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To all whom it may concer:

Be it known that we, JOEHN TROWBRIDGE
and SAMUEL SHELDON, citizens of the United
States, residing at Oa,mblldﬂ‘e, in the county
of Middlesex and State of Massachusetts, have
invented a new and useful Impr Ovement in
Telephones, of which the following is a speci-
1cation.

The object of our invention is to increase
the strength of telephonic currents, the same
being fully set forth in this deseription and
in the drawings hereto annexed.

The letters of reference relate to the same
parts in all of the figures.

It is well known that the feeble character of
these currents prevents their being used, even
with the most powerful form of transmitter, to
a distance commensurate with that reached
by the Morse system of telegraphy. One of
these limits consists in the practical difficulty
of using electro-magnets in the place of the
per manent mag nets now employedon all tele-
phones. The mannetle field in which the

~1ron diaphragm of the telephone moves is
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thus limited to a certain amount which can-

not be exceeded when permanent steel mag-

nets are used, as is the case on all telephone-
lines. -

Our invention enables us to employ elec-
tro-magnets of great power instead of perma-
nent magnets, and thus to increase the
strength of the magnetic field to any extent.
We have employed the current from a power-
ful dynamo- machme as well as that from bat-
teries.

In the telephonic relay constructed by us

the small coil through which the feeble tele-
phonie currents arrive is not fixed in position
upon the magnet, as in the ordinary Bell tel-
ephone, nor 1s it fixed to a diaphragm, as in
certain forms of telephones—for instance, as
in that of E. W. Siemens. (See United States
Patent No. 149,797, issued April 14, 1874.) It
is a coil free to move between the poleﬁj of an
electro-magnet, the strength of which can be
increased to any extent. TThis coil Cis placed
with respecttothe surrounding magnets simi-
larly to the movable coil inany form of Web-
er’s electro - dynamometer.

When a current

passes through this coil suspended between
the poles of a powerful electro-magnet, it
tends to turn, so as to embrace the greatest
number of linesof magnetic force.
1ing effect.is proportional to the productof the
current in thesuspended coil and the strength
of the magnetic field in which the (3011 18
placed. Smee the strength of the field can

The turn-
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be enormously increased, a small carrent in

the coil 1s made to produce a large movement;
of the coil. The edge of the coil is provided

~with a small button P, which presses against

a flexible non-magnetic diaphragm of mica,
thin brass, or any suitable material.  The
electrical nndulations produced at a distant
station in the coil are transformed into sound-
vibrations. Thus the feeblest electrical un-
dulations are exalted by our apparatus into
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vibrations which are heard at a considerable

distance from the diaphragm, against which
the little button or pin of the Suspended coil
C impinges.

It will be seen that the action of our sus-
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pended coil is not a rectilinear one, as in the

Slemens telephone before referred to, but is
a rotary one. 'T'his rotary motion of the coil
C is one of the essential features of our in-
vention.

The arrangement of the movable 0011 *mth
respect to a mametm field which can be in-
creased to any e*ctent the movable coll not
being fixed to any dmphlwm but pressing
1ifrht1y against one, constitutes another im-
portant feature of our invention.

On sheet 1 of the drawings, Figure I shows
the position of the coil 1elatwe to the mag-
netic field in the Siemens patent, referred to
onpage 3,line 15, of the specification. Fig. 11

shows the position of the coil inourinvention

relative to the magnetic field. Fig. III is a
horizontal section of the telephonic receiver
connected and ready for use. Fig. IV shows
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the mode of suspension of the coil and its po-

sition relative to the magnetic field.
shows the position of a microphonic contact
in reference to the diaphragm and relay-cir-
cuit. Fig. VI shows the position of the spiral

spring S and thesuspended coil C. On sheet
2, Fig. VII represents the position of our coil

Fig. V =




as applied to the apparatus of Hunning and

Keller, referred to on page 5 of the specifi-

~cation, on lines 24, 25, and 26.

i

In the Siemens type of telephoue, and in all
telephones in which the iron vibrating plate

 of the ordinary Bell telephone is supplanted

Io

by a non-magneticdiaphragm carrying a coil,
the Windings of said coil are parallel to the
windings of the electro-magnet. The lines.of
force of the magnetic pole N (shown by dotted

lines If, Fig. I) pass perpendicularly throngh

the plane of the windings of the small mova-
ble coil L, which 1s fmed upon the diaphragm
Q. Sincethe small coil L, therefore, embraces
the lines of force of the eleetro-ma?ne’o N,
very greatinductive disturbances result from
fluctuations of the battery or dynamo, which
excites the electro-magnet. With even a fee-

- bledynamo-electric-machine current exciting
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the magnet N 1t 18 impossible to transmit

speech by telephones of the Siemens type.
'The noise of the commutator completely ob-

literates the telephonic sound-waves.

In our method the small movable coil C,
IFig. I1, does not embrace the lines of | foree
(Shown by dotted lines F) of the magnet N S

~ even- during the greatest rotary movement of
the Vibl"ating coll C when
speech.

transmitting

ceeding from the poles N and S are parallel

to the planes of winding of the small coil C,
and even when the electro-magnet is excited

by the strongest current which any dynamo-
machine 1s capable of giving no disturbances
oceur from the dvnamo to pr event the trans-

mission of %peeeh
Another part of our mvuntlon consists in

~ the employment of a microphonic contact
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which rests upon the dlaphragm against
which our movable coil impinges. This mi-

crophone is connected with a relay or local

circuit in which there are batteries and tele-

phones, and enables one to increase and re-
transmit the feeble telephonic currents which
arrive in the movable coils.

The position of a suitable tlELl’_lSlIllttel to
enable one to transmit messages to a similar

~apparatus at the end of the main line oppo-
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- of the movable coil.

site to that at which the messages are re-

celved by our (Lppmatma is shown 1n Figs.
ITT and V at T.

In our use of the instrument we place the

the top and bottom by the screws A and B.

By turning these screws the attached button

or pin. P is made to press lightly and with

suitable directive force upon th—‘* diaphragm
D D’.

In FL.., III N S represent the electlo -mag-

net, the Strenwth of which can be reg ulated
by the local batteries or the dynamo R Cis
the small suspended coil. through which
passes the feeble telephonic currents of the
main line on the wires U Z, which are con-
nected at opposite ends of the small wire W

The lines F of magnetic force pro-
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the chaphl agm D D’ Fig. ITI, by means of the

-small pin, button or pI'OJeCtlon P, attached,

eccentrically, near the periphery of the 0011
The torsion-wire W, upon which the small coil
C is placed, is shown in Fig. VIand in Fig. 1V,

and suitable torsion is given by the adjusting-

screws A or B. This torsion may beaided by
a small spring S, applied against the coil op-
posite to the button I When the torsion-
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wire W is placed in a horizontal posﬂnon the

force of gravity may be employed to aid in
the adjustment of the coil and button against
the diaphragm D. A suitable trumpet-shaped

ear-piece X, Fig. IIT, is placed opposite the

{ diaphragm D and eontact-—pm P.

Upon the diaphragm D, Fig. V, opposite to
the small movable coil C there is placed a
microphonic contact-piece M, which trans-

mits the vibration given to the diaphragm by

thecoillCtoar elay-ell cuit, whichis connected.
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by thewires J and K to the microphoniccon-

tact M. -
In the references herem made to the feeble

| currents of electricity generated by the vibra-
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tion of a flexible disk or diaphragm, as used
in telephones, it is to be understood that our

instrument or apparatus is to be used for in-

creasing or re-enforcing the effect of weak

currents produced by any kind of ‘electrical

generators or instruments. By this increase
of force at the terminal station of the line-
wires we sgecure mechanical or acoustic ef-
fects for the production of wsﬂole symbols or
fmdlble tones.

On Sheet 2, Fig. VII, 18 shown the manner of
using the suspension-wire W, Fig. IV, when in
a hor 1701:113&1 position. The upper p:a,rt of the
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fioure represents the apparatus of Hunning.

(See United States Patent, dated November

29, 1881, and that of Keller, dated Iebruary
2,. 1886.) The diaphragm or tympanom 6

forms the baseof a box 8, that contains granu-
lar conducting material. Our ¢oll 4 and 1ts

attached button or contact-pin 5 is placed op-

posite to the middle of the disk or bottom 6
of this box, so that when -connection with
electrical euuents 1s made the co1l 4 t,mns,

and the button or pin 5 impinges upon the

disk 6 of the microphonic apparatus herein-
before referred to, and causes changes in the
electrical resmtance of this. appmatus, thus

| | transforming the electrical undulations on the
small coil C upon a wire W, that is held at
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main line into corresponding but stronger °

undulations in the local or relay ¢ir cmt of
which the terminals are 3 and 2.

We claim—

1. In a telephonic receiver, the combination
of a small movable coil, through which the
feeble telephonic currents are passed, and a
fixed electro-magnet, the strength of which
can be increased indefinitely, said movable

coll being so placed in respect to the said

fixed magnet as to embrace the fewest possi-
blelines of force of the fixed electro-magnet—
that is, it is in the magnetic field and sub-
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This coil plesses upon | %‘rantml]y parallel with “the direction of the
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lines of -fo_rce, substantially as heréin set | trically, upon a microphonic contact placed
forth and described. . . | horizontally, as herein described. |
2. The combination of a small movable coil |

held upon a horizontal wire and a micro- ggﬁ%E%Rg%%%{)DﬁE E 2'4
5 phonic contact,"the small coil being placed | ' -

between the poles of a strong electro-magnet, In presence of—

in the manner hereinbefore described, and - E. C. BATCHELDER,

pressing, by means of a button placed eccen- - JoHN M. BATCHELDER.
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