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To all whom it may concern :

Be it known that I, ALEXANDER GRAEAM
BELL, of Washington city, in the county of
Washington and District of Columbia, have
invented a new and useful Improvement in
Electric Speaking-Telephones, which improve-
ment is fully set forth in the following speci-
fication.

In Letters Patent granted to me on the
7th day of March, 1876, and on the 30th day
of January, 1877, numbered, respectively,
174,465 and 186,739, I have shown and de-
scribed a syStem,4f electric telephony, con-
sisting of transmitting-telephones operated by
the human voice, and adapted to produce va-
riations in the intensity of an electrical cur-
rent proportional to the variations in the
movements of the air produced by the voice,
and of receiving-telephones adapted to be
thrown into vibration by the action of the
electrical current, so as to produce movements
of the air at the receiving-station correspond-
ing to the variations in the intensity of the
electrical current—i. e., to the movements of
the air produced by the voice of the speaker
at the transmitting-station—the whole being
arranged for operation upon an electrical cir-
cuit, so that the sounds of articulate speech
uttered in one place can be reproduced in an-
other, and persons separated by great dis-
tances carry on conversation by word of month.

In my patent aforesaid, No. 174,465, I have

shown and described two distinet methods of
causing electrical undulations analogous to
the aerial vibrations of sound—rviz., first, by
causing variations in the electro-motive force
employed, and, second, by causing variations
in the resistance of the cirenit; and I have
shown that such variations can’ be produced
in the one case by vibrating a body capable
of induetive action in the neighborhood of an
electro-magnet in the manner in which the
air is moved by the voice of a speaker, and
in the other by vibrating in a similar manner
a conductor forming part of a voltaic cireuit
in a liquid included in the circuit.

I have also shown and described a practical
method of vibrating bodies of considerable
weight in the way required—viz., by attach-
ing such bodies to a membrane or diaphragm
which can be.actuated by the voice of a speaker.

-

My present invention consists of an im-

‘provement in the method of varying the re-

sistance of a ecircuit, so as to produce an un-
dulatory eurrent for the purposes of electric
telephony, and of means for producing this
effect, the said means constituting a transmit-
ting speaking-telephone.

I have discovered thatwhen two conductors
of electricity are placed in contact with each
other, the electrical resistance of the parts in
contact is affected when one of the conduct-
ors is cansed to slide over the surface of the
other, and that the resistance is affected pro-
portionally to the velocity of the sliding mo-
tion. If this motion is produced by a sound,
the resistance of the parts in contactis affected
proportionally to the motion of the air daring
the utterance of that sound, and the friction
of the conductors can thus be made to affect
the intensity of an electrical current, so as to
cause the reproduction of the sound from any
suitable receiving-telephone placed in circuit
with the two conductors.

In order that the nature of my invention
and its mode of operation may be more fully
understood, I shall show and describe, in illus-
tration of my said invention, one or more
forms of apparatus for producing the effect.

Figures 1 and 2 give views, in central see-

‘tion, of frictional telephones made in accord-

ance with my invention, operating in connec-
tion with a battery. Figs. 3 and 4 represent
diagrams of telephone-lines, with frictional
transmitting -instruments and receiving - tele-
phones of ordinary construction, operating in
connection with a battery. Fig.5 represents
a form of apparatus combining the transmit-
ter and receiver in one instrument.

The same letters always refer to like parts.

A represents an elastic plate or diaphragm.
B B represent the conductors in frictional
contact, one of which is connected with the
diaphragm A, and the other is held by a snit-
able support, C.

The diaphragm A is secured in a suitable
frame, which is here shown as a mouth-piece, -
D, and a ring, D/, in the same manner as in
the telephones made in accordance with my
aforesaid Letters Patent, and now in. actual
use.

The current from the battery E is repre-
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sented as passing through the metallic dia-
phragm A, the condactors B B’, and the line-
wire I, to the ground.

H represents a magnet, having coils I upon
one or more of its poles, arranged in front of
an elastic inductive plate, diaphragm, or armna-
ture, the said coils forming part of the tele-
phone-cireuit, in the manner substantially as
set forth in my aforesaid Letters Patent. The
elastic induetive plate is represented by A’in
Figs. 3 and 4.

In Fig. 5 the diaphragm A affects the move-
ment of the one conductor on the other, and
also acts as the induetive plate or armature.

In operation the vibrations of the diaphragm
caused by spoken words or other sounds are
communicated to the conductor B. The re-

sistance of the parts of the conductors B

B’ in coutact is affected proportionaily to
the velocity of the vibratory movement, and
the electrical current is thrown into undu-
latory vibrations, corresponding to the vibra-
tions of the atmosphere due to the spoken
word or other sound. These atmospheric vi-
brations are reproduced at the other end of
the line by means of the receiving-instrument,
composed of the magnet H, its coil or coils I,
and armature-plate A’. The effect is due to
the frictional contact, there being no varia-
tions in pressure. It is, in fact, deemed im-
portant to use means for insuring perfect con-
tact, uniformity and constancy of pressure,
and unvarying area of frictional surface.

The apparatus for carrying into effect the
method of producing nndulatory eurrents by
frictional contact may be varied almost indefi-
nitely, some of which variations are indicated
in the drawings.

In Fie. 1 the conductor Bis free to move in

an aperture in the conductor B, and is cen-
“trally secured to the diaphragm by a flexible
connection, so that its own weight maintains
the contact. The end of the rod fits in a
so¢ket, to which the flexible connection is at-

tachied. In thisconstruction the conductor B,

or “vibrating conductor,” as it may be called,
is preferably cylindrical in shape, and the con-
ductor B, or “fixed conductor,” as it may be
designated, is a centrally-perforated disk, se-
cured in position by clamping it between a
stationary support and a screw-cap.

It is evident, however, that instead of mak-
ing the perforated disk the fixed conductor, it
may be secured to the diaphragm, which may
also be perforated, and the cylindrical rod may
be attached to a stationary support, so that
the variations in the currents are caused by
the movement of the disk upon the rod.

It is not necessary that either of the con-
ductors have the precise form shown. Therod
could be triangular, square, or polygonal in
cross-section, and the aperturein the disk may
be made to correspond. The outside shape
of the disk might be varied, also. The faces
of the perforated conductor need not be flat,
but may be rounded or curved, or shaped in
any desired way. Other means than a screw-

cap might-be used to secure the fixed -con-

ductor in place, as well as means for adjusting

the same nearer to or farther from the dia-
phragm.

I contemplate the employment of means for
adjusting the conductors to compensate for
wear. :

The rod may be rigidly connected with the
diaphragm, and means applied to the perfo-
rated conductor for maintaining the proper
contact with the rod.

In Tig. 2 one of the conductors is attached
to the plate by means of a vuleanized india-
rubber ring, which I have found to counstitute
a perfect connection, so far as flexibility is
concerned, without interfering with the trans-
mission of the vibratory movement of the
plate.

The material of which the conductors are
preferably made is carbon; but metallic con-
ductors alone or in connection with carbon
may be used.

Tnstead of making what I have designated
as the “rod” solid or of one piece, it may be
formed by winding a thin sheet of metal (such

as platinum, for example) upon a rod, the lat-
ter preferably being in the center of the sheet.
When the condnctorthus made is placed in the

perforated conductor, the metallic sheet, being
elastic, tends to unroll, and thus maintains
properfrictionalcontact notwithstan ding wear
and tear. o

In Fig. 2 the conductors are represented as
rods arranged at right angles to each other.
The shape of these rods may be varied, as
above indicated in reference to the rod used
in the form of apparatus shown in TFig. 1; but
they are preferably square in cross-section.
The rod may be provided with a sliding
weight, G.

1t is evident that this device, or a substan-
tially equivalent one, might be used upon the
rod-conductor in Iig. 1.

1 have represented in Figs. 3 and 4 the vi-

bratory conductors as rigidly secured to the
plate, and contactis secured by supporting the
fixed conductor upon metallic springs. :

The various modifications and adjustments
described with reference to the device as il-
lastrated in Fig. 1 may be used with other
forms, except in so far as from the nature of
the construction itself they may be inappli-
cable. .

In Fig. 3 a line is represented with a_fric-
tional telephone or transmitter at one end,and
a receiving-telepbone of the character shown
in my aforesaid Letters Patent at the other
end.

In Fig. 4 the apparatus are duplicated, are-
ceiver and africtional transmitter being shown
at both ends.

In Tig. 5 isshown a line having at each end

an apparatus which serves both as transmit-

ter and receiver. _ .
The fixed conductor is secured between the

arms of the magnét, and the vibratory econ-

ductor is attached to the induective plate or
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armature, located in front of the poles of the
magnet. .

By using in all the forms of. appamtus two
or more vibratory conductors and a suitable
number of fixed conductors with electrie con-
nections, so that the current passes through
two or more points of contact, the effect is
very much increased—that is, the. amplitude
of the electric undulations is ‘inereased, and
the reproduced sounds become louder. The
conduectors in frictional contact may be united
in series or in multiple are.

Itis evident that the construction of the con-
ductors in Fig. 5 and their relative arrange-
ment may be varied, in the manner. indicated
in the descupmon of the instruments, separate
from the receiving magnet and coils, and.also
that the conductors in frlctlonal contact may
be combined with a bar-magnet having a sin-
gle coil abount one pole, instead: of with a horse-
shoe-magnet, as shown in Fig. 5.

I have shown and described certain forms
of apparatus, and have also indicated waysin
which modifications may be made therein; H
but I do not profess to have deseribed or in-
dicated all the modifications and variationsin
construction and arrangement of details of
which my invention is msceptlble, as- many
others might be made without departing from
the spirit of my invention.

Although I prefer that one of the conduct-
ors shall be perfectly stationaryand the other
vibratory, no ill effects are produced from a
slight movementof the conductorwhich I have
called ¢ fixed ” in contradistinction to the vibra-
tory conductor, which is attached to and re-
sponds to the movement of the diaphragm.

28 The fixed or stationary conductor may be a

cylinder supported at the ends in delicate
bearings, and have arotating motion imparted
to it by the vibrations of the other conductor
in contact with it. This produces a kind of
friction denominated in mechanics as “rolling
friction,” and from which very good eff'ects are
obtained.

In the arrangement shown in Fig. 5 no bat-
tery is employed, and the curxent passed
through the conductors in frictional contact
is generated by the motion of the plate itself.

Itis evident, of course, that a battery may be
included in the circuit with good effect. The
apparatus shown in Fig. 5 is designed to occa-
sion a simultaneous va,riation in the electro-mo-
tive force employed, and in the resistance of
the circuit; and the instrument can be so con-
structed that the resistance of the circuit di-
minishes while the induced current is increas-
ing in intensity, and vice versa, in which case
the amplitude of the electrical undulations is
increased, and the resulting sound produced
from the recelvmo-telephone becomes louder.

Any of the methods known' to electricians
for varying the resistance of an electric cir-
cuit proportionally to the motion of a plate or

telephone to vary the resistance of the ecir-
cuit through which the. magneto-electric cur-
rent is passed, so as to co-operate with the
magneto-electric - undulations, and produce
from the receiving-telephone in-the circuit
louder sounds than could otherwise be pro-

-duced if the cirenit were to have an unvarying

resistance.

.The electro-motive force and the resistance
through which it is passed may be varied in
other ways so as to produce electrical undula-
tions of greatamplitude. Forinstance,aspeak-
ing-telephone similar to the instrunments de-
scribed above may be constructed in which
the conductors in frictional contact are unlike
metals, such as bismuth and antimony, far
apart from one another in the electro-motive
series.

Neither batteries nor permanent magnets.
need be used in connection with a transmitting-
telephone of this construction, as the friction
of the unlike substances will itself produce
an undulatory current of electricity.

I have already constructed an appa,ra,tus
similar to the instruments shown in this speei-
fication, excepting that the conductors in fric-
tional contact were replaced by rubbers of
glass and silk; so that frictional electricity:
was produced by the human voice. An instru-
ment of this kind may be made to transmit
articulate speech by means of frictional elec-
tricity generated by the voice itself.

Having thus described my invention, and
the manner in which the same is or may be
carried into effect, what I claim, and desire to
secure by Letters Patent 18—

1. The method of produclng currents of va-
rying intensity in a circuit, the same consist-
ing in altering the electric resistance of said
circuit by the movement in frictional contact
of electric conductors, substantlally as de-
scribed,

2. The method of transmitting speech, the
same consisting in throwing upon a line elec-
tric undulations by inereasing and diminish-
ing the resistance of the circuit by the move-
ment in frictional contact of electric conduct-
ors in accordance with the vibrations of a dia-
phragm responding to atmospherie vibrations,
bubstantmlly as described.

. The combination, with an elastic vibra-
tory diaphragm, of a vibrating conductor at-
tached thereto, and a conduetor in frictional
contact with said vibrating conduector, sub-
stantially as described.

4. The combination, with two or more con-
ductors in frictional contact with each other,
of an elastic vibratory plate or diaphragm, ar-
ranged to cause a movement past each other
of said conductors in accordance with the vi-
brations of the diaphragm, substantmlly asde-
seribed.

5. The combination, with an electric cir cmt,
of two or more conductors resting in contact

diaphragm vibrated by the human voice may | and forming part of said circuit, so that the
be used in connection with a magneto-electric | current passes through the point or points of
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contact of a vibratory plate or plates, for ef-
fecting a movement past each other of said
conductors, substantially as-deseribed.

6. The combination, with an electric circuit,
a source of electricity, and a receiving-instru-
ment for reproducing sounds from the currents
passing through said receiving-instrument, of
atransmitting-instrument composed.of an elas-
tic vibratory plate or diaphragm and two or
more conductors resting in frictional or slid-
ing contact with each other and forming part
of aforesaid eircuit, one or more of said con-
ductors being attached to and vibrating with
said diaphragm, snbstantially as described.

7. A telephone or instriument to be used in
the electrie transmission of speech or sounds,
the same consisting of a magnef, one or more
coils surrounding its pole or poles, an elastic
inductive plate or diaphragm located in front
of said poles, a vibrating conductor attached
to said plate,and a separate conductor in con-
tact with said vibratory conductor, substan-
tially as described. _

8. The combination, in an electric circuit in
which a receiving-instrument of ordinary or
suitable construction is placed, of a magnet
and associated coils, an elastic inductive plate
or diaphragm in front of said poles, a vibrat-

ing conductor attached to said diaphragm, a:
conductor fixed with reference to said vibra-

tory conductor and in contact therewith,and
electrical connections for forming an electric
circuit through said -coils, and through said
conductors from one to the other through their
point of contact, substantially as-described.

9. A transmitting -instrument or telephpne
composed of an .elastic vibratory diaphragm
secured in a frame, a perforated conductor
fixed to said frame, a conductor attached to
said diapbragm and-free to move in the aper-
ture in said perforated conductor, and devices
or means for connecting the said instrument
with an electric cireuit, so -as to form-a part
thereof, substantially as desecribed.

10. The method of producing undulatory
currents of electricity by the friction of con-
ductors placed in an electric circuit, substan-
tially as herein shown and desecribed.

In testimony whereof I have sigmed this

specification in the presence of two swbserib-

ing witnesses.
ALEXANDER GRAHAM BELL.
Witnesses:

Ewzsrs A. DICK,
A, POLLOK.




