This instrument is shown in fig. 87.

When the fact dawned upon me, and had been confirmed by

demonstration, that sounds of a composite character could be

transmitted through a telegraphic circuit and reproduced at the

receiving end, and the possibilities of the invention and the great

results to which it must eventually lead passed through my

mind, I at once foresaw so many possible applications of it

that it became a serious question which line of investigation to

first pursue.

Among other conceptions of the probabilities of the invention
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was that, at an early day, not only musical compositions of a

complicated character, but even articulate speech would be trans

mitted through a single telegraph wire.

In addition to this, I could plainly see, also, how that musical

tones, differing in pitch, could be simultaneously transmitted

through the wire and analyzed at the receiving end, so that a

transmitter and a receiver correspondingly tuned would trans

mit and receive a tone corresponding to their own pitch, reject

ing all others ; while at the same time a number of other tones
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differing in pitch might be simultaneously transmitted and re

ceived through the same wire.

In truth, the general fact had already been demonstrated, but

there was still needed that perfection in the details of apparatus

and arrangement of circuits which were essential to success.

Another conception which occurred to me at this time was

that of applying the invention to a printing telegraph, so that

each type would be actuated by a tone of a particular pitch.

Having all these uses in my mind, and supposing I had

secured in my first patent the fundamental principles that would

underlie all the various applications that might be made in the
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matter of transmitting sounds telegraphically, I pursued my

investigations in a systematic way, placing each development to

the credit of the particular application to which it seemed to

belong.

Being well conversant with the facts, so far as they were

then known in the sciences of electricity and magnetism, I was

fully prepared to avail myself of what had already been done in

that line. I was not, however, experimentally conversant to

the same extent with the facts in the science of acoustics, but

theoretically the subject was a familiar one to me. I devoted

considerable time to familiarizing myself experimentally with

that science, especially that branch which related to the qualities

of composite tones ; so that I was able to give the composition of

the various vowel sounds, and determine in general the relation

between the character of a sound as it seemed to the hearer and

the physical fact as it existed in the form of motion, either in the

air or any medium through which it was propagated. In this

connection I made a number of experiments having reference to

the transmission of sounds varying in quality.

I devoted myself principally to the construction of various de

vices for transmitting musical tones telegraphically, for this

seemed to be the first fundamental step to take in the direction,

either of musical or of multiple telegraphy.

I accordingly experimented with various forms of transmitting

reeds, one of which consisted of an ordinary electro-magnet and

a reed made of a piece of watch-spring, one end of which was

fixed to one pole of the magnet, while the other or free end

projected over the other pole, a short distance from it, so as to

form an armature.

The circuit which actuated this reed, after passing from one

pole of the battery through the helix, was connected to the

magnet cores, thereby making the reed a part of the circuit, the

pole being connected to a point resting against the reed one

third of the distance from its fixed to its free end.

The transmitting reed above described, when adjusted very ac

curately, will give a musical tone of great purity ; but the slightest
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change in the adjustment, even a jar of the table, causes it to break

into nodes, and give a note a third or an octave away from its

fundamental. It was evident to my mind that there were inher

ent difficulties in the use of this form of reed which would render

it impracticable for regular service. In the first place, it was too

flexible throughout its whole length, partaking largely of the

properties of a thin diaphragm, and thereby responding too

readily to the harmonics of its fundamental. Another difficulty

was, that the free motion of the reed was impeded by its com

ing in contact with the break-point, where the current is inter

rupted.

To obviate the first objection, a reed was made of heavier

material, and tuned by filing it at one point, near its fixed

end, as shown in fig. 88. To obviate the second objection—the
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Fig. 89.
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solid contact between the reed and break-point—a short and

thin intermediate spring was mounted upon the reed, the free end

of which came in contact with the break-point This inter

mediate spring is shown in fig. 89.

Several forms of receivers invented by me have been already

described. Another form is shown in fig. 90.

This consisted of a sheet of silver-foil paper stretched upon a

metal hoop about four inches in diameter, like a tambourine,

terminating in an insulated handle. Attaching the line to this

hoop, by a connection which ran through the handle, and grasp-
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ing the ground or return wire with one hand, at the same time

holding the paper drum with the other, the tune would be

audible not only to the one holding it, but to others near by.

This I discovered to be wholly due to spark action, and not to

be accounted for on the same principle as when the naked

plate and rubbing were employed.

Another form of receiver is shown in fig. 91.

It consists of an iron pan mounted upon a wooden base, and

supported by the standard, which is firmly secured to the base
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and the rim of the iron pan. The bottom of the pan I used as a

diaphragm for the receiver of musical and other sounds; and the

rim answered as a frame in which the diaphragm was held in

position. Upon another standard, mounted on the same base

and near to it, was fixed an electro-magnet whose poles projected

into the pan, and nearly, but not quite, touching its bottom. By

means of a screw between the two standards, I was enabled to

secure the proper position of the magnet with reference to the
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diaphragm. I sometimes used a supplementary brace (not

shown), which rested against the top of the rim, as an additional

means of more rigidly holding the diaphragm in position.

This instrument I used in connection with various transmitters,

especially with the one shown at fig. 87, and was the result of

a series of experiments with thin iron and steel plates mounted

over the poles of an electro-magnet This I found to be a con

venient way of mounting thin plates. It will be observed that
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this instrument embraces all the substantial features in the me

chanical construction of the speaking telephone of to-day. When

used in connection with my articulating transmitter, articulate

words have been received upon it, and when a duplicate of the

instrument is inserted in a closed circuit, which includes a gal

vanic battery, it becomes a speaking telephone capable of acting

both as a transmitter and as a receiver.

I designed another method of transmitting, which I called

the organ-pipe transmitter, shown in fig. 92. The drawing

shows a top and a side view of an ordinary organ pipe, with

a space cut away at the centre, in length about equal to
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the width of the pipe, and in depth just the thickness of the

wall of the pipe, making an opening which was covered with

a thin diaphragm b. A screw D, provided with a platinum

point projecting through a metal brace d secured to the side of

the pipe, was adjusted very near to the diaphragm b. The latter

had glued to it a thin piece of platinum, to which was connected a

small wire c, terminating in a binding post C.

It is a peculiarity of an organ-pipe with an open end, that

when its fundamental note is sounded the waves are con

densed most powerfully in a lateral direction in its centre. I

took advantage of this fact to produce a vibration in the dia
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phragm b, which would make contact at each movement with the i

screw D. As the condensations and rarefactions of the air in the i

tube were synchronous with the vibrations necessary to produce i

a tone corresponding to the fundamental of the pipe, it is plain .

that the movement of the diaphragm would be the same. By con- •

necting a battery and receiving instrument through the bind

ing posts and the point D, when the organ-pipe is sounded,

its proper tone will be produced on the receiving instrument by '

electro-magnetic action.

 

Fig. 93.

I made a series of these transmitters, operating them with aj

bellows, and when worked with uniform pressure of air, they1

produced splendid results. In fact, it makes a very good form of5

transmitter, and other things being equal, would be quite as good!

as the one we have most generally used. This method of trans

mission, however, involves the employment of a bellows, pro

vided with some attachment for maintaining a uniform pressure, ,

as well as with power to work it; so that it seemed, at least for'

telegraphic purposes, that some form of transmitter having;

electricity for its motive power would be more appropriate. I'



TELEPHONIC TRANSMITTERS. 197

therefore continued to prosecute my experiments in that direc

tion.

In order to diminish the number of magnets in a transmitter

having a large number of reeds differently tuned, I designed a

compound magnet, as shown at rig. 93.

This consisted of two ordinary electro-magnets, with their poles

far enough apart to give the proper length to the reeds. I con

nected the positive pole of each to the ends of a bar of soft iron

about eighteen inches in length, and the negative pole to a similar

bar, so that when the magnets were charged one bar would show
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positive or north polarity and the other south. The magnetism

was about equally distributed through the length of each bar.

This arrangement enabled me to get a large number of reeds

upon a small number of magnets. I found, however, that the

power was too much distributed to produce good results upon

any single reed, without increasing the battery to an undesirable

extent, so I abandoned this form and subsequently constructed

the one shown in fig. 94.

This is substantially the same as my transmitter shown in fig.
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87, except that I use two and three reeds upon each magnet, all

differently tuned.

Another form of transmitter invented by me is shown in

fig. 95.

It consisted of a revolving shaft, upon which were mounted

two eccentric cams, having one or more projections. These

actuated two small levers, causing them to vibrate upon their

respective break-points, through which points a battery current

passed. From a pulley on this shaft I connected a belt to one

of the wheels of a lathe which was driven by steam power, from

which it derived a uniform motion and a definite rate of speed
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I refer to my experiments with this particular apparatus

because, although simple in themselves, they were the means of

giving my mind a new impulse in another direction, and one

which soon conducted me to the solution of the problem in

volved in the transmission of articulate words. I employed, in

connection with this transmitter, one of my common receivers

which was adapted to the reception of all varieties of sounds.

The pressure of the levers upon their contact-points was con

trolled by elastic springs.

When this apparatus was put in operation I noticed that a
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sound of peculiar quality, not unlike that of the human voice

when in great distress, proceeded from the receiver.

By altering the tension of the spring in various ways with my

hand, I found that I was able to imitate many different sounds,

involving the vowels only. I succeeded, among other things, in

producing a groan, with all its inflections in the greatest perfection.

By skilfully manipulating the spring in the manner before men

tioned, a very great' range in the quality of the sounds was pro

duced, using only a single break-point
 

Fig, 96.

Up to the time of making this experiment I had associated in

my mind, in connection with transmission of spoken words, a

complicated mechanism involving a separate vibrating reed for

each separate tone transmitted. This experiment produced an

entire change in my views, and I came to the conclusion that it

could all be done by means of a single transmitter ; although, at

that time, I did not carry my experiments farther in that direc

tion, being too much absorbed in my multiple telegraph scheme.

During the latter part of the spring and early part of the sum
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mer of 1875, I was engaged in. constructing and adapting my

system to a type-printing telegraph, an idea which I had con

ceived early in 1874. I had it reduced to practice far enough to

demonstrate the applicability of the principles involved. In

January or February, 1875, I constructed an operative machine,

at that time having three letters of the alphabet, together with the

mechanism for controlling the printing and moving the paper.

An outline view of this machine is shown in figs. 96 and 97.

The model of this machine was completed and forwarded to

the Patent Office in October, 1875. The patent on it was issued

0 o o

Z/nX^ 7

i—n

\

>~\ iwYV-^ o — —I

J siJl

O ^^4K .J o o

 

Pig. 97.

July 4th, 1876, to which I refer for a complete description. The

general principle of operation may be briefly stated as follows :

A particular tone actuates each particular type, so that there is

a transmitting vibrator and corresponding receiver for each tone.

A simple touch of a key prints the letter at the receiving end

without the necessity of waiting for a type-wheel to come into

position. The printing is executed upon a sheet instead of a

long strip or ribbon, as in the ordinary step-by-step machine. It

will not be necessary to describe the mechanism in detail in this

place, as it is fully set forth in the specification of the patent itself.
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During a visit to Milwaukee I saw for the first time a toy-

called the lovers' telegraph, consisting of a membrane stretched

over the end of a tube, and having a thread attached to the centre,

the other end of which was attached to a similar membrane.

The fact that spoken words were distinctly transmitted by the

longitudinal vibrations of the thread from one membrane to the

other, confirmed the idea that I had formed something like a year

previous to this time ; and it immediately solved in my mind* the

problem of making a transmitter that would copy electrically the

physical vibrations of the air produced by articulate sounds. I

determined to put this into practical shape and file it in the

records of the Patent Office. I realized that this would be a

matter of the highest importance in a scientific point of view ; but

I had no adequate conception of its value in a commercial sense.

As early as March, 1874, Dr. Samuel S. White, of Phila

delphia, had purchased an interest in all of my telephonic inven

tions that I had made or might thereafter make ; and, as he had

already advanced considerable money in aid of their development,

I felt it incumbent upon me to give as much of my time as pos

sible to what seemed to be the most practical and useful feature,

and the one promising the most immediate returns—that of mul

tiple telegraphy. I therefore concluded to secure the articulating

feature, and take it up and develop it more completely at another

time.

About the 15th of January, 1876, I went to Washington,

where I spent some time in assisting my attorney in the prepara

tion of a number of cases which had been accumulating for several

months. This required several weeks of time. While there

I put my speaking telephone transmitter into the form of draw

ings and specifications, and, as my model was not yet ready, I

determined to file the specification as a caveat Following out the

suggestion made by the diaphragm and string of the lovers'

telegraph, I designed a transmitting apparatus which copied

the motions of the diaphragm electrically, through the longi

tudinal vibrations of a light rod attached to the centre of the

diaphragm. These electrical vibrations or undulations were the
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result of the variations in the resistance of the circuit made by

the longitudinal motions of the rod, moving in a yielding sub

stance offering a considerable resistance to the passage of the

electric current The following is a verbatim copy of the speci

fication, filed in the United States Patent Office, February 14,

1876 :

GRAYS SPECIFICATION, FILED FEBRUARY 14, 1876.

To all whom it may concern : Be it known that I, Elisha

Gray, of Chicago, in the County of Cook, and State of Illinois,

have invented a new art of transmitting vocal sounds telegraphi

cally, of which the following is a specification :

It is the object of my invention to transmit the tones of the

human voice through a telegraphic circuit, and reproduce them

at the receiving end of the line, so that actual conversations can

be carried on by persons at long distances apart

I have invented and patented methods of transmitting musical

impressions or sounds telegraphically, and my present invention

is based upon a modification of the principle of said invention,

which is set forth and described in letters patent of the United

States, granted to me July 27th, 1875, sespectively numbered

166,095 and 166.096, and also in an application for letters

patent of the United States, filed by me, February 23, 1875.

To attain the objects of my invention, I devised an instrument

capable of vibrating rcsponsively to all the tones of the human

voice, and by winch they are rendered' audible.

In the accompanying drawings I have shown an apparatus

embodying my improvements in the best way now known to

me, but I contemplate various other applications, and also

changes in the details of construction of the apparatus, some of

which would obviously suggest themselves to a skilful electri

cian, or a person versed in the science of acoustics, on seeing

this application.

Fig. 1 represents a vertical central section through the trans

mitting instrument;

Fig. 2, a similar section through the receiver; and

Fig. 3, a diagram representing the whole apparatus.
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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, carrying 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, having 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 rod A', which does not quite touch the conductor b,

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

break of the circuit employed, or where contact points are used.

I contemplate, however, the use 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 be 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 which
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diaphragm is stretched across a receiving vocalizing chamber c,

somewhat similar to the corresponding vocalizing chamber A.

The diaphragm at the receiving end of the line is thus thrown

into vibrations corresponding with those at the transmitting end,

and audible sounds or words are produced.

The obvious practical application of my improvement will be

to enable persons at a distance to converse with each other

through a telegraphic circuit, just as they now do in each other's

presence, or through a speaking tube.

I claim as my invention the art of transmitting vocal sounds

or conversations telegraphically through an electric circuit

Although it is not my intention, as I said in the beginning, to

raise the question of priority of invention as between myself and

other parties, I will nevertheless state in this connection, that so far

as I am aware, this is the first description on record, of an articu

lating telephone which transmits the spoken words of the human

voice telegraphically by means of electricity.

bell's SPECIFICATION, FILED FEBRUARY 14, 1876.

In order that the claims of Professor A. G. Bell to the inven

tion of the speaking telephone may be contrasted with those of

Mr. Elisha Gray, we reproduce the specifications and drawings of

the former as they were filed in the United States Patent Office,

on the 14th February, 1876, the same day, it will be observed,

on which Mr. Gray filed his caveat

To all whom it may concern : Be it known that I, Alex

ander Graham Bell, of Salem, Massachusetts, have invented

certain new and useful improvements in telegraphy, of which the

following is a specification :

In letters patent granted to me April 6, 1875, No. 161,739, I

have described a method of, and apparatus for, transmitting two

or more telegraphic signals simultaneously along a single wire

by the employment of transmitting instruments, each of which

occasions a succession of electrical impulses differing in rate from

the others ; and of receiving instruments, each tuned to a pitch



206 THE SPEAKING TELEPHONE.

at which- it will be put in vibration to produce its fundamental

note by one only of the transmitting instruments ; and of vibra

tory circuit-breakers operating to convert the vibratory move

ment of the receiving instrument into a permanent make or break

(as the case may be) of a local circuit, in which is placed a Morse

sounder, register, or other telegraphic apparatus. I have also

therein described a form of autograph telegraph based upon the

action of the above mentioned instruments.

In illustration of my method of multiple telegraphy I have

shown in the patent aforesaid, as one form of transmitting instru

ment, an electro-magnet having a steel spring armature, which is

kept in vibration Jjy the action of a local battery. This arma

ture in vibrating makes and breaks the main circuit, producing

an intermittent current upon the line wire. I have found, how

ever, that upon this plan the limit to the number of signals that

can be sent simultaneously over the same wire is very speedily

reached ; for, when a number of transmitting instruments, having

different rates of vibration, are simultaneously making and break

ing the same circuit, the effect upon the main line is practically

equivalent to one continuous current

In a pending application for letters patent, filed in the United

States Patent Office February 25, 1875, 1 have described two ways

of producing the intermittent current—the one by actual make and

break of contact, the other by alternately increasing and diminish

ing the intensity of the current without actually breaking the

eircuit The current produced by the latter method I shall term,

for distinction sake, a pulsatory current

My present invention consists in the employment of a vibra

tory or undulatory current of electricity, in contradistinction to a

merely intermittent or pulsatory current, and of a method of, and

apparatus for, producing electrical undulations upon the line wire.

The distinction between an undulating and a pulsatory cur

rent will be understood by considering that electrical pulsations

are caused by sudden or instantaneous changes of intensity, and

that electrical undulations result from gradual changes of in

tensity exactly analagous to the changes in the density of air
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occasioned by simple pendulous vibrations. The electrical move

ment, like the aerial motion, can be represented by a sinusoidal

curve or by the resultant of several sinusoidal curves.

Intermittent or pulsatory and undulatory currents may be of

two kinds, accordingly as the successive impulses have all the

same polarity or are alternately positive and negative.

The advantages I claim to derive from the use of an undulatory

current in place of a merely intermittent one are, first, that a

very much larger number of signals can be transmitted simul

taneously on the same circuit ; second, that a closed circuit and

single main battery may be used; third, that communication in

both directions is established without the necessity of special

induction coils; fourth, that cable dispatches maybe transmitted

more rapidly than by means of an intermittent current or by the

methods at present in use ; for, as it is unnecessary to discharge

the cable before a new signal can be made, the lagging of cable

signals is prevented ; fifth, and that as the circuit is never broken,

a spark-arrester becomes unnecessary.

It has long been known that when a permanent magnet is

caused to approach the pole of an electro-magnet a current of

electricity is induced in the coils of the latter, and that when it

is made to recede a current of opposite polarity to the first appears

upon the wire. When, therefore, a permanent magnet is caused

to vibrate in front of the pole of an electro-magnet an undulatory

current of electricity is induced in the coils of the electro-magnet,

the undulations of whicb correspond, in rapidity of succession,

to the vibrations of the magnet, in polarity to the direction of

its motion, and in intensity to the amplitude of its vibration.

That the difference between an undulatory and an intermit

tent current may be more clearly understood, I shall describe the

condition Of the electrical current when the attempt is made to

transmit two musical notes simultaneously—first upon the one

plan and then upon the other. Let the interval between the

two sounds be a major third ; then their rates of vibration are in

the ratio of 4 to 5. Now, when the intermittent current is used,

the circuit is made and broken four times by one transmitting
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instrument in the same time that five makes and breaks are

caused by the other. A and B, figs. 1, 2 and 8, represent the

intermittent currents produced, four impulses of B being made

in the same time as five impulses of A. c c c, etc., show where

and for how long the circuit is made, and d d d, etc., indicate

the duration of the breaks of the circuit The line A and B

shows the total effect upon the current when the transmitting

instruments for A and B are caused simultaneously to make

and break the same circuit The resultant effect depends very

much upon the duration of the make relatively to the break. In

fig. 1 the ratio is as 1 to 4 ; in fig. 2, as 1 to 2 ; and in fig. 3 the

makes and breaks are of equal duration. The combined effect,

A and B, fig. 3, is very nearly equivalent to a continuous cur

rent

When many transmitting instruments of different rates of

vibration are simultaneously making and breaking the same

circuit, the current upon the main lines becomes for all practical

purposes continuous.

Next, consider the effect when an undulatory current is em

ployed. Electrical undulations, induced by the vibration of a

body capable of inductive action, can be represented graphically,

without error, by the same sinusoidal curve which expresses the

vibration of the inducing body itself, and the effect of its vibra

tion upon the air ; for, as above stated, the rate of oscillation in

the electrical current corresponds to the rate of vibration of the

inducing body—that is, to the pitch of the sound produced.

The intensity of the current varies with the amplitude of the

vibration—that is, with the loudness of the sound; and the

polarity of the current corresponds to the direction of the vibrat

ing body—that is, to the condensations and rarefactions of air

produced by the vibration. Hence, the sinusoidal cjirve A or

B, fig. 4, represents, graphically, the electrical undulations

induced in a circuit by the vibration of a body capable of

inductive action.

The horizontal line a d ef, etc., represents the zero of current

The elevation b bb, etc., indicates impulses of positive electricity.
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The depressions c c c, etc., show impulses of negative electricity.

The vertical distance b d or cf of any portion of the curve from

the zero line expresses the intensity of the positive or negative

impulse at the part observed, and the horizontal distance a a

indicates the duration of the electrical oscillation. The vibra

tions represented by the sinusoidal curves B and A, fig. 4, are in

the ratio aforesaid, of 4 to 5—that is, four oscillations of B are

made in the same time as five oscillations of A.

The combined effect of A and B, when induced simultaneously

on the same circuit, is expressed by the curve A-|-B, fig. 4,

which is the algebraical sum of the sinusoidal curves A and B.

This curve A-j-B also indicates the actual motion of the air

when the two musical notes considered are sounded simul

taneously. Thus, when electrical undulations of different rates

are simultaneously induced in the same circuit, an effect is pro

duced analogous to that occasioned in the air by the vibration

of the inducing bodies. Hence, the coexistence upon a tele

graphic circuit of electrical vibrations of different pitch is mani

fested, not by the obliteration of the vibratory character of the

current, but by peculiarities in the shapes of the electrical undu

lations, or, in other words, by peculiarities in the shapes of the

curves which represent those undulations.

There are many ways of producing undulatory currents of

electricity, dependent for effect upon the vibrations or motions

of bodies capable of inductive action. A few of the methods

that may be employed I shall here specify. When a wire,

through which a continuous current of electricity is passing, is

caused to vibrate in the neighborhood of another wire, an undu

latory current of electricity is induced in the latter. When a

cylinder, upon which are arranged bar magnets, is made to rotate

in front of the pole of an electro-magnet, an undulatory current

of electricity is induced in the coils of the electro-magnet

Undulations are caused in a continuous voltaic current by the

vibration or motion of bodies capable of inductive action ; or

by the vibration of the conducting wire itself in the neighbor

hood of such bodies. Electrical undulations may also be caused
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by alternately increasing and diminishing the resistance of the

circuit, or by alternately increasing and diminishing the power of

the battery. The internal resistance of a battery is diminished

by bringing the voltaic elements nearer together, and increased

by placing them farther apart The reciprocal vibration of the

elements of a battery, therefore, occasions an undulatory action

in the voltaic current The external resistance may also be

varied. For instance, let mercury or some other liquid form

part of a voltaic circuit, then the more deeply the conducting

wire is immersed in the mercury or other liquid, the less resist

ance does the liquid offer to the passage of the current Ilence,

the vibration of the conducting wire in mercury or other liquid

included in the circuit occasions undulations in the current The

vertical vibrations of the elements of a battery in the liquid in

which they are immersed produces an undulatory action in the

current by alternately increasing and diminishing the power of

the battery.

In illustration of the method of creating electrical undulations,

I shall show and describe one form of apparatus for producing

the effect I prefer to employ for this purpose an electro-magnet

A, fig. 5, having a coil upon only one of its legs b. A steel spring

armature c is firmly clamped by one extremity to the uncovered

leg d of the magnet, and its free end is allowed to project above

the pole of the covered leg. The armature c can be set in

vibration in a variety of ways, one of which is by wind, and, in

vibrating, it produces a musical note of a certain definite pitch.

When the instrument A is placed in a voltaic circuit, g b efg,

the armature c becomes magnetic, and the polarity of its free end

is opposed to that of the magnet underneath. So long as the ar

mature c remains at rest no effect is produced upon the voltaic

current, but the moment it is set in vibration to produce its mu

sical note a powerful inductive action takes place, and electrical

undulations traverse the circuit g b efg. The vibratory current

passing through the coil of the electro-magnet/causes vibration

in its armature h, when the armatures c h of the two instruments

A I arc normally in unison with one another ; but the armature h
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is unaffected by the passage of the undulatory current when the

pitches of the two instruments are different

A number of instruments may be placed upon a telegraphic

circuit, as in fig. 6. When the armature of any one of the in

struments is set in vibration, all the other instruments upon the

circuit which are in unison with it respond, but those which

have normally a different rate of vibration remain silent Thus,

if A, fig. 6, is set in vibration, the armatures of A1 and A3 will

vibrate also, but all the others on the circuit will remain still. So if

B1 is caused to emit its musical note, the instruments B B3 re

spond. They continue sounding so long as the mechanical vibra

tion of B1 is continued, but become silent with the cessation of

its motion. The duration of the sound may be used to indicate

the dot or dash of the Morse alphabet, and thus a telegraphic

dispatch may be indicated by alternately interrupting and renew

ing the sound. When two or more instruments of different

pitch are simultaneously caused to vibrate, all the instruments of

corresponding pitches upon the circuit are set in vibration, each

responding to that one only of the transmitting instruments

with which it is in unison. Thus the signals of A, fig. 6, are re

peated by A1 and As, but by no other instruments upon the

circuit; the signals of B2 by B and B1 ; and the signals of C1

by C and C2—whether A, B2 and C1 are successively or simul

taneously caused to vibrate. Hence by these instruments two

or more telegraphic signals or messages may be sent simulta

neously over the same circuit without interfering with one

another.

I desire here to remark that there are many other uses to which

these instruments may be put, such as the simultaneous trans

mission of musical notes, differing .in loudness as well as in pitch,

and the telegraphic transmission of noises or sounds of any kind.

When the armature c, fig. 5, is set in vibration, the armature h

responds not only in pitch, but in loudness. Thus, when c

vibrates with little amplitude, a very soft musical note proceeds

from h ; and when c vibrates forcibly the amplitude of the vibra

tion of h is considerably increased, and the resulting sound
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becomes louder. So, if A and B, fig. 6, are sounded simul

taneously (A loudly and B softly), the instruments A1 and A2

repeat loudly the signals of A, and B1 B2 repeat softly those

of B.

One of the ways in which the armature c, fig. 5, may bo set in

vibration has been stijted 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 means of a musical instrument

The armature c, fig. 7, is fastened loosely by one extremity to

the uncovered leg d of the electro-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 a is

set in vibration, the armature c is forced to partake of the motion,

and thus electrical undulations are created upon the circuit

E & ef g. These undulations are 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 h 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 used synonymously, 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, produces dynamical electricity. I

include in the category of bodies capable of inductive action

brass, copper, and other metals, as well as iron and steel.

Having described my invention, what I claim, and desire to

secure 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 fortlu

2. The combination, substantially as set forth, of a permanent

magnet or other body capable of inductive action, with a closed

circuit, so that the vibration of the one shall occasion electrical
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undulations in the other, or in itself, and this I claim, whether the

permanent magnet be set in vibration in the neighborhood of the

conducting wire forming the circuit, or whether the conducting

wire be set in vibration in the neighborhood of the permanent

magnet, or whether the conducting wire and the permanent mag

net both simultaneously be set in vibration in each other's neigh

borhood.

3. The method of producing undulations in a continuous

voltaic current by the vibration or motion of bodies capable of

inductive action, or by the vibration or motion of the conducting

wire itself, in the neighborhood of such bodies, as set forth.

4. The method of producing undulations in a continuous

voltaic circuit by gradually increasing and diminishing the re

sistance of the circuit, or by gradually increasing and diminishing

the power of the battery, as set forth.

 

Fig. 101.

5. The method of, and apparatus for, transmitting vocal or

other sounds telegraphically, as herein described, by causing

electrical undulations, similar in form to the vibrations of the

air accompanying the said vocal or other sounds, substantially as

set forth.

'We have given in Chapter II. a verbatim copy of a lecture

delivered by Professor Bell, before the Society of Telegraphic

Engineers, in London, October 31, 1877. On page 71 the pre

ceding cut, fig. 101, is shown, which is the only instrument

in the patent of March 7, 1876 (filed February 14, 1876) for

which any pretence can be set up that it is a talking telephone.

Speaking of this instrument, Professor Bell says, that Mr. Wat
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Fig. 102.
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son, while trying it with him, declared that " he heard a faint

sound" from it, but Professor Boll could not verify his assertion.

Now, the "faint sound '' heard by Mr. Watson cannot be claimed

to be articulate speech, and the person who first obtained articu

late utterance from the telephone is the discoverer. Mr. Gray's

caveat of the same date shows means of producing articulate

speech telephonically (fig. 102), and states that "it will enable

persons at a distance to converse witli each other through a tele

graphic circuit, just as they now do in each other's presence, or

through a speaking tube."

Referring to Prof. Bell's description, on page 71, of the instru

ment with which lie first obtained audible effects (fig. 50), it

will be seen that it is precisely the same in principle, and almost

identical in construction, with the receiving instrument shown

and described in Mr. Gray's caveat of February 14, 1876. Prof.

Bell, it is claimed, obtained his first audible sounds of articulate

speech in the spring of 1876. Here, then, are two important

facts bearing on the question of priority in the invention of the

speaking telephone. Mr. Gray described and illustrated his

speaking telephone in the winter of 1876. In the following

spring Prof. Bell obtained his first audible effects in the repro

duction of articulate speech at a distance by electro-magnetism,

asid employed for this purpose an apparatus similar to that

which was illustrated and described in Mr. Gray's caveat, filed

in the United States Patent Office the preceding February.

'Whether or not Prof. Bell invented the apparatus independently

of Mr. Gray, we have no means of judging; but that he was not

the first inventor, we think the facts conclusively show. Ilad

he been the first to invent it, is there any reason why he should

not have described it in his application, filed simultaneously with

Mr. Gray, on the 14th of February, 1876?
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EDISON'S TELEPHONIC RESEARCHES.

The following communication from Mr. Thomas A. Edison

gives a detailed account of his researches in telephony, and is a

valuable contribution to the history of the development of the

speaking telephone.

Some time in or about the month of July, 1875, I began

experimenting with a system of multiple telegraphy, which had

for its basis the transmission of acoustic vibrations. Being fur

nished, at the same time, by Hon. William Orton, President of

the Western Union Telegraph Company, with a translated

description from a foreign scientific journal of Reiss's1 telephone,

I also began a series of experiments, with the view of producing

an articulating telephone, carrying on both series simultaneously,

by the aid of my two assistants, Messrs. Batchelor and Adams.

With regard to the multiple telegraph I will say that many

methods were devised, among which may be mentioned the

transfer system. This consisted in combining a large tuning

fork with multiple forks, so arranged at two terminal stations,

with contact springs leading to different Morse instruments, that

the synchronous vibrations of the forks would change the main

line wires from one set of instruments to other sets at both sta

tions, at a rate of 120 times per second. With this rate of vibra

tion the wire would be simultaneously disconnected at both ter

minal stations from one set of Morse signalling apparatus, and

momentarily placed in alternate connection with three other

similar sets of apparatus, and then again returned to the first set,

without causing the apparatus to mark the absence of the current

otherwise than by a perceptible weakening of the same.

j Zeitsdirift des Beutsch-Oesterreichlschen Tclegraphen-Vereins, herausgegeben

in dessen Auftrage von dor Koniglieh Preussisehen Telegraphen-Direction. Redi-

girt von Dr. P. Wilhelm Brix. Vol. ix., 186'2, page 125. (For a description of Reiss's

apparatus see pages l> to 1". inclusive.)
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By this means, therefore, four perfectly independent wires

were practically created, upon which signalling could be carried

on with any system which was worked no faster than the ordi

nary Morse system. Each of these wires was also duplexed and

found to work perfectly upon a line of artificial resistance, thus

allowing, with the ordinary apparatus, of the simultaneous trans

mission of eight different messages.

Notwithstanding the perfect success of the system upon an

artificial line, however, which possessed- little or no electrostatic

capacity, I have never, in practice, been able to produce a suffi

ciently perfect compensation for the effects of the static charge
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to allow of the successful use of the system on a line of over

forty miles in length, although I have put the line to earth at

both stations after it leaves one set of instruments and before it

is placed in contact with another set ; have sent reversed currents

into it, and have also used magnetic and condenser compensation

in various ways, known to experts in static compensation, but

all without avail. By vibrating the line wire between two sets

of apparatus, however, good satisfaction has been obtained on

fines of about 200 miles in length.

In my system of acoustic transmission, which was devised in

September, 1875, and is shown in fig. 103, two tuning forks, A
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and B, vibrating from 100 to 500 times per second, were kept in

continuous motion by a local magnet and battery, and the short

circuiting was controlled by the signalling keys Kt and K3.

As will be seen on reference to the figure, this system, like

that shown in my patent of 1873, is dependent upon the vary

ing resistance occasioned by employing a movable electrode in

water, and which thus produces corresponding variations of the

battery current in the line.

The receivers Rt and R2, fig. 104, were formed of telescopic-

tubes of metal, by lengthening or shortening of which the column

of air in either could be adjusted to vibrate in unison with the

LINE 
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Fig. 104.

proper tone of the fork, whose signals were to be received by

each particular instrument An iron diaphragm was soldered

to one end of these tubes, and the latter placed in such a manner

as to bring the diaphragm of each respectively just in front of an

electro-magnet, which, in action, would cause them to vibrate.

When the column of air in either receiver was properly adjusted

to a given tone, the signals due to stopping and starting the

vibrations by the distant key were very loud, as compared to

other tones not in harmony with the column of air. Flexible

rubber tubes, with ear pieces, were connected to the receivers, so
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that, in using the instruments, the head of the operator was not

required to be held in an unnatural or strained position.

This system worked very well; but one defect in it was

apparent from the first, and that was its continual tendency to

give the operator what is termed the back-stroke, even from the

slightest cause, such as the opening of a door or the moving of

the head, and also occurred on the slightest inattention whatever.

With a Morse sounder, as is well known, every dot is made

apparent to the ear by two sounds, the first being produced when

the lever strikes the anvil, and the other when it strikes the

upper or back contact A dash, like the dot, is also composed

of two sounds, but the interval of time between the production

of the first, the downward stroke or sound and the upward stroke,

is what determines its character. It frequently happens, how

ever, when a sounder is so adjusted that the sound produced by

the down stroke is of the same volume or loudness as the one

given by the up stroke, that the order of reading becomes re

versed on the slightest disturbance or inattention and the ear

mistakes the up sound for the down sound, and vice versa. The

signals consequently become unintelligible, and the operator can

only restore the proper order by closing both ears and watching

the motion of the sounder lever, or by deadening the back sound

by placing the finger on the lever until the ear again catches a

word or two.

Similarly with the musical signals, the dots and dashes are

formed by the relative short or long duration of a continuous

tone, but in this case the pitch is always the same, and tins con

stitutes an element of confusion that is quite as bad as the back

stroke of the sounder above referred to. I therefore arranged

my keys so as to transmit two short tones close together to form

a dot, and two tones separated by an interval to form a dash ; but

there was still so little distinctive difference between one and the

other that I was led to defer further experiment with the appa

ratus for a time. It is probable that some means will be found

for producing a greater degree of difference between the two ele

ments of the signals, such, for instance, as the employment of two
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forks of slightly different pitch, which, at least, promises well.

When this is done the system will be of some value.

It will be noticed that the receiving instrument shown in fig.

104 contains the diaphragm magnet and chamber of the magneto-

speaking telephone ; and I may say here that I believe I was the

first to devise apparatus of this kind, which I intended for use in

connection with acoustic telegraphs. I can, however, lay no claim

to having discovered that conversation could be carried on be

tween one receiver and the other upon the magneto principle by

causing the voice to vibrate the diaphragm.

Another system of multiple transmission consisted, partly, in

the use of reeds for receivers, and has been exceedingly well de

veloped in the hands of Mr. Elisha Gray, but I forbear explain

ing it here, owing to its complexity and lack of practical merit

My first attempt at constructing an articulating telephone was

made with the Reiss transmitter and one of my resonant receivers

described above, and my experiments in this direction, which

continued until the production of my present carbon telephone,

cover many thousand pages of manuscript I shall, however,

describe here only a few of the more important ones.

In one of the first experiments I included a simplified Reiss

transmitter, having a platinum screw facing the diaphragm, in a

circuit containing twenty cells of battery and the resonant re

ceiver, and then placed a drop of water between the points ; the

results, however, when the apparatus was in action, were unsatis

factory—rapid decomposition of the water took place and a de

posit of sediment was left on the platinum. I afterwards used

disks attached both to the diaphragm and to the screw, with sev

eral drops of water placed between and held there by capillary

attraction, but rapid decomposition of the water, which was im

pure, continued, and the words came out at the receiver very

much confused. Various acidulated solutions were then tried,

but the confused sounds and decompositions were the only

results obtained.

With distilled water I could get nothing, probably because, at

that time, I used very thick iron diaphragms, as I have since
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frequently obtained good results ; or, possibly, it was because the

ear was not yet educated for this duty, and therefore I did not

know what to look for. If this was the case, it furnishes a good

illustration of the fact observed by Professor Mayer, that we

often fail to distinguish weak sounds in certain cases when we

do not know what to expect

Sponge, paper and felting, saturated with various solutions,

were also used between the disks, and knife edges were substi

tuted for the latter with no better results. Points immersed in

electrolytic cells were also tried, and the experiments with vari

ous solutions, devices, etc., continued until February, 1876, when

I abandoned the decomposable fluids and endeavored to vary the

resistance of the circuit proportionately with the amplitude of

vibration of the diaphragm by the use of a multiplicity of plat

inum points, springs and resistance coils—all of which were de

signed to be controlled by the movements of the diaphragm, but

none of the devices were successful.

In the spring of 1876, and during the ensuing summer, I en

deavored to utilize the great resistance of thin films of plumbago

and white Arkansas oil stone, on ground glass, and it was here

that I first succeeded in conveying over wires many articulated

sentences. Springs attached to the diaphragm and numerous

other devices were made to cut in and out of circuit more or less

of the plumbago film, but the disturbances which the devices

themselves caused in the true vibrations of the diaphragm pre

vented the realization of any practical results. One of my as

sistants, however, continued the experiments without interrup

tion until January, 1877, when I applied the peculiar property

which semi-conductors have of varying their resistance with

pressure, a fact discovered by myself in 1873, while constructing

some rheostats for artificial cables, in which were employed

powdered carbon, plumbago and other materials, in glass tubes.

For the purpose of making this application, I constructed an

apparatus provided with a diaphragm carrying at its centre a

yielding spring, which was faced with platinum, and in front of

this I placed, in a cup secured to an adjusting screw, sticks of
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crude plumbago, combined in various proportions with dry pow

ders, resins, etc. By this means I succeeded in producing a

telephone which gave great volume of sound, but its articulation

was rather poor ; when once familiar with its peculiar sound,

however, one experienced but little difficulty in understanding

ordinary conversation.

After conducting a long series of experiments with solid ma

terials, I finally abandoned them all and substituted therefor

tufts of conducting fibre, consisting of floss silk coated with

plumbago and other semi-conductors. The results were then

very much better, but while the volume of sound was still great,

the articulation was not so clear as that of the magneto tele

phone of Prof. Bell. The instrument, besides, required very

frequent adjustment, which constituted an objectionable feature.

Upon investigation, the difference of resistance produced by

the varying pressure upon the semi-conductor was found to be

exceedingly small, and it occurred to me that as so small a

change in a circuit of large resistance was only a small factor, in

the primary circuit of an induction coil, where a slight change of

resistance would be an important factor, it would thus enable me

to obtain decidedly better, results at once. The experiment,

however, failed, owing to the great resistance of the semi-con

ductors then used.

After further experimenting in various directions, I was led

to believe, if I could by any means reduce the normal resistance

of the semi-conductor to a few ohms, and still effect a difference

in its resistance by the pressure due to the vibrating diaphragm,

that I could use it in the primary circuit of an induction coil.

Having arrived at this conclusion, I constructed a transmitter

in which a button of some semi-conducting substance was placed

between two platinum disks, in a kind of cup or small containing

vessel. Electrical connection between the button and disks was

maintained by the slight pressure of a piece of rubber tubing, J

inch in diameter and £ inch long, which was secured to the dia

phragm, and also made to rest against the outside disk. The

vibrations of the diaphragm were thus able to produce the
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requisite pressure on the platinum disk, and thereby vary the

resistance of the button included in the primary circuit of the

induction coiL

At first a button of solid plumbago, such as is employed by

electrotypers, was used, and the results obtained were considered

excellent, everything transmitted coming out moderately dis

tinct, but the volume of sound was no greater than that of the

magneto telephone.

In order, therefore, to obtain disks or buttons, which, with a

low normal resistance, could also be made, by a slight pressure,

to vary greatly in this respect, I at once tried a great variety of

substances, such as conducting oxides, sulphides and other par

tial conductors, among which was a small quantity of lamp

black that had been taken from a smoking petroleum lamp and

preserved as a curiosity on account of its intense black color.

A small disk made of this substance, when placed in the tele

phone, gave splendid results, the articulation being distinct, and

the volume of sound several times greater than with telephones

worked on the magneto principle. It was soon found upon

investigation, that the resistance of the disk could be varied

from three hundred ohms to the fractional part of a single ohm

by pressure alone, and that the best results were obtained when

the resistance of the primary coil, in which the carbon disk was

included, was of an ohm, and the normal resistance of the

disk itself three ohms.

Mr. Henry Bentley, president of the Local Telegraph Com

pany, at Philadelphia, who has made an exhaustive series of

experiments with a complete set of this apparatus upon the

wires of the Western Union Telegraph Company, has actually

succeeded in working with it over a wire of 720 miles in length,

and has found it a practicable instrument upon wires of 100 to

200 miles in length, notwithstanding the fact that the latter were

placed upon poles with numerous other wires, which occasioned

sufficiently powerful induced currents in them to entirely destroy

the articulation of the magneto telephone. I also learn that he

has found the instrument practicable, when included in a Morse
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circuit, 'with a battery and eight or ten stations provided with

the ordinary Morse apparatus ; and that several way stations

could exchange business telephonically upon a wire which was

being worked quadruplex without disturbing the latter, and not

withstanding, also, the action of the powerful reversed currents

of the quadruplex on the diaphragms of the receiver. It would

thus seem as though the volume of sound produced by the voice

with this apparatus more than compensates for the noise caused

by such actions.

While engaged in experimenting with my telephone for the pur

pose of ascertaining whether it might not be possible to dispense

with the rubber tube which connected the diaphragm with the

rheostatic disk, and was objectionable on account of its tendency

to become flattened by continued vibrations, and thus necessitate

the readjustment of the instrument, I discovered that my prin

ciple, unlike all other acoustical devices for the transmission of

speech, did not require any vibration of the diaphragm—that, in

fact, the sound waves could be transformed into electrical pul

sations without the movement of any intervening mechanism.

The manner in which I arrived at this result was as follows :

I first substituted a spiral spring of about a quarter inch in

length, containing four turns of wire, for the rubber tube which

connected the diaphragm with the disks. I found, however, that

this spring gave out a musical tone which interfered somewhat

with the effects produced by the voice ; but, in the hope of over

coming the defect, I kept on substituting spiral springs of thicker

wire, and as I did so I found that the articulation became both

clearer and louder. At last I substituted a solid substance for

the springs that had gradually been made more and more inelastic,

and then I obtained very marked improvements in the results.

It then occurred to me that the whole question was one of pres

sure only, and that it was not necessary that the diaphragm should

vibrate at all. I consequently put in a heavy diaphragm, one

and three quarter inches in diameter and one sixteenth inch

thick, and fastened the carbon disk and plate tightly together,

30 that the latter showed no vibration with the loudest tones.
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Upon testing it I found my surmises verified ; the articulation

was perfect and the volume of sound so great that conversation

carried on in a whisper three feet from the telephone was clearly

heard and understood at the other end of the line.

This, therefore, is the arrangement I have adopted in my pres

ent form of apparatus, which I call the carbon telephone, to dis

tinguish it from others. It is fully described in another part of

this work.

The accessories and connections of this apparatus for long cir

cuits are shown in fig. 105. A is an induction coil, whose primary
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wire p, having a resistance of several ohms, is placed around

the secondary, instead of within it, as in the usual manner of con

struction. The secondary coil s, of finer wire, has a resistance

of from 150 to 200 ohms, according to the degree of tension re

quired ; and the receiving telephone R consists simply of a mag

net, coil and diaphragm. One pole of the magnet is connected

to the outer edge of the diaphragm, and the other, which carries

the wire bobbin of about 75 ohms resistance, and is included in

the main line, is placed just opposite its centre.
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P R is the signalling relay, generally a Siemens' polarized in

strument, which has been given a bias towards one side, and con

sequently is capable of responding to currents of one definite

direction only.

The lever of this relay, when actuated by the current from a

distant station on the line in which the instrument is included,

closes a local circuit containing the vibrating call bell B, and

thus gives warning when speaking communication is desired.

Besides serving to operate the call bell, the local battery E is

also used for sending the call signal. S is a switch, the lever of

which, when placed at o, between m and n, disconnects the trans

mitter T and local battery E from the coil A, and in this posi

tion leaves the polarized relay P R free to respond to cur

rents from the distant station. When this station is wanted,

however, the lever S is turned to the left on n, and depressed sev

eral times in rapid succession. The current from the local bat

tery, by this means, is made to pass through the primary coil

of A, and thus for each make and break of the circuit induces

powerful currents in the secondary s, which pass into the line

and actuate the distant call bell.

When the call signals have been exchanged, both terminal

stations place their switches to the right on m, and thus intro

duce the carbon transmitter into their respective circuits. The

changes of pressure, produced by speaking against the diaphragm

of either transmitter, then serve, as already shown, to vary the

resistance of the carbon, and thus produce corresponding varia

tions in the induced currents, which, acting through the receiv

ing instrument, reproduce at the distant station whatever has

been spoken into the transmitting instrument

For lines of moderate lengths, say from one to thirty miles,

another arrangement, shown in fig. 106, may be used advantage

ously. The induction coil, key, battery, and receiving and trans

mitting telephones, are lettered the same as in the previous figure,

and are similar in every respect to the apparatus there shown ; the

switch S, however, differs somewhat in construction from the one

already described, but is made to serve a similar purpose.
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When a plug is inserted between 3 and 4, the relay or sounder

R', battery E, and key K only are included in the main line

circuit, and this is the normal arrangement of the apparatus for

signalling purposes. The battery, usually about three cells of

the Daniell form, serves also both for a local and main battery.

When a plug is inserted between 1, 2 and 4, the apparatus is

available for telephonic communication.

I have also found, on lines of from one to twenty miles in

length, that the ordinary call can be dispensed with, and a sim

plified arrangement substituted. This latter consists simply

 

of the ordinary receiving telephone, upon the diaphragm of

which a free lever, L, is made to rest, as shown in fig. 107. When

the induced currents from the distant station act upon the

receiver It, the diaphragm of the latter is thrown into vibration,

but by itself is capable of giving only a comparatively weak

sound ; with the lever resting upon its centre, however, a sharp,

penetrating noise is produced by the constant and rapid rebounds

of the lever, which thus answers very well for calling purposes

at stations where there is comparatively but little noise.
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Among the various other methods for signalling purposes

which I have experimented with, I may mention the sounding

of a note, by the voice, in a small Reiss's telephone ; the employ

ment of a self-vibrating reed in the local circuit ; and a break

wheel with many cogs, so arranged as to interrupt the circuit

when set in motion.

 

Fig. 107.

I have also used direct and induced currents to release clock

work, and thus operate a call, and in some of my earlier acoustic

experiments tuning forks were used, whose vibrations in front

of magnets caused electrical currents to be generated in the coils

surrounding the latter.

By the further action of these currents on similar forks at a

distant station, bells were caused to be rung, and signals thus

LME
Tut
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Fig. 108.

given. Fig. 108 shows an arrangement of this kind. A and B

are two magnetized tuning forks, having the same rate of

vibration and placed at two terminal stations. Electro-magnets

m aiid m1 are placed opposite one of the prongs of the forks at

each station, while a bell, C or D, stands opposite to the other.

The coils of the magnet are connected respectively to the line
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wire and to earth. When one of the forks is set in vibration by

a starting key provided for the purpose, the currents produced

by the approach of one of its magnetized prongs towards the

magnet, and its recession therefrom, pass into the line and to the

further station, where their action soon causes the second fork

to vibrate with constantly increasing amplitude, until the bell is

struck and the signal given.

OX

 

Fig. 109.

For telephonic calls the call bells are so arranged that the one

opposite to the fork, which generates the currents, is thrown out

of the way of the latters vibrations.

Another call apparatus, which I have used, is represented in

fig. 109. In this arrangement two small magnetic pendulums,

whose rates of vibration are the same, are placed in front of

 

LINE

Fig. 110.

separate electro-magnets, the helices of which join in the main

line circuit When one of the pendulums is put in motion, the

currents generated by its forward and backward swings in front

of the electro-magnet pass into the line, and at the opposite ter

minal, acting through the helix there, cause the second pendulum

to vibrate in unison with the former.

Fig. 110 shows a form of electrophorous telephone which acts
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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 results 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-
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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 electrical

changes in the other, and thereby reproduce in it what has been

spoken into the mouthpiece of the former.

With this arrangement fair results may be obtained, and it is

not necessary that the insulation should be sj 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

electrical impulses of variable strength, so as to reproduce spoken

words at a distance. Small resistance coils—1, 2, 3, etc.—were

so arranged with connecting springs near a platinum faced lever
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B, in connection with the diaphragm in A, that any movement

of the latter caused one or more of the coils to be cut in or out

of the primary circuit of an induction coil C, the number, of

course, varying with the amplitude of the vibrating diaphragm.

Induced currents corresponding in strength with the variations

of resistance were thus sent into the line, and could then be made

to act upon an ordinary receiving telephone. By arranging the

 

Fig. 112.

springs in a sunflower pattern about a circular lever, I have suc

ceeded in transmitting articulate sentences by this method, but

the results were very harsh and disagreeable.

Fig. 113 shows a form of the water telephone previously re

ferred to, in which a double cell was used, so as to afford con

siderable variation of resistance for the very slight movements

 

Fig. 113.

of the diaphragm. The action of the apparatus will readily be

understood from the figure, where a wire in the form of the

letter U is shown, with the bend attached to the diaphragm, and

its ends dipping into the separate cells, and thus made to form

part of the circuit when the line is joined to the instrument at a

and c.

I am now conducting experiments with a thermo-electric tele- i
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phone, which gives some promise of becoming serviceable. In

this arrangement a sensitive thermo-pile is placed in front of a

diaphragm of vulcanite at each end of a line wire, in the circuit

of which are included low resistance receiving instruments. The

principle upon which the apparatus works depends upon the

change of temperature produced in the vibrating diaphragm,

which I have found is much lower as the latter moves forward,

and is also correspondingly increased on the return movement

Sound waves are thus converted into heat waves of similar

characteristic variations, and I am in hopes that I may ultimately

be able, by the use of more sensitive thenno-piles, to transform

these heat waves into electrical currents of sufficient strength to

produce a practical telephone on this novel principle.

Before concluding, I must mention an interesting fact con

nected with telephonic transmission, which was discovered during

some of my experiments with the magneto-telephone, and which

is this, that a copper disk may be substituted for the iron dia

phragm now universally used. The same fact,' I believe, has

also been announced by Mr. W. II. Preece, to the Physical

Society, at London.

If a piece of copper, say one sixteenth of an inch thick and

three fourths of an inch in diameter, is secured to the centre of

a vulcanite diaphragm, the effect becomes quite marked, and the

apparatus is even more sensitive than when the entire diaphragm

is of copper. The cause of the sound is due, no doubt, to the

production of very weak electrical currents in the copper disk.



CHAPTER VII.

ELECTRO-HARMONIC TELEGRAPHY. 1

Let us, in imagination, transport ourselves backward over a

period of three centuries. It is a summer evening in the ancient

Italian City of Pisa—a city whose curious leaning tower and

imposing cathedral have been reckoned for centuries among the

architectural wonders of the world. Beneath the lofty ceiling of

the great cathedral a magnificent central chandelier, suspended

by a slender silver chain, swings slowly to and fro in the gentle

southern breeze that steals through the open arches. From his

station in the chancel, idly at first, then eagerly and intently, a

grave-faced choir-boy follows with his eyes the cluster of glitter

ing lamps, as ever and anon a sudden current of air sets it

swinging in a wide arc, and then, ceasing for a time, allows the

motion to die away in gradually lessening oscillations.

What could there have been in this simple occurrence which

so interested the youthful observer in the chancel ? It was this :

He had noticed, what doubtless many others had noticed before,

but without in the least apprehending its significance, the fact

that the oscillations of the suspended chandelier, whether great

or small, were always, without exception, performed in equal

times. Our choir-boy, although a mere youth, had nevertheless

already become something of a philosopher, and his subsequent

reflections upon the remarkable fact which had thus incidentally

attracted his attention, led him directly to the discovery of one

of the most comprehensive and far-reaching of all physical laws

—the law of isochronous vibration (the word isochronous being

derived from the Greek, and meaning " in equal times"). This

discovery was but the first of a long and brilliant series, which

1 A paper read before the annual meeting of the American Electrical Society, at

Chicago, 111., December 12, 1877, by F. L. Pope. Journal of the American Elec

trical Society, vol. i., No. 3.
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have justly rendered the name of Galileo forever immortal in the

annals of science and of history.

In order that we may arrive at a clear understanding of the

principles underlying the different varieties of the telephonic,

or, in more general terms, the electro-harmonic system of teleg

raphy, and that we may be able to trace intelligently its origin

and development, it is essential that we should first become

somewhat acquainted with the laws and leading phenomena of

vibratory or undulatory motion in general. Ilaving done this,

we shall find no difficulty in passing to the consideration of the

special practical applications of these laws, which have recently

been made in the domains of electro-telegraphy and electro-

acoustics, and which have been attended with such remarkably

brilliant and successful results.

Let us consider for a moment some of the peculiar properties

of a body freely suspended from a fixed point—in other words,

a pendulum. 1 suppose there are not many here present who

do not treasure among the happiest memories of childhood tho

associations connected with the swing. It was simply a seat

suspended by two ropes, perhaps from the horizontal branch of

some overshadowing tree. I shall probably be safe in assuming

that you all have a tolerably vivid recollection of most of the

phenomena presented by this mechanical contrivance when in

active operation ; a very fortunate circumstance, inasmuch as it

will enable me to place clearly before your minds some of the.

most important of the fundamental laws of vibration.

When our friend the school -boy, having seated one of his

youthful favorites in the swing, and by a series of judiciously

timed impulses gradually increased the amplitude of her oscilla

tions from zero to perhaps 120° of arc, proceeds, in compliance

with her breathless request, to discontinue his exertions, and, in

the classic language of the play-ground, to <: let the old cat die,"

it is hardly surprising that, not being another Galileo, our young

friend has utterly failed to grasp the great physical truth that

the vibrations of the little maiden are isochronous. Still less

does he probably suspect that, even were he to subject the very
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schoolma'am herself to the same conditions, the periodicity and

the isochronism of her oscillations would 'not ditfer from those

of her predecessor, notwithstanding the much greater weight of

the oscillating body. Nevertheless, such is the fact It is one

which was experimentally demonstrated many years ago—by

myself, although, of course, it would hardly be becoming for me

to claim absolute priority over all others in making the experi

ment

Another important property of the pendulum is that, by

shortening it, it oscillates more rapidly. Thus, if we take two

pendulums, one of which is three and the other twelve feet in

length, the shorter pendulum will be found to make two oscil

lations to each one of the longer one, and if we continue the

experiment with pendulums of different lengths, we shall arrive

at the law that the time required in each case to perform an

oscillation is proportional to the square root of the length of the

pendulum.

I will also call attention at this point to a third property of

the vibrating pendulum, which it will bo very important for us

to remember, in view of what we shall come to further on ; a

property which is very well illustrated by the suspended swing,

to which I have just referred. It is this : A freely suspended

body, even if it be very heavy, may be set in vibration by the

repeated application of a comparatively insignificant force, pro

vided the successive applications of the force be properly timed,

but not otherwise. Of course you have all noticed this in the

case of the swing, and therefore I need not enlarge upon it fur

ther than to say that the same effect is produced, though in a

less degree, no matter whether the impulses are given at every

vibration, at every alternate vibration, or even less frequently.

The essential condition is, that the intervals of time between the

successive impulses shall be exactly the same as the intervals

between the vibrations, or else a multiple or submultiple of one

of these intervals.

I have made use of the suspended pendulum to illustrate

some of the principal laws of vibratory motion, for the reason
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that its phenomena are familiar to you all, not merely because

they are of every-day occurrence, but because they are very

easy of comprehension both by the eye and mind. But the

laws which govern the vibrating pendulum equally govern all

the varied phases in which vibratory motion presents itself

throughout the realm of physics.

All solid bodies exhibit the phenomena of vibration in various

forms and degrees, according to the form of the body and the

manner in which the force producing the vibration is applied.

Cords and wires, as familiarly seen in stringed instruments of

music, have their elasticity developed by tension so as to become

capable of vibration. If the cord afb (fig. 114) be drawn out in

the middle to a c b, upon being released its elasticity causes it

to return to its former position. The velocity of this movement

is constantly accelerated, and is at its maximum when the cord

 

Fig. 114.

has reached its line of equilibrium afl; consequently, it passes

with constantly decreasing velocity to a d 4, where it comes to

rest for an instant, and then returns to a f b, and so continues.

You will at once perceive the analogy between the vibrations of

the central point f of the string between c and d and that of the

weight of the pendulum, and like those of the pendulum, the

vibrations of the stretched string are isochronous. It may be

regarded, in fact, as a kind of double pendulum, and is subject

to the same laws as the ordinary pendulum. The tension and

diameter being equal, the number of vibrations performed by a

cord in a given time are inversely as its length. Elastic rods

vibrate laterally like cords when fixed by their extremities. In

consequence of their rigidity, however, they may be made to

vibrate when fixed only at one extremity. Thus, a straight steel

rod n o may be clamped in a vice, as shown in fig. 115. If we draw
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the free end n aside and then liberate it, it will vibrate to and

fro between the points p and p as shown by the dotted lines.

The amplitude of the successive vibrations, however, constantly

diminishes, until at length the rod returns to its original state of

rest Such a rod, when vibrating, follows the same law as the

pendulum and the stretched cord, each vibration, whether greater

or smaller, being performed in the same length of time, and the

number of vibrations in a given time being inversely propor

tional to the square of the length of the rod.

P i> p

Fig. 115. Fig. 116.

The ordinary tuning fork, an almost indispensable instrument

in the experimental investigation of the various problems of

acoustics, consists virtually of a double vibrating rod of the above

character. As actually constructed it is simply a steel bar, bent

into the form of an elongated letter U, and supported or clamped

at the middle of the bend, leaving the extremities free to vibrate.

When such a fork is struck, and thrown into vibration so as to

sound its deepest note, its free end oscillates, as seen in fig. 116,
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where the prongs vibrate between the limits b n and/ m, p and

q being points of no vibration, termed nodes. 1

Elastic plates are easily thrown into vibration, but the charac

ter of their vibrations depends upon the configuration of the

plate, the manner in which it is supported or clamped, and the

point at which the exciting or moving force is applied. For

example, a circular plate, or a plate of any regular geometrical

figure capable of being circumscribed about a circle, which is

clamped or stopped at the edges, but otherwise free to vibrate,

will have no decided tendency to any given rate of vibration, but

will respond to any kind of vibrations which may be communi

cated to it But if the plate be elongated, the normal rate of

vibration is affected by the length of the plate, without reference

to its breadth. The greater the length of the plate in proportion

to its breadth, the more it partakes of the character of an elastic

rod or a stretched string, according as it is supported at one or

both ends, and thereby becomes capable of vibrating at one par

ticular rate, and no other. You will see, therefore, that we may

have a succession of plates of various forms, passing by degrees

from the circular plate clamped at its edges, which will take any

rate of vibration with equal facility, to the string or rod clamped

at one or both ends, which will only take one particular rate,

rejecting all others. These properties of plates of different

forms, in respect to their modes of vibration, are of the utmost

importance in harmonic telegraphy, as we shall hereafter see.

It remains to speak of the vibrations of membranes, which are

in many respects analogous to those of plates. When loosely

stretched over a circular hoop or frame, such a membrane, like

the circular plate, has no decided tendency to vibrate at any par

ticular rate. If strained more tightly, however, its tendency to

vibrate at some particular rate is increased.

Omitting for the present a more particular consideration of

the characteristics of vibrating solids, we will now examine

the effects of vibratory motion upon fluids.

1 TyndaU—"Lectures on Sound1' (American edition), p. 13S.
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If we drop a smooth, round pebble into the bosom of a placid

pool, a series of concentric undulations are produced. Wave

follows wave, in ever-widening circles, until opposing forces at

length cause an equilibrium to be regained. At the initial point

a depression is produced by the fall of the pebble. Around this

there first rises a circular elevation above the surface of the

liquid when in equilibrium, and immediately beyond this is a

circular depression, and so on, alternately, successive elevations

and depressions. When we look at this progressive series of

waves, the entire mass appears to advance progressively in every

direction away from the point of excitation ; but, if we watch

the movements of some light, floating body, we shall see that

this body is not carried forward over the surface, but merely

rises and falls alternately as the waves pass beneath it More

over, we shall be able to observe an exact analogy between the

vertical oscillations of this floating body and those of the sus

pended weight of the pendulum, or the central point of the

stretched string, thus proving that the vibratory motion which we

have already examined, and the undulatory motion under con

sideration, are manifestations of the same law under different

conditions.

The undulations which we have just described are surface

waves. All elastic mediums are also subject to undulations of

a totally different character, which are termed waves of conden

sation and rarefaction, and are produced in air and gases by any

disturbance of density. If any elastic fluid be compressed, and

then suddenly released from- compression, it will expand, and in

its expansion exceed its former volume to a certain extent, after

which it will again contract, and thus oscillate alternately on

either side of its position of rest It must be understood that

this class of undulations extend equally in every direction from

a centre toward every point of the circumference of a sphere.

This alternate condensation and expansion of an elastic fluid or

medium, extending spherically around the original centre of dis

turbance, is perfectly analogous to the series of circular waves

which we have seen formed around a point of depression on the
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surface of a liquid, the condensation of the elastic fluid corre

sponding to the elevation of a surface wave, and the phase of

rarefaction corresponding to the. phase of depression.

Suppose fig. 117 to represent a section of a sphere of air, or

other elastic medium in which the waves of condensation and

rarefaction have extended outward from the centre C, then the

heavy lines a e fg, b h ik and d Ipq, will represent the phases of

greater condensation, the finer intermediate lines will represent

the spaces of greatest rarefaction, and the distances m n and n o,

between circles of greatest condensation, will be the length of

the waves.

 

Fig. 117.

These waves of condensation and rarefaction in an elastic

medium, like the waves on the surface of a liquid, are subject to

the ordinary laws of vibration, and are capable of producing or

of being produced by the vibrations of a solid body.

The mutual convertibility of vibrations and undulations may

be shown by experiment If a tuning fork is struck or excited

by a violin bow and its motion allowed to gradually die away,

its prongs oscillate backward and forward in the same manner

and after the same law as a pendulum, except that they make

many hundred vibrations for each single vibration of the pendu

lum. A particular tuning fork, therefore, will always perform a

given number of vibrations in a unit of time. This number de
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pends solely upon the construction of the fork, and can, there

fore, neither be increased nor diminished, unless the form or

properties of the fork are in some way changed.

If we throw such a tuning fork into vibration the vibrations of

the fork cause undulations in the surrounding air, which arc pro

pagated in every direction. How is this brought about? Each

of the prongs beats the air in opposite directions at the same

time. Let us try to picture to ourselves the physical condition of

the air in front of one of these prongs. As the latter strikes out

ward the air in front of it will be driven outward, condensed, and

on account of the elasticity of the air, the condensation will at

once start to travel outward in every direction a wave of denser

air ; but directly the prong recedes, beating the air back in the
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contrary direction, which will, of course, rarefy the air in front

of the prong. But the disturbance we call a rarefaction is

propagated in air with the same velocity as a condensation.

We must therefore remember that just behind the wave of con

densation there is a wave of rarefaction, each travelling with the

same velocity, and therefore always maintaining the same posi

tion in relation to each other. Thus the fork vibrates a certain

number of times in a second, and will consequently generate an

equal number of these waves, all constituted aliko and the same

length. (See fig. 118.) Suppose a fork to make one hundred vi

brations per second : at the end of the first second the wave

generated by the vibration at the beginning of the second would

have travelled, say, eleven hundred feet (which is known to be
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approximately the distance traversed in a second by aerial vibra

tion), and the intermediate waves would be uniformly distributed

over the intervening distance ; that is to say, in eleven hundred

feet there would be one hundred waves, each of them evidently

being eleven feet in length. If the fork made eleven hundred

vibrations per second, each of these waves would be one foot long,

for waves of all lengths traverse the air with precisely the same

velocity. 1

Now, if we place in another part of the same room another

fork, so constructed as to make exactly the same number of

vibrations per second as the first one, and set the first one in

vibration, the other one will soon begin to vibrate in sympathy,

and it will even continue to vibrate after the first one had been

stopped. Astonishing as it seems, it is nevertheless true that

this heavy and rigid mass of steel has been set in motion merely

by the successive impact of hundreds of tiny waves of air, each

of such small motive power that it could not stir the weakest

spring which was not adjusted in unison with the fork. The

slightest disagreement in the respective rates of vibrations of the

two forks sensibly diminishes, and a difference of one vibration

in two or three hundred per second wholly destroys, the effect

Thus we see that the isochronous vibrations of the first fork

give rise to corresponding waves or undulations of condensation

and rarefaction in the air, and these in turn reproduce isochron

ous vibrations in the second fork, and will also produce vibra

tions to a greater or less extent in every body which is capable

of vibrating in unison with the first fork.

Thus far we have confined our attention solely to the nature

and effects of simple vibrations. It remains to consider what

effect is produced when a number of distinct sets of vibrations

are simultaneously propagated through the same medium.

Before attempting to explain this, it is desirable that we should

understand the graphical method of delineating vibratory and

other motions which mathematicians and phyicists are accus-

1 Dolbear—" The Telephone," p. 63.
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tomed to employ in order to place the characteristics of these

motions before the mind through the medium of the eye, in a

manner much more intelligible than is possible even by the most

minute verbal description.

Suppose we have a pendulum swinging from right to left and

left to right with a nniform motion. In the vicinity of either

end of its path it moves slowly, and in the middle much more

rapidly. If we should attach a pencil to the end of the pendu

lum-rod so that it would mark upon a continuous slip of paper of

sufficient width, moving uniformly beneath it at right angles to

the plane of its oscillation, a wavy line would be produced.

This wavy line once drawn would remain as a permanent record

of the kind of motion performed by the pendulum during every

part of its oscillation. Fig. 119 represents a line such as would be
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produced by the process we have just described. It is not diffi

cult to comprehend the meaning of the curves which are thus

formed. The marking point has passed relatively to the paper

with a uniform velocity in the direction a d. Suppose it has

described the section a c in one second. Divide a c into twelve

equal parts, as in the figure, then the point has been one twelfth

of a second in describing the horizontal length of any one of these

divisions, and the curve shows us on which side and at what

distance from the position of rest the vibrating point will be at

the end one twelfth, two twelfths, and so on, of a second or gen

erally at any given short interval of time after it has left the

point a. We see in the figure that after one twelfth of a second

it had reached the height 1, and that it rose gradually till the

end of three twelfths of a second ; then, however, it began to
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descend gradually, till at the end of six twelfths of a second it had

reached its mean position &, 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. 1

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, such as a b, fig. 119, lengths corresponding to the

interval of time, and let fall perpendiculars, or, in mathematical

language, 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,2 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 Ilelmholtz—Die Zehre von den Tonempfindungen (English Translation, by A. J.

Ellis), p. 81.

» Ibid., p. 3a
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greater distance. Now, if we drop two pebbles at two points

some little distance from each other, we shall produce two

separate centres of agitation. Each will set in motion a separate

set of concentric waves, and these two, gradually expanding,

will finally meet and overlap each other. When this happens,

it is easy to see that not only the water, but any floating body

upon its surface as well, will be set in motion by both kinds of

agitation at the same time, but this fact will in no wise interfere

with the separate propagation of both sets of waves. Each of

these will continue to advance further and further over the sur

face precisely as if the other had no existence. As they pro

ceed, those parts of both rings which have just coincided appear

again, distinct and unchanged in form. These little systems of

waves may be accompanied by other and larger systems, caused

by the action of the wind, but they will continue to spread out

over the surface thus agkated, with the same systematic regu

larity that they did upon a perfectly calm surface.

The action of the vibrations or undulations of the atmosphere,

which produce the sensation of sound, is strictly analogous to

that of the waves of water. There is practically no limit to the

number of distinct sets of vibrations which may be going on at

the same time, without mingling with each other ; but, in cases

where there are many of these, the resulting motion of each

separate particle of air is necessarily complex, almost beyond the

power of the mind to conceive. The principle, however, may

be understood perfectly well by studying the composition of two

or three sets of simple vibrations, and this may be readily done

by the aid of the method of graphic projection, which has been

before explained.

Thus in fig. 120, we may suppose the horizontal length of the

diagram to represent a unit of time. The curve A will then

represent the undulation in the atmosphere caused by the vi

brations of a tuning-fork in action. The horizontal distances

measured on the straight line will represent the passing time,

and the vertical heights the corresponding displacements of the

particles of air. Now, suppose a second fork is set in action,
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which is tuned an octave higher than the first, and, conse

quently, makes twice as many vibrations in the same time. The

undulations produced by the second fork will be represented by

the curve B. In such case, the curves above the horizontal line

represent the compression of the air, and those below the line

its rarefaction. Now, according to the laws of mechanics, if two

different forces act in the same direction, the total force is repre

sented by their sum, while if they act in opposite directions it is

represented by their difference. If, therefore, we combine these

two simple curves, according to this principle, we shall have a

composite curve C, which represents the effect produced by the

 

Fig. 120.

superposition of one set of waves upon another. The line Cj

is the sum of the lines at and bt, while c3 is exactly equal to

a2. On the other hand, the line c3 represents the difference

between the lines a3 and b3, one being above the horizontal line

and the other below it Every point in the curve C may be

found in the same manner, and, by the same method of con

struction, the resultant curve, corresponding to any number of

simple curves combined together, may also be found, as you will

readily understand.

The simple vibrational form is always the same. It is only
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its wave height or amplitude, and its wave length or periodic

time, which is susceptible of change. But the number of vibra

tional forms which may arise from the composition of simple

forms are mathematically infinite. The converse of this prop

osition is also true, which is, that any form of vibration, no

matter how complex, may be expressed as the sum of simple

vibrations. This was first mathematically demonstrated by

Fourier, but its experimental proof is due to the labors of the

great German physicist, Helmholtz, who, after a most elaborate

series of investigations, succeeded in separating from each other

the several simple sounds which form the constituents of a com

posite sound. It is not necessary here to enter into a description

of the methods employed by Helmholtz in accomplishing this

beautiful result,1 although we shall have occasion to refer here

after to some of the analogous means which have been employed

in telegraphy for the same purpose, that is to say, the analysis of

composite vibratory motions.

The idea of synchronizing the movements of the two instru

ments at widely separated points for telegraphic purposes by

making use of the principles of isochronous vibration, was

employed in telegraphy at a very early period. Thus Ronalds8

in 1861, and Vail3 in 1837, employed isochronous pendulums

to control their machinery, while at a later date the printing

telegraph of Hughes,4 and the automatic telegraph of Casselli

and others, have embodied most ingenious and beautiful appli

cations of the same principle, with which I presume you are all

more or less familiar, and therefore I need not dwell upon them.

In 1861, Mr. Philip Keiss, of Germany, made the first apparatus

of which we have any account, for reproducing musical sounds

at a distance, by means of electro-magnetism. His devices were

1 For a full account of the apparatus and methods employed in these experiments,

see ibid., Chapter III.

2 See Shuffncr—11 Telegraph Manual," p. 147.

• Vail—" Electro-magnetic Telegraph," p. 1 ;'>;* ; Shaffner—" Telegraph Manual,"

p. 382.
* Prcscott—" History, Theory and Practice of Electric Telegraph," p. 139. Also

same author's " Electricity and Electric Telegraph," p. 609.
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very ingenious and beautiful, and it is evident, from descriptions

and papers published at that time,1 one of which has recently

been reproduced in the Journal of the Telegraph, that Reiss had

made a thorough study, both of the laws of electro-magnetism

and of acoustics, and understood perfectly the conditions of the

problem with which he undertook to deal.

Sound is simply a sensation resulting from the action of

vibrations upon the nerves of the ear. If the same vibrations

are felt by the touch, they produce a certain peculiar fluttering

sensation ; but this is not sound. Therefore, although all sounds

are necessarily the result of vibrations, all vibrations do not

necessarily produce sound. The vibratory motions proceeding

from sounding bodies are usually conducted to the ear through

the medium of the atmosphere. Therefore, to produce any given

sound, of whatever character, at a distance, it is evidently only

necessary to throw the atmosphere at this point into vibration

precisely similar in every respect to those which would be pro

duced by the action of the original source of sound, whatever it

may be.

It is found that all the characteristics of sound which are

appreciable by our senses depend upon three things : First, the

rapidity of the vibrations, which determines what we call the

pitch of the sound, whether, for example, it is high or low;

second, the amplitude of the vibrations, which determines the

loudness or power of the sound ; and, third, the form of vibra

tion, as represented by the curve corresponding to the movement

of the vibrating body, which determines the quality of the

sound.

The apparatus of Reiss consisted of a thin, stretched mem

brane, rigidly supported at the edges, and free to vibrate in the

middle. The mathematical theory of the vibration of such a

membrane, having a uniform tension in all directions, shows

1 Reiss—Dingier1 s Polytechnic Journal, Vol. CLXVIII.,p. 185 ; Legat—Zeitechrift

des DeutschoHterreichi&chen Teleyrapken Vereins, Vol. IX., p. 125. An excellent trans

lation of this last paper may be found in the Journal of t/te Telegraph, Vol. X., p.

353.
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that vibrations produced in any part of the membrane will pro

duce nearly as strong vibrations (disregarding individual nodal

lines) in all other parts of it A thin, light membrane is not

only susceptible of sympathetic vibration when vibrating air is

allowed to act upon it, but this vibration is not limited to any

particular pitch, and it is therefore capable of responding to

sonorous vibrations of every character, traversing the atmos

phere. A delicate circuit-breaker, attached to the membrane,

was arranged to break the circuit of a telegraph line at the

vibration, and thus the armature of an electro-magnet at the

receiving station was easily adjusted to respond to those vibra

tions, and, when mounted upon a proper sounding-board, gave

them out to the atmosphere, which conveyed them to the ear of

the listener.

Now, if the form of vibration in this sounding-board could

have been made to coincide in all respects with that of the

membrane at the station from which the vibrations had been

transmitted, Keiss would have had a perfect sound telegraph or

telephone. But this was far from being the case. The pitch

and rhythm of the sounds were perfectly preserved ; their loud

ness or intensity, also, to a very small extent ; but the quality

was entirely lost It is not difficult to understand the reason of

this. Every vibration of the membrane caused a pulsation of

electricity to traverse the wire and act upon the electro-magnet,

but as each and every vibration of the armature was produced

by a current of precisely the same strength, the only difference

in the amplitude of these vibrations would be that due to the

more complete magnetization or demagnetization of the electro

magnet, when the time allowed for the process was increased by

the greater play of the circuit-closer, under the influence of

stronger vibrations at the transmitting station. The form of the

vibrations was of course altogether lost Any simple musical

tone, consisting of a regidar succession of uniform vibrations, or

any series of such tones, could, however, be reproduced with the

greatest accuracy.

The next important step in the progress of invention was
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obviously the discovery of some means whereby the proper

amplitude of each vibration, or succession of vibrations, either

simple or compound, could be directly reproduced by means of

the electric current ; and when this was once done, the general

problem of harmonic telegraphy may be said to have been solved.

This having been accomplished, it was not difficult to foresee

that two important practical applications might be expected to

follow, namely, multiple transmission, and vocal transmission.

I believe that this discovery of the true method of transmitting

composite vibrations was first publicly announced in the Journal

of this society,1 in a paper contributed by Mr. Elisha Gray, it

having been made by him in December, 1874. It consists in

causing the effective strength of the electric current, by which

the transmission is effected, to rise and fall with the varying

amplitude of the vibrations or waves which are to be reproduced.

Nothing could be more simple and beautiful in a theoretical

point of view, but the practical exemplification of the method, as

is usual in such cases, presented considerable difficulty.

At the time of making this important improvement, Mr. Gray

had already been engaged for more than a year in endeavoring

to devise a practical means of transmitting and simultaneously

reproducing a number of tones, so as to utilize them for the

purpose of multiple telegraphy. Let us briefly glance at what

he had already accomplished.

It was observed in 1837, by Dr. Page,2 that a musical sound

was produced by a magnet, between the poles of which a flat

spiral was placed. The sound was heard whenever contact was

made or broken between the coil and the battery. These obser

vations were confirmed and extended by De la Rive, Wert-

heim4 and many others. The apparatus employed by these

1 Gray, Journal of American Electrical Society , vol. i., p. 13. This apparatus and

its mode of operation will be found described in detail in Gray's patents, No. 1,874,

of May 4, 1876 (Great Britain), and 186,340, of January 16, 1877 (United States).

* Page—American Journal of Science (first series), vol. xxxii., p. 369; ibid., vol.

zxxiii., p. 354.

* Do la Rive—" Traite cT Electricitr, tfcoriq,ie et applique," (English Translation,

by V. C.Walker, vol. i., p. 300) ; also, "Knight's Mechanical Dictionary," Arti

culating " Telephone."

* Ibid., vol. i., p. 307.
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experimenters may be described in general terms as an electro

magnet with a self-interrupting break-piece attached to its arma

ture, and another magnet in the same circuit for producing the

sounds. The sounds proceed from the core of the magnet itself,

and are caused by the molecular change which takes place in

the iron at the moment of magnetization or demagnetization.

When the current is interrupted a sufficient number of times per

second, the successive sounds produce upon the ear the effect of

a musical note. The method by which Gray at first sought to

accomplish the desired result of multiple transmission was by

arranging two or more self-interrupting magnets, adjusted to

different rates of vibration, so as to close the circuit of the same

line at the sending station, while at the receiving station all the

currents passed through a scries of electro-magnets, equal in

number to the transmitters, and having armatures severally

adjusted to their respective rates of vibration. As Mr. Gray has

already described this apparatus at length in a preceding number

of the Journal,1 I need not enter into further particulars con

cerning its construction and arrangement, but will in a few

words point out the reason why it failed to answer its intended

purpose, except to a very limited extent Suppose we have two

self-interrupting transmitters, one of which, a, makes six vibra

tions in the same time that the other one, b, makes five. If we

now set them in operation, first one and then the other, and

record the pulsations on chemical paper at the receiving station,

we should obtain the results shown in fig. 121 at a and b. But if

both are set in operation simultaneously, we get the result shown

in the third line of the figure, at c. Now, it is obviously quite

possible, by insuring a proper relation between the times of

vibration of two or even more transmitters, to avoid any material

interference between the different sets of pulsations, but a limit

is very quickly reached, because, as you will readily perceive,

1 Gray—Journal American Electrical Society, vol. i, pp. 5, 6. For details and

further description seo specifications of Gray's patents, viz., 2,646, of July 29, 1874,

and 974, of March 16, 1875 (Great Britain) ; also No. 166,095, of July 27, 1875 (United

States); also, "Knight's Mechanical Dictionary," Articulating "Telephone."
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any considerable number of transmitters, acting in this manner

to open and close the same circuit, would produce a continuous

current, and no analysis of the separate sets of vibrations at the

receiving station would be possible.

I will now proceed to describe in general terms the nature of

the improvement by means of which Mr. Gray was enabled to

transmit an indefinite number of different series of vibrations,

without destroying their individuality. The details of his sys

tem, and the particular application of it to multiple telegraphy,

having been already made known in a preceding number of the

Journal,1 I shall not attempt to enter into them at any length.

The strength of current in any circuit may be varied in two

ways : by employing a constant electromotive force, and varying

 

Fig. 121.

the resistance of the circuit, or else by varying the electromotive

force, and allowing the resistance to remain constant Gray

employed the latter process in his method of multiple telegraphy.

Each series of vibrations at the transmitting station, when added

to the existing ones by the depression of its proper key, carried

with it its own section of battery, and, therefore, its electromotive

force was superposed upon that already in the circuit The

effect of this was to produce a resultant current of varying

strength, which would be properly represented by a curve ident

ical with that representing the resultant of the several sets of

simple vibrations at the sending station. The analysis of the

composite vibrations at the receiving station was effected by a

1 Gray—Journal American Electrical Society, vol. 1, pp. 13 tt eeq. ; also see patents

of Great Britain and United States, referred to in note 2.
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series of electro-magnets, the several armatures of which were

bars or plates adjusted to a certain rate of vibration, the normal

rate of each armature bar differing from that of the other. Each

armature bar will respond to its corresponding set of vibrations

only, and it makes no difference whatever whether these vibra

tions are transmitted alone, or whether they form a constituent

part of a composite series of vibrations. Each set of vibrations

is broken up into dots and dashes by the action of a key, just as

if it was an ordinary continuous current But as a matter of

fact, the main circuit is never broken, although the strength of

the current is constantly varied The manner in which these

armatures are thrown into vibration by the properly timed

impulses of the electric current acting upon the electro-magnet

is, as you will readily perceive, strictly analogous to that of the

swing, which can only be set in action by properly timed

impulses ; or that of the tuning fork, set in vibration by the tiny

blows of the little atmospheric waves, in the manner which has

already been explained.

The reproduction of articulate vocal sounds at a distance,

depends upon precisely the same fundamental principle as

multiple harmonic transmission, namely, the transmission of

composite vibrations. This will become evident from a consid

eration of the character of articulate sounds, such as those of

the human voice. The analysis of vocal sounds was first

accomplished by Helmholtz. 1 It would occupy too much space

to detail the experiments by which he succeeded in establish

ing the fact that the different vowel sounds are produced by

the presence of a fundamental note, mingled with higher har

monics in various proportions, a harmonic tone being a weak

or partial tone, caused by a rate of vibration twice, three times,

four times, and so on, greater than that of the fundamental.

The several vowels, therefore, belong to the class of sustained

tones which can be used in music, while the character of conso

nants mainly depends upon brief and transient noises. The

1 Helmholtz—Die Lehre von dem Tonetnpfindungen (Ellis' Translation), Chap. III.
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problem in this case was to reproduce at the receiving station

precisely the same vibrations in the atmosphere as those pro

duced by the voice of the speaker at the transmitting station.

We have seen why Reiss was unable to accomplish this. Let us

see wherein later inventors and discoverers have been more

fortunate.

Some time prior to February, 1876, Gray conceived the idea

of attaching to a stretched membrane, such as that used by

Reiss, a resistance apparatus, which should be placed in a con

stant circuit, and caused to vary with the vibrations of the mem

brane in response to the sonorous waves traversing the atmo

sphere and impinging upon it Of course, if this could bedone,

it would be easy to attach an electro-magnet with an armature

formed of a circular plate, which would respond to vibrations

of every character, and thus reconvert the waves of electricity

into aerial sound waves. A caveat, describing this invention,

was filed by Gray in February, 1876, and himself and others

have since been engaged in perfecting and elaborating it, with

a very satisfactory degree of practical success. 1

We will now turn to the labors of another inventor in the

same field, Mr. Alexander Graham Bell. Like Gray, he had

been for some time at work upon the problem of multiple tele

graphic transmission by means of harmonic vibrations, and when

we consider that each of them appears to have been, at least as

late as October, 1874, in entire ignorance of the labors of the

other, the singular coincidence in the results which they finally

attained was not a little remarkable. Gray had approached the

1 Since the above was written, Mr. Thomas A. Edison, of Menlo Park, New

Jersey, is said to have obtained very satisfactory results with a telephone con

structed upon the general plan set forth in Gray's caveat, i. «., a variable resistance

controlled by the vibrations of a diaphragm. Edison made the discovery that

plumbago possessed the curious property of altering its electrical resistance in pro

portion to tho pressure to which it is subjected, and availed himself of this dis

covery in the construction of his telephone. More recently the same experimenter

is said to have obtained still hetter results by the use of carbon in the form of.lamp

black, from the smoke of an ordinary hydrocarbon lamp, compressed into a cylin

drical button. No details of this apparatus have yet been mado public.
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- subject from the stand-point of an electrician. Bell, on the other

hand, was a physiologist, and so approached it from- the opposite

direction,1 if I may use the expression. As early as 1867, he

became interested in the • researches of Helmholtz, because of

their bearing upon the subject of his professional study, vocal

physiology, or, in other words, the mechanism of human speech.

His earliest experiments appear to have been made in Boston in

1872, but were substantially repetitions of those already made

by Helmholtz. In November, 1873, he completed an experi

mental instrument with two self- interrupting transmitting reeds,

and two corresponding receiving reeds, the transmitters being

connected in multiple arc, exactly as in Gray's first method.

For reasons which have already been given in speaking of Gray's

apparatus, it is possible to transmit two separate series of vibra

tions without material interference in this manner, yet a limit is

very soon reached, because the current becomes practically con

tinuous. Bell continued his experiments in multiple trans

mission during the years 1874 and 1875, but it does not appear

that anything of practical importance in that direction resulted

: from them. At length he seems to have turned his attention

to the development of the speaking telephone, and in the spring

i of 1876 he arrived at some important results. In a communica

tion presented to the American Academy of Arts and Sciences,

'. May 10, 1876, and published in the proceedings of the society,3

. Mr. Bell gives a somewhat detailed account of his researches in

• telegraphy up to that date. I quote from this paper the follow-

': ing description of an experiment in vocal transmission, probably

the first one in any degree successful, which appears to have

been made by him early in the spring of 1876, and is of great

: interest :

" Two single-polo electro-magnets, each having a resistance of

• ten ohms, were arranged upon a circuit with a battery of five

■ carbon elements. The total resistance of the circuit, exclusive

1 See paper read by Prof. Bell before tbe Soe. of Tel. Engineers, an abstract of

• which may be found in the Telegraphic Journal, Vol. V., p. 276.

2 Bell—Proceedings of American Academy of Arts and Sciences, Vol. XII., p. 1.
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of the battery, was about twenty-five ohms. Drum-heads of gold

beaters' skin, seven centimetres in diameter, were placed in front

of each electro-magnet, and a circular piece of clock-spring, one

centimetre in diameter, was glued to the middle of each mem

brane. The telephones, so constructed, were placed in different

rooms. One was retained in the experimental room and the

other taken to the basement of an adjoining house. Upon sing

ing into the telephone, the tones of the voice were reproduced by

the instrument in the distant room. When two persons sang

simultaneously into the instrument, two notes were emitted sim

ultaneously by the telephone in the other house. A friend was

sent into the adjoining building to note the effect produced by

articulate speech. I placed the membrane of the telephone near

my mouth, and uttered the sentence : 1 Do you understand what

I say?' Presently an answer was returned through the instru

ment in my hand. Articulate words proceeded from the clock-

spring attached to the membrane, and I heard the sentence:

'Yes ; I understand you perfectly.' The articulation was some

what muffled and indistinct, although in this case it was intel

ligible. Familiar quotations were generally understood after a

few repetitions. The effects were not sufficiently distinct to

admit of sustained conversation through the wire. Indeed, as a

general rule, the articulation was unintelligible, excepting when

familiar sentences were employed. Occasionally, however, a

sentence would come out with such startling distinctness as to

render it difficult to believe the speaker was not close at hand."1

There is reason to suppose that Bell had formed some idea of

the possibility of this result as early as 1 874, although its practical

exemplification does not appear to have taken place until shortly

before the date of the paper from which the above extract is

taken. It will bo observed that his method differs from that of

Gray, inasmuch as the latter varies the resistance in the circuit

without changing the electromotive force, while Bell varied the

electromotive force, the resistance remaining constant The bat-

1 Ibid., Vol. XII., p. 7. See, ulso, Telegraph Journal, vol. V., p. 277.
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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,3 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 successfully solved. 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

the necessary limitations which have been pointed out

8 Dolbear—" The Telephone," p. 119. (See also preface of same work.)



CHAPTER VIII.

dolbear's telephonic researches.1

During the year 1851, 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 employes 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 year 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-electric 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 electro-magnet revolving be

tween the poles of a permanent magnet, shaped like the letter C.

1864.—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 generated by the action of a

permanent magnet when thrust into or withdrawn from a hollow

bobbin. This was designed to move a needle. Also proposed to

1 Abstract from " Researches in Telephony," by Professor A. E. Dolbear, of

Tufts College.
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have a like instrument at the receiving station, which I supposed

would duplicate the movements of the first instrument The

receiving magnet was to be furnished with a pen, and thus regis

ter the movements of the transmitting one. I saw that the move

ments of the second would of necessity be precisely like those of

the first, but did not at that time know that the movement of the

second would be so feeble as it actually is. I tried to interest a

number of persons in this invention, but did not succeed. As I

had no means, and was working my way through college, I was

compelled to abandon the project It will be seen that the prin

ciple of the present speaking telephone is essentially involved in

this invention of 1864.

1867.—Invented a gyroscope to run by electro-magnetism, and

which demonstrates the rotation of the earth. This was while I

was a student in Michigan University. This machine, con

structed by Ritchie, was exhibited at the Centennial Exhibition.

1868.—Conducted a series of experiments to determine the

quantity of matter transferred by the electric spark. The plan

carried out was as follows : One thousand inch sparks from an

electrical machine were received into chemically pure hydro

chloric acid from a ball of copper. The liquid was made blue

by the addition of ammonia, and then compared with a standard

solution which was reduced until the colors of the two were

judged to be alike. That gave approximately the transferred

copper for that number of sparks. The same plan was tried

with iron, silver, lead and some other substances, using, of course,

different reagents with each. 1

1870.—Discovered that the so-called magnetic phantom was

permanently magnetic ; that it would place itself in the magnetic

meridian, and in all respects comport itself like a magnet

1871 and 1872.—Made quantitative measurements of the

elongation of an iron rod when magnetized.

This was done by fixing a small mirror upon the long arm of

1 A note of these experiments was published in the supplement to the Chemical

Jfewi, in the winter of 1S68-9.



262 THE SPEAKING TELEPHONE.

a lever while the bar acted upon the short arm. A beam of

light was projected upon the mirror, and reflected to a distance

of fifty feet The angle of its displacement then admitted of

convenient measurement Repeated experiments proved that

the result of the magnetization of an iron rod was an average

elongation of 28^00 part of its length.

I tried to cause a fine ratchet-wheel to revolve by a recipro

cating motion derived from this slight molecular movement,

making and breaking the circuit with an interrupter.

1872.—Made some very large forks, capable of vibrating

strings twenty feet in length, for class demonstration.

1873.—Made some large tuning forks for projecting sound-

curves upon a screen ; also discovered a method of very much

amplifying these vibrations.1 A pair of these forks was ex

hibited at the Philadelphia Exposition. At the same time in

vented an attachment to the whirling-table, for accomplishing

the same thing.2

Discovered convertibility of sound-vibrations into electricity.

Using a tuning fork in connection with a thermo-pile and gal

vanometer, I noticed that when the fork vibrated the needle was

deflected. Further observed the effect of a vibrating tuning fork,

which was also a magnet, upon the current from a thermo-pile.

At the Portland meeting of the American Association, in

1873, read a short paper in regard to the first of these experi

ments, which I thought was new ; but said nothing about the

second, as I considered it was only a particular case of magneto-

currents, which were well known. Nevertheless, it was pre

cisely the same thing as the undulatory current which Professor

Bell claims to have invented or discovered.

While engaged in making a manometric flame capsule, I in

vented the opeidoseope. 3

I also proved that the sheet of air issuing from a sounding

1 See Journal of Franklin, Institute, 1873.

* See proceedings of American Association, 1873. Appendix I.

3 See Journal of Franklin Institute, 1873.
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organ-pipe vibrates like a reed. This was done by filling an

1 organ bellows with smoke, and examining it through a strobo-

scopic disk while escaping from the pipe.

1876.—Commenced my investigation and experiments in

telephony, using at first a Helmholtz interrupter and electro

magnets. Among many experiments in transmitting speech I

tried that of a conical point of iron fastened to the middle

of an opeidoscope membrane, the point being attached to a

fine wire in such a manner as not to interfere with its freedom of

movement This point dipped into a mercury cup, and the idea

was, that inasmuch as the point was conical, when it was made to

advance into the mercury it would present a notably larger sur

face, and thus lessen the resistance of an electric circuit of which

it formed a part A current of electricity passed through this

arrangement and an electro-magnet caused the latter to sound

loudly at times, but it was found that the mercury bounded

away from the point when the latter was made to vibrate rapidly,

and so the plan was abandoned.

Proposed to make a telephone with a permanent magnet

having a coil about one pole and a piece of wire fixed to an

opeidoscope membrane, to be vibrated by the voice in front of

this pole. I used thin rubber for the membrane, and was

troubled to keep the iron from clinging to the magnet when

brought near it

Tried paper diaphragm with iron on it, but did not have suffi

cient leisure to be able to accomplish my object Meanwhile

I had, while singing against a sheet of paper held in both hands,

felt the force of the sound vibrations upon the paper, and con

cluded to construct the telephone vibrating armature entirely of

iron, in the form of a complete plate fastened at the edges,

instead of being attached to a membrane as before.

I measured the distance through which I could get a signal

with such a current I succeeded in doing so through a resist

ance of fifteen thousand ohms.

I now thought of obtaining a patent upon the speaking tele

phone with permanent magnets, and began constructing suitable
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instruments to serve as a patent model, but before these instru

ments were completed, I was informed that Professor A. Graham

Bell had declared that he had secured a patent upon the same

thing two or three years before.

On the 12th of February, 1877, Professor Bell gave a lecture

and exhibition, at Salem, Mass. Within a day or two I called

upon him to see his fixtures. He was not in, but his assistant, Mr.

Watson, showed them to me. They were substantially like mine.

I invited Messrs. Watson and Bell to come to College HU1 and

see my apparatus.

 

Fig. 122. Fig. 123.

Mr. Watson said Professor Bell wished to know what the

resistance of the human body was, and asked if I could measure

it I promised to do so, and in a few days sent him the meas

urement of the resistance of the bodies of about twelve students,

for which I received a letter of thanks.

About the first of March, 1877, I chanced to see the official

gazette of the Patent Office, containing Professor Bell's patent

of January 30th, 1877, and found that I had been deceived in

regard to his having patented the application of permanent mag

nets to the telephone previous to my invention, and accordingly

went to consult a lawyer about it I was considerably dis

couraged on account of his statement of the probable cost of

an attempt to secure my rights. I tried to interest several per

sons in my case, but without success.
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About the first of May Professor Boll lectured in Boston, and

publicly declared himself to be without a competitor. I at once

challenged his statement, informing him what I had done ; yet

he continued to reiterate his statement in all his subsequent

lectures.

In July he wrote to me that, as he was going to Europe, he

would like to have from me a statement of what I had done in

telephony, since he desired to do justice to all. I met him at the

house of Gardiner G. Hubbard, Esq., in Cambridge, and gave

 

Fig.

him the particulars of my work. He acknowledged that I had

invented the telephone independently of himself.

In 1877, I was enabled to make further investigation into the

conditions necessary for the telegraphic transmission of speech,

and have the following discoveries and inventions to report as

the result of these investigations :

A cushion for the vibrating diaphragm, by which greater

amplitude of vibration is obtained, with increased sonorous

effects. Telephones made in this way have been heard one

hundred and fifty feet away.

The adaptation of the common string telephone (lovers' tele
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graph) to a Morse sounder or relay, by which speech may be

transmitted, the same instrument acting either as receiver or

transmitter.

That the strength of the sound is much more dependent upon

the strength of the magnets and size of the plate than upon the

diameter of the wire and number of turns upon the bobbin.

Some of the loudest tones have been obtained with bobbins con

taining but two or three ohms of number 28 wire.

 

Fig. 125.

That compound' magnets are much better in every respect

than single magnets, and the compound U magnet is the best of

all forms which have been tried.

The tuning fork call.

The devil's fiddle call.

The bell call—falling harmonic bell.

The paper diaphragm, with electro-magnet armature. See fig.

124.

The battery telephone, in which plates of two different metals
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are separated by a non-conductor in such a way as to make a

shallow cell. When a sound is made against one of these, as

at I, fig. 125, the current from the cell is broken up into waves

precisely like the movements of the sound waves, and speech

is rendered remarkably distinct from the employment of such

a sounder.

The electrophone or modified Keiss telephone (fig. 126). In

this instrument a ring oi wood, a a, has a plate of iron, p, screwed

to one side of it, the plate being in metallic connection with a

screw-cup leading to a battery. Upon the opposite side of the

 

Fig. 126.

ring is a cross arm b, through which passes a screw s, carrying a

point which may be adjusted at any required distance from the

plate p. This screw s is also in metallic connection with the

other terminal cup.

If a rather weak battery of two or three gravity cells be

put in circuit with this, together with any form of receiving

telephone, and the point be screwed down so as to touch the

plate, and any kind of a sound be made in the cavity in front of

the plate », the circuit will be made and broken the number of

times per second due to the pitch of that sound, and the like
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pitch will be given out by tbe receiving telephone ; tbe loudness

of this sound will depend upon the ability of the receiver to

respond to the pulsations. The tones will be quite loud from a

Morse sounder, or from a relay.

If the point be drawn back, so as not to touch the plate at

all, and a drop of water be inserted between the point and the

plate, and talking or singing be resumed, the articulation becomes

remarkably good, though the sound is not very loud.

If a strong battery of fifty cells, or more, be put in circuit,

and the screw be turned down so as to have a jumping spark

between the point and the plate, the vibrations of the latter intro

duce a variable resistance in the air. If at the same time there

is a strong current, the result will be very loud talking. Indeed,

it will be louder at the receiving than at the sending station.

This has been used over the lines between Boston and New

York, and between Milford, New Hampshire and Boston. In

each case, every person in the room could hear the talking from

the other end of the line. In this device it is found best not to

use a very sharp point, but one having a surface like a sewing

needle, with about one eighth of an inch broken off from the

point Such a one gives much better results than a sharp point,

for the obvious reason that a greater quantity of electricity can

pass from such a surface than from a fine point

If electricity of high tension, like that from an ordinary

electrical machine, be used instead of the current from a battery,

the result is the same; talking is possible, the articulation is

good, but the tones are not so loud.

Large plate for a call.

If the plate be made a foot or more in diameter, but mounted

near the middle concentrically, the magnets and bobbins being

the same as usual in size and strength, the plate may be struck

with a billet of wood, or other material, and the thump will be

very loud, as heard from an ordinary telephone ; in fact, loud

enough to be heard fifty feet away. It is also good as a receiver

call.
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AN ATTACHMENT TO THE WHIRLING TABLE FOR PROJECTING

LISSAJOU'S CURVES.

1 The costliness of the usual apparatus for the projection of

Lissajou's curves has led me to devise a method for accomplish

ing the same results in a comparatively inexpensive way, which

proves in other ways to be superior to the method with vibrating

forks.

It consists of the following attachment to the whirling table :

 

Fig. 127.

Two posts, p and p', are made fast to the frame upon the

opposite sides of the inertia plate a, A small wooden pulley, s,

(fig. 127) about an inch in diameter, is made to turn upon an

axis that is made fast in the post p, and with such adjustment that

the pulley rests upon the plate a and turns by friction on that

plate. It is best to have a thin india rubber ring upon the fric

tion pulley, to insure it from slipping. Above the pulley, the

mirror m is so mounted as to swing in azimuth, and is made

to do this by a wire fastened to it at its hinge and bent into a

1 By A. E. Dolbear, of Bethany, W. Va. From the Proceedings of the American

' Association for the Advancement of Science. Portland meeting, August, 1673.
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loop Z, at its lower end, which is opposite the face of the pulley

s (tig. 128). Another twist in the wire at o will be needed, for

a pin which is fast in the post p. This will make a lever of

the wire I, with the fulcrum at o, and if it is properly fastened

to the hinge of the mirror, will cause it to vibrate in a horizontal

plane when the plate a revolves.

A somewhat similar arrangement is made for the other side,

save that the friction pulley s' has its bearing made fast> in a

separate piece c, which is so fastened to the end of a long screw

d, that the whole fixture can be moved to or from the centre of

the plate a. The piece c is furnished with two guides, which keep

it steady in any place where it is put The mirror m is made

to tilt in a perpendicular plane by an arrangement quite similar

 

Fig. 128.

to the former one, save that the wire connection has its lower

end bent into a horizontal loop, through which a pin in the face

of the pulley s' is thrust This is practically an eccentric, and

being directly fastened to the hinge of the mirror m', gives to it

an angular motion proportional to the distance of the pulley face

pin from the centre. The mirrors should be not less than two

inches square. If then the pin is an eighth of an inch from the

centre of the friction pulleys, they will have ample angular

motion, much larger than can ever be got from forks.

It is evident that if the two friction pulleys have equal dia

meters, and they are at equal distances from the centre of the

plate a, they will vibrate in unison in their respective planes.
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Now let a beam of light r, from the porte lumiere, fall upon the

mirror to at such an angle as to be reflected first upon the mirror

to', thence to the screen. If the plate a is now revolved, the

beam of light will describe a circle, an ellipse or a straight

line, either of which can be made at will by simply adjusting

the crank of one of the mirrors to the required angle. Thus,

suppose the mirror ml is tipped back its farthest by bringing the

pulley pin at the top, as indicated in the drawing, at the same

time that the mirror to is at its maximum angular deviation.

The beam of light will describe a circle.

If it moves slowly, the path and direction of the moving beam

can be nicely observed. These two advantages are not to be

had with forks ; for, first, it is accidental if one gets a circle or

any other desired resultant figures from forks in unison, for the

obvious reason that the phases cannot be regulated : and second,

the vibrations of the forks are so rapid that the analysis of the

motion can only be made in a mechanico-mathematical toj.

By moving the fixtures on the left side toward the centre of

the plate a, the pulley s' will not revolve so fast If moved

half way, it will make one revolution while the other makes

two, and the vibrations stand in the ratio 1 : 2, represented by

forks in octave. Such ratio is shown upon the screen by a form

very much like the figure 8, and known as the lemniscate.

Between these two places, every musical ratio in the octave

can be got, and the resultant motions projected in their proper

curves. More than that, while the mirrors are both vibrating, any

of the ratios desired can be moved to at once by merely turning

the thumb screw d, which is wholly impossible with any forks,

which require stoppage and adjustment of lugs for each different

curve.

Again, if the fixture c is moved still farther toward the centre

than half way, the curves projected will be those belonging to

the second octave, until the pulley reaches three fourths of the

way, when the ratio will be 1 : 4, and the resultant figure will

be like a much flattened double eight

If one would show the phenomenon of beats, it will be neces



272 THE SPEAKING TELEPHONE.

sary to have the mirror m and its attachment so adjusted as to

have it vibrate in a perpendicular plane like m'. This can be

done by fixing its hinge at right angles, and the rest the same

as for mirror m'. The reflected beam from the second mirror

may be received upon a large mirror held in the hands, and

thence reflected upon the wall or screen. All the phenomena

of vibrations that can be shown by forks can be reproduced

on a scale that is not approached by means of them, by any

one possessing a turning table, and at less than the fifth of their

cost

ON THE CONVERTIBILITY OF SOUND INTO ELECTRICITY.

1 1 have found by experiment that if a vibrating tuning fork

have its stem applied to the face of a thermo-electric pile which

is in circuit with a delicate galvanometer, the needle will be de

flected, showing that electricity has been developed in the pile.

The question is as to its immediate origin. It may be asserted

that the vibrations of the fork are competent to develop heat,

which, in its turn, is converted into electricity, so that its appear

ance is a secondary phenomenon. To this explanation counte

nance is given by the experiment of Professor Henry, who found

that the deadening effect of a rubber cushion, when the stem of a

vibrating fork was put upon it, was due to the fact that the vibra

tions were converted into heat But the vibrations are not no

ticeably deadened in the former case, and the junction of the

metals is subject to definite and measurable vibrations.

The antecedent to the production of electricity is the contact,

either mediate or immediate, of substances, which differ in compo

sition or in condition, and if electricity is a mode of motion, it

ought to appear whenever a motion may be set up at such point

of contact as mutually to disturb the molecules of the differently

constituted matter. That the vibrations of the fork are compe

tent to do this without necessarily giving rise to the phenomenon

1 By A. E. Dolbear, of Bethany, W. Va. From the Proceedings of the American

Association for the Advancement of Science. Portland meeting, August, 1S73.
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>of 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

rthat because the electricity is generated in the thermo-pile its im-

[mediate cause must be heat I do not know that it has ever been

[proved that heat motion was the only kind of motion that was

) capable of direct conversion into electricity in the so-called

t thermo-pair. It is probable that the more general statement is

ttrue, namely, that molecular disturbance at the junction of dis-

i similar metals will give rise to electricity.

We know that the molecular disturbance called heat will give

[rise to it, and it is not improbable that the disturbance caused by

i 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, aud 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-

i direct way. This is capable of verification, I do not doubt, but

! I have not had time to apply the experimentum cruris, as the idea

i 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.



CHAPTER IX.

IMPROVEMENTS OF CHANNING, BLAKE AND OTHERS.

In the winter and spring of 1877 a notable series of experiments

were made by a few scientific gentlemen in Providence, R. L, which

resulted in making the telephone portable, and in giving to it

distinct articulation. Every step leading to these important

results was communicated to Prof. Bell, and the principal im

provements thus originating, especially the handle instrument

and the mouth-piece, were at once adopted by him, and form

part of what is now commonly known as the handle telephone.

In March, 1877, the speaking telephone, in its most practical

form, consisted of a box resembling a photographer's camera, with

a two inch tube for mouth-piece, opening into a cavernous air

chamber in front of a plate of sheet iron about 4^ inches in

diameter. Behind this plate was a large U magnet, with a soft

iron core clamped to each pole, surrounded with a spool of fine

insulated wire. These instruments were unwieldy, and their

articulation defective, for three reasons : First, the mouth-piece

did not converge the air on the centre of the plate, and the

cavernous air chamber produced reverberation ; second, the

magnet did not react symmetrically with the centre of the

plate, but the two poles or cores of the U magnet reacted with

the parts of the plate which were opposite to them on each side

of the centre; third, the plate was too large and heavy to

respond perfectly and promptly to the average voice.

Experiments, commencing in the physical laboratory of Brown

University, and continued several months by Prof. Eli W. Blake,

Prof. John Peirce, and others, culminated, in April, in the con

struction, by Dr. William F. Channing, of the first portable

telephone. This consisted of two small blocks of wood fastened

to each other at right angles—one perforated for the mouth-piece

and holding a ferrotype plate, 2£ inches in diameter ; the other
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supporting a compound U magnet (made of two three inch toy

magnets) with a single soft iron core, carrying a spool of fine insu

lated wire, clamped to one of its poles and opposed to the centre

of the ferrotype plate. The other pole of the compound magnet

was either brought in contact with the outer edge of the plate or

left free.

This little instrument, weighing about twelve ounces and

easily held in the hand, especially when mounted on a handle,

talked more distinctly than the large instruments, even over

long circuits, though not quite so loud. It was followed later

in April by a telephone made by Prof. Peirce, in which a small

compound U magnet was enclosed in a cubical block of wood,

on the top of which he placed for the first time his converging

mouth-piece—an acoustic apparatus which deserves special de

scription.
 

Fig. 129.

This is shown in section in fig. 129. The sound waves con

verge upon the centre of the plate through the aperture a, usually

about T7g- inch diameter.

The sound waves also spread symmetrically from the centre,

and act upon the plate through the very flat air chamber b b.

To prevent resonance and ensure the prompt response of the

plate, this air chamber is usually made only from -fa to -fa inch

in depth, and about If inches in diameter when a ferrotype

plate (c c) is used. This mouth-piece made distinct and natural

the previously obscure articulation of the telephone.

At the time Prof. Peirce's mouth-piece was made, Prof. Bell

had arrived at the discovery that the instruments talked better

if the air chamber, usually made deeper than that shown in fig.

53, was stuffed with paper. The reason will be sufficiently

obvious from the above.
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Prof. Peirce's upright block was followed naturally by the

"handle telephone,*' now in general use, which was made by Dr.

Channing early in May, 1877. Figs. 130 and 131 show both a sec

tional and perspective view of the instrument In this a small

straight magnet, simple or compound, carrying a single soft iron

core and spool, is enclosed in a light and elegant handle, and the

 

Fig. 130.

ferrotype plate is mounted in the circular head, of which the

mouth-piece forms part The design and style of the instrument

is due to Mr. Edson S. Jones, another of the Providence experi

menters.

After a competitive test with the box telephones, as at that

time made, the handle telephone was adopted and sent out early

 

Fig. 131.

in June by the Telephone Company ; and its portability, ele

gance and superior articulation contributed largely to the rapid

diffusion of the telephone in this country and in Europe which

immediately followed.

Prof. Bell was familiar with the preceding Providence experi

ments which had already made the telephone portable, and
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which suggested the handle form. In May, shortly after the

construction of the handle instrument in Providence, and before

it reached Boston, Prof. Bell, working in the same direction,

had put a U magnet, each pole armed with a core and a spool,

inside of a handle. The instrument was too cumbrous and

inelegant for adoption, as well as defective in construction.

Prof. Bell's desire to put both poles of the magnet to visible

use was especially unfortunate in this case, as the smallness of

the plates in the portable telephones makes it impossible that

the two poles of the U magnet should act anywhere near the

centre of the plate. The instrument was not adopted, and it

could not have accomplished for the diffusion and commercial

success of the telephone what was done by the original handle

instrument

Yet, with no other basis than this experiment, Prof. Bell,

in his lecture in London, before the Society of Telegraph En

gineers (see page 76), says : " Two or three days after I had con

structed a telephone of the portable form, containing the magnet

inside the handle, Dr. Channing was kind enough to send me a

pair of telephones of a similar pattern, which had been invented

by the Providence experimenters." As already stated, the in

strument thus referred to is an accurate representation of the

handle telephone of Dr. Channing and Mr. Jones, which has had

so wide a career, and differs broadly in type from the experi

mental instrument of Prof. Bell, which never passed into use.

Prof. Bell, in the above extract, not only claims the origination

of the handle telephone, which has gone round the world and

has a recognized place in the history of speaking telephony, but

he also implies that he gave to the telephone portable form,

thus ignoring one of the principal contributions of the Provi

dence experimenters.

It happened with the telephone as with the Morse telegraph.

In the beginning it was supposed that the power of the instru

ments was proportioned to their size. Later experiments have

shown in both that more delicate instruments are the most

effective.
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It will be observed that Professor Bell is criticised here, not

for claiming that he had made a straight magnet telephone, but

for claiming this in combination with the handle, and figuring

this combination, which constitutes the well known handle in

strument, as his own. His real claim is to the independent

experiment of putting a TJ magnet in a handle, subsequent to

the construction of the genuine handle instrument in Providence.

Another practical result obtained in Providence as early as

June, was the glass plate telephone of Henry W. Vaughan, State

assayer. A disk of soft iron, about the size and shape of a

nickel cent, was cemented with shellac to the centre of a very

thin glass plate, 1\ inches in diameter. This, with Peirce's

mouth-piece and the usual magnets, gave the loudest and clear

est articulation attained at that or at a later time, and may be

the germ of important improvements. Mr. Vaughan also made,

before the telephone had been seen in France, what has since

been described as the multiple telephone of M. Trouve. In this

telephone, plates form the sides and ends of a cubical or poly

hedral chamber, a magnet and coil being behind each plate.

. Among other scientific observations with the telephone, Prof.

Peirce heard the auroral sounds early in the summer of 1877,

and Dr. Channing noticed the characteristic telephonic sound of

lightning, even when distant, preceding the visible flash. Prof. E.

W. Blake made the capital experiment, imperfectly reported in

Prof. Bell's lecture, of substituting a soft iron bar for the magnet

of the telephone. Whenever this bar was turned in the direction

of the dipping needle, the telephone would talk by the earth's

magnetism ; but when swung up into a position at right angles

with the dipping needle, the telephone became perfectly silent

Prof. Blake also talked with a friend by telephone for a short

distance, using the parallel rails of the same railroad track as

conductors, and hearing at the same time, by induction, the

Morse operating from the telegraph wires overhead. This illus

trates the apparent indifference of the telephone, at times, to

insulation. Prof. Blake also originated the responsive tuning

forks, in which two forks of the same musical pitch are magnet
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ized ; a short iron core, surrounded with a spool of wire, is sup

ported between the poles or prongs of each. The wires being

connected, if one tuning fork is struck the other responds at a

distance.

The names of Messrs. Louis W. Clarke and Charles E. Austin

should be mentioned among the corps of Providence experi

menters as contributors to this chapter of telephonic progress.

1 With the object of stimulating inquiry into the means of

improving the telephone, which is the most beautiful adaptation

 

I

Fig. 132.

of telegraphy ever made, I desire to draw attention to a few

simple methods by which any one may satisfy himself of its

practicability ; for no one having witnessed its performance can

fail to see a great future before it

The recorder of Sir W. Thomson, shown in fig. 132, affords a

ready means of speaking, and gives out such clear tones as to

make the listener at first involuntarily look behind the instru

ment for the speaker (who may be miles away). It suffices to

1 John Gott. Journal Society Telegraph Engineers. Nos. XV. and XVI. 1877.
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take a tube two inches in diameter, and stretch over one end a

membrane of parchment or thin gutta percha (the latter is less

affected by the breath, the former becoming somewhat flaccid

after a time). To the centre of the membrane cement a straw,

and fix the tube in front of the instrument, about six inches

from the movable coil b ; cement the other end of the straw to

the coil at the point where the silk fibre k is usually fixed. This

is all that is necessary for both speaking and receiving. Six or

eight cells of battery connected in circuit with the electro-mag

nets suffice. A pair of these tubes may also be connected in a

similar manner with the tongues of two polarized relays. The

tube is to be fixed in a convenient position, at right angles to the

tongue, and the free end of the straw cemented to the tongue,

taking care that the latter is free from its ordinary contact

points. No battery is required for speaking with this arrange

ment

Or a pair of these speaking tubes may be connected with the

ordinary armatures of any instrument or relay, and a current

kept on the line. The armature should, however, not be too

heavy, and should be carefully adjusted. The best adjustment

gives the loudest sound. In sending, be careful that the arma

ture in vibrating does not touch the cores of the electro-magnet

A plate of thin iron, such as is used for stove pipes, fixed to

an upright board, the latter hollowed out on the side on which

the plate is fastened, and a hole made in the board in front for

inserting a convenient tube for speaking, may be used as an

armature, and a pair of coils placed in front of the iron plate

through which a current from a battery is flowing, the cores to

be ad justed as close as possible to the plate ; this answers for

sending and receiving. The battery need not be strong; if it

be so, the armatures have to be removed further away from the

coils. On a short line the resistance of the coils, with a suitable

battery, is of little importance. I have spoken as well with small

coils of three ohms as with 400 ohms.

If a pair of coils at the receiving end be placed on a violin,

and connected to the line on which there is a permanent current
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and a sending instrument as described, singing and speaking into

the tube at the distant end can be heard by placing the ear to

the violin. The effect is exalted by laying a plate of iron on

the poles of the electro-magnet

By these simple means—and they are selected as being within

the reach of many—may be demonstrated the possibility of

speaking over miles of telegraph line. The sound of the voice in

the tube is not that of a whisper, but of a voice at a distance ;

and the nearer you seem to bring the sound the better your

adjustment, and vice versa,

I have spoken through four knots of buried cable without

sensible diminution of effect

When the instruments are not well adjusted, some words will

come clear when others do not ; and I have found the sentence,

Are you ready? pronounced deliberately, intelligible when

others were not

The object to be sought for is to augment the strength of the

variations of current At present it is limited by the power of

the voice to move an armature or coil ; and unless it can be

magnified by putting in play a reserve of force, as compressed

air, etc., improvement cannut go far.

The most hopeful field seems to be the effecting a variation,

through a sensible range of resistance at the sending end, to vary

the strength of current in a primary coil by shunting or varying

the resistance of a battery circuit ; as, for example, a fine wire

inserted more or less in mercury.

REMARKABLE TELEPHONIC PHENOMENA. i

During five evenings in the latter part of August and first

part of September, 1877, performers stationed in the Western

Union building in New York, sang or played into an Edison

musical telephone, actuated by a powerful battery, and con-

1 Abstract from a communication from Dr. William T\ Churning, of Providence,

R. I., published in tiie Journal of the Telegraph, December 16, 1S77.
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nected with one or more cities by a No. 8 gauge wire, with

return through the ground.

In Providence, on the evening of the first of these concerts

(August 28), Henry W. Vaughan, State assayer, and the writer,

were conversing through magneto telephones over a shunt made

by grounding one of the American District Telegraph wires in

two places, about a quarter of a mile apart, through suitable

resistance coils. At about half past eight o'clock- we were sur

prised by hearing singing on the line, at first faint, but afterward

becoming distinct and clear. At the same moment, apparently,

Clarence Rathbone, talking with a friend through telephones

over a private line in Albany, was interrupted by the same

sounds. Afterward, during that and subsequent concert even

ings, various airs were heard, sung by a tenor or soprano voice,

or played' on the cornet The origin of these concerts remained

a mystery for some time in Providence, and the lines were

watched for music many evenings. The programmes heard

proved to be precisely those of the Edison concerts performed

in New York, the singers being Signor Tagliapietro, D. W.

McAneeny and Madame Belle Cole.

The question how this music passed from the New York and

Albany wire to a shunt of the District wire in Providence, is of

scientific importance. The Edison musical telephone consists of

an instrument converting sound waves into galvanic waves at

the transmitting station, and a different instrument reconverting

galvanic into sound waves at the receiving station. The battery

used in sending the music from New York to Saratoga con

sisted of 125 carbon cells, with from 1,000 to 3,000 ohms resist

ance interposed between the battery and line connections in

New York.

The wire used in these concerts extended from the Western

Union building, corner of Broadway and Dey Street, through

Park Row, Chatham Square, the Bowery and Third Avenue to

One Hundred and Thirtieth Street, and thence via the Harlem

Railroad to Albany. On the same poles with this Albany wire,

for sixteen miles, are supported no less than four wires running
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to Providence, three of them being on the same cross arm, and one

of them being Boston wire No. 55 east, via Hartford and Provi

dence ; also for eight miles a fifth wire, Boston wire No. 32 east

via New London and Providence. These wires, including the

Albany wire, have a common ground connection at New York,

and are strung at the usual distance apart, and with the ordinary

insulation.

At the Providence end of the line, six New York and Boston

wires, Nos. 55, 32, 2, 5, 27 and 28 east, run into the Western

Union building, in company (on the same poles and brackets),

for the last 975 feet, with an American District wire. This last

runs especially near to wires 55 and 32, whose proximity to the

Albany wire in New York has already been traced above. But

here is a distinct feature. The District wire belongs to an

exclusively air circuit of four and a half miles, having no ground

connection. The New York and Albany and New York and

Boston wires are, or may be, grounded at both ends. The Dis

trict circuit referred to in Providence is geographically two

circuits, but electrically one, both working through a single bat

tery of fifteen cells. Mr. Vaughan and myself having Distinct

boxes a quarter of a mile apart, on this circuit, made a shunt for

telephonic communication by ground connection at each house,

including several hundred ohms resistance, so as not to impair

the galvanic insulation of the line. The telephone talked through

this perfectly, and the sounds of atmospheric electricity were heard

in remarkable perfection.

It will be seen that the music from the Albany wire passed

first to two or more parallel New York, Providence and Boston

wires; second, from these to a parallel District wire in Provi

dence ; and third, through a shunt of that District circuit before

reaching the listeners there.

This transfer of electric motion from one wire to another may

have taken place by induction, by leakage, or, in the first instance,

in New York, by a crowded ground conductor. In the transfer

in Providence from the New York and Boston to the District

wire, there was no common ground connection, and it is difficult
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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 electric motion from the District circuit ?

The music heard plainly in Providence did not, therefore,

require or use one ten thousandth, hardly one hundred thou

sandth, of the electro-motive force originally imparted to the

Albany wire.

This startling conclusion suggests, first, the 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 free

electricity, and will be used extensively in science and the arts,

in this capacity. In the French Academy, on the 6th of Novem
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ber, Mr. Brcguet introduced the telephone as, of all known

instruments, operating under the influence of the most feeble

electrical currents. Prof. John Peirce, of Providence, has ascer

tained that the telephone gives audible signals with considerably

less than one hundred thousandth part of the current of a

single Leclanche' cell. In testing resistances with a Wheatstone

bridge, the telephone is more sensitive than the galvanometer.

In ascertaining the continuity of fine wire coils it gives the

readiest answers. For all the different forms of atmospheric

electrical discharge—and they are constant and various—the

telephone has a language of its own, and opens to research a new

field in meteorology.

A magneto-telephone in Providence has been found, under

very favorable conditions, to overhear the speech of another

magneto-telephone on a parallel wire. But it will be noticed that

the music and Morse operating so noisily overheard on other

wires are not products of the magneto-telephone, but of powerful

galvanic currents. The delicate magneto-electric current of the

telephone is not generally exposed to eavesdropping, unless dif

ferent sets of wires actually come in contact

Prof. Peirce has observed that if one screw-cup of a magneto-

telephone is connected with a ground wire, in use at the same

time for Morse operating, the Morse signals will be heard in the

telephone, although the other screw-cup is disconnected, and

there is no circuit Ilere the coils of the telephone seem to be

momentarily charged by the passing signals, on the principle of

a condenser. A still more striking illustration of the eleetro-

scopic delicacy of the telephone is this : Prof. E. W. Blake, of

Brown University, talked with a friend for some distance along a

railroad, using the two lines of rails for the telephonic circuit

At the same time he heard the operating on the telegraph wires

overhead, caught by the rails, probably by induction.

The absence of insulation in this experiment recalls another

curious observation. The telephone works better in some states

of the atmosphere than in others. A north-east wind appears

specially favorable. When a storm is approaching the sounds
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are sometimes 'weak ; but the talking is often loud and excellent

in the midst of a storm, when insulation is most defective. I

have just verified this by talking over a short line where the wire

is without insulation, and its only support between two houses,

the trunk of a tree, just now sheeted with water from falling

rain. This apparent indifference to insulation in a telephone

which will overcome a resistance of eleven thousand ohms is not

easily explained. This is only one of a multitude of paradoxes

presented by the telephone.

The sound produced in the telephone by lightning, even when

so distant that only the flash can be seen in the horizon, and no

thunder can be heard, is very characteristic, something like the

quenching of a drop of melted metal in water, or the sound of a

distant rocket The most remarkable circumstance is that this

sound is always heard just before the flash is seen—that is, there

is a probable disturbance (inductive) of the electricity overhead,

due to the distant concentration of electricity preceding the dis

ruptive discharge. On Sunday, November 18, 1877, these sounds

were heard and remarked upon in Providence the first time for

several weeks. The papers on Monday morning explained it

by the report of thunder storms in Massachusetts on the preceding

day. Frequent sounds of electrical discharge similar to that of

lightning, but much fainter, are almost always heard several

hours before a thunderstorm. This has just been exemplified in

Providence.

The sounds produced in the telephone by the auroral flashes

or streamers were observed in Providence by Prof. John Peirce,

in May or June, 1877.

I will give one further illustration of the delicacy of the tele

phone, this time in relation to magnetism. In June, 1877, Prof.

E. W. Blake substituted for the magnet of the telephone a

bar of soft iron, free from magnetism. When this was held in

the line of the dipping needle, the telephone talked readily by

the earth's magnetism. But when the telephone was swayed

into a position at right angles with the line of the dipping needle

(in the same vertical plane), it was absolutely silent ; and the
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voice increased or faded out in proportion as the telephone was

directed toward or receded from the pole of the dipping needle.

It remains only to speak of the quality of the concert music

overheard in Providence. The rendering of the music was very

perfect, but articulation was deficient or absent, both in the

songs and in some sentences which are said to have been de

claimed in New York for the amusement of the audiences in

Saratoga and elsewhere. The papers of the day report that the

words were undistinguishable in Saratoga. There is, therefore,

no reason to suppose that the sounds lost anything in quality in

the course of their indirect transmission to Providence.

BREGUET'S TELEPHONE.

M. Breguet has invented an entirely novel telephone, based

on the principle of Lippmann's electro-capillary electrometer.

 

Fig. 133.

The transmitter and receiver are exactly alike, and each consists

simply of a glass vessel containing a layer of mercury, over

which floats a layer of acidulated water. Into this water dips

the point of a glass tube containing mercury.

The upper part of the glass tube contains air, and may be

open to the atmosphere or closed by a plate or diaphragm capable

of vibrating. The circuit is formed by connecting the mer

cury in the tube of the transmitting telephone with that in the

receiver, and also the mercury in the vessel of the transmitter

with that in the receiver. When one speaks over the top of the

tube of the transmitter, the vibrations of the air are transmitted

through the mercury to the point of the tube where the mercury
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makes contact with the acidulated water of the vessel by the fine

capillary bore of the tube. Here the electro-capillary action

takes place, the vibratory motions of the mercury generating

electro-capillary currents, which traverse the circuit to the re

ceiver, and by a reverse process reproduce the air vibrations at

the top of the tube of the receiver. M. Breguet says that this

telephone, unlike Prof. Bell's, is capable of reproducing not only

oscillatory motions of the air, but of reproducing the exact range

of the most general movements of the vibratory plate. A port

able form of this instrument, constructed by M. Lippmann, con

sists of a fine glass tube, several centimetres long, containing

alternate drops of mercury and acidulated water, so as to form an

electro-capillary series. It is sealed at the ends, by which two

platinum wires make contact with the terminal mercury drops.

A rondelle of firwood is fixed normally to the tube by its

centre, and gives a larger surface for the voice to act against, so

as to furnish more motion to the tube when it acts as a trans

mitter, and be easily applied to the ear when it is a receiver.

M. Breguet claims for this telephone that it will act through

submarine cables with instantaneous effect, because it will only

establish variations of potential at the sending end of the line,

and, unlike other telephones, will not generate currents to flow

through the line. But this claim does not appear to us to be

justifiable, since currents must result in the line from the varia

tions of potential set up ; and, if there is to be any communica

tion at all, they must travel throughout the length of the cable

from end to end.

REMARKS ON THE THEORY OF THE TELEPHONE.1

It is generally admitted that the audition of speech in the tele

phone is the result of repetitions, by the diaphragm in the receiv

ing instrument, in consequence of electro-magnetic effects, of

the vibrations produced in the transmitter when the voice is

1 By Th. du itoncel. Extract from Comptea Rendus of the French Academy of

Sciences.
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directed against its diaphragm. If we consider the effects pro

duced, however, a little reflection will show us that this ex

planation can hardly be admitted, and, in addition to this, all

recent experiments, if not positively condemning it, seem at least

to show that it is incomplete. It has, in fact, been demonstrated

that not only can the vibrating diaphragm of the telephone re

ceiver be replaced by a very thick and heavy armature without

thereby altering the transmission of speech, but it has also been

shown that the diaphragm may be made of some non-magnetic

substance ; and more recently Mr. Spottiswoode has ascertained

that the vibrating plate even may be dispensed with without

preventing telephonic transmission, if the polar extremity of the

magnet is placed very near to the ear. If we consider, on the

other hand, that different parts of the telephone may be made

to transmit articulate sounds either directly or through the inter

mediary of a string telephone, as shown by Mr. A. Breguet, we

are led to believe that the vibrations which reproduce speech in

the receiver belong principally to the magnetic core within the

bobbin, and, consequently, that they are of the same character as

those studied by Messrs. Page, Henry, Wertheim and others, in

electro-magnetic bars. These vibrations, as is well known, have

been utilized since 1861 in Reiss's telephone, and more recently

in the telephones of Messrs. Cecil and Leonard Wray, Van der

Weyde and Elisha Gray. Under this hypothesis the vibrating

diaphragm, when actuated by the voice, has no other role to fill

than that of generating induced currents in the transmitter, and,

when made to vibrate by the bar in the receiver, of reinforcing

the magnetic effect of the latter by reacting upon its polar

extremity.

Now, since the amplitude of these vibrations becomes greater

as the diaphragm is made more flexible, and, on the other hand,

the variations in the electro-magnetic state of the plate taking

place with increased rapidity as its mass is reduced, it will be

understood immediately why it is important to use very thin

vibrating disks. In transmission, greater amplitude increases

the strength of the induced currents, and in receiving, the varia
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tions of magnetization determining the sounds are rendered

sharp and clear, and there is consequently an advantage in both

cases. This hypothesis, it will also be observed, in no wise

excludes the phonetic effects of such mechanical vibrations as

may be produced, and whose action would therefore be added

to that in the magnetic cores.

In the telephones of Messrs. Reiss, Wray and Gray, the mag

netic cores have no armatures at all, sonorous boxes alone being

used for increasing the sounds; but in Bell's telephone it is

more particularly the vibrating disks in the receivers which

determine the sound effect, and the permanent magnet is used

solely for the purpose of rendering the apparatus capable of

being used both as a transmitter and receiver. In the Bell

model, shown at Philadelphia, the receiver consisted simply of a

tubular magnet, whose cylindrical pole was provided with a

vibrating plate.

We have now to ascertain what the physical effects are to

which the vibrations of the magnetic core, under the influence of

variations in the strength of the current in the bobbin, should be

attributed, and for this purpose it is necessary to refer to the

experiments of Messrs. Page, Henry and Wertheim. From these

it would appear that they are due entirely to the contractions and

dilations of the magnetic molecules of the core, under the influ

ence of successive magnetization and demagnetization ; and this

assumption receives additional confirmation from the changes

that have been observed to take place, by certain physicists, in

the length of a bar of iron when submitted to energetic magnetic

action.

As to the more efficacious action of induced currents in tele

phonic transmission, I do not find it difficult to believe that they

owe this advantage directly to their instantaneous character or

the suddenness of their production. For this reason, they are

not, like voltaic currents, dependent upon the duration of the

vibrations in the transmitter ; and, as they do not have to pass

through a variable period either, which increases as the square

of the length of the circuit, their action simply depends upon.
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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.



CHAPTER X.

THE TALKING PHONOGRAPH.

The Talking Phonograph, invented by Mr. Thomas A. Edi

son, is a purely mechanical invention, no electricity being used.

It is, however, somewhat allied to the telephone, for, like the

latter, its action depends upon the vibratory motions of a metal

lic diaphragm, capable of receiving from and transmitting to the

air sound vibrations.

The term phonograph, or sound-recorder, includes, besides Mr.

Edison's, a large number of instruments, which, though they are

not able to reproduce sound, are capable of graphically represent

ing it

Before treating of these instruments, it might be well to recall

what has been said in an earlier part of this work on the nature

of sound.

Bearing in mind that sound is and has for its origin motion,

we will see that a vibrating body, situated in an elastic medium

like our atmosphere, becomes the central source of a peculiar

form of action, which is ever propagated outward. This is

known as wave motion, and if the number of vibrations causing

it be within certain limits, the wave motion becomes perceptible

to the ear, and is called sound.

Any change in the original vibrations will cause a change in

the nature of the sound emitted. Thus, if their amplitude be

increased, the sound becomes louder, and can be heard at a

greater distance, or, in other words, intensity is dependent on

the extent of the vibrations.

Again, should the number of vibrations in equal portions of

time be varied, the note will rise or fall in the musical scale ; or,

pitch depends on the number of vibrations occurring in a

given time.

A third and, in this connection, more important characteristic



CHARACTERISTICS OF SOUND. 293

of sound is that, while an unchanging fundamental tone is

emitted, other and more rapid vibrations may accompany it,

on the same principle that the surface of large ocean waves is

covered with smaller and independent ripples. It is the accom

paniment and predominance of certain of these harmonics, as

they are called, that gives to a note that peculiar property

whereby it may be distinguished from another of equal intensity

and pitch. This characteristic is often called the timbre or color

of the note, but is known equally well as its quality.

The human voice is the most perfect of all musical instru

ments. Certain parts of its mechanism can at will be thrown

into vibration, and these vibrations can be varied in amplitude

and number at pleasure. Associated with the apparatus for

effecting this, is a hollow cavity, which serves, as does the reso

nant chamber of an organ pipe, to reinforce the sound. The

shape of this cavity may be so varied that it will resound to

vibrations of any pitch. By means of this latter power we are

able to produce the vowel sounds. Accompanying the original

vibrations are others which are multiples of it, and it is by rein

forcing one or more of these that the quality of each vowel is

secured. Thus the forcible expulsion of air from the mouth

may give rise to articulate speech or sounds, whose shadings and

degrees of loudness vary with the number and pressure of the

resulting impulses, and also with the degree of suddenness with

which they commence and terminate.

So rapid are the vibrations of a body when emitting a sound,

that the eye and ear cannot discern all the phenomena which

accompany them. This has led students of acoustics to devise

means of representing graphically the movements which the

sounding body undergoes; and it is through the study of these

drawings that much of our knowledge of the nature of sound

has been obtained.

One of the simplest ways of producing what we shall here

after call the record of a sound is to draw a vibrating tuning

fork over a sheet of paper, so that a pencil attached to one prong

of the fork shall leave behind it a waving line, as shown in fig.

134
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With this crude arrangement the energy is wasted in over

coming friction, and the fork soon comes to rest To lessen the

friction it is usual to employ paper covered with a layer of lamp

black. Instead of the pencil is substituted a small pointed bristle,

 

Fig. 134.

the weight of which is so slight that it will not modify the

motion of the prong. With very little force the black can be

removed, leaving a white line on a dark ground.

 

Fig. 135.

The use of a revolving cylinder, around which the paper is

wrapped, early suggested itself, and in the hands of Duhamel the

apparatus assumed the form shown in fig. 135. The axis upon

which the drum revolves is a screw, which turns in a fixed nut,

Fig. 136.

causing the drum to advance at each revolution through the

distance between two consecutive turns of the thread, which is

sufficient to prevent one portion of the record from being super-

placed upon that which precedes it Fig. 136 shows the paper



SCOTT'S phonograph. 295

after it has been removed from the cylinder and spread out

The dots, a, b, c, etc., are made by a clock which usually accom

panies the apparatus. The distance between them represents the

duration of one second. The amplitude and peculiar character

of each vibration are clearly shown, and to ascertain the rate of

vibration it is only necessary to count the number of undulations

between two consecutive dots.

Devices have also been made by Kdnig, with which the result

ant vibrations arising from two or more notes emitted simulta

neously may be recorded directly from the vibrating bodies.

The phonograph invented by M. Leon Scott does not require

that tracing shall be made at the place where the sound origin

ates, but wherever it can be heard. It consists of a hollow

chamber, made sufficiently large to respond to sounds of the

lowest audible pitch, mounted before a cylinder, similar to that

shown in fig. 135. One end of this resonator is left open, and the

other is terminated by a ring, on which is fixed an elastic mem

brane. The air within the resonator is easily thrown into vibra

tion, which is shared by the membrane. The latter carries a

stylus, which also participates in the motion, and records it upon

the blackened paper. The human voice, the tones from musical

instruments, and even the rumbling of distant thunder are thus

graphically presented on paper.

For recording vocal impulses one of the most sensitive instru

ments is the logograph, invented by W. H. Barlow, F. R S.

The pressure of the air in speaking is directed against a

membrane, which vibrates and carries with it a delicate marker,

which traces a line on a travelling ribbon. The excursions

of the tracer are great or small from the base line which

represents the quiet membrane, according to the force of the

impulse, and are prolonged according to the duration of the

pressure, different articulate sounds varying greatly in length

as well as in intensity ; another great difference in them also

consists in the relative abruptness of the rising and falling inflec

tions, which makes curves of various shapes. The smoothness

or ruggedness of a sound has thus its own graphic character,
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independent both of its actual intensity and its length. The

logograph consists of a small speaking trumpet, having an ordi

nary mouth -piece connected to a tube, the other end of which is

widened out and covered with a thin membrane of gold beater's

skin or gutta percha. A spring presses slightly against the

membrane, and has a light arm of aluminium, which carries the

marker, consisting of a small sable brush inserted in a glass

tube containing a colored liquid. An endless strip of paper is

German r prolonged

oo in mood

Pig. 137.

caused to travel beneath the pencil, and is marked with an

irregular curved line, the elevations and depressions of which

correspond to the force, duration and other characteristics of the

vocal impulses. The lines thus traced exhibit remarkable uni

formity when the same phrases are successively pronounced.

Incomprehensibility

Fig. 138.

Fig. 137 shows curves obtained by the interposition of a light

lever between the membrane and the smoked glass, which is

drawn along beneath the style, whose excursions are much mag

nified by the lever. The curves show respectively the tongue

trill or German r prolonged, the mark produced by the sound of

a trombone, and by the sound of oo in mood.

Fig. 138 shows a tracing from the utterance of the word

incomprehensibility, with different degrees of effort It will be
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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

a relatively 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

 

~ Kite Tm

p Tentative Deducting

 

. JJy torch and trumpet /ant arrayed.

 

Xach horseman drew his battle blade;

 

And furious every charger neighed.

 

To Join (he dreadfu1 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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moved by a ratchet wheel. To the upright is attached, horizon

tally, a metallic stage six inches in length, upon which slides a

carriage with a glass plate, and having a regular movement given

to it by wheel and cord. A bell shaped mouth-piece is inserted

in the external auditory meatus and luted in position.

The vibrations of the membrane, due to a musical tone sounded

in the bell, may be observed by means of a ray of light thrown

 

Fig. 140.

upon small specula of foil attached to the malleus, incus, or to

different portions of the membrana tympani, or may be recorded

on smoked glass by a stylus fastened to the descending process

of the malleus or incus by means of glue, in a line with the long

axis of the process, and extending downward, so as to reach the

plate of smoked glass, which is moved at a right angle to the

excursion of the stylus ; the latter then traces a wave line cor
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responding to the character and pitch of the musical tone

sounded into the ear.

As the glass plates present plane surfaces, and as the point of

the vibrating style sweeps through the segment of a circle, the

curves obtained are apt to be discontinuous, especially when the

amplitude is great To obviate this difficulty a sheet of glass is

employed, having a curved surface, the concavity being presented

to the stylus. The sheet of glass is a section of a cylinder whose

semi-diameter is equivalent to the length of the style. In this

way the point of the stylus never leaves the surface of the glass,

and the curve resulting from its vibration is continuous. The

carbon film is preserved by pouring collodion upon it As soon

as this is dry, the film may be floated off with water, and placed

upon a plane sheet of glass, or upon paper, and varnished in the

ordinary way.

Numerous other methods of rendering sound-vibrations visible

to the eye might be cited. In general these methods are of two

kinds. They either aim at producing a lasting record on paper,

glass, etc., which may be preserved and examined at leisure, or

they present to the eye in a vivid way the sound vibrations as

they are actually transpiring. Of the latter class, one devised by

Konig deserves a passing notice. A hollow chamber is divided

by a thin membrane of caoutchouc into two compartments : one

of which communicates through a tube to the mouth-piece, in

front of which the sounds are generated ; the other is supplied

from a pipe with ordinary coal gas, which issues from the com

partment through a fine burner, where it is ignited. Any motion

of the diaphragm will change the pressure on the gas, and either

lengthen or shorten the jet The movements of the flame when

viewed directly are scarcely perceptible. To render them dis

tinct, they are received on a four-sided mirror, which is made to

revolve. The image of the flame is thus lengthened out into a

luminous band. When the membrane vibrates, the upper edge

of the band becomes serrated, each elevation being due to one

sound-vibration.

The instruments thus far described, while able to produce
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records undoubtedly correct, could go no farther. The records

thus made suggested no way of reproducing the sound. Nor

was this effected until Mr. Edison produced his wonderful talk

ing phonograph.

In its simplest form the talking phonograph consists of a

mounted diaphragm (fig. 141), so arranged as to operate a small

steel stylus placed just below and opposite its centre, and a brass

cylinder, six or more inches long by three or four in diameter,

which is mounted on a horizontal axis, extending, each way,

beyond its ends for a distance about equal to its own length.

A spiral groove is cut in the circumference of the cylinder

from one end to the other, each spire of the groove being sepa

rated from its neighbor by about one tenth of an inch. The

 

Fig. 141.

shaft, or axis, is also cut by a screw thread corresponding to the

spiral groove of the cylinder, and works in screw bearings; con

sequently, when the cylinder is caused to revolve by means of a

crank that is fitted to the axis for the purpose, it receives a for

ward or backward movement of about one tenth of an inch for

every turn of the same—the direction, of course, depending upon

the way the crank is turned. The diaphragm is supported by an

upright casting capable of adjustment (fig. 142), and so arranged

that it may be removed altogether when necessary ; when in use,

however, it is clamped in a fixed position above or in front of the

cylinder, thus bringing the stylus always opposite the groove as

the cylinder is turned. A small flat spring attached to the casting
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extends underneath the diaphragm as far as its centre, and car

ries the stylus ; and between the diaphragm and spring a small

piece of india rubber is placed to modify the action, it having

been found that better results are obtained by tliis means than

when the stylus is rigidly attached to the diaphragm itself. The

action of the apparatus will now be readily understood from

what follows. The cylinder is first very smoothly covered with

tinfoil, and the diaphragm securely fastened in place by clamp

ing its support to the base of the instrument When this has

been properly done, the stylus should lightly press against that

part of the foil over the groove. The crank is now turned,

while, at the same time, some one speaks into the mouth-piece of

 

Fig. 142.

the instrument, which will cause the diaphragm to vibrate ; and,

as the vibrations of the latter correspond with the movements of

the air producing them, the soft and yielding foil will become

marked along the line of the groove by a series of indentations

of different depths, varying with the amplitude of the vibrations

of the diaphragm ; or, in other words, with the inflections or

modulations of the speaker's voice. These inflections may, there

fore, be looked upon as a sort of visible speech, which, in fact,

they really are. If now the diaphragm is removed by loosening

the clamp, and the cylinder then turned back to the starting
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point, we have only to replace the diaphragm and turn in the

same direction as at first to hear repeated all that has been

spoken into the mouth-piece of the apparatus, the stylus, by this

means, being caused to traverse its former path ; and, conse

quently, rising and falling with the depressions in the foil, its

motion is communicated to the diaphragm, and thence through

the intervening air to the ear, where the sensation of sound is

produced.

As the faithful reproduction of a sound is, in reality, nothing

more than a reproduction of similar acoustic vibrations in a given

time, it at once becomes evident that the cylinder should be

made to revolve with absolute uniformity at all times, otherwise

a difference, more or less marked, between the original sound

and the reproduction will become manifest To secure this uni

formity of motion, and produce a practically working machine

for automatically recording speeches, vocal and instrumental

music, and perfectly reproducing the same, the inventor has

devised an apparatus in which a plate replaces the cylinder.

This plate, which is ten inches in diameter, has a volute spiral

groove cut in its surface, on both sides, from its centre to within

one inch of its outer edge. An arm, guided by the spiral upon

the under side of the plate, carries a diaphragm and mouth-piece

at its extreme end. If the arm be placed near the centre of the

plate, and the latter rotated, the motion will cause the arm to

follow the spiral outward to the edge. A spring and train of

wheel-work regulated by a friction-governor, serves to give uni

form motion to the plate. The sheet upon which the record is

made is of tinfoil. This is fastened to a paper frame, made by

cutting a nine-inch disk from a square piece of paper of the same

dimensions as the plate. Four pins upon the plate pass through

corresponding eyelet-holes punched in the four corners of the

paper when the latter is laid upon it, and thus secure accurate re

gistration, while a clamping-frame hinged to the plate fastens the

foil and its paper frame securely to the latter. The mechanism

is so arranged that the plate may be started and stopped in

stantly, or its motion reversed at will, thus giving the greatest

convenience to both speaker and copyist
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Mr. Edison lias found that the clearness of the instrument'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, etc.,

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 teeth.

Beside tinfoil other metals have been used. Impressions have

been made upon sheets of copper, and even upon soft iron.

With the copper foil the instrument spoke with sufficient force

to be heard at a distance of two hundred and seventy-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

Fig. 143.

foil. 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 glass plate and

traces on it the magnified profile of the depressions and eleva

tions in the foil on the cylinder. In fig. 143, A represents the

appearance to the eye of the impressions on the foil, when the

sound of a in bat is sung against the iron plate of the phono
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graph. B is the magnified profile of these impressions on the

smoked glass ohtained as just described. C gives the appear

ance of Kdnig's flame when the same sound is sung quite close

to its membrane. It will be seen that the profile of the impres

sions made on the phonograph, and the contours of the flames of

Kdnig, when vibrated by the same compound sound, bear a close

resemblance.

Mr. Mayer finds that the form of the trace obtained from a

point attached to a membrane vibrating under the influence of a

compound sound, depends on the distance of the source of the

sound from the membrane, and the same compound sound will

form an infinite number of different traces as the distance of its

place of origin from the membrane is gradually increased : for,

as you increase this distance, the waves of the components of the

compound sound are made to strike on the membrane at differ

ent periods of their swings. For example, if the compound

sound is formed of six harmonics, the removal of the source of

the sonorous vibrations, from the membrane to a distance equal

to J of a wave length of the 1st harmonic, will remove the 2d,

3d, 4th, 5th and 6th harmonics to distances from the mem

brane equal, respectively, to J, f, 1, and 1£ wave-lengths.

The consequence evidently is, that the resultant wave-form is

entirely changed by this motion of the source of the sound,

though the sonorous sensation of the compound sound remains

unchanged. This is readily proved experimentally by sending

a constant compound sound into the cone of Kdnig's apparatus,

while we gradually lengthen the tube between the mouth-piece

and the membrane.

The articulation and quality of the phonograph, although

not yet perfect, is full as good as the telephone was six months

ago. The instrument, when perfected and moved by clock

work, will undoubtedly reproduce every condition of the human

voice, including the whole world of expression in speech and

song. The sheet of tinfoil or other plastic material receiving the

impressions of sound will be stereotyped or electrotyped, so as to

be multiplied and made durable ; or the cylinder will be made of
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a material plastic when used, and hardening afterward. Thin,

sheets of papier-mache, or of various substances which soften by

heat, would be of this character. Having provided thus for the

durability of the phonograph plate, it will be very easy to make it

separable from the cylinder producing it, and attachable to a cor

responding cylinder anywhere and at any time. There will doubt

less be a standard of diameter and pitch of screw for phonograph

cylinders. Friends at a distance will then send to each other

phonograph letters, which will talk at any time in the friend's

voice when put upon the instrument How startling, also, it

will be to reproduce and hear at pleasure the voice of the dead!

All of these things are to be common, every-day experiences

within a few years. It will be possible a generation hence to

take a file of phonograph letters, spoken at different ages by the

same person, and hear the early prattle, the changing voice, the

manly tones, and also the varying manner and moods of the

speaker—so expressive of character—from childhood up !

These are some of the private applications. For public uses,

we shall have galleries where phonograph sheets will be pre

served as photographs and books now are. The utterances of

great speakers and singers will there be kept for a thousand

years. In these galleries spoken languages will be preserved

from century to century with all peculiarities of pronunciation,

dialect or brogue. As we go now to see the stereopticon, we shall

go to public halls to hear these treasures of speech and song

brought out and reproduced as loud, or louder, than when first

spoken or sung by the truly great ones of earth. Certainly,

within a dozen years, some of the great singers will be induced

to sing into the ear of the phonograph, and the electrotyped

cylinders thence obtained will be put into the hand organs of

the streets, and we shall hear the actual voice of Christine

Nilsson or Miss Cary ground out at every corner.

In public exhibitions, also, we shall have reproductions of

the sounds of nature, and of noises familiar and unfamiliar.

Nothing will be easier than to catch the sounds of the waves

on the beach, the roar of Niagara, the discords of the streets,



806 THE TALKING PHONOGRAPH.

the noises of animals, the puffing and rush of the railroad train,

of the rolling thunder, or even the tumult of a battle.

When popular airs are sung into the phonograph and the

notes are then reproduced in reverse order, very curious and

beautiful musical effects are oftentimes produced, having no ap

parent resemblance to those contained in their originals. The

instrument may thus be used as a sort of musical kaleidoscope,

by means of which an infinite variety of new combinations may

be produced from the musical compositions now in existence.

The talking phonograph will doubtless be applied to bell-

punches, clocks, complaint boxes in public conveyances, and to

toys of all kinds. It will supersede the shorthand writer in

taking letters by dictation, and in the taking of testimony before

referees. Phonographic letters will be sent by mail, the foil be

ing wound on paper cylinders of the size of a finger. It will re

cite poems in the voice of the author, and reproduce the speeches

of celebrated orators. Dramas will be produced in which all

the parts will be " well spoken—-with good accent and good dis

cretion ;" the original matrice being prepared on one machine

provided with a rubber tube having several mouth-pieces: and

Madame Tussaud's figures will hereafter talk, as well as look,

like their great prototypes t

1 The phonograph has quite passed the experimental stage,

and is now practically successful in every respect, and must be

regarded as instrumental in opening a new* field for scientific

research, and making one more application of science to industry.

Its aim is to record and reproduce speech, to make a permanent

record of vocal or other sonorous vibrations, and to recreate

these vibrations in such a manner that the original vibrations

may be again imparted to the air as sounds.

The talking phonograph is a natural outcome of the tele

phone, but unlike any form of telephone, it is mechanical, and

not electrical, in its action. In using the phonograph, it is found

best to speak in a loud, clear voice, and with distinct enuncia-

1 Scribner's Monthly Magazine, for April, 1878.
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tion, that the vibrations may he sharply and deeply impressed

on the foil. Attention must be also given to the movement of

the handle, so that the passage of the foil under the stylus 'will

be uniform and steady.

As the speed of the apparatus decides the distance between

each dent marked by the sonorous vibrations, it must also decide

the pitch of the tone when the sounds are reproduced. A bass

voice will give only half as many vibrations as a soprano voice,

one octave higher, and print half as many marks on the foil in a

given space. If, in turning the instrument swiftly, the speed at

'which these marks pass under the stylus is increased, then the

pitch of the resulting tones will be raised, and the bass voice

may reappear as a soprano, or in a high, piping treble far above

the pitch of any human voice. In a contrary manner, by turn

ing the handle slowly, a soprano voice may reappear as a very

deep bass. This curious circumstance, in connection with the

speech of the phonograph, will undoubtedly make it necessary to

employ clock work to move the apparatus, in order that an ab

solutely uniform rate of speed, and, consequently, rate of vibra

tion, may be preserved while the machine is in operation. The

foil, after having been impressed with the vibrations, presents a

regularly lined or scored appearance. But so minute are the in

dentations stamped in the groove that they can hardly be seen

without a glass. The foil is quite soft, and is liable to injury,

and it is proposed to make stereotype copies of the proper size

to fit the c3'linder of the phonograph. Such cylinders will be

permanent and durable, and can be used many times over with

out injury, or can be duplicated by electrotyping. The tone of

the phonograph is usually rather shrill and piping, but this de

fect will undoubtedly be corrected by improved instruments. It

must be observed that, marvellous as this instrument is, it is still

quite new, and it is impossible to say to what degree of perfec

tion it may yet be carried. It has already opened the door to

an entirely new and untried field in the physics of sound. It

is a new instrument in the hands of science wherewith to

search out yet unknown laws in nature. Already it has sug
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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.



CHAPTER XI.

QUADRUPLEX TELEGRAPHY.

The quadruplex system of telegraphy, by means of which four

communications, two in each direction, may be simultaneously

transmitted over a single wire, has, within a few years, found

very extensive practical application upon the lines of the

Western Union Telegraph Company, and is at the present time

operated upon sixty circuits, between almost all of the principal

cities in the country.

The distinguishing principle of this system consists in com

bining at two terminal stations, two distinct and unlike methods

of single transmission, in such a manner that they may be

carried on independently upon the same wire, and at the

same time, without interfering with each other. One of these

methods of single transmission is known as the double current

system, and the other is the single current or open crrcuit system.

In the double current system the battery remains constantly in

connection with the line at the sending stations, its polarity

being completely reversed at the beginning and at the end of

every signal, without breaking the circuit The receiving relay

is provided with a polarized or permanently magnetic armature,

but has no adjusting spring, and its action depends solely upon

the reversals of polarity upon the line, without reference to the

strength of the current In the single current system, on the

other hand, the transmission is effected by increasing and

decreasing the current, while the relay may have a neutral or

soft iron armature, provided with a retracting spring. A better

form, however, for long circuits, is that of the polarized relay,

especially adapted to prevent interferences from the reversals

sent into the line to operate the double current system. In this

system, therefore, the action depends solely upon the strength
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of the current, its polarity being altogether a matter of indiffer

ence

It will thus be apparent that by making use of these two

distinct qualities of the current, viz., polarity and strength, com

bined with the duplex principle of simultaneous transmission in

opposite directions, four sets of instruments may be operated at

the same time, on the same wire. This method possesses, more

over, the important practical advantage that the action of each

of the receiving relays is perfectly independent Each receiving

operator controls his own relay, and can adjust it to suit himself

without interfering with the other.

Fig. 144 shows the quadruplex apparatus, as arranged upon

the bridge plan, which was at first employed by the Western

Union Telegralm Company in 1874, when the system was placed

upon its lines.

Tt is a double current transmitter or pole-changer, operated

by an electro-magnet, local battery et and finger key Kr The

office of the transmitter Tt is simply to interchange the poles of

the main battery Et, with respect to the line and ground wires,

whenever the key K1 is depressed ; or, in other words, to reverse

the polarity of the current upon the line by reversing the poles

of battery Er By the use of properly arranged spring contacts,

«j s2, this is done without at any time interrupting the circuit

Thus the movements of the transmitter rF1 cannot alter the

strength of the current sent out to line, but only its polarity or

direction. The second transmitter, T2, is operated by a local

circuit and key K2 in the same manner. It is connected with the

battery wire 12, of the transmitter Tj , in such a way that when the

key K2 is depressed, the battery Et is enlarged by the addition

of a second battery, E2, of two to three times the number of

cells, by means of which it is enabled to send a current to the

line of three or four times the original strength, but the polarity

of the current with respect to the line of course still remains, as

before, under control of the first transmitter Tr

At the other end of the line are the two receiving instruments

Rj and R2. Rt is a polarized relay with a permanently mag-
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netic armature, which is deflected in one direction by positive,

and in the other by negative currents, without reference to their

strength. This relay consequently responds solely to the move

ments of key Kt, and operates the sounder St by a local circuit

from battery Lj in the usual manner. Kelay R3 is placed in the

same main circuit, and is provided with a neutral or soft iron

armature. It responds with equal readiness to currents of either

polarity, provided they are strong enough to induce sufficient

magnetism in its cores to overcome the tension of the opposing

armature spring. The latter, however, is so adjusted that its

retractile force exceeds the magnetic attraction induced by the

current of the battery Et, but is easily overpowered by that of

the current from Et and E2 combined, which is three or four

times as great Therefore, the relay R2 responds only to the

movements of key K2 and transmitter T2.

The same difficulty which troubled former inventors arises

again in this connection. When the polarity of the current

upon the line is reversed during the time in which the armature

of K2 is attracted to its poles, the armature will fall off for an

instant, owing to the cessation of all attractive force at the

instant when the change of polarity is actually taking place, and

this would confuse the signals by false breaks if the sounder

were connected in the ordinary way. By the arrangement shown

in the figure, the armature of the relay R2 makes contact on its

back stop, and a second local battery L2 operates the receiving

sounder S2. Thus it will be nnderstood that when relay R2

attracts, its armature, the local circuit of sounder S2 will be

closed by the back contact of local relay S ; but if the armature

of R2 falls off, it must reach its back contact, and remain there

long enough to complete the circuit through the local relay S

and operate it before the sounder S2 will be affected. But the

interval of no magnetism in the relay R2, at the change of

polarity, is too brief to permit its armature to remain on its back

contact long enough to affect the local relay S, and through the

agency of this ingenious device the signals from K2 are properly

responded to by the movements of sounder S2.
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By placing the two receiving instruments Rt and R2 in the

bridge wire of a Wheatstonc balance, and duplicating the entire

apparatus at each end of the line, the currents transmitted from

either station do not affect the receiving instruments at that

station. Thus in fig. 144 the keys Kt and K2 are supposed to

be at New York, and their movements are responded to only by

the receiving relays Rt and R2 at Boston. The duplicate parts

which are not lettered operate in precisely the same manner,

but in the opposite direction with respect to the line.

In applying this system of quadruplex transmission upon lines

of considerable length, it was found that the interval of no mag

netism in the receiving relay R2 (which, as before stated, takes

place at every reversal in the polarity of the line current) was

greatly lengthened by the action of the static discharge from the

line, so that the employment of the local relay S was not suffi

cient to overcome the difficulties arising therefrom. A rheostat

or resistance Xj was therefore placed in the bridge wire with the

receiving instruments Rt and R2, and shunted with a condenser

c of considerable capacity. Between the lower plate of the con

denser and the junction of the bridge and earth wire an addi

tional electro-magnet r was placed, acting upon the armature

lever of the relay R2, and in the same sense. The effect of this

arrangement is, that when the current of one polarity ceases, the

condenser c immediately discharges through the magnet r, which

acts upon the armature lever of relay R2, and retains it in posi

tion for a brief time before the current of the opposite polarity

arrives, and thus serves to bridge over the interval of no mag

netism between the currents of opposite polarity.

It will be seen that the combination of transmitted currents in

this method differs materially from any of those used in previous

inventions. They are as follows : '

1. When the first key is closed and the second open, -j- 1

2. When the second key is closed and the first open— 3 or—4

3. When both keys are closed -4-3 or-|-4

4. When both keys are open — 1
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Here we discover another very important practical advantage

in the system under consideration, which is due to the fact that

the difference or working margin between the strengths of cur

rent required to produce signals upon the polarized relay and

upon the neutral relay, respectively, may he increased to any

extent which circumstances render desirable. Within certain

limits, the greater this difference the better the practical results,

for the reason that the range of adjustment of the neutral relay

increases directly in proportion to the margin. The ratio of the

respective currents has been gradually increased from 1 to 2 to

as high as 1 to 4, with a corresponding improvement in the

practical operation of the apparatus.

From what has been said, therefore, it will be seen that before

it became possible- to produce a quadruplex apparatus capable

of being worked at a commercial rate of speed upon long lines,

it was essential that its component parts should have arrived at

a certain stage of development When, in the early part of 1872,

simultaneous transmission in opposite directions was for the first

time rendered practicable upon long lines by the combination

therewith of the condenser, the first step was accomplished. It

now only remained to invent an equally successful method of

simultaneous transmission in the same direction, which, as we

have seen, was done in 1874. The application of one or more

of the existing duplex combinations to the new invention, to

form a quadruplex apparatus, soon followed as a matter of

course.

The following method of simultaneous transmission in the

same direction was invented in December, 1875.

Fig. 145 is a diagram of the apparatus as arranged for quadru

plex transmission. The lever tt , with its appendages, constitutes

the first or single-point transmitter, which is the same as that of

the Stearns duplex, being operated by an electro-magnet Tt, local

battery t and key Kr The second or double-point transmitter

consists of a quadrangular plate of hard rubber, E, mounted

upon an axis, and capable of being oscillated by the arm e,

which is rigidly attached to it By means of a spring et , the
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arm e presses upon a roller fixed upon one end of the lever d,

which forces the other end of the lever against the stop dv The

lever d carries the armature of the electro-magnet T2, which, like

the single point transmitter, is operated by a local battery and

key K2. The oscillating plate E has four insulated contact

points/ g,f1} gt, upon its respective angles. The contact levers

F and G are mounted on axes at each end of the plate E, and

 

Fig. 145.

are pressed against it by springs st s2. When the transmitter is

in a position of rest, as shown in the figure, F is in contact with

/and G with ft , and the parts are kept in this position by the

action of the spring ev When key K2 is depressed, the arm e

is raised by the action of the electro-magnet T2 upon the bent

lever d ; this turns the plate E upon its axis, and brings F into

contact with g and G with gj.



316 QUADRUPLEX TELEGRAPHY.

In this apparatus, as in the one previously described, there are

four different electrical conditions possible when transmitting

two simultaneous despatches in the same direction, as follows :

1. Both keys in a position of rest. This position is represented

in fig. 145. Disregarding for the present the receiving instru

ments and their connections, the circuit may be traced as follows :

From the earth at G through wires 9 and 8, contact spring b,

lever tt, wire 7, contact pointf1 and lever G, wires 6 and 5, and

thence through the receiving instruments to the line L. Thus

the line wire is connected to earth without any battery, and there

is no current upon the line.

2. The first key closed and the second key open. The route is the

same as before from the earth at G to contact spring h. From

this point it now diverges through contact lever F, wires 12, 13,

and battery B to wire 7, and thence to the line as before. The

battery B is now in circuit and sends a -f- current to line.

3. The second key closed andlhefirst key open. The route is now

from the earth at G, through wires 9 and 8, contact spring b and

lever tt, as in the first instance, thence through battery B, wires

13, 12, contact lever G, wires 6, 5, and through the receiving

instruments to line. The same battery B now sends a — current

to the line.

4. Both keys closed. The route is now from the earth at G, by

wires 9 and 8 to contact spring b ; thence by contact point a and

wire 14 to battery 3B ; thence by wire 15, through g to lever F,

wire 12 and gt to contact lever G, and finally through wires 6

and 5 to the line. The battery 3B, which contains about three

times as many elements as B, now sends a -f- current to the line.

It will thus be seen that the two batteries B and 3B are never

thrown together on the line at the same time, as in the previous

arrangement

The receiving apparatus consists of two sounders, St and S2,

which are controlled by two relays, Rj and R2, fig. 145. The

line wire L, on entering the receiving station, passes through the

coils of both relays, and thence to earth through the transmitting

apparatus. Both relays are provided with polarized armatures,
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and are preferably constructed with two electro-magnets mmu

arranged with their poles facing each other, with a permanently

magnetized armature between the opposite poles.

The arriving current, entering the relay Rt, passes through

the wire 2 and coil h3 of magnet m and h3 of mu which are so

arranged that a -j- current will cause the polarized armature n to

be attracted by m1 and repelled by m, while with a —- current

the opposite effect will be produced.

The armature of relay Rj is provided with a retracting spring

rt, and operates the sounder Sj by means of a local battery lt, in

the ordinary manner. The relay R2 consists of two electro

magnets p andj5t, and its armature is also provided with a re

tracting spring r2 ; but it differs materially from the other relay

in the arrangement of its local connections. The polarized arma

ture o is held by the tension of the spring r2, not against a fixed

stop, but against the free end of a movable contact lever r, the

opposite end of which turns upon an axis. The contact lever r

is itself held against a fixed stop q by a spring qt, the tension of

which considerably exceeds that of spring r2. The local battery

w is placed in the wire 22, leading from the contact lever r to

the differential sounder S2.

The manner in which the receiving instruments operate in

each of the four different electrical conditions of the line is as

follows :

1. No current The local circuit of sounder St is kept open

by the action of spring rj on armature n, and it remains inactive.

The opposing branch circuits 23 and 2-i of sounder S2 are both

closed by relay R2, which render it also inactive.

2. Current of -j- B. The relay Rj (which is affected by

positive currents of any strength) operates sounder Sr The

armature of relay R2 is pressed more strongly against contact

lever r, but not with sufficient power to overcome the sliring qv

Sounder S2 is therefore unaffected.

3. Current of — B. The armature of relay Rj is attracted

toward its back stop, and Sj is not affected. The armature of

Rs is attracted to the right, and opens wire 24, which permits
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the local battery w to operate the sounder S2 by way of wires 22

and 23.

4. Current of -f- 3B. The armature of relay Rt operates as

in the second case. The increased power of the current from

the battery of many elements causes the armature of ll2 to over

come the resistance of spring qt, and break the local circuit of

wire 22, leaving the sounder S2 free to operate by way of wires

22 and 24. Thus the 4- 3B current operates both sounders.

In order to adapt this system to quadruplex transmission, addi

tional helices h hj and h2 hs are placed upon the receiving

relays Rt and R2, which are placed in the circuit of an artificial

line, arranged according to Stearns's differential duplex method,

which diverges at the point 5 and goes by way of 16, 17, 18, 19,

20 and 21 to the earth at G, and is provided with the usual

rheostat X and condenser C. The small rheostat x is employed

to regulate the time of discharge from the condenser.

By the arrangement of the contact lever r, in connection with

the armature lever o of relay R2, and the local circuits as above

described, the reversal of polarity upon the line takes place

without interrupting the signal upon sounder S2, for the reason

that when the armature o is acted upon by the reversal it goes

directly over from one extreme position to the other, without

stopping at the intermediate position long enough to affect the

sounder S2, even if there is a considerable interval between the

successive currents.

An improvement upon the above arrangement was subse

quently invented, in which an entirely novel combination of

currents upon the line was employed, and which does not require

the polarity of the current to be reversed during the transmission

of a signal. In fig. 146, Tj is a local electro-magnet, which oper

ates the single point transmitter tu under control of the key K1.

The key K2 in like manner controls the double point trans

mitter t2. The four electrical conditions of the line in the dif

ferent positions of the keys are as follows :

1. Both keys open. This is the position represented in the

figure. The route of the current is from the earth at Gr, through
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wire 1, spring b, lever tt , wires 2 and 3, contact point o, spring 0,

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 -j-

current to line.

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

 

Fig. 14G.

from eartb at G, by wire 1 and spring b to point a, wires 12 and

7 and thence as before to the line. In this case there is no

battery in circuit, and no current goes to line.

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

from earth at G by wire 1, spring b and lever tjt wires 2 and
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13, battery 3B, wire 14, point ou spring 0, wires 4 and 15, con

tact point jit, spring N and wire 8 to the line. The large bat

tery 313 sends a — current to the line.

4. Boili keys closed. The route is from earth at G by wire

1, spring b, contact point a, wires 12 and 6, main battery B,

wires 5 and 15, contact point nt, spring N, and wire 8 to line

L. In this case the lesser main battery sends a — current to

line.

The receiving apparatus consists of two sounders St and S2,

controlled by two relays Rt and R2, both of which have polar

ized armatures, and are constructed in the same manner as those

described in connection with the last method. The armature of

relay R2 is provided with a retracting spring r2, and operates

the sounder S2 by means of a local battery l2, in the usual man

ner. The polarized armature j, when no current is passing

through the line, is held by a spring rt against the free end

of a contact lever r, 'which is in turn held against the fixed

stop q by the tension of a spring qt, which considerably exceeds

that of the spring rv

The manner in which the receiving instruments operate in

each of the four conditions of the line is as follows : 1. Cur

rent of -\- B. The local circuit of sounder St is kept open by

the action of the positive current upon the polarized armature of

relay Rt, which is sufficient to overcome the tension of spring

ra, and it therefore remains inactive. The local circuit of

sounder S2 is kept open by the action of the positive current

upon the armature h of relay R2, in addition to the action of

spring rv 2. No current. The armature j of relay Rt is

drawn by the tension of spring ri over against the contact lever

r, thus completing the local circuit of sounder Sr The armature

of R2 is held back by spring r2, thus breaking local circuit of S2

3. Current of— 3 B. In this case the action of the negative

current from the greater battery causes the polarized armature

to press against the contact lever r and overcomes the tension of

spring qt, and thus, although the local circuit is still closed

between the armature j and contact lever r, it is now broken



COMBINED DIFFERENTIAL AND BRIDGE METHODS. 321

between the latter and the fixed stop q, and hence sounder Sj

remains inactive. On the other hand, the negative current carries

the armature h of relay K2 to the left, closing the local circuit

and actuating the sounder S2. 4. Current of— B. This cur

rent is not sufficient to overcome the tension of spring j1, and,

therefore, the contact lever r continues to rest against stop q, and

the local circuit of St is completed. Kelay R2, which operates

by negative currents of any strength, closes its local circuit

through the sounder S3.

In this arrangement it will be seen that a reversal of polarity

upon the line cannot occur while a signal is being given by

either key. This method may be readily united with any suit

able duplex method to form a quadruplex combination.

Fig. 147 is a diagram illustrating a quadruplex method, based

upon that shown in fig. 144, but embodies several important

modifications and improvements not shown there. This arrange

ment was extensively employed for some time upon the Western

Union lines, especially upon the longer circuits, and was found

to be, in many respects, far superior to that first introduced. It

will be seen that no changes were made in the principle of the

transmitting portion of the apparatus, or the combination of cur

rents sent to line in the different positions of the keys, but

portions of the receiving apparatus were materially altered.

In fig. 147 the polarized relay Rt, and its accompanying

sounder, are placed in the bridge 5, 6, as before. The neutral

relay, which was formerly placed in the bridge wire also, is

discarded altogether, and is replaced by a compound differential

polarized relay R2. This is inserted, not in the bridge wire, but

in the line and earth wires ; these respectively form the third and

fourth sides of the bridge, of which A and B are the first and

second sides. Thus, when the resistances A and B are made

equal, the outgoing currents will divide equally between the line

and the earth, and will neutralize each other in their effect upon

the relay B3. The latter consists of two electro-magnets facing

each other, with a polarized armature between them. When no

current is passing, the polarized armature is held in a central
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position between two spring contact levers N N„ and the cir

cuit of the local relay S is completed through these and the

armature lever. The springs of the contact levers N Nj are

adjusted with sufficient tension to prevent them from responding

to the current of the small battery Ej at the sending station, but

the additional current from battery E3 will overcome the spring
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Fig. 147.

of N or of Nt, according to its polarity, and thus break the circuit

of the local relay S, which by its back contact will operate the

sounder S2. The electro-magnets r r are arranged to act in con

junction with R3 R2 upon the same armature lever, and are

connected with a condenser c and a rheostat Xj in the bridge

wire, for reasons which have been fully explained on page 313.
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Fig. 148 shows the connections of another form of quadruples

apparatus, embodying several important improvements that are

not found in the apparatus heretofore described. Both receiving

relays Rt and li2 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 Rj and R3 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 been

adopted in all the more recent apparatus. The combination of
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the outgoing currents differs from that employed in the original

quadruplex, and is as follows :

Kj open and K3 open, current traversing line -j-4B

Kj open and K3 closed, <; " " + B

' K1 closed and K2 open, " " " — 4B

Kj closed and K2 closed, " " " — B

As in the original quadruplex, key Kt controls the polarity

of the current going to line, but the depression of K2 decreases

the outgoing current, irrespective of its polarity, from 4 B to B ;

or, in other words, cuts off the battery 3 B altogether.

The only matter requiring detailed explanation is the action

of the relay E2. When both keys are at rest, the positive cur

rent of both batteries (-f- 3 B -f- B) is passing over the line, and

the polarized armature is pressed against the contact lever nu

which yields, thus allowing it to separate from the contact lever

n3, and the circuit of the sounder S2 is broken. When Kj is

closed, the polarity of the entire battery upon the line is reversed,

and the armature passes over to the other side and presses

against n2 in the same manner, so that the sounder S2 cannot

be operated by the stronger currents of either polarity. But

the depression of the key K2 in either case decreases the current,

until it is unable to withstand the tension of the springs of the

contact levers n1 n2, and thus the local circuit through the

sounder S2 is completed, and the latter consequently responds

to the movements of key K2.

On circuits exceeding 200 miles in length, the sounder S3

is preferably operated through the medium of a local relay,

arranged as in fig. 147. The combination of the outgoing cur

rents in different positions of the keys is also rearranged, so

as to conform to the original plans (figs. 144 and 147), and is

as follows :

Kt open and K2 open, current traversing line -f- B

Kt open and K2 closed, " " " +4B

Kt closed and K2 open, " " " — B

Ki closed and K2 closed, " " " — 4 B
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Figs. 149 and 150 comprise a plan view and diagram of a

quartette table, arranged for quadruples working on a long cir

cuit, showing the relative positions of the different parts of the

apparatus. In fig. 149 the compartment at the top of the figure

is for receiving, and the other for sending ; while in fig. 150 the

sending operator occupies the upper compartment and the

receiving operator the lower one. The letters and figures of

reference indicate the same parts as in fig. 148. Additional let

ters of reference will be explained elsewhere. The main cir

cuits are indicated by broken lines, and the local circuits by

dotted lines.

In all of the methods of multiple transmission hitherto known,

whereby two distinct communications may be simultaneously

transmitted over one conductor in the same direction, or com

bined with any suitable one of the several known methods of

simultaneous double transmission in opposite directions, so that

four distinct communications may be transmitted simultaneously,

without interfering with each other, it has been necessary to

make use of a double-acting receiving instrument or relay at the

receiving station, composed of a single electro-magnet having

two or more armatures, or else of two or more independent

receiving instruments.

The practical objection to the first mentioned arrangement is

that the effective attraction of the electro-magnet for any one of

two or more armatures is materially lessened whenever one of

the others is already in contact, or nearly in contact, with its

poles. Thus the movements of the separate armatures neces

sarily interfere with each other, which interference tends to con

fuse the signals. The second arrangement, viz., the use of two

independent receiving instruments, although being free from the

above mentioned objections, is liable to certain other defects,

the principal of which are as follows : When the apparatus is

arranged for the simultaneous transmission of four communica

tions, two in each direction, it is found difficult to adjusjt the

equating resistances and condenser capacities, so that neither of

the two receiving instruments are affected by the variations in
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Fig. 149.

EXPLANATION OP FIGS. 149 AND 150.

Kt, Key of No. 1 sending operator.
Tj, Double current transmitter, operated by

Kt or kt.
eu Transmitter local, of three cells.
J», Key of No. 1 receiving operator.
K„ Single polarized relay.
Stf Receiving sounder operated by ditto.

Sounder local, of two cells.
Ka, Key of No. 2 sending operator.
T3, Single current transmitter, operated by

Ka or k?.
eat Transmitter local, of three cells.

Aa, Key of No. 2 receiving operator.
Ra, Compound polarized relay.
S, Local relay or repeating sounder of ditto.
/, Local of repeating sounder (two cells).
S2, Receiving sounder, operated by S.

Sounder local, of two cells,
it, Smaller division of main battery.

8 B, Larger division of main battery.
Q, Switch for catting oat main battery and

connecting line to earth while balancing.
X, Lar<;e rheostat for balancing resistance of

Hue.
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Rheostat for compensating resistance of

battery 3 B.
Rheostat for compensating resistance of

entire main battery 8B+B.
Equalizing condenser placed between main

and artificial line*
c... Condensers for compensating static dis

charge from main line. The quantity
and duration of the condenser discharge

are regulated by means of the adjust
able rheostats r and rt. The arrange
ment shown is employed only on lines

exceeding 400 miles il1 length. When a static
balance is obtained, ca should have about
twice as many sheets as ct (both being ad
justable). The condenser c„ should receive
its charge throngh about half the resistance
required for both. For example, if the num
ber of sheets required in ct were 30, and in c2
60 (total 90) and the resistance required for
both were 2,000 ohms, would require 1.000
andct 1,000. On lines of less than 400 miles
the arrangement shown in fig. 148 answers
every purpose.
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the strength or polarity of the outgoing currents ; as the changes

necessary to effect the proper adjustment or balance of one

receiving instrument destroy the balance of the other, and much

care and skill are, at times, required to accomplish the desired

result

Again, when two receiving instruments are used, one must

bo sufficiently sensitive to respond readily to weak currents.

The other must be much less sensitive, responding only to cur-

 

fir 9" i

 

rents of greater strength. The current required to actuate the

latter instrument sometimes affects injuriously the working of

the more delicate one.

To meet these difficulties, a somewhat novel and ingenious

arrangement has been devised, which is shown in fig. 151. The

principal part of the improvement consists in the use of a new

form of double acting relay, composed of a double electro-magnet
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and a single armature, the latter capable of being placed, by the

action of the former, in four different positions corresponding to

the four possible positions of the two keys at the sending station.

By means of suitably arranged contact-levers, two independent

local circuits are brought into action by the same armature in its

different positions, so as to actuate two independent sounders.

The diagram shows the receiving instrument or relay at one

terminal station, combined with other well known apparatus, in

order to effect the simultaneous transmission and reception of

two communications, in the same or in opposite directions, or

both, upon one conductor.

With the exception of the arrangement of contact-points and

their respective local connections with the levers N and Na, and

armature at, by means of which the latter controls the local cir

cuits which operate the sounders St and S2, the construction of

the receiving instrument is precisely the same as that used in the

quadruplex system, which we have just considered, and which is

fully described on page 324. As shown in the figure, the con

tact-levers N and Nj of the receiving instrument turn freely

upon suitable fulcrunis at their lower ends, while their free upper

ends, when at rest, arc held against the adjustable contact points

2 ?i by *ne tension of the adjustable springs r rv A contact

point o is upon the upper extremity of the contact lever N ; and

ot is an insulated stop occupying a corresponding position upon

the lever Nr The contacts q qt are so adjusted as to allow the

arm at, which is rigidly attached to the armature a, to play

between the stops o and oj upon the contact levers, which limit

its motion in each direction, except at such times as the armature

a moves with sufficient power to overcome the retractile force of

springs r rt, in which case the lever N or Nj is pressed away

from the contact q or qt until it strikes against the adjustable

stop p or pj.

The operation of the two independent transmitters or keys Kt

and K2, at the sending station, gives rise to four different elec

trical conditions of the line, according to their respective positions

with reference to each other, as follows :
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1. First and second keys both open. This is the position

of the apparatus shown in the figure. In this position of the

keys both main batteries are in circuit, sending to line a positive

or + current of+B + 3B = +4B.

2. First key closed and second key open. In this position

both main batteries are also in circuit, sending to line a negative

or — current of — 3B — B = — 4B.

3. Second key closed and first key open. In this position

the smaller of the two main batteries only is in circuit, sending

to line a positive or -j- current of a strength of -j- B.

4. First and second keys both closed. In this position

the smaller battery only is in circuit, sending to line a negative

or — current of a strength of — B.

At the distant terminal of the line L, the apparatus is arranged

precisely as shown in the figure.

It is essential that one sounder (for example, Sj) should

respond solely to the movements of the key Kt, and the other

sounder, S2, in like manner to the movements of the key K2 ;

while both should respond when both keys are simultaneously

depressed. The manner in which this result is accomplished

will be understood by the following explanation of the effect of

each of the above mentioned electrical conditions of the line

upon the receiving instrument

1. Positive current from both batteries (-j- 4 B). The local

circuit of sounder Sj is open between the point o and arm

at, and that of S2 between the lever N1 and the stop qu

because the action of the current upon the armature a, tending

to attract it toward Mt, is strong enough to overcome the tension

of the spring rt, and force the lever Nj against the stop pv

2. Negative currents from both batteries (— 4 B). The

local circuit of sounder St is closed at the point of contact

between arm aj and contact lever N ; but that of sounder S3 is

broken between the contact lever N and the stop q, because the

strength of the current upon the line is so great as to overcome

the tension of the spring r, and force the lever N against the

stop p.
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3. Positive current from battery B only (-j- B). The local

circuit of sounder Sj is broken between the arm aj and the con

tact o on the lever N, but that of sounder S2 remains closed,

because the power of the current upon the line, though sufficient

to move the arm at away from the stop o, is not able to overcome

the spring rt, and separate the lever Ni from the stop qt.

4. Negative current from battery B only (— B). The local

circuits of both sounders Sj and S2 remain closed, because

the strength of this current is sufficient to bring the arm at into

contact with the stop o upon the contact lever N, but is not

enough to overcome the spring r, and thus separate the lever N

from the stop q.

Thus it will be understood that the armature a is caused to

assume four different positions corresponding to the four different

electrical conditions of the line.

When the armature is in either of its extreme positions the

local circuit of the sounder S2 is broken. When the armature

passes directly over from one extreme position to the other, it, of

course, closes the local circuit for an instant as it passes the

middle point, but not long enough to produce any effect whatever

upon the sounder S2, which remains inactive.

Condensers C£ and C2 are connected to the artificial line A for

the purpose of compensating the static discharge of the line.

The adjustable rheostats Vt and V2 are used in order to regu

late the action of the condensers and render their charge and

discharge nearer the same duration as that of the line.

An independent condenser C is arranged with one set of its

poles in connection with the main line L, and the other set with

the artificial line A.

No effect is produced upon this condenser by the outgoing

current, as the potential of the latter is substantially the same

on each side.

The incoming current from the distant station, meeting with

the resistance of the helices M Mt, flows into and charges the

condenser, which remains charged until a reversal of the current

takes place upon the line, when it instantly discharges itself and
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sends a momentary pulsation through the electro-magnets M M17

thus tending to hasten the action of the receiving magnet upon

its armature at each reversal, thereby improving the signals upon

long lines.

The effective action of this condenser may be much increased

if desired, by augmenting the resistance of the helices M Mt,

or by inserting additional resistances between these and the

junction of the wires leading to the condenser on each side.

The double acting receiving instrument here described, and

shown in the figure, is equally serviceable in connection with the

arrangement of main batteries illustrated and described on pages

314 and 318.

The apparatus has been tested in practical service upon all of

the longest circuits on which the quadruplex system is worked

from the Western Union Telegraph Company's New York office,

and continued in constant use for one week on the New York

and Albany circuit with very satisfactory results. In regular

practice, however, it has been found preferable to use two inde

pendent relays, thus enabling each operator to adjust his own

instrument

On February 7, 1877, a test was made on a direct circuit

between New York and Chicago, via Pittsburgh, Pa., a dis

tance of 913 miles, and the simultaneous reception of two com

munications in the same direction was accomplished at a speed

of thirty words a minute on each of the respective sounders

and S2.

Fig. 152 shows a general plan of the quadruplex apparatus

now in use on the lines of the Western Union Telegraph Com

pany, and which embodies the more recent improvements.

The transmitting devices, both in construction and mode of

operation, are precisely similar to those referred to in connection

with fig. 151, so that it will be necessary here to refer only to the

effect produced by the operation of the two independent transmit

ters or keys, which is as follows :

1. Key Kt and K2 both open. In this position the entire

battery is in circuit, sending to the line a negative or — current

of — B — 3B =—4B.
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2. Key Kt open and K2 closed. In this case battery B

only is in circuit, sending to the line a negative or— current of

— B.

3. Key Kt closed and K2 open. The entire battery is again

in circuit, but in this case with the positive or -j- pole to the

line, sending a current of-|-3B-|-B=4-4B.

4. Key Kj and K2 both closed. In this position the battery

 

Fig. 152.

*B only is in circuit, sending to the line a positive or -j- current

of + B.

Thus it will be understood that the line is caused to assume

four distinct electrical conditions, corresponding with the four

possible positions of the keys at the transmitting station.

The receiving apparatus consists of two sounders, St and S2,

which are controlled by relays Rt and R2. The construction of Rt
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is the same in every particular as that heretofore described ; it

being, in fact, simply a polarized relay capable of responding to

positive and negative currents.

The relay R2, however, differs materially from relay Rt in the

arrangement of its local circuit connections, by means of which

the sounder S2 is operated ; and the improvement upon the form

of relay heretofore used consists chiefly in dispensing with one

of the supplementary contact levers, whereby the apparatus is

not only simplified, but made to work with greater facility and

certainty through long circuits.

The normal position of the apparatus, when neither key at the

transmitting station is depressed, is that shown in the diagram.

The manner in which the relays Rj and R3 operate in each

of the four electrical conditions of the line mentioned, so as to

cause he sounder St to respond solely to the movements of key

Kt, and the sounder S2 in like manner to the movements of key

K2, and both in response to a simultaneous depression of keys

Kj and K2, will be understood by reference to the following

explanation :

1. Kj and K2 both open. A negative or — current from

both batteries (— 4B). The local circuit of sounder Sj is kept

open, because the polarity of the line current tends to hold the

armature h of relay Rt, on its back stop p. The local circuit

of sounder S2 is also open between armature j and lever r,

because the current on the line is sufficiently powerful to over

come the spring rt, and hold armature j against stop o ; thus

sounder S2 remains inactive.

2. Kt open and K2 closed. A negative or — current from

battery B only (— B). The local circuit of sounder Sj re

mains open between stop pj and armature h, because the

polarity of the current is such as to hold the latter against stop

p. The action of this current upon relay R3 is to cause its arma

ture j, assisted by spring ru to move to the left and make con

tact with the lever r, but not with sufficient force to overcome

the retractile spring qu thus leaving armature j in a central

position between stops o and ot, thereby closing the local circuit

and operating sounder S2.
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3. Kj closed and K2 open. A positive or + current from

both batteries (-|- 4 B). This current causes the armature h

of relay Rt to move to the left, thus closing the local circuit at

stop^t and actuating sounder Sr The armature j of relay R2

is also strongly attracted toward the left, pressing against the

yielding lever r with sufficient force to overcome the spring qt,

and press the former against the stop ot, thus opening the local

circuit of sounder S2.

4. Keys Kt and K2 both closed. Positive or -f- current

from battery B only (+ B). Relay R1, which is arranged to close

its local circuit by positive currents of any strength, actuates

the sounder St precisely as in the third case. The current upon

the line in this case is not of sufficient strength to hold the

armature j of relay R2 against stop ot; consequently it moves,

together with lever r, assisted by spring ^.toa central position,

thus closing the local circuit between armature j and stop q

through lever r, thereby operating sounder S2. . When the arma

ture / of relay R2 passes directly over from one extreme position

to the other: for example, from stop o to o1, it will be observed

that the local circuit is closed for an instant, but not long enough

to produce any effect whatever upon the lever of sounder S2.

It is therefore obvious that, with the apparatus as arranged

above, two communications may be simultaneously transmitted

over a single conductor, and the signals recorded with facility

and accuracy.

In order that four communications may be made to pass

simultaneously over a single conductor, it is only necessary to

combine the apparatus here described with any one of the several

known methods of simultaneous transmission in opposite direc

tions. The arrangement in general use for the accomplishment

of this purpose upon the Western Union Telegraph Company's

lines is that known as the differential method. A system of

duplex telegraphy known as the bridge method may be used

instead of the differential, or, instead of either of these, a com

bination of the differential and bridge methods. In practice the

latter has been found preferable, more especially on the longer
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circuits, where the signals have to be retransmitted automatically

over an adjoining circuit, in which c;ise it is absolutely essential

that the signals should be recorded perfectly at the repeater

station.

The last named plan is in operation on the New York and

Chicago quadruplex circuit, arranged so that signals from New

York and Chicago are at Buffalo automatically retransmitted in

either direction. Before considering the arrangement for repeat

ing from one circuit into another, however, it will first be well

to describe the different instruments more in detail than we have

yet done. A few words also regarding the setting up and

adjustment of the apparatus will not be out of place here.

DIRECTIONS FOR SETTING UP THE QUADRUPLEX.

The diagram, figs. 149 and 150, will sufficiently explain the

manner in which the instrument should be set up and connected.

The smaller section of the battery B usually contains about

one third the number of cells that the larger section 3 B does.

The rheostat z should be as nearly as possible equal to the

internal resistance of (B-|-3B)=4B. The resistance of y

should be equal to the internal resistance of the portion 3 B of

the battery.

THE DOUBLE CURRENT TRANSMITTER.

This is represented at T1 in figs. 148, 149 and 150, and is

operated by the key Kt and a local battery et, usually of three

cells. The double current transmitter is sometimes constructed

as shown in fig. 153, but a simpler and far better arrangement has

been recently introduced, which is shown in fig. 154. The draw

ing is an end view of the transmitter, and shows the pole changing

apparatus distinctly. The adjustable contact screws a and aj

are supported by and are in electrical connection with the post

P, which is in turn connected with the line wire. The post also

supports two contact springs Sj and S2, which are insulated from

it and connected by wires 1 and 12 with the zinc and copper
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poles of the main battery, respectively. The lever I. of the

transmitter is connected with the earth.

The proper adjustment of this transmitter is a matter of the

 

Fig. 153.

; greatest importance to ensure the successful working of the

; apparatus. In order that it may follow the movements of the

 

Fig. 154.

key with promptness, the play of the lever <t between its limit-

ting stops near the electro-magnet should not exceed fa of an

i.nch. The contact screws must be so adjusted that at a point
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about midway of the stroke of the lever t1 the springs S and S3

will both be in contact with it at the same time, but for the

shortest possible period. The easiest way is to first temporarily

adjust the upper limiting stop at the opposite end of the trans

mitter lever la, so as to reduce the play of the lever to of an

inch, or about half the ordinary distance allowed for a sounder.

Then gradually raise the contact screw a until the spring St

barely touches the lever tt, being careful to move the screw no

further than is necessary to do this. Then lower the contact

screw at, and adjust the spring S2 in the same way. Finally,

raise the limiting stop at the other end of the lever, so as to give

it the usual play of about ^ of an inch. In its vibration the

lever t1 should touch one of the springs St or S3 at the same

instant that it leaves the other. If the springs are adjusted too

far apart there will be a break in the circuit, as the lever will

break contact with one spring before it touches the other ; if too

near together, the battery will be placed on short circuit too

long, from one contact being made before the other is broken.

By careful adjustment this period can be reduced to almost

nothing, and the more accurate this adjustment the better will

be the performance of the apparatus.

THE SINGLE CURRENT TRANSMITTER.

This is similar to the transmitter of the Stearns duplex. The

play of the lever of the transmitter should be about -fa of an

inch between the limiting stops and the contact screw A, fig. 155,

adjusted so that when the key is closed and the transmitter in

the position represented, the spring B will be slightly separated

from the contact point on the end of the lever D.

THE COMPOUND POLARIZED RELAY.

This relay is represented by Rs, in figs. 148 and 149, and the

sounder connected with it responds to the signals given by the

double current transmitter at the sending station. The relay

consists of four separate electro-magnets, arranged, in pairs, with

their poles facing each other, upon opposite sides of a double
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polarized armature. The connections and principle of operation

have already been explained in connection with fig. 148. The

proper adjustment of the armature and local contact levers of

this relay is a matter of much importance, and the following

directions should be carefully observed :

Fig. 156 is a perspective view of the compound relay, showing

the contact levers and their adjustment The electro-magnets

M M should be adjusted by means of the check nuts at the

back, so that their poles are at equal distances from the opposite

faces of the polarized armature a. The play of the armature lever

A
 

Fig. 155.

is regulated by the screw stops p3 and p±, which limit the move

ments of the contact levers N N1 in one direction, while the

stops pj and^>2 limit them in the other direction. To adjust

these levers, the screws p1 and p2 should be withdrawn until the

contact points upon the armature lever a are touched by those

upon the levers N Nt upon each side, so that the local circuit

can pass through the lever from N to Nj when the armature is

in a middle position, but will be interrupted by its slightest

movement in either direction. The play allowed to the contact

levers by the stops p3 and pi may be, with advantage, consider
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ably less than than that of an ordinary relay. The proper ten

sion of the springs n and n j depends upon the condition of the

line current, and will be referred to hereafter.

 

Fig. 156.

THE SINGLE POLARIZED RELAY.

This is shown at R„ in figs. 147, 148 and 150, and is simply

a Siemens polarized relay, which should be adjusted with a play

about the same as that of the ordinary Morse relay. This may
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be, and usually is, constructed in the same form as fig. 156, but

without movable contact levers NNj.

ADJUSTMENT OF THE APPARATUS FOR WORKING.

The said arrangements having been properly made at both

stations, one station, which for convenience we will call station

A, commences by sending signals from the pole changing trans

mitter Tt, having been careful to leave key K2 or k2 of trans

mitter T2 open. Station B then signals to station A in the same

manner, which signals will be received upon the polarized relay R.

If the signals come reversed, or on the back stroke, the direc

tion of the incoming current through the relay must be reversed.

Station A next instructs B to ground. B complies by turning

the arm of the switch Q (fig. 149) from qt to q2, which sends

the incoming current direct to the earth through the resistance Z,

which has already been adjusted to equal that of the entire bat

tery (Ej -j- E2). Station A then grounds by placing his own

switch in the same position, and adjusts his polarized relay Bt,

so that the armature will remain at rest indifferently upon either

its front or back contact stop, when placed by the finger. Next,

station A closes the single current transmitter T2 by means of

K2 or k2 ; turns the switch Q back to its original position, that

is, to the left, sending the entire battery to line. The resistance

X (fig. 150) should now be altered, until the armature of the

polarized relay Rt remains indifferently on either side when

placed by the finger as before. When this is accomplished, the

line resistance and rheostat resistance in X will be equal.

To obtain the electro-static balance, station A transmits dots

or dashes by means of transmitter Tt, and at the same time

alters the capacity of the condenser cj c2 (fig. 149), until it

neutralizes the discharge which takes place at the end of each

signal, and is manifested upon the relay Rt. The electro-static

balance of this relay insures that of relay R2 without further

precaution. Finally, station A again turns switch Q to the

right, upon point q2, and station B now proceeds to obtain
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a balance in the same way. Having accomplished this, he

notifies A.

Station B is then requested to send from transmitter T1, leav

ing T2 open or at rest The signals are received at A on relay

B1, and at the same time the springs n n1 (fig. 156) of the com

pound relay R2 should be pulled up sufficiently to hold the

armature a at rest in a central position, with the local relay or

repeating sounder S (fig. 149) closed. Next, B is requested to

leave transmitter Tt at rest and send signals on T2. These sig

nals should be received at A upon the compound relay R2 only.

With currents of one polarity the armature a will move to the

left, and with currents of the other polarity to the right, but in

either case it should operate the sounder S2 by means of the

local relay S. When the armature passes from one extreme

position to the other by a change of polarity upon the line, the

relay should not give a false dot as it passes the central position.

The contact points of the local relay or repeating sounder S

should be adjusted as close as those of an ordinary relay.

The above described apparatus is suitable for use upon lines

from 300 to 600 miles in length. For lines under 300 miles in

length, the modification of the apparatus, shown in fig. 148, and

which is of somewhat simpler construction, is usually employed.

Simultaneous transmission in opposite directions, at the rate

of fifty-eight words per minute each way, is now carried on be

tween New York and Washington, by the application of this

quadruplex method to the Phelps electro-motor printer. This

leaves two sides free for exchanging service signals, or for

carrying on two separate communications by the Morse appa

ratus.

The arrangement for repeating from one quadruplex circuit

into another is very simple in principle, and consists in placing

the two transmitters of one line in the same local circuits with

the corresponding receiving sounders of the other line. The

details are more fully described on page 355. By this arrange

ment New York is enabled to carry on four distinct communi

cations simultaneously with St Louis, a distance of about 1,100
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miles, by means of a quadruplex repeater at Pittsburg ; and with

Chicago, 1,000 miles, by means of a repeater at Buffalo.

Although the quadruplex has, in a great measure, taken the

place of the duplex upon many of the lines between the more

important telegraphic centres, the latter system is, nevertheless,

still employed to a considerable extent between points of less

importance where the business is not sufficient to keep the

quadruplex constantly employed; and in numerous cases it

forms, in connection with this system, both a convenient and

valuable auxiliary for supplying direct communication between

several different stations at one and the same time.

There are various ways in which these two sj^stems may be

combined so as to meet the numerous requirements of the ser

vice, but it will be necessary to describe and illustrate here only

such as are now in actual operation and by experience have been

found serviceable.

A plan of the apparatus as arranged at repeating station, form

ing the common terminus of one quadruplex and two duplex cir

cuits, is shown in fig. 157. By this combination two independent

communications passing in the same direction over the quadru

plex circuit may be automatically retransmitted from the repeat

ing station over two separate and independent duplex circuits

extending to different points, while at the same time two com

munications passing in the opposite direction over the duplex

circuits may be repeated into and over the quadruplex circuit

For convenience of explanation we will take an actual case, and

suppose the repeating apparatus to be placed at Boston, which is

in connection with New York, 240 miles distant, by quadruplex,

and with Duxbury and St John, respectively 40 and 469 miles

distant by duplex.

In order to effect the desired retransmission of the different

sets of signals passing through the apparatus, it is necessary to

form separate connections between the several receiving instru

ments and the transmitters of the different lines into which the

signals are to be repeated.

This is done by means of the local circuits, in a manner which

will now be explained.
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As ordinarily arranged for single circuit working, the relay Rj

(fig. 157) of the New York line L, operates the sounder Sj by

means of the local battery B 1 ; and key kj , the transmitter lt , of the

Duxbury line L1, by means of the local ev For direct through

working, however, and in order that the received New York

signals may be communicated from the relay Rt to the transmit

ter tt, and thus be repeated into the Duxbury line, a switch or

button wj is so arranged that it forms, when closed, a part of

each of the two separate local circuits containing the relay Rt and

the transmitter t1, but when open throws the two circuits into

one, so that relay Rt operates the transmitter t1 as well as the

sounder Sj.

In a similar manner the circuit, including sounder s1 of line Lt

is combined with that containing the transmitter Tt of line L,

by means of the button W«, while the button W. connects the

local circuit of R3 in line L with that of the transmitter t2 in

the St John's line L2.

Another button w2 in like manner also connects the local

circuit of relay r2 in line L2 with that containing the transmitter

T3 of line L.

When, therefore, the buttons Wt W2, wj and w2 are all

closed, the three main lines L, Lt and L2 may be operated inde

pendently ; the New York line as a quadruplex and the Duxbury

and St John's lines as separate duplex circuits.

When, on the other hand, the buttons are all open and the

switches of keys Kj K2, Jct &2 closed, New York is able to

transmit simultaneously two independent communications over

the line L to Boston, where one of them will then be automati

cally retransmitted by the relay Rt and transmitter tt over line

Lt to Duxbury, and the other by relay R2 and transmitter t2

over line L2 to St John's. While this is being done Duxbury

and St John's may also send communications simultaneously

over lines Lt and L2 respectively to Boston, where relays r1 and

r2 will then repeat them into line L and to New York. It will

thus be seen that New York has practically separate duplex

circuits to Duxbury and St John's, and that any or all of the

correspondence may be read at Boston.
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By properly arranging the buttons W1 W2, u;j and w2, either

line of communication may be worked through direct or be

divided at Boston without reference to what is being done on the

other. The manner of effecting this will be sufficiently obvious

without further explanation.

We have thus far considered that the signals transmitted from

New York and retransmitted at Boston into line L3 were copied

at St John's, N. B. It is proper to state, however, that in prac

tice New York and North Sydney, C. B., work the line together

duplex, a distance of 1,159 miles, by means of a second duplex

apparatus at St John's, constituting with the first a duplex

repeater.

A modification of the plan shown in fig. 157, and just

described, has developed a much wider field for practical opera

tion. This consists in dispensing with one duplex circuit

Thus, for example, if the Duxbury line Lt, and the apparatus

connected therewith be removed, it will readily be understood,

from what we have already said, that New York and North

Sydney would still be able to work duplex, while, at the same

time also, New York and Boston could work duplex together

without regard to what is passing between the two former.

Before describing the manner of working the quadruplex in

connection with the contraplex or diplex systems, it will first be

well to devote a few words to the consideration of these systems

alone.

The terms contraplex and diplex are here applied as specific

names for designating clearly the way in which the particular

simultaneous double transmission to which we wish to refer is ef

fected. Thus, for instance, two messages maybe sent over a single

wire in the same or in opposite directions, and when we do not care

to particularize either, we simply allude to them under the more

common generic name of duplex transmission, which includes

both. When, however, we wish to speak of either method by

itself, we use the term diplex for simultaneous transmission in

the same direction, and contraplex for that in opposite directions.

As these terms are not in very general use, this explanation here

will not be out of place.
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Figs. 158 and 159 show the application of a contraplex sys

tem, in which one set of signals are made by a series of changes

in the polarity of the current, and the other by changes in its

strength.

In fig. 158, t1 is the lever of a double current, or pole chang

ing transmitter, which is operated by an electro-magnet Tt, local

battery and key Kt.

The construction and operation of this transmitter is fully

described on pages 337 and 338.

At station B, the receiving instrument Rt, having a polarized

armature, is placed in the circuit of the line, and in consequence

of the polarity of its armature, will respond to each reversal of

Station A

-=-E

 

Fig. 158.

the current upon the line, produced by the movement of the

double current transmitter tt, and will open and close the local

circuit of the sounder S1, giving signals corresponding to the

movements of the key Kj at station A.

The line at station B, after passing through the receiving

instrument Rt, is conducted to the earth at Gr

A rheostat X is inserted between the receiving instrument Rt

and the earth, the resistance of which may be, say, from two to

four times as great as that of the line. A key K2 is connected

with the line in such a manner as to shunt the rheostat X by a

circuit of practically no resistance each time the key is depressed.
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In order that the operator may be able to hear his own sig

nals, the key K2 is provided with a spring contact arm k, which,

when the key is depressed, is brought in contact with the stop J,

thus shunting the rheostat X, and giving the signal at station A.

The ordinary contact point of the key at, or nearly at, the same

time, strikes upon its anvil, and closes the circuit of the local

battery e through the sounder t, and thus duplicates the signal

sent to the other station.

At station A a receiving instrument, R2, having a neutral

armature and adjustable spring r, is placed in one of the wires

leading from battery E to the double current transmitter. The

armature of the receiving instrument R2 opens and closes the

local circuit of the sounder S2, in the ordinary manner. The

retractile spring r of the receiving instrument R2, should be

strained up to a sufficient tension to withstand the attraction of

the electro-magnet when the rheostat X is in circuit at the other

station, while it will be easily overcome by the increased force of

the line current, which results from the shunting of the rheostat

X, and the consequent removal of its resistance from the circuit

whenever the key K2 is depressed.

By placing the receiving instrument R2 in one of the wires

leading from the battery to the pole changing transmitter tt, the

direction or polarity of the current traversing its coils is never

changed, and consequently its armature has no tendency to fall

off when the current is reversed upon the line.

It is obvious that any required number of receiving instru

ments similar to Rjf accompanied with the other apparatus

shown and described at station B, may be placed in the circuit

of the line at way or intermediate stations, all of which will

simultaneously respond to the signals given by the key Kt and

transmitter tv

Fig. 159 is a modification and extension of the system, so

arranged as to be capable of either transmitting two com

munications simultaneously in the same direction, or one in each

direction, at pleasure.

If the keys Kt and K4 are operated at the same time, the
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former will control the polarity and the latter, the strength of the

current going to line from the battery E.

At the terminal station B, as well as at the intermediate

station C, receiving instruments R4 and R5 are made use of, the

construction and operation of which are fully described on pages

338 and 340.

The polarized armature a plays between two contact levers N

and Nt, which are held against the stops q and qt by springs r

and r1 ; these springs being strained up to a tension sufficient to

resist the electro magnetic action of the weak current, which

traverses the line when the rheostat X4 is put in circuit by the

opening of key K4, but which will readily be overcome by the

stronger current which passes when the rheostat is cut out, by

the depression of key K4.

The local relays M M, between the receiving instruments R4

and Rg, and their respective sounders S4 and S5, at stations B

and C, when arranged in this manner, is a well known device for

reversing the signals of the relays, in order that they may appear

correctly upon the sounder.

Thus it will be understood that the sounding or recording

instruments S4 and S5 at stations B and C, will respond each

time the key K4, at station A, is depressed, while in like manner

the sounders Sj and S3, at stations B and C, will respond each

time the key Kt, and transmitter t1, at station A, is operated.

The rheostats X, X3, and X4, are cut out of the circuit when

the operators at the respective stations are not using the line by

means of the switches W2, W3 and W4, precisely as in the

case of the ordinary closed Morse circuit

In order to transmit communications in opposite directions at

the same time, the operator at station A will use key K,, and

the operator at station B or C will use key K2 orK3.

With the apparatus constructed and arranged as in fig. 159, the

operation may be briefly summed up as follows :

When key Kt is operated sounders Sj and S3 will respond.

When either K2, K3, or K4 is operated by first opening the

switches attached, sounders S„ S4 and Ss will respond.



COMBINED DIPLEX AND CONTRAPLEX SYSTEMS. 351

It will, therefore, be readily understood that the following

results may be obtained :

1. Station A may send a message to C, and C at the same

time send one to A, both of which may be read at B.

2. A may send a message to B, and B at the same time send

one to A, both of which may be read at C.

3. A may send a message to C, and at the same time B may

send one to A, which latter may also be read at C.

4. A may send a message to B, and at the same time C may

send one to A, which latter may also be read at B.

5. A and C may simultaneously send messages to B, the

latter of which may be read at A

6. A and B may simultaneously send messages to C, the

latter of which may be read at A.

7. A may send messages to B and C at the same time.'

8. A may send two messages simultaneously to B, both of

which may be read at C.

9. A may send two messages simultaneously to C, both of

which may be read at B.

10. B and C can work together singly, precisely as in the

ordinary closed circuit, Morse system ; and,

11. When it is not required to work duplex, A can signal

B or C with either of his two keys.

All the results which have been described are accomplished

by means of a single main battery E, placed at one terminal

station A.

Fig. 160 represents a combination of the above system with

the quadruplex at a common terminal station, at which the

connections are so arranged as to allow of the repetition of signals

from one circuit into the other.

Taking an actual case, as before, we will suppose the repeating

apparatus to be located at New London, which, for convenience,

maybe designated as station A. This is in communication with

New York, 126 miles distant, by a quadruplex wire L, and with

Norwich, Conn., and Worcester, Mass., by the line Lt, 73 miles

in length, the former being an intermediate and the latter a
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terminal office, which we will designate respectively as stations

B and C.

The apparatus at station A consists of a complete set of

quadruplex instruments and a set of the instruments shown in

fig. 158, both of which have already been described ; conse

quently, it will only be necessary now to show the manner in

which they are worked conjointly.

 

Fig. 160.

The switch or button w1 is so placed between the local bat

teries Bt and et, that when closed it forms a part of each of the

two local circuits containing the sounder St and transmitter <1,

but when open the separate circuits are combined into one ; and

if the key 7ct be closed, the relay Rj then operates both sounder
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Sj and transmitter tt, and thus repeats the signals coming from

line L into line Lj, and to stations B or C.

The local circuit containing the sounder st is, in a similar

manner, separated from or combined with that containing the

transmitter Tt by means of the button Wr In the latter case,

relay rt operates transmitter Tj as well as sounder st, and

thereby repeats the signals from Lt over line L to New York.

The sounder S2, which is operated by the relay R2 of line L,

may be arranged in connection with wires 1 and 2 and button

w2, so that when the latter is closed and key Jc2 opened the

shunt around the rheostat X is thereby extended through lover

a and contact o of sounder S2 ; and thus a second set of signals,

received from New York on relay R2 at station A, may also be

repeated into line L and to stations B and C.

The signals produced by the transmitter T3, when key K3 is

operated, are received at New York upon a sounder correspond

ing to that of S2 in the figure.

It will, therefore, be seen that with the apparatus thus arranged

the following results may be obtained :

1. New York may send a message to station C, and at the

same time C can send one to New York, and both be read at A

and B.

2. New York may send to B, B to New York, and both be

read at A and C.

3. New York may send to C, and be read at A and B,

while at the same time B may send to New York, and be read

at A and C.

4. New York may send to B, and be read at A and C,

while C may send to New York, and be read at A and B.

5. New York may send to B, and be read at A and 0,

while C also may send to B, and be read at A and at New York,

6. New York may send to C, and be read at A and B,

while at the same time B may also send to C, and be read at A

and New York.

7. New York may send to B, and be read at A and C, and

at the same time A may also send to B, and be read at C and

New York.
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8. New York may send to C, and be read at A and B, and

at the same time A may also send to C, and be read at B and

New York.

9. New York and station A may work duplex continu

ously, without regard to what is passing between stations A, B

and C.

10. New York may send two messages simultaneously to

A, one of which may be read at B and C, and at the same time

two communications may pass over the line to New York, one

from A and the other from G, the latter of which may be read

at A and B.

11. New York may send two messages simultaneously to A,

one of which may be read at B and C, and at the same time two

may pass simultaneously over line L to New York, one from A

and the other from B, the latter of which may be read at A

and C.

12. New York may send two messages simultaneously to B,

both of which may be read at A and C, and at the same time

receive two from A.

13. New York may send two messages simultaneously to C,

both of which may be read at A and B, and at the same time

receive two from A.

14. New York may send two messages simultaneously, one to

A and the other to C, the latter of which may be read at A and

B ; and, at the same time, receive two, one from A and one

from C, the latter of which may be read at A and B.

15. New York may send two messages simultaneously, one

to A, the other to B, and the latter be read at A and C ; and,

at the same time, receive two, one from A and the other from

B, the latter of which may be read at A and C.

16. New York may receive two messages simultaneously

from A, and, at the same time, transmit two distinct communi

cations, one to B and one to C, or both to either station sep

arately, and both may be read at A. Finally,

17. Station A may, by properly arranging the buttons w„

w3 and 'VVd divide the two lines L and Lt, and operate each
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separately ; the former as a quadruplex wire to New York, the

latter as contraplex or diplex to B and C.

Fig. 161 shows a plan of connecting the apparatus at a station

forming the common termimis of two quadruplex circuits, so

as to repeat from one into the other. We will suppose the

station to be Cleveland, and that Lj represents a quadruplex

wire extending from that point to Buffalo, a distance of 183

miles, and L2 a similar wire between Cleveland and Cincinnati,

a distance of 250 miles. The apparatus comprises, in addition

to two complete sets of quadruplex instruments, the four button

switches, W, W„ W2 and W3, which serve for giving direct

through communication between Buffalo and Cincinnati, or for

dividing the wires and thus allowing each of them to be worked

separately.

For clearness of illustration, the relays, as shown in the figure,

are not wound differently, and the rheostats and condensers form

ing the artificial lines have been omitted.

The arrangement of the local circuits of the several relays

Rt, R2, j-j and r2, so that they may be separated from or com

bined with those of transmitters tt, t21 Tj and T2 respectively,

by means of the buttons W, W„ W2 and W3, is precisely the

same as that shown in fig. 157, for repeating from one quadru

plex into two duplex circuits, and vice versa.

It will therefore be understood, from what has already been

said, that when the buttons are all open, and the keys Kt, K2,

kj and k2 closed, Buffalo may transmit two communications

simultaneously over the line Lt to Cleveland, where they will

then be automatically retransmitted, one by relay rj and trans

mitter Tt, the other by relay r2 and transmitter T2, over line L2

to Cincinnati. The latter station may also transmit two inde

pendent messages at the same time to Cleveland, where, in turn,

they will be retransmitted, one by relay Rj and transmitter tt,

and the other by relay R3 and transmitter t2, over line Lj to

Buffalo.

By simply closing the buttons W, W„ W2 and W3, the two

circuits may be divided at Cleveland, and worked separately.
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In regular practice, however, the circuits are worked in the fol

lowing manner, so as to facilitate the exchange of business

between the three points before mentioned :

The buttons W2 and W3 are closed and W and W1 opened.

When thus arranged, Buffalo and Cincinnati are enabled to work

together duplex, and, at the same time, Cleveland may work

duplex to Buffalo over line L1, and to Cincinnati over line L2.

The transmitter t1 and relay r1 of line Lt are so located on the

desk or table, with regard to the corresponding apparatus of line

L2, as to facilitate the adjustment of the several instruments.

Quadruplex repeaters are similarly arranged for facilitating

the exchange of business between numerous other points on the

lines of the Western Union Telegraph Company, among which

may be mentioned Boston, Albany and Buffalo ; Buffalo, De

troit and Chicago ; and New York, Hartford and Providence.

A combination of the two methods of duplex telegraphy,

known as the bridge and differential systems, but differing

materially in arrangement from that shown on page 311, is also

used in practice. At Buffalo two complete sets of quadruplex

apparatus, on this plan, are arranged by connecting the local

circuits in precisely the same manner as shown in fig. 161, for

repeating signals from one circuit into another, and, by this

means, New York and Chicago are enabled to exchange four

communications simultaneously, over a single wire, between

these points.

A second wire between New York and Chicago is equipped

with the quadruplex apparatus, and precisely the same arrange

ment as the above is made at Buffalo for repeating from one

circuit to the other. At New York, however, the connections

are such, that while its office and Chicago are working duplex

on one side, the latter may also work duplex on the other side

with any one of two or more branch offices in New York. The

manner in which this is done will readily be understood from

fig. 162 and the following explanation, which relate to the

arrangement for a Boston wire, where it was first used ; the one

for the Chicago line, however, is just the same :
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The complete quadruple* set in connection with the line L is

supposed to be at the New York main office. Sounders st and

S4, and key kt, at a branch office in the city, which we will call

station A ; and the apparatus consisting of sounders s2 and S„

repeating relay m2, key k2 and local battery e4, at a second

branch office, which we will call B.

In order to provide for the simultaneous reception of two

independent communications over line L, from Boston, one of

which shall be received upon relay Rt and sounder Sj, and, at

the same time, also, upon sounder st at station A, and that the

other shall be received upon relay R2, sounder S2 and upon

sounder s2 at station B as well, while separate communications

are at the same time being sent to Boston from each of the two

stations A and B, it is only necessary to connect the local or

branch lines with the relays and transmitters of the quadruplex

apparatus at the main office in the manner shown in the diagram

(fig. 162). Here the route of the local or branch wire of the

relay Rt may be traced from the earth plate Gn at the main

office, to battery e, wire 1 and armature of relay Rt to sounder

S1, and thence by wire lt to sounder st and earth G2 at station

A. The route of the branch circuit of relay R2 is from earth

plate G3 to battery e1, wire 2, armature of repeating sounder M

and sounder S2, and thence by line 13 to sounder s2 and earth

(x4 at station B. The routes of transmitters Tt and T2 may

be similarly traced. It will be noticed, however, that the

arrangement of the branch line, as well as local connections of

transmitter T2, differ materially from those of Tt, as in its nor

mal position the former should remain open, and thus leave

only the smaller portion of the main battery on the line. The

keys K2 and k2 are not provided with circuit closing switches,

and contact is made at the back point, instead of the front, as in

the ordinary form. The normal position of these keys is that

shown in the figure, in which they close the branch circuit and

cause the armatures a and at of repeating relays m1 and m2 to

be attracted, and thus break the local circuits of transmitter T2

at the main office, and sounder S3 at B. By depressing K2 or
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Jc2, and consequently breaking the branch circuit, the armatures

of the repeating relays m1 and ma will be released, and the

local circuits of transmitter T2 and sounder S3 will be closed

simultaneously. The operator at B is thus enabled to hear his

own or other signals that are being transmitted by the main or

other office on the branch line.

 

Fig. 162.

It will therefore be sufficiently obvious that the signals

received from the line L upon relay Rt and sounder Sj at the

main office can, with equal facility, be read from sounder s1 at

station A, while the latter office at the same time maj', by depress

ing the key kt, and consequently operating sounder S4 and

transmitter Tt, be sending signals to Boston or to some branch

office at that place. In a similar manner and at the same time,
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station B may work duplex with another branch office at Boston,

of which at that place there are five on one side of the quadru-

plex and two on the other. The balancing and adjusting of the

quadruplex, it will, of course, be understood, is all done at the

main office.

 

Fig. 1G3.

The quadruplex is also arranged to work in connection with

a single direct circuit containing any number of offices, and the

plan has been found to servo an excellent purpose in practice, as

communication can thereby be maintained between a distant
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office on the quadruplex circuit and any one of the number on

the single wire line.

Fig. 163 shows the details of the arrangement as adopted at

St Louis, for automatically repeating from one circuit into the

other, the outfit consisting of one complete set of quadruplex

apparatus and portions of a Milliken repeater. The line L, ex

tending to Chicago, 280 miles distant, is connected with the

quadruplex relays; and line Lt, extending to Kansas City,

Atchison, Leavenworth and St Joseph, with the Milliken re

lay rr The local circuit of this relay is separated from or con

nected with that of the transmitter T j by means of the switch

'W\, in precisely the same manner as in the preceding cases,

and by means of the switch W2, the local circuit of relay Ht

may be extended through the transmitter tu or disconnected

therefrom at pleasure. With the switch W2 turned to the right,

for example, as shown in the figure, the local circuit may be

traced from the switch to local battery E2, wire 1, transmitter tt

and wire 2 to relay H1, thence by wire 3, sounder Sj and bat

tery Et back to the switch again. When it is turned to the left,

battery E3 and transmitter <t are thrown out of circuit and relay

Rj operates sounder St alone. The local contact points at the

front end of transmitter tt are shunted out when desired, by

means of the button or switch w1 ; and the main contact points

at the opposite end of the lever are in like manner cut out by

means of button W. When, therefore, the switches Wt, wj

and W are open, W2 turned to the right and keys Kj and Jc1

closed, as shown in the figure, Chicago may exchange business

with any one of the offices on Lt, the signals being automatically

retransmitted at St Louis by relays R1, r1 and transmitter rF1

and tv At the same time St Louis and Chicago may also work

duplex, using key K2 and R2 for that purpose.

By closing switches W1, wj and W and turning W3 to the

left, the two lines L and Lt, as will readily be seen, maybe

worked separately, the former as a quadruplex and the latter as

a single Morse circuit



362 ARRANGEMENT FOB NEUTRALIZING CURRENT INDUCTION.

CURRENT INDUCTION.

The interference between well insulated telegraph lines, known

as current induction, has from the first done a great deal toward

preventing the proper working of the quadruplex system, and

the question as to how the disturbing effects due to this cause

might be overcome has, therefore, become one of considerable

importance.

Mr. Charles H. Wilson, of Chicago, who has given consider

able attention to the subject, has devised a plan for diminishing

the difficulties just referred to.

Mr. Wilson seeks to accomplish his object by establishing a

counter current in the disturbed conductor at the same moment

and of the same strength and duration as that of the induced cur-

A

DC

b'

Fig. 164.

rent which is generated in it by the sudden change of potential

in a neighboring wire.

Fig. 164 shows the application of the method to a single Morse

line, but here it is of comparatively little practical importance,

from the fact that these lines, as a general thing, can be supplied

with strong currents, so that there is always sufficient working

margin to cover the difficulties arising from induction. The

primary wire of the induction coil C is in the circuit of one

line, and the secondary coil in that of the other. The coils are

so wound or connected to the lines that either will induce in

the other currents of opposite direction to those induced by the

remaining parts of the circuit The electro-magnets represented

at a, a', b and b', are employed for producing the proper retard

ing effect on the counter or neutralizing currents which are

generated in the coils surrounding C, and the adjustable resist-

fU

b
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ance RR of the shunt circuit serve to still further modify these

currents, so that their action is subject to complete control.

The manner in which the device is rendered effective will

readily be understood from the diagram. Thus, for instance, if a

current of any polarity is sent into the conductor A, a current of

 

Fig. 165.

the opposite polarity will be induced in the line B, owing to its

close proximity to the former, but at the same instant a similar

current will also be induced in the coil to which it is joined, and,

as the connection is so arranged that this current opposes that

 

Fig. 166.

induced by the proximity of the two conductors to one another,

the proper action of the instruments will not be disturbed.

The arrangement for accomplishing the same result between

two quadruplex circuits is shown in fig. 165. It is evident that,

with the bridge or differential principle, all that is required to

effect the end in view, is to cause the two artificial lines to act
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upon each other in a manner similar to the action of the actual

lines, and for this purpose an induction coil and system of mag

nets, similar to that just described, is inserted in the path of the

two artificial lines at L

Fig. 166 shows an arrangement of condensers substituted for

the induction coils, which has been in extensive use on some of

the long lines in the central division of the Western Union

Telegraph Company. If the inductive effect of the two wires

are equal, the condenser E is alone necessary to effect the neu

tralization; but when unequal, the two condensers F and G

are required in connection with E.

EARLY METHODS OF SIMULTANEOUS TRANSMISSION IN THE

SAME DIRECTION.

In October, 1855, A. Bernstein, of Berlin, devised a plan for

the simultaneous transmission of two messages in the same

direction, which is shown in fig. 167.

The transmitting apparatus consists of two independent cir

cuit preserving keys Kj and K3 in connection with batteries

Bt and B2, the former composed of, say 10, and the latter 20

cells, as shown in the figure at station A.

The movements of these keys produce three different electrical

conditions in the line, according to their respective positions with

reference to each other, as follows :

1. First and second keys open. The route of the circuit may

be traced as follows : From the earth plate G, through wire 6,

adjustable stops 5 and 4, wire 3, to adjustable stops 1 and 2 and

line L. This may be considered the normal condition of the

keys, in which position no current passes to the line.

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

earth plate G to wires 6, 7, main battery Bt, thence to lever lt

of key Kt, and wire 3 to stops 2 and 1 and line L to distant

station as before. In this position of the keys the smaller

battery Bt only is in circuit, sending to the line a positive or -\-

current of —|- 10.

3. Second key closed and first key open. The route now is
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from earth plate Gr, wire 6, to stops 5 and 4 ; thence by wires 3

and 8, to main battery B2, and lever l2 of key K2 ; thence by

wire 9 to stop 1, and line L to distant office. In this position of

the keys the larger battery B2 only is in circuit, sending to line

a positive or current of -j- 20.

4. First and second keys both depressed. The route of the

circuit in this case is from earth plate G, wire 6, 7, to battery

Bt, lever lt ; thence to stop 4, and wires 3, 8, and battery

 

Fig.

B2 to lever l2, wire 9 to stop 1 ; thence to the line L and

distant station as before. In this position of the keys both

batteries are in circuit, sending to line a positive or -j- current

of + 30.

At station B a receiving instrument or relay is made use of,

composed of a single electro-magnet M, having three armatures

Rt, R2 and R3, to each of which are attached retractile springs

rt, r2 and r3 respectively, with local circuits and sounders St

and S2, as shown in the figure.
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Sounder St should respond solely to the movements of key

K1, find sounder S2, in like manner, to the movements of key

K2, while both should respond when keys Kj and K2 are

simultaneously depressed.

The manner in which this result is attained will be under

stood by reference to the following explanation of the effect of

each of the previously mentioned electrical conditions of the

line upon the receiving instrument M at station B :

1. The normal condition of the transmitting apparatus.

No current to line.

The local circuit of sounder St is open at point o, armature

Rt being held against its back stop by the retractile force of

spring rv

Armature R2 is, in a like manner, held against its back

stop.

Armature R3 rests "Upon its back stop, owing to the retractile

force of spring rs, in which position it will be observed that a

local circuit is completed, in which are included sounder S2 and

both local batteries, but as the two latter have like poles together,

their effect upon sounder S2 is substantially neutralized ; con

sequently, the latter remains inactive.

2. Positive current from battery Bt only = -f- 10.

The local circuit of sounder St is closed between the point

o and armature Ht, because the action of the current upon the

relay M is strong enough to overcome the-spring rt, and force

armature Rt against the stop o.

Armature R2 remains on its back stop, because the power

of the current upon the line is not sufficient to overcome the

tension of spring r2.

Armature Bs rests upon its back stop because the current is

not strong enough to overcome the spring r3. As in the first

case, it will also be observed here that armature R3, in this posi

tion, completes a local circuit in which is included sounder S2.

The latterv however, remains inoperative, for the reasons before

explained.

3. Positive current from battery B2 = -f- 20.
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The local circuit of sounder S2 is closed between the contact

point and armature R2, because the power of the line current is

sufficient to overcome the spring r2, and move the armature R2

against its contact point Armature R3 still remains on its back

stop, because the current upon the line is not of sufficient strength

to overcome the tension of spring r3. In order to prevent a false

signal from being given by sounder St, it is obviously essential,

in this case, that armature Rt should make contact with the

point o simultaneously with armature R2, by which means the

local battery of sounder St is short-circuited, thus leaving the

latter inoperative.

4. Positive current from both batteries (Bt and B2) = -f- 30.

The current upon the line in this case is sufficiently powerful

to overcome the tension of the retractile springs ru r2 and r3,

and force the armatures Rt, R2 and R3 against their respective

front stops o and ou operating the sounders St and S2.

Thus will be understood the manner in which the respective

armatures of the receiving instrument are made to assume their

different positions with relation to the electrical condition of

the line, so as to record the proper signals upon sounders Sj

and S2.

Instead of the receiving instrument as devised by Mr. Bern

stein, viz. : a single electro-magnet, with three separate arma

tures, of different adjustments, three independent relays may be

used, with local connections the same, without departing from

the principle thereof.

A second method was also invented by Bernstein, in which

he made use of both positive and negative currents.

Referring to the diagram, fig. 168, it will be observed that the

transmitters, or keys, are circuit preserving, the sketch differing

from the original in form, but not in principle.

The operation of the two keys gives rise to three strengths of

current upon the line, according to their respective positions,

with reference to each other, as follows :

The normal position of the keys is that shown in the figure,

both being open.
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The route of the circuit, in each of the before mentioned posi

tions of the keys Kj and K2, may be readily traced by reference

to the drawing.

Key Kj alone sends a positive or -j- current of, say, 10 cells

from battery B.

Key K3 alone sends a negative or — current from the same

battery =, — 10.

When both keys are simultaneously depressed, the negative

 

Fig. 168.

pole of the smaller battery is insulated, and the larger battery

Bt sends a positive, or -\- current =, -f- 20.

Bernstein's receiving apparatus, in this case, is composed of

three independent relays, polarized by means of the auxiliary

local coils Ht, R2 and B,3, the two former being constant, and

the latter controlled by the armature as of relay M2, as shown

in the figure at station B.

The sounders St and S2 are operated by shunting, instead of

opening and closing the circuit
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The strength of the current in each of the auxiliary local cir

cuits before mentioned may be changed at will, by varying the

adjustable resistance coils rt, r2 and r3. It should not, how

ever, be of sufficient power to overcome the tension of springs

st, s2 and sa.

The current from auxiliary local Rt, circulating in Mt, is,

say, = -f- 10, and that of auxiliary local B2, circulating in M2,

= — 10. That of relay M3 is brought into action only when

armature a2, of relay M2, makes contact with stop o, at which

time a current of -j- 10 circulates through M3.

Bearing this in mind, it will be readily understood by the fol

lowing explanation how the armatures at, a2 and a3 of the

receiving instruments Mt, M2 and M3, respectively, are made

to assume positions, with relation to the three electrical condi

tions of the line, so as to cause sounder St to respond solely to

the movements of key Kj, and sounder S2, in like manner, to-

the movements of key K2, while both respond when Kt and K2,

at the sending station, are simultaneously depressed.

1,. Kj alone depressed, a positive or -(- current to the line of

-j- 10. The strength of this current, supplemented by that of

the auxiliary local R1, is sufficient to overcome the spring sjt

and move the armature at forward, thus breaking the shunt

between stop Pt and armature a1, and leaving sounder Sj to be

actuated by local battery /j .

The action of the line current upon relay M2, in this case,-

tends to partially neutralize the effect of the auxiliary coil R2 :

consequently, the armature a2 is held more firmly by spring s2

in the position shown.

Armature a3, of relay M3, also remains on its back .stop

P3, because the line current (viz. : -j- 10 :) is not of sufficient

strength to overcome the spring s3. Thus the shunt around

sounder S2 remains unbroken, and the latter is inoperative.

2. Key K2, depressed.

A negative or —- current of — 10. In this case, the polarity

of the line current is such as to partially neutralize the effect oi'

the auxiliary local Rj. The armature aj is, in consequence, held
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more securely by spring st against stop P1, thus preventing a

signal being given on sounder Sj.

Armature a2 of relay M2 is carried from stop P3 to o, because

the strength of the line current, viz. : — 10, added to that of the

auxiliary local (— 10), is sufficient to overcome the tension of

retractile spring s2, thus breaking the shunt, and causing local

battery l2 to operate the sounder S2.

It will here be observed that when armature a2 connects with

stop o, the auxiliary local of relay M3 is closed, the strength of

which (viz. : -|- 10) being the same as that from the line, but of

opposite polarity, it only serves to substantially neutralize the

effect of the latter upon relay M3, and armature a3 is held

inactive by the retractile spring s3.

3. Keys Kj and K3, both depressed.

A positive or -j- current of -|- 20.

Armature at of relay Mt is caused to move forward, thus

breaking the shunt, and allowing a current from local battery lj

to operate sounder Sj. The line current in this case is of a

polarity, and sufficiently powerful to completely neutralize. the

effect of the auxiliary local R2 and exert a force upon relay M2,

tending to attract its armature a2 ; but the latter is held in the

position shown, against stop P2, by the retractile spring s2.

The armature a3 of relay M3 is carried from stop P3 to stop

o1, because the line current is sufficiently powerful to overcome

retractile spring s3, thus breaking the shunt and permitting

sounder S2 to respond.

Practically, the method of using one receiving instrument

having three armatures is a very unsatisfactory one, for the

reason that the effective attraction of the electro-magnet for any

one of two or more armatures is materially lessened whenever

one of the others is in contact, or nearly in contact, with its

poles.

The manner of operating a register, or sounder, by closing

and breaking a shunt, as in the system above described, would

render it impossible to receive and record the signals with accu

racy at any considerable degree of speed.



Bernstein's methods. 371

The use of three independent receiving instruments, though

free from the objections just mentioned, does not obviate the

difficulties which were inherent in the systems of simultane

ous transmission in the same direction, invented by Stark

and Siemens, in 1855, and which by the latter were considered

insurmountable.

THE ELECTRO-MOTOGRAPH.

The salient feature in this discovery is the production of

motion and of sound, by the stylus of the Bain telegraph instru

ment, without the intervention of a magnet and armature. By

the motion thus produced, any of the ordinary forms of telegraph

printing or sounding instruments or relays may be worked, thus

making it possible to send messages by direct transmission over

thousands of miles of wire, at the highest speed, without rewrit

ing, delay, or difficulty of any kind.

More than this, the apparatus operates in a highly effective

manner under the weakest electric currents, rendering it possible

to receive and transmit messages by currents so weak that the

ordinary magnetic instruments fail to operate, or even give an

indication of the passage of electricity. Thus, when the common

instruments stand still, owing to the feebleness of current, this

telegraph will be at full work. The apparatus is shown in figs.

169 and 170.

In fig. 169 A is a lever pivoted upon a universal joint C,

and is provided at its extreme end with a screw F, tipped with

platina, resting upon a strip of moistened paper, which is carried

forward (in the direction shown by the arrow) by the drum G.

This drum G is continuously rotated by clock work. The spring

S is used for the purpose of creating a pressure of the point F

on the moistened paper.

The spring B is to draw the lever to the left and against the

point X. L is a main battery, K a key. The zinc pole of the

battery is connected to the point F, while the carbon pole is

connected to the metallic drum G, through the key K. When K



372 THE ELECTRO-MOTOGRAPH.

is closed, the chemicals with which the paper is saturated are

decomposed by the passage of the current through the paper,

and the lever rests against the point X, closing the local circuit

containing the sounder AX and local battery LB. If the key

K is opened, the normal friction of the platina point F upon the

paper is so great that the spring R is insufficient to keep it

against the point X, and it is carried forward by the rotation of

the drum to the point D, where it remains until the key K is

again closed ; then, by the passage of the current, the friction is

reduced so as to be imperceptible, and the spring R easily pulls

the lever against X, where it remains as long as the current is

allowed to pass. As will be seen from this brief description, the

lever is moved backward and forward by a difference in frictions,

caused by the decomposition of the chemicals (a solution of

chloride of sodium and pyrogallic acid), with which the paper is

moistened, by the passage of the current

Why the paper becomes so extremely slippery on the pas

sage of the current, the inventor is unable to state.

The apparatus is extremely sensitive, and can be worked over

a circuit of two hundred miles with two cells of battery. Some

idea of its wonderful sensitiveness may be formed from the

statement that by employing a delicate construction of mechan

ism and using clock work to actuate the same, a movement of

the lever has been obtained, sufficient to close a local circuit,

 

Fig. 169.
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with a current that was incapable of discoloring paper, mois

tened with potassic iodide, or of moving the needle of an ordi

nary galvanometer.

Unlike a magnet, no secondary currents are set up, upon

opening and closing the circuit, to delay the movements of the

lever ; neither has it cores to consume more time, in charging

and discharging, but moves with a maximum effect instantly.

The plan shown in fig. 170 is called a polarized motograph.

The key K alternately connects the batteries A and B to the

lever of the motograph, one sending a positive and the other a

negative current The current from the battery A passes to the
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point X, thence through the paper to the point Gr, up through Gf

back to the other end of the battery A. Thus hydrogen is

generated on the point F, which becomes slippery, while oxygen

is generated on the point Gr, which retains its normal friction ;

hence the point Gr is carried to the right by the rotation of the

drum. If the direction of the current be reversed by putting on

the battery B, hydrogen is generated on the point Gr, which

becomes slippery, and oxygen on P, which retains its normal

friction, and the lever is thrown to the left,

The diagram is arranged merely to illustrate the principle of

the invention.

In practice, a single battery and reversing key are used.
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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.



CHAPTER XIL

ELECTRIC CALL BELLS.

The introduction of call bells or alarms, which have now be

come of such extensive application in hotels, factories, elevators,

and wherever else their service has been desirable, or where it

has been found convenient to employ electricity for operating

them, followed, as a matter of course, with the early introduction

of the electric telegraph. The invention of these instruments

may, therefore, be said to date as far back as that of the tele

graph itself.

It will readily be understood that, whatever may be the sys

tem of telegraphy employed for correspondence between places

distant from or near to each other, it is important, first of all, to

have some means at command by which the attention of the

correspondent with whom we wish to communicate may be ob

tained ; and this, of course, for cases under consideration, includes

the means of producing a noise of some kind within his hearing.

A wide field has thus been allowed for the exercise of man's

constructive faculties ; and the devices which have been succes

sively introduced to meet the want have consequently been

exceedingly numerous. Their general development, however,

has been very much the same as that of the telegraph.

Professor 'Wheatstone, in his earliest telegraph experiments,

made use of a call which was run by clock work, the movement

of the latter being controlled by the action of an electro-magnet

This seems to have been about the first really practical instru

ment of the kind introduced, and even it was not considered

altogether satisfactory in its operation at that time. Since then,

however, the apparatus has been so much improved and simpli

fied in one way and another, and the various domestic uses to

which it has been applied have given rise to so many different

forms, that a knowledge of their details becomes desirable. We
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have, therefore, thought it worth our while to devote a chapter to

the consideration of the more important of this class of instru

ments.

The push button or key used in short circuits serves to close

the latter in a very simple and effectual manner. Its general

plan will be made apparent by reference to figs. 171 and 172.

 

Fig. 171.

The former shows the case T of wood or other insulating sub

stance, within which are secured the two metallic strips p and g,

one above the other. In its normal state the upper strip is

separated from the other by a steel or spiral spring. When,

therefore, such a key is inserted in the circuit the latter remains

open, but may be closed when desired by pressing upon the

P' 

Fig. 172.

knob p', which brings the points p and g together. Upon the

removal of the pressure the circuit is again opened by the re

tractile force of the spring.

Various patterns of keys are made to suit the different pur

poses for which they are to be used. The form shown in fig.

171 is the ordinary one. Fig. 173 represents another form, used

for electric door bells- in which the circuit closer is contained
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within a hollow in the base, the latter being usually of marble,

and provided with screws for securing it wherever desired.

Fig. 174 is a convenient form for combining a number of keys

within a small compass ; eight push buttons, corresponding to

as many distinct circuits, are arranged at equal distances around

a cylindrical case, within which the connections between the
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metallic strips and wires are made. Each wire is separately

insulated by a silk covering, and the whole wound together into

a single strand, where they leave the case.

COMBINATION KEYS.

With the keys above described it is evident that the signals

last only so long as the button is depressed by the operator ; it

will also be observed that the operator has no means of knowing

with certainty that a signal has been given, and that he must

therefore be still less sure of its having been noticed. To meet

this defect, and provide a suitable arrangement for every require

ment, a special combination is needed, such as is shown in fig.
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175. This consists of a case containing a magnetic needle, an

electro-magnet, and the metallic contact springs a b and c d.

One end of the coil of the electro-magnet E is attached

to the screw e, the other to the line wire by the insulated screw

V. The spring a b is connected to the binding screw r lead

ing to the battery, the other, c d, to the plate at e, by which

communication with the line is made through the coil of the

electro-magnet To the axis of the magnetic needle, A, is fas

tened a pin g, which presses against the platinum contact r, when

the lower pole is attracted by the electro-magnet, and the needle
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thus made to take up the position represented by the dotted

lines opposite which, on the cover, is the word understood,

or here. The axis of the needle is also in electrical connec

tion with the metallic back of the instrument, to which are

attached the metallic plate p and binding screw q, so that all

three are electrically connected. The small plate connecting

with C, a and r is insulated from the back, and a spiral wire n m

joins q with the binding screw e and coil of E. In its normal

position the pin g rests against a stop not shown.

The operation of the key will now be readily understood.
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When the knob B is depressed the current from C passes .along ab

and cd to e and through the coil of E to V, thence to line L and other

apparatus, where an audible or visible signal is to be given. The

attraction of the needle A by the electro-magnet E, causing the

former to point to the word here on the cover, enables the opera

tor to see that the key has properly performed its office. At the

same time the deflection of the needle brings the pin gin contact

with r, so that the current now has a second route through springs

r r and g, and the needle remains deflected after the finger has been

withdrawn from B. Thus a continuous signal is given until noted

by the person for whom it is intended, who then interrupts the

circuit momentarily by such means as are provided for the pur

pose. 'With the interruption of the circuit the needle returns to

its normal position, and thus shows that the signal has been re

ceived. When a vibrating bell, to be described presently, is used

for the call apparatus, a continuous to and fro movement of the

needle takes place as long as the circuit remains uninterrupted.

APPARATUS FOR GIVING THE SIGNALS.

The ordinary form of bells

used for giving single taps is

shown in figure 176.

It consists of an electro-mag

net MM, opposite whose poles,

n s, is placed the armature with

its clapper, k. The latter, in its

normal position, is held back

from the bell Or by a spiral

spring attached to the movable

upright d, which serves to regu

late its tension. The stroke of

the armature is limited by the

set screw r. Another form devis

ed by Breguet, in which the pro

longation of the armature lever

 

Fig. 176.
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is a rather stiff spring, is shown in figure 177. When such an

apparatus is placed in circuit with a battery and one of the push

button keys already described, a ringing tap is given every

time the button is depressed. By combining a certain number of

taps, with proper intervals between them, it is possible to com-

 

Fig. 111.

municate words and sentences, and thus, besides being a simple

call, the apparatus becomes a veritable telegraph.

THE VIBRATING BELL.

The principle employed in this arrangement is shown in figure

178. MM are the coils of an electro-magnet, which are so con

nected that one end of the wire leads to the binding post B and

the other to the post C. To the latter is also attached a straight

spring which carries the armature e, and, when the current is not
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circulating, tends to keep it withdrawn from the poles of the

magnet and against another spring, r ; this again is in electrical

communication with the binding po?.t D, and both B and D are

connected respectively to A and E by brass strips.

When such an apparatus is included in the circuit with the

battery and push button, and the button is depressed, the cur

rent arriving at b passes through the coils to the post C and arma-

 

Fig. 178.

ture e, thence via the spring r to post E and wire c, completing

the circuit The soft iron cores consequently become magnetized

and attract the armature which interrupts the current at r, this

causes the cores to become demagnetized again and the armature

falls back against the spring, when the circuit is once more estab

lished and an attraction follows as before. Thus a rapidly vibra

ting movement is set up and continued as long as the button is

depressed or the circuit remains closed by the needle pin before

referred to.
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By a slight modification of the connections in the bell instru

ment the apparatus can be used both as a vibrator and as an in

strument to give simple taps. The general plan is shown in fig.

179, in which M and e refer to the same parts as in the last. S

is a switch which can be turned on B or E at pleasure. When

it is on E the connections are precisely the same as those just

described and the apparatus becomes a vibrating instrument ;

when turned on B there is no interruption of the current with
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the attraction of the armature, and the instrument simply re

sponds by single taps to each closing of the circuit by the push

button. The path of the current, when the switch is on B and E,

is sufficiently evident from the figure without further description.

ROUBLE BELLS.

When it is desirable to produce a very loud sound, double

bells and double electro-magnets are usually employed in the

vibrating apparatus. Figure 180 represents an arrangement of

this kind. The current, arriving at the binding post C, follows

the metallic strips in connection therewith to D and D', thence

through the coils M M' and strips H V, H' V to the contact

springs R R' and armature A. From A the continuation of the

circuit may be traced by way of B and binding post Z, which
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leads back to the battery. One of the bobbins, M for instance,

is wound so as to produce a greater magnetic effect than that

produced by the other M' ; this causes the armature A to

be drawn towards M until the circuit of the latter is broken at

R ; M' now acts alone until interrupted in turn by the break at

E', when the same alternation is begun anew. Thus, at each

 

Fig. 180.

vibration of the armature, one of the two bells is struck with

considerable violence, and the noise, with rapidly recurring

strokes, is well calculated to arrest the attention.

In double bells of this kind the line circuit is never broken

by the vibrating armature—the effect of this movement being

merely to shift the current from one coil to the other. This, in
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some particular cases, is an advantage of considerable import

ance.

In general, the principle 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 within

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 which a

spring of some kind forms part of the path for the current, and

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 is 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 bell,. I, II, III, has a separate conducting wire

of its own, as represented by the numerals 1, 2, 3, and a return

wire, L L, serves for all. If, now, one of the bells is operated

by the pressure of a push button in 1, 2 or 3, as the case may be,

 

L

Fi<j. 181.
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it acts without in any way interfering with the others, as they

arc all quite independent of the circuit thus interrupted.

SINGLE BELLS TO BE WORKED WITHOUT INTERRUPTING THE

CIRCUIT.

The fault just noticed in connection with the vibrating arma

ture, causing a break at each vibration, may be remedied in a

very easy manner simply by causing the armature to cut its own

magnet out of circuit after each attraction. The principle works

very satisfactorily, and will be readily understood by reference

to figures 182 and 183, which represent two phases of its appli

cation, m m are the coils of the electro-magnet ; «, the armature

to which the clapper k is attached by means of a rather stiff
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spring, and f an elastic steel spring, which readily follows the

to and fro movement of the armature for a short distance. In

figure 182, the armature itself forms part of a shunt circuit, by

which the current is withdrawn from m m. As will be seen, a

current arriving at C passe.5 through the wire 1, coils m m and

wire 2 to the line L ; the armature is thus attracted to the spring

/, and a second route made for the current by way of a c f. As

the resistance of this route is exceedingly small, compared to that

of the helices, almost the entire current passes by the new l>ath,

and the cores become demagnetized. The retractile force of the

spring now preponderates, and the armature falls against the

back stop, breaking the shunt circuit on its way. By this

means the magnetism of the cores is again renewed, and a con
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stant vibration kept up. In figure 183, the forward movement

of the armature brings a spring f against a contact c, and forms

the shunt quite independent of the armature.

As either of these arrangements does not break the main cir

cuit, any desired number of them can be placed in the same line

and worked without interfering with each other.

When the bell system is to be used for long distances, or when

a very loud ringing is desired, for which purpose the main line

current, as a rule, is not sufficient, a relay and local battery are
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generally used ; and with the heaviest apparatus, requiring still

more power, the ringing is done by means of weights.

Figure 184 represents an arrangement devised by Aubine, in

which a single set of electro-magnets, M M, serve both for the

relay and the call. A small projection on the upper end of the

armature a, when the latter is in its normal position, supports

the lever 3, keeping it from making contact with spring 4, and,

at the same time, holding it firmly against spring 2. When now

a current is sent into the line, it passes along the connection 1 to
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spring 2, thence to lever 3 and its connecting wire to spring /

and armature a, and from there on through the coils to earth.

This causes an attraction of the armature ; lever 3 falls down on

spring 4 and closes the local circuit, which again results in a

magnetization of the core. The armature is thus made to vibrate

in the manner already described, and a violent ringing is set up,

which continues until, by pressure on the knob b, lever 3 is again

raised and supported by the armature projection.

D 

Fig. 185.

Figure 185 represents another relay based upon similar prin

ciples, and much used in France. The main line circuit is suffi

ciently apparent without further explanation. The local battery

0 B is inserted between the binding post K and Z. From K an

insulated copper strip b b leads upward, and at the top is bent so

as to catch the pin e, when the latter is carried upward by the

spiral spring d. A projecting pin from the armature, when the

latter is not attracted, serves to keep the rod F M depressed.

With the arrival of the line current the armature is attracted and
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the rod released ; this allows the spring d to act, and close the

local circuit at e b when the ringing is commenced. By pressing

on the knob F the lower end of the rod is caused to engage with

the projecting armature pin, and the apparatus is once more

ready for another call.

SIEMENS AND IIALSKE'S STATION ALARM.

This is shown in figure 186, and consists of an ordinary relay

and bell magnet, with an automatic make and break arranged

upon the same principle as Siemens' dial instrument, m m are

the coils of the relay magnet, and l1 and l2 its terminal wires,

one of which leads to line, the other to earth. The poles only of

the bell magnet are shown at M M, one of its coils is connected

to the binding post Z, the other to a V shaped piece of metal,

termed the shuttle, which, in its normal position, rests with one

end against an adjustable screw in the plate E, the latter also in

metallic connection with the relay lever a. The local battery is

joined to the binding posts Z and K. When a current is sent

into the main line the armature a is attracted and closes the local

circuit ; this charges the magnet M M and actuates armature A,

but after passing a little distance the long projecting arm on the

latter moves the shuttle against the stop r and breaks the local

circuit ; the spring F, being no longer restrained, now withdraws

the armature, but in doing so causes the shuttle to close the cir

cuit once more, and thus a constant ringing is maintained as long

as the main line is closed.

brkguet's alarm or call.

With most of the apparatus heretofore described the call or

alarm is only maintained for such a period of time as the circuit

may be closed by the person giving the signal, or, as with the

arrangement shown in fig. 184, until the messenger called stops

the ringing by depressing the knob. Various other combinations

have been suggested by Aubine, Breguet and other-:, by means

of which a single signal is made to give any number of taps.
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Fig. 18G.
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Breguet's arrangement is shown in figure 187, and its operation

may be described as follows : The line current arriving at L in

consequence of the key being depressed, passes to the contact

screw S, thence by way of the lever C c, pivoted at C, through

the coils of the electro-magnet E to the armature a and contact

b to earth. The armature is thus drawn forward for a short dis

tance, but returns immediately afterward, owing to the break in

the circuit occasioned by the movement, and closes the circuit

again. In this manner a vibratory motion is set up, and with

each backward movement of the armature the toothed wheel R

 

Fig. 187.

is forced forward one cog, so that the lever c C is soon released

from the pin g and falls on the contact screw d, placing the local

battery in circuit The continued vibration of the armature

keeps the wheel in motion, the arm D is thus brought against

the hammer lever, and the latter carried forward a certain dis

tance and then released, when the hammer strikes against the

bell with considerable force. With the complete revolution of

the wheel the pin g engages with the lever C c again, and once

more closes the main current
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COMBINATION OF A SINGLE CALL BELL 'WITH TWO OR MOKE

RELAYS FOR SEVERAL LINES.

When two or more wires terminate at one place a single

call bell may be made to answer for them all, but in such cases

each relay must be provided with some arrangement such as the

rod F M in fig. 185, to show on which of the lines the signal has

been sent. Fig. 188 shows an arrangement of this kind. A is

the electro-magnet of the relay, whose armature ends in a bent

hook, H, which engages with the rod F I ; m and n are two

screws attached to the upright, D K, and serve to limit the play

F 

Fig. 188.

of the armature. This upright is made in two parts, insulated

from each other; the one marked D is connected to one pole of

the local battery ; the other, K, is connected by a wire S to the

interrupting spring M of the vibrating bell already described.

When the armature of the relay magnet is attracted, its upper

part is brought in contact with the screw n and the local circuit

is completed, at the same time the attraction of the armature

releases the rod F I, which is raised by the action of the spring d,

and thus shows, when attention is called by the bell, which line

has given the signal.



392 ELECTRIC CALL BELLS.

Each of the several relays are connected with the bell magnet

in the manner shown in the figure, so that there are virtually as

many distinct keys for closing the local circuit as there are re

lays. After the call has been observed the knob F is again de

pressed when it engages with the armature and is held until

released by another signal.

It is frequently desirable that the bell should continue to ring

after the main line current has ceased ; and, in order that this

may be the case, the upper part of the pillar D K, fig. 188, is made

the same as its lower part, in two sections, P and Q, and each

insulated from the other. Two wires, S' Z', shown by the dotted

lines, connect Q and P respectively to the wires S and Z when,

therefore, the rod F I is released, the action of the spring d brings

the small platinum tipped piece e against a similar contact on Q

and forms a second closing of the local circuit, so that the bell

continues to ring until the call has been observed and the knob

depressed.

SIEMENS AND HALSKE'S RELAY WITH ANNUNCIATOR PLATE.

These instruments are made in a very perfect manner, and are

much used on the German Fire Alarm Telegraph. Fig. 189 rep

resents a perspective, and fig. 190 a sectional view of the relay,

which does not differ materially from the ordinary forms, except

in the addition of the annunciator disk and lever bed, pivoted

at c. The relays are made for both open and closed circuits,

the one represented being designed for closed circuits. The line

connections are made at 1 and 2. K and B connect with the

Morse recording apparatus, while the alarm bjll is joined to A

and the metallic piece W V. In its normal state the lever of

the disk is held in a horizontal position by the hook on the

lever a a, but with any interruption of the main circuit the ar

mature is drawn off by the action of spring/ and releases the

disk, which is now raised to a vertical position by the weight b ;

this closes the call circuit at i at the same time that the armature

a a, falling on tue back contact m, actuates the Morse recording
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Fig. 190.
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instrument When the automatic vibrating bell is used the

ringing is kept up until the lever and disk are returned to

their horizontal position by the operator.
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Fig. 190.

CLOCK WORK ALARM.

These calls are constructed in various ways, to suit the different

purposes for which they are to serve ; in some the hammer is

operated by weights or springs, and made to give a single stroke

for each impulse of current sent into the line; in others, the

strokes are repeated a certain number of times ; or again, the

ringing is continuous ; but in all cases the current has only one

function to perform, that of releasing the train of clock work.

This is usually accomplished by the action of an electro-magnet

on its armature, and the weights or springs cause the signalling.

An important and much used apparatus of this kind is that of

Hagendorff's, which gives but a single stroke for each depression
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of the signaling key, and which is therefore preferable to the

vibrating bells for many purposes, especially in places where the

rattle ot the latter is likely to be more or less annoying.

The use of weights or springs for causing the separate bell taps

is also to be preferred to the tapping from a clapper carried by

the armature lever, as with the latter arrangement, owing to an

occasional tardy withdrawal of the hammer, the signals are not

always very distinct.
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Figures 191 to 194, inclusive, show the principnl parts of

Hagendorff's apparatus; the letters refer to the same parts in

each figure.

Figure 191 gives an interior view of the works. B B is part

of the brass frame to the back of which is attached an electro

magnet M ; fig. 193 represents the inside view of the same plate.

The wheel I, fig. 191, is loose on the axis n ' and carries a disk
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<7, better shown in figure 192 ; this is provided with a detent S

and spring F F, which presses the former into the teeth of the

ratchet wheel Z, thus preventing the latter, as well as the wheel

R, which is fastened to it, from turning in the direction indicated

by the arrow without at the same time causing the wheel 1 to

turn with it The wheel R is provided with radial pins which

catch in a chain passing over it and attached to the weight P,
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fig. 194, the pins serving to prevent the chain from slipping. As

will be seen, the ratchet allows the wheel Z and R to be freely

turned in a direction opposite that indicated by the arrow ; this

raises the weight P, which, in descending again, sets the whole

train in motion, wheel 1 communicating its movement to wheel

11, and the latter, in turn, acting on axis g' and stop lever /

connected to it
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The wheel 11, fig. 193, carries near its circumference eight ot

ten projecting pins, h h, which raise the arm 1 on the axis k. A

powerful spring, S, surrounding this axis and in communication

with it and with the frame of the apparatus, tends continually to

keep the arm depressed. When, therefore, the latter is raised by

the revolution of the wheel the spring is subject to considerable

tension, and as soon as a pin passes from under the arm, causes
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the latter to descend, and the hammer K, attached to the axis k

by the arm n, strikes the bell with some violence. The pin m

serves to limit the play of the arm n.

Figure 191 represents the relay armature attracted. When

no current passes in the coils of the magnet the armature re

mains down and the train work is arrested by the arm./| which

catches in the escapement d' e e'. The ends e e' of the escapement

are so made that the back one e is a little nearer than the front
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one e' to the plate B B, but the two are attached to one piece,

and move together with any movement of the armature. The

operation of the apparatus will now he readily understood.

When a current is sent into the line the armature of magnet M

is attracted, the front point e' of the escapement, fig. 191, is

moved to the left, and the armf is carried forward by the action

of the weight on the train work to e, 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 e1. Simul

taneously with this movement the pins h h pass under the arm

Z, and the hammer strikes against the bell, making one tap for

each make and break in the circuit
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THE ELECTRIC LIGHT.

When the terminal wires of a battery containing a number of

cells are brought together, and then separated slightly, there

results, as is well known, an intense, bright light between them,

and to this, on account of its curved form, the name electric

arc has been given. If the circuit is not immediately broken,

the ends of the wires rapidly become heated, and, in a very short

time, melt and drop off in glowing globules. Portions are even

volatilized and pass off as vapor, whose color varies with the

kind of metals employed, and with the medium in which the

experiment is made. The distance between the ends conse

quently increases rapidly, and a point is soon reached at which

the light is interrupted, the electro-motive force of the battery

being then no longer sufficient to maintain a current against the

opposing resistance. If, however, the wires are again brought

together, and then separated as before, the arc is once more

established, but, as we have just seen, it will last only for the

very short time during which the electro-motive force is suffi

cient to overcome the resistance between the points.

When two pointed pieces of hard, conducting carbon are used

for the terminals, as shown in fig. 195, the light becomes of

dazzling brightness, too intense, by far, if the number of cells is

considerable, to be carelessly regarded by the unprotected eye

alone. By viewing it through colored glass, however, or by

projecting an image of it upon a screen, it may be studied

without danger.

As the number of cells is augmented, the light becomes not

only more intense, but the arc may be materially lengthened,

while its temperature, at the same time, is still further increased.

In the brilliant experiments of Davy, which were performed

at the beginning of the present century, with some 2,000 cells of
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battery, and which were the first that were made on an extended

scale, an arc of four inches in length was obtained in the open

air, and in vacuo it increased to seven inches. Since then, more

powerful elements, and greater numbers have been employed,

and the resulting effects have been on a corresponding scale.

In temperature as well as brightness, the voltaic arc exceeds

all other artificial sources of heat ; by its means the most refrac

tory substances are fused and volatilized, including even the

diamond itself, which Despretz succeeded in reducing to vapor.

 

Fig. 195.

As the light continues, the positive carbon is found to waste

away much more rapidly than the negative—a fact first observed

by Silliman—and although the latter is first to become heated,

its temperature in the end is less than that of the former, as may

be seen when the light is interrupted, the positive carbon then

continuing to glow for some time after the negative has become

dark. In addition to this, it is also found that particles of the

carbon are forcibly detached from the pencils and carried across

the arc This transport of particles can be rendered visible to a
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large number of persons at one time by throwing an image of

the heated points upon a screen, with the aid of a lens. On

watching the image for a few minutes, incandescent particles

will be observed traversing the length of the arc, sometimes in

one direction and sometimes in the other, the prevailing direc

tion being, however, that of the positive current, This circum

stance, which appears to be connected with the higher tempera

ture of the positive terminal, explains the difference between

the forms assumed by the two carbons. The point of the posi-

i
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Fig. 196.

tive carbon becomes concave, while the negative remains pointed,

and, as stated above, wears away less rapidly. In vacuo the

difference is still more marked. A kind of cone then grows upon

the negative carbon, while a conical cavity is formed in the

positive.

Fig. 196 shows a convenient apparatus for experimenting

with the light in vacuo and in various gases. It consists of a

bell shaped receiver of glass, provided with three tubular open

ings, two, d and o, opposite each other, and the third, b, on top.
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To the latter is fitted a stop cock and tube, which serve for

connecting the apparatus with the air pump, and also for intro

ducing various gases when necessary. The other two serve to

bring the two electrodes opposite each other, inside of the

receiver, and are provided with tightly fitting caps through

which the electrodes pass. The one over the opening e allows

the electrode n to be pushed in or out at pleasure, and carries,

besides, a scale o, by means of which the length of the arc may

readily be ascertained. A ground glass plate, clamped to the

bottom of the receiver, completes the details for rendering the

apparatus air tight

With the arrangement shown in figs. 195 and 196, the light,

as we have already seen, is soon extinguished, owing to the

increased distance between the points by the burning or wasting

away of the carbons ; consequently, when we require to use it

continuously for any considerable length of time, it becomes

necessary to employ some mechanical means for keeping the

pencils at the right distance apart, or for bringing them together

again automatically, if from any chance cause they should

become separated sufficiently to cause the light to go out A

great many forms of apparatus have been devised for this pur

pose, some exceedingly simple, and others more or less compli

cated.

Fig. 197 shows a form of lamp devised by Duboscq, and oper

ated by the combined action of the current and a system of

wheel work, driven by a spring in connection with one of the

wheels.

On a circular brass plate A, is mounted a metallic tube B, to

which is attached the binding post C. A metallic rod D, sliding

in this tube, carries at its top the arm E, to which is also attached

a rod and socket for holding the upper carbon. This rod is

arranged to slide in the arm E, so that it may be moved up or

down for a limited distance, and is held tightly in any position

that may be given to it The lower end of the rod D is pro

vided with a rack F, which engages with the wheel G, and the

latter again is pressed on to the axis of another wheel LI, and
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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. 197.

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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in fig. 198, and the latter again, with an endless screw M on

the prolongation of the axis, carrying the cog wheel N and

fly X. An electro-magnet P, consisting of a hollow iron tube,

with its helix of insulated copper wire, is placed in the base of

the lamp ; and one end of the wire of the helix is connected to

the binding post V, insulated from the cover, the other to the

lower end of the rack J, which moves up and down in the hollow

of the core. A circular piece of iron Q, attached to the bent

 

Fig. 198.

lever RST, serves as an armature to the magnet, and when

attracted by the latter, causes the pallet of the supplementary

lever U, which is controlled by the long lever B. S T, to catch in

the wheel N, and thus arrest its motion and that of the train of

wheels with which it is in connection. There is also a pin or

rod in connection with the apparatus, that can be pushed in from

the outside, and made to start or stop the train work when

desired.

When the lamp is to be used, the rod D is raised. This causes
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the wheels Gr and H to revolve, and thus at the same time

lowers the rod 0, so that the carbons can be inserted. If

allowed to act now, the spring within the barrel connected with

H will cause the carbons to approach and touch each other.

The battery can then be connected; the positive pole to the

post V, the negative to C. With the passage of the current

through the coil surrounding the core, the armature will be

attracted and the train thus locked ; but the points may be properly

separated again by raising the rod carrying the upper carbon,

and the light will then shine out in all its brilliancy. As the

carbons burn away the current necessarily becomes weaker, on

account of the increased resistance of the arc, and a time soon

comes when the magnet is no longer strong enough to retain the

armature. The retractile spring then prevails, and releases the

wheel N, and thus allows the spring in the barrel of H to act

and bring the points once more near each other. With the

decrease in the distance between the points, the current becomes

stronger and the armature is again attracted. A moment more, it

is again released and again attracted, and so its position con

tinues to vary from time to time with the changes in the strength

of the current It therefore becomes possible, by the use of the

lamp, to maintain the light for a very long time without inter

ruption. As will be observed, the diameter of wheel H is

double that of wheel Gr, and consequently the carbon connected

with the holder 0 moves through twice the distance of that in

the upper holder. The object of^fhis is to compensate for the

more rapid wasting away of the positive carbon, which, as has

been found, consumes about twice as fast as the negative. The

use of wheels of different diameters thus furnishes the means for

keeping the light at a given point, which is a matter of consider

able importance in almost all of the uses to which it is applied ;

and when a reflector is used, is absolutely necessary, as other

wise it would be all but impossible to keep the light properly

focused.

Fig. 199 shows another form of lamp, devised by Foucault

In this there are two systems of wheel work, one for bringing the
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Pig. 199.
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carbons together and the other for separating them, and it is prin

cipally in the addition of this last arrangement that the lamp

differs from that of Duboscq, there being, in the latter form, no

provision for automatically relighting the lamp in case it should

accidentally go out L' is a barrel driven by a spring inclosed

within it, and driving several intermediate wheels, which trans

mit its motion to fly o. L is the second barrel, driven by a

stronger spring, and driving in like manner the fly o'. The

racks which carry the carbons work with toothed wheels attached

to the barrel I/, the wheel for the positive carbon having double

the diameter of the other, the same as in the Duboscq lamp.

The current enters at the binding screw C, on the base of the

apparatus, traverses the coil of the electro-magnet E, and passes

through the wheel work to the rack D, which carries the positive

carbon. From the positive carbon it passes through the voltaic

arc to the negative carbon, and thence, through the support H,

to the binding screw connected with the negative pole of the

battery. When the armature F descends toward the magnet,

the other arm of the lever F P is raised, and this movement is

resisted by the spiral spring R, which, however, is not attached

to the lever in question, but to the end of another lever, pressing

on its upper side and movable about the point X. The lower

side of this lever is curved, so that its point of contact with the

first lever changes, giving the spring greater or less leverage,

according to the strength of the current In virtue of this

arrangement, which is due to Robert Houdin, the armature,

instead of being placed in one or the other of two positions, as

in the ordinary forms of apparatus, has its position accurately

regulated, according to the strength of the current The anchor

T t is rigidly connected with the lever F P, and follows its oscil

lations. If the current becomes too weak, the head t moves to

the right, stops the fly o' and releases o, which accordingly

revolves, and the carbons are moved forward. If the current

becomes too strong, o is stopped, o' is released, and the carbons

are drawn back. When the anchor T t is exactly vertical, both

flies are arrested, and the carbons remain stationary. The curva
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ture of the lever on which the spring acts being very slight, the

oscillations of the armature and anchor are small, and very

slight changes in the strength of the current and brilliancy of

the light are immediately corrected.

Mr. Hart, of Edinburgh, Scotland, has invented a simple

lamp, in which the weight of the rod in which the carbon is

fixed supplies the place of the clock work in the lamp just de

scribed, and an electro-magnet lets it descend, or locks it, as the

carbons are consumed.

Mr. Farmer, of Newport, R. L, has also invented an automatic

lamp, containing but little train work, and whose action is con

trolled by a regulator or relay, consisting of an axial magnet,

the coils of which are placed either directly in the main circuit

or in a branch of the same, and a delicately poised lever, from

one end of which the axis bar of the coil is suspended. The

action of the current, when too strong, tips the bar in one direc

tion, and when too weak a retractile spring tips it in the other.

It is the employment of this relay to operate the mechanism of

the lamp, through the intervention of local or branch circuits,

which constitutes the principal difference between this and most

of the other forms of lamps now in use. The train of wheel

work,i driven by a spring, tends to cause the carbons to approach

each other, but the motion is arrested if the armature of a small

electro-magnet, forming part of the apparatus, is attracted. The

tilting bar of the regulator closes the local circuit of this releas

ing magnet whenever the current is of the proper strength, but

as soon as the current weakens, by the burning away of the

points, the retractile spring of the regulator causes the lever to

open the branch circuit of the releasing magnet, and the arma

ture of the latter then allows the train to move. The carbons,

consequently, approach each other until the main current again

becomes of such strength that the regulator closes the branch

circuit of the detaining magnet, and thus, once more, stops the

motion of the train.

When the points run into actual contact, after the arc has

been broken, the light is again established by a third electro
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magnet, also in the main circuit, which withdraws the lower car

bon from contact with the upper, and holds it in position until

the arc is again broken. The movement of the carbon holders

is caused by the action of two screws so geared together that one

pencil, the positive, moves twice as rapidly as the other.

There are, besides, conveniences attached to each of the car

bon pencil-holders, so that they can be disengaged from the

screws and moved independently to any required position at

pleasure. The holders, also, admit of separate adjustments on

a vertical axis, so that by this means the carbons can be placed

in a perpendicular line, one above the other. The spring does

not need rewinding oftener than new carbons are supplied, and

the performance of the lamp is very satisfactory. It has been

run for hours when required, and no reason exists why it should

not run continuously until the pencils are consumed, provided

it be properly adjusted at first

Within the last two years a new form of electric light appa

ratus has been introduced in France and elsewhere, which, from

the remarkable properties that have been attributed to it, has

attracted a great deal of attention. The invention is due to M.

Jablochkoff, a Russian engineer, and is known as Jablochkoffs

candle. It consists of two carbons placed side by side, and sep

arated by an insulating and fusible substance. No clock work

whatever is required, and the light is very soft and steady.

Fig. 200 shows the arrangement as originally designed. The

carbons a, b, some four inches in length and one quarter of

an inch square, are imbedded in an insulating substance c;

the carbon slips being also separated from each other some

three sixteenths of an inch, and the whole moulded into the

shape of a candle. In order to facilitate the early action of the

current, a small piece of carbon, about the size of the lead of an

ordinary lead pencil, is placed across the top of the electrodes.

A series of experiments with candles of this description were

carried out at Chatham some time since, and, it is stated, the

power then obtained was some fifty per cent greater than that

obtained previously from the recognized electric light
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Since then, M. Jablochkofi has twice modified this arrange

ment, each modification being attended with success beyond that

obtained by the preceding. His first proceeding was to divest

the carbons of their outer covering, leaving nothing but the

carbon slips a, b (fig. 201), and the intervening substance, kaoline,

c Each carbon is fixed in a small brass tube d, e, the lower

portions of which are left vacant, so that they may fit over two

metal pins, attached to which are the wires from the magneto

machine. These tubes are insulated one from the other, and

the whole bound together by a band of insulating material f.

The latest modification embraces the removal of the carbons

 

Fig. 200. Fig. 201.

and the replacement of them by a carbon paste, a sort of prim

ing, the object of which is to reduce the resistance which the

kaoline, when cold, interposes to the passage of the current

With this arrangement a splendid band of light, constant, soft

and steady, is obtained.

The principal advantages of the candle appear to be due to

the fact that it is neither dazzling nor blazing, and does not,

therefore, surround the various objects illuminated with the

disagreeable haze and ghastly shadows that are observed when

the ordinary electric light is used. It is, however, somewhat

more expensive, but, as a compensation, is said to allow of a
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greater subdivision of the current—as many as fifty lights having

been maintained from a single source by its use.

A novelty in electric lamps has just been brought out by Mr.

Wallace, and, we learn, will soon be placed in the market at a

veiy low figure. It consists principally of a substantial metallic

frame and an electro-magnet There are two slides in the frame,

each capable of holding, in a horizontal position, the two carbons,

which are made in the form of plates, twelve inches long by

two and a half wide, and half an inch thick. The upper and

lower parts of the framework are insulated from each other, and

in electrical connection with two binding posts, on the upper

part, serving to connect them with the magneto machine. The

electro-magnet, through whose helices the main current circu

lates, is placed in the centre of the frame above the carbons, and,

by its action on an armature, serves to separate the upper carbon

from the lower, to any distance desired.

When the lamp is joined with a magneto machine by means

of the binding posts and conducting wires, the circuit is com

pleted through the carbons, which touch each other, and the

armature is attracted, thus separating and holding them apart so

long as the current is maintained. The light burns toward the

opposite end from which it started, then changes and burns

back again, always burning toward the place where the carbons

are nearest If, from any cause, the light goes out, the circuit is

broken, and, of course, the electro-magnet ceases to act But

the instant the upper carbon falls the circuit is again closed, and

the carbons are once more separated and relighted.

The advantages of this lamp are that it contains no combina

tion of wheels or springs, and, consequently, there is no winding

up of the apparatus to look after. The carbons, again, are so large

that they will last for ten nights, of ten hours each, and the

lamp requires no care except for their renewal. The practical

disadvantage that suggests itself is its lack of means for main

taining the light at a given point, so as to use it in connection

with a reflector.

Figs. 202 and 203 show two forms of the Brush electric lamp, as
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manufactured by the Telegraph Supply Company, of Cleveland.

Fig. 202 is a hanging lamp, intended for factory use ; fig. 203

an adjustable table lamp.

There are also a great many other lamps, such as Serrin's,

Browning's, Siemens's, etc., and all of which are more or less

employed when it is desired to maintain the constancy of the

light for long continuous working ; but the apparatus we have

just described contain most of the principal characteristics and

conveniences embodied in these, and it will, therefore, be un

necessary to give more attention to this part of the subject at

present,

Instead of the battery, whose employment for light purposes

is now almost exclusively confined to the illustration of lecture-

room experiments, and physical demonstrations in class rooms,

or to the production of luminous effects in theatrical exhibitions

—places where it is seldom convenient to employ a steam en

gine—dynamo-electric machines are now almost universally

used, and their advantages over the battery are very marked in

a great many particulars. Of late years, dynamo machines have

also been extensively introduced in electro-plating establish

ments, to take the place of batteries, but in such cases their con

struction is considerably modified, in order to adapt them to

this particular kind of work. As ordinarily constructed for

light purposes, the machines would have an electro-motive force

far too high for plating, where, as a general thing, two or three

volts are all that are required.

Large magnoet-electric machines, for light purposes, appear

to have been first suggested by Professor Nollet, of Brussels, in

1850, but since then a great many modifications and improve

ments have been introduced, so that the machines of to-day,

although depending for their action, like the earlier ones, upon

the same inductive principle by which mechanical force is trans

formed into electricity, are nevertheless far superior to them,

both as regards economy and effectiveness when in action.

Fig. 204 represents one of the first forms of these machines as

constructed by Holmes, of London, and the Compagnie 1'Alliance,
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of Paris, and which at one time promised to become of very-

extensive application for light-house purposes.

In this machine there are eight rows of compound horseshoe

magnets fixed symmetrically around a cast iron frame. They are

so arranged that the opposite poles always succeed each other,

both in each row and in each circular set There are also seven

of these circular sets, with six intervening spaces. Six bronze

wheels, mounted on one central axis, revolve in these intervals,

 

Fig. 204.

the axis being driven by steam power, transmitted by a pulley

and belt The speed of rotation is usually 350 revolutions of the

axis per minute. Each of the six bronze wheels carries, at its

circumference, sixteen coils, corresponding to the number of poles

in each circular set The core of each coil is a cleft tube of soft

iron, this form having been found peculiarly favorable to rapid

demagnetization. Each core has its magnetism reversed sixteen

times in each revolution, by the influence of the sixteen succes



SIEMENS'S ARMATURE. 417

sive pairs of poles between which it passes ; and the same number

of currents, in alternately opposite directions, are generated in

the coils. The coils can bo connected in different ways, accord

ing as great electro-motive force or small resistance is required.

The positive ends are connected with the axis of the machine,

which thus serves as the positive electrode ; and a concentric

cylinder, well insulated from it, is employed as the negative

electrode.

In 1854 Siemens devised a very effective armature, which has

since been much employed by other manufacturers in different

forms of machines. The principal advantage of this armature

results from its occupying but little space for rotation. Conse

quently, it can bo kept in a very strong magnetic field ; at the

same time also its form renders it well adapted for rotation. It

consists of a peculiarly shaped electro-magnet, such as would be

formed by cutting two wide and deep longitudinal grooves oppo

site each other in a cylindrical bar of iron, and then continuing

them around the ends. The wire is wound lengthwise around

the core in the groove, like thread upon a shuttle, and brass caps,

provided with axes and a pulley, are then screwed on to the ends

of the magnet When this armature is mounted between the

poles of a series of permanent horseshoe magnets and rotated

rapidly, very strong currents are produced. The two ends of

the wire are connected with a commutator, formed by fastening

two semicircular pieces of brass to an ivory ring on the axis, and

springs bearing upon these brass pieces, and in metallic con

nection with the binding posts of the apparatus, supply the means

for collecting and conducting away the electricity produced in

the wire coils.

By employing two of these armatures and taking advantage

of the property which soft iron possesses of receiving a much

higher degree of magnetism than steel, and consequently, there

fore, of its capability of producing stronger currents by induc

tion in movable coils within its field, Mr. Wilde, of Manchester,

England, has succeeded in constructing very energetic machines,

and which are well adapted for producing the electric light
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The apparatus in reality consists of two machines combined in

one. The current from one of the Siemens's armatures, pro

duced by its rapid rotation in the strong magnetic field of a series

of permanent magnets, is employed to charge a large and power

ful electro-magnet, between whose poles the second armature is

made to revolve, and the current from the latter is utilized for

the light

Two armatures for the electro-magnet are sometimes furnished

 

Fig. 205,

with the machine, one with wire coils for the production of cur

rents of rather high electro-motive force, to be used for light

purposes alone, and the other with coils of sheet copper strips,

which give currents of less electro-motive force, but more espe

cially adapted for plating. With the interchangeable armatures,

which are driven by belts running on pulleys on their axis, the

machines can be used either for lighting or for plating at pleas

ure, and this, in some particular cases, is a very desirable feature.
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Numerous other machines are constructed with interchangeable

armatures, on the same plan and for the same purpose.

Another form of magneto apparatus is that known, from the

name of its inventor, as the Ladd machine. This was first

publicly exhibited at the Paris Exposition of 1867. It is

shown in fig. 205, and, as will be seen, employs, like the Wilde

machine, two Siemens's armatures, but it differs from the latter

principally in not having any permanent magnets whatever to

charge the armature which supplies the horizontal field coils B B.

Two long flat pieces of soft iron are placed within these coils and

attached to the iron castings or pole pieces MM, NN, which are

turned out just large enough for the armatures to fit inside

of them and rotate without touching. Thick strips of brass

or other non-magnetic metal are also placed between the upper

and lower castings M and N', to keep them separate from each

other, and thus subject the armatures between them to the full

force of their inductive action.

The connections of the coils are such as to produce opposite

polarities in M and N ; and the armature at the left of the ma

chine supplies the field coils, while that at the right furnishes the

current for the light.

One of the most remarkable properties of these machines is

that by virtue of which they become capable of producing exceed

ingly powerful currents from the smallest beginnings ; the simple

reactive effect of the very slight residual magnetism that remains

in the cores after they have once been charged being, in fact,

all that is required, on revolving the armatures, for their produc

tion ; and to operate a new machine, it is only necessary to place

it in such a way that the armatures will stand in the magnetic

meridian, and then cause the one which supplies the field coils

to rotate rapidly. This, of course, causes the convolutions of

wire surrounding the latter to cut through the lines of force due

to terrestrial magnetism, and produces in them electrical currents

of greater or less magnitude, depending upon their velocity of

rotation, which, on traversing the larger coils B B, render the

cores and pole pieces M N slightly magnetic. The reactive
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effect of the magnetism in the pole pieces on the armature is

thus added to that produced by the earth's magnetism, and an in

creased current flows into the field coils. A greater degree of mag-

netism is consequently produced in the pole pieces, which causes

the latter to react once more on the armatures, and the result of

which is a corresponding increase in the current, and increased

magnetism. By this means, therefore, the current, in an exceed

ingly brief interval of time, increases from nothing to a maxi

mum of strength, at which it remains practically constant for a

uniform velocity of armature rotation. It is usually better, how

ever, and much more convenient in charging a machine for the

first time, to use the current from a battery, or from another

machine already charged, than to depend alone, for this effect,

upon terrestrial magnetism.

The machines thus far described furnish only momentary

currents of varying strength and polarity. If currents of but one

direction are required, these intermittent currents must be recti

fied, as we have already seen, by means of a commutator, and

this causes a diminution in the strength of current, and is fre

quently accompanied by the production of sparks. Mr. Z. J.

Gramme has, however, invented a machine in which these objec

tions are not met with, as the current obtained from it flows

continuously, and in one direction only.

The magnetic field in this, as in other machines, is created by

a powerful magnet, of such a shape that its poles confront each

other, and its characteristic feature, therefore, lies wholly in the

construction of the armature. This consists of a ring of soft

iron, surrounded by an endless coil of wire, and is rigidly

attached to an axis, so that it can be made to revolve ; one

half of the ring being under the influence of the north pole, and

the other under that of the south pole of the magnet

As the ring revolves, every portion of it changes position in

the magnetic field ; but no current is developed in the wire, con

sidered as a whole, as the latter entirely surrounds the ring, and

the magnetic state of this, as a whole, remains unchanged. A

point on the ring considered by itself, however, changes polarity
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twice during every revolution. As it recedes from one pole, it

generates in the surrounding wire an electro-motive force, the

same as that generated when it approaches the other pole, and

the two electro-motive forces, consequently, oppose each other,

but whenever an external conductor is provided between them,

they unite and produce a current

In practice, the ring consists of a bundle of soft iron wire, and

the helix is made in sections, each one of which is connected to

its neighbor, and also to a strip of brass forming the means of

connecting with the external circuit During a revolution, and

when the electro-motive forces of opposite sections are at a max

imum, the corresponding brass strips touch a couple of metallic

B 

Fig. 206.

springs, and thus make connection with the external conductor.

The peculiar construction of the ring will be seen by referring to

fig. 206, where several sections of the wire B B are shown upon

the ring A. The figure also shows the way in which connection

is made with the brass strips R.

A convenient form of the Gramme machine, constructed

especially for the laboratory and lecture table, is shown in

fig. 207.

At tho present time electric light machines and machines for

plating purposes are made by numerous manufacturers in this

country; but, perhaps, by none on a scale so large as that
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carried on by Messrs. Wallace & Sons, of Ansonia, Conn. This

firm began the construction o£ these machines for the market in

the spring of 1875, and since that time there is hardly any form

of magneto machine that has not been built and tested at their

works.

The machine which they finally decided upon manufacturing,

as possessing the greatest merit, is the invention of Moses G.

Farmer, formerly of Boston, but now and for the last three years

electrician at the Government Torpedo Station, at Newport, R. L

 

Fig. 207.

This machine, which has been somewhat modified and im

proved upon from time to time by Mr. William Wallace, is, in

many respects, unlike any of the other forms that we have con

sidered. It consists of two large electro-magnets, an armature,

two commutators and four brushes, the latter forming part of

the circuit, and serving, when the machine is in operation, to

collect the currents generated in the armature coils. The two

magnets are mounted upon a cast iron frame, similar to that of
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a lathe, and are made to face each other, while the armature,

which consists of an iron casting of varying diameter, according

to the size of the machine, is mounted upon a shaft, and placed

between the magnets. The shaft also carries pulleys at each of

its ends, and is made to rest in bearings in the yokes of the

electro-magnets. The armature disk carries on each side, and

near its periphery, twenty-five wedge shaped projections, of

which there are fifty in all, that face the poles of the electro

magnets, and on which coils of wire are placed. The terminals

of these coils are joined together, and a wire, connected with the

junctions, leads to the commutator, situated on the same side of

the plate—all the coils on one side connecting with one com

mutator and all on the opposite side with the other.

The commutators are placed upon the shaft, between the legs

of the two magnets, and consist of wood or other more durable

insulating substance, on which strips of brass, connecting with

the wires from the armature coils, are secured. The connections

of the machine are so arranged that when the external circuit,

which may consist of the light apparatus or depositing vats with

their leading wires, is completed, the armature and field of force

coils are combined with it in one—an arrangement for which Mr.

Farmer obtained a patent in 1872, and which, when the external

resistance is low, is of very great advantage.

The eight inch machine, so called from the length of its electro

magnet, and which is the one most commonly employed, will pro

duce two lights of about two thousand candle power each, and

is so arranged that the two may be combined in one if desired.

It weighs six hundred pounds, and requires to drive it about one

horse power for every twelve hundred candle light

The machines made by Messrs. Wallace & Sons weigh from

one hundred and twenty-five to three thousand pounds each, and

are capable of producing a light equal to that of from one thou

sand to forty thousand candles. Some of them will even maintain

the arc with the carbons three and a half inches apart Fig. 208

shows another form of the light machine, as constructed by the

Telegraph Supply Co., of Cleveland, on a plan devised by Mr. C.
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F. Brush. There are two marked differences between this and

other machines, the first of which consists in the peculiar method

adopted for winding the armature ; the latter is composed of a

ring or endless band of iron, but instead of having a uniform

cross section, like that of the Gramme machines, is provided with

grooves or depressions whose direction is at right angles to its

magnetic axis or length. These grooves, which may be of any

suitable number, according to the uses for which the machine is

designed, are wound full of insulated copper wire. The advan

tage of winding the wire in grooves or depressions in the arma

ture is twofold ; first, the projecting portions of the armature

between the sections of wire may be made to revolve very close

to the poles of the magnets from which the magnetic force is

derived. By this means the inductive force of the magnets is

utilized to a much greater extent than is possible in the case of

annular armatures as ordinarily used, which are entirely covered

with wire and cannot, therefore, be brought very near the mag

nets ; second, owing to the exposure of a very considerable por

tion of the armature to the atmosphere, the heat, which is always

developed by the rapidly succeeding magnetizations and demag

netizations of armatures in motion, is rapidly dissipated by radi

ation and convection. In the case of armatures entirely covered

with wire the escape of the heat is very slow, so that they must

run at a comparatively low rate of speed, with corresponding

effect, in order to prevent injurious heating. The second differ

ence lies in the manner of connecting the armature coils to the

commutator, this being such that only the particular coils which

contribute to the production of the current are in circuit at once.

During the time they are passing through the neutral points in

the magnetic field they are cut out one after the other, and thus,

while idle, do not tend to weaken the effects of the machine by

affording a path to divert the current generated in the active

sections from its proper channel.

It would be an interesting matter, if the efficiency of all the

different machines employed in the production of the electric

light could be obtained and published, so as to be readily avail
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able. A general comparison could then be made which would, in

a measure, settle the ever-recurring question in regard to the

superiority of this or that machine. Undoubtedly, this infor

mation exists for many of the machines, as numerous measure

ments of them have been made by different experimenters, but

the results have in most cases never been made public, and are,

therefore, to be found only in the hands of the individual

experimenters themselves. It may be stated, however, from

such information as we have found available, that the amount of

energy obtainable as electricity from the best machines probably

does not exceed, or if so, only in a slight degree, two thirds that

of the mechanical force required to drive them.

The expense of maintaining the electric light is much less

than that incurred by the employment of any of the ordinary

methods of illumination. Mr. Fanner states that where a large

amount of light, say from five thousand to ten thousand candle

light, is required, it can be produced from a suitable machine at

the rate of one thousand candle light per horse power ; but,

smaller amounts—say two hundred to three hundred candle

light—are relatively more expensive, probably about one half

horse power for two hundred to two hundred and fifty candle

light

This is much more economical than when produced from any

of the ordinary forms of galvanic battery. One horse power

may be reckoned as costing from two to six cents per hour,

which would give the cost of ten thousand candle light as sixty

cents per hour, simply for power. Of course some other items,

such as oil, attendance, interest and depreciation, also cost of

carbons consumed, would increase this amount somewhat, but

even at twice or three times this cost it is still much less expen

sive than gas light at three candle light to the cubic foot per hour,

at $2.50 per thousand for gas.

The diiliculty of procuring carbons that would burn uni

formly has been a source of a great deal of annoyance. If the

carbon is taken just as it comes from the gas retorts and sawed

into shape, it is found to contain many impurities, and, when
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burning, will frequently split and large pieces drop oft If it is

first pulverized and then pressed into shape, as is done for bat

tery plates, difficulties of one form or another still appear, and

the long road of trial and failure has generally had to be pretty

well trodden over by all who have given this part of the sub

ject much attention. Mr. Wallace, who has studied it very

closely, has, we believe, succeeded in producing very satisfactory

carbons, but we are, as yet, unacquainted with the process.

The best illuminating effect appears to be produced from thin

carbon pencils, but it has heretofore been found impracti

cable to use such pencils, on account of their high resistance

and the rapid consumption of material due to the action of the

air on their highly heated ends. Mr. Brush has sought to ob

viate these difficulties, and at the same time improve the illumin

ating power of the light, by the admixture of different foreign

substances with the carbon and by surrounding the stick either

mechanically or by electro-plating with various metals. By this

means a free and ready conductor is afforded for the current

and a good connection between the carbon and its holder secured,

while the employment of longer and thinner pencils is also ren

dered practicable, and there is little or no liability to breakage.

In operation the intense heat of the arc melts and disperses the

covering of the carbon sticks at their opposing points and for a

proper distance beyond, but no farther. The balance of the car

bons is entirely preserved, while as fast as they are burned,

just so fast will their covering be removed, leaving the carbons

exposed.

The subdivision of the light is another of the problems that

have occupied the attention of inventors a great deal. No one

doubts that the division can be effected, but to do this in a

simple manner, and offer to the public a cheap and practical

device for the purpose, has not been an easy task It would

appear, from some of the latest experiments made at the works

of Messrs. Wallace & Sons, that there is scarcely any limit to

the number of subdivisions that can be made, and, to a cer

tain extent, most of the machines are now constructed to give
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separate lights. One form of construction of the Brush ma

chine is capable of producing four independent lights, of 3,000

candle powers each.

The best means, however, for obtaining a number of lights

from a single source consists in the employment of thin strips

of platinum or iridium, whose temperature is raised by the

passage of the current to a point only slightly below the melting

point of these metals. When strips or wires of either metal are

rendered incandescent, a mild and pleasant light is emitted,

much less contracted and glaring than the light obtained from

carbon pencils; and with the additional advantage also, that

no vitiation of the atmosphere occurs, and the amount of light,

at any one point, can be made as small as may be desired.

Platinum, according to Mr. Farmer, affords about 100 candle

light per square inch of incandescent surface, when within 220°

of the point of fusion, and a bar or wire of this metal can be

maintained at this temperature for any length of time by means

of a suitable regulator and current Iridium is even better

adapted for illuminating purposes than platinum, as, in conse-

quencc of its higher melting point, it yields more light per

square inch of heated surface.

While it is undoubtedly true that the light obtained in this

way is not the most advantageous for light-house and steamship

purposes, or for places where the dazzling light of the arc is

required, it is none the less true that for many other, and espe

cially for private or domestic uses, it possesses decided advan

tages over the carbon licrht, and on many accounts—among

which the facility attending its regulation is not least—is far

preferable.
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