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To-all whom it may concern:

Be it known that I, STEPHEN D. FIELD, re-
siding at Stockbridge, in the county of Berk-
shire and State of Massachusetts, have in-

5 vented certain Improvementsin Electric Tele-
phones, of which the following is a specifica-
tion.

My invention concerns the construction of
electrie speaking-telephones, being a device

1o for improving the transmission of speech
through conductors or cables characterized
by high static retardation. Its purpose is to
produce a transmitted - current somewhat
analogous to that employed in ‘‘ curb” signal-

15 ing,inthe caseof the telephonic current,short-
ening or degrading the heavier pulsations
created by heavy tones, and accentuating
or magnifying the finer vibrations and har-
monics.

As is well known, the sounds constituting
articulate speech comprise variousfundamen-
tal vibrations, which are accompanied with
numerous superposed harmonic vibrations.
The undulatory current created in the elec-
trical transmission of such sounds is of course
of similar character, being the resultant of
heavy current pulsations corresponding to
fundamental tones and innumerable accom-
panying vibrations of higher period and less
amplitude.

Ttis found in the practical transmission and
reproduction of articulate sounds that the
. feeble and rapid fluctuations of current are
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affected by various electrical characteristics-

of the circuit in a different degree from the
slowerfundamental vibrations. They experi-
ence greater opposition from the impedance
in the conductor and suffer more serious dissi-
pation in the insulating medium of the cir-
cuit. Hence if the vibrations of the trans-
mitted current were of amplitndes in strict
proportion to those of the sound-waves im-
pinging upon the transmitting-instrument,
the reproduced sounds would be of quite dif-
ferenf quality from the original sounds, the
characteristic harmonics having been de-
graded or eliminated through various reac-
tions of the circuit.

In the present invention I have endeavored
to compensate for this unequal degradation
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of current pulsations of different periods and
amplitudes by means of a mechanical device -
in the telephone which acts to accentuate

or magnify the more rapid and feebler vibra-
tions while diminishing the amplitude of the 55
heavier vibrations. Bythustransforming the
mechanical vibrations of the transmilting-dia-
phragm into distorted or disproportionate
vibrationsin the electric current, it is possible

to compensate for the unequal effects of the 6o
circuit upon the different vibrations and to
producein thereceiving-instrument mechani-
cal vibrations in strict conformity with those

of the transmitting-instrument.

In long insulated conductors or cables the 65
static effect upon varying currents is particu-
larly prominent, being known in the art as
“gtatic retardation.” This so-called “‘retard-
ation is in fact an absorption of the energy of
the current, and results in the extinetion of 7o
the characteristic harmonie undulations.

The present invention therefore applies par-
ticularly to transmission through long cables
or between distant stations.

This invention contemplates the interposi- 75
tion between the vibrating diaphragm and
the transmitting device proper—the current-
modifying portion of the transmitter—of a
system of compensating-levers of the type
known as ‘“Houdin’s compensating deviece,” 8o
asmodified and improved by me. Oneofthele-
versis pivoted ormovablysupported at oneex-
extremity and has its other extremity connect-
ed with the transmitting device. The other
lever, which abuts upon the first-mentioned 83
lever, and has a curved surface rocking upon
that lever, is also movably supported at one
extremity, and has its other end fixed to the
transmitting-diaphragm. Themovements of
the diaphragm are thus imparted to the trans- 9o
mitting device through the medinm of these
levers, whose point of contact, and hence
whose ratio of movement, shiftsinproportion
to the amplitude of the sound vibrations.

The instrument may be so adjusted that 93
the vibrations of large amplitude cause the
point of contact of the levers to shift in such
a way that the movement imparted to the
transmitting device is less than the excursion
of the diaphragm, Whilg when the diaphragm zoo
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vibrates feebly the motion imparted through
the levers to the transmitter shall be mag-
nified.

The invention may be applied not only to
transmitting but toreceiving telephones. In
its use in the latter instrument its funection
may obviously be to mechanically magnify or
exaggerate the degraded harmonic pulsations
while diminishing the fundamental vibra-
tions, thus in a manner restoring the trans-

-mitted impulses to their original condition.

I have illustrated the invention in the ae-

.companying drawings, having shown its ap-

plication to both a receiving and a transmit-
ting telephone.

Figure 1 of the drawings is an elevation of
the essential parts as applied in a receiving-
telephone. Iig. 1% is a partial plan view of
the instrument shown in Fig. 1. Fig. 2isa
sectional view of the same device in use with
a transmitter of the granular carbon type.
Fig. 3 illustrates a transmitter such as shown
in Fig. 2 connected in an electric circuit with
a receiving-instrument like that shown in
Fig. 1.

The receiving-telephone in Fig.1 comprises
the permanent magnet ¢, carrying on its pole-
pieces coils a?, an armature b for the magnet,
a diaphragm ¢, and a system of compensat-
ing-levers and mechanical connections be-
tween the diaphragm and the armature. The
armature b itself is used as one of the com-
pensating-levers. Aleverdco-operating with
this is the other. Armature b is lightly sup-
ported upon a knife-edge 4% being held in
place by link 5. Between the pole-pieces of
magnet ¢ lies a lever d, whichis supported at
its upper extremity on a light spring d?, fixed
in a bracket e. The surface of the lever d
which abuts upon the face of armature b is
curved, so that as the armature rotates about
its pivotal point §? the point of contact be-
tween the parts of contact b and d is shifted
toward or away from the fulerum b2 The
yielding spring d? permits to the lever d a
sufficient longitudinal movement to avoid the
sliding of its surface upon armature b and
consequent friction. This last-described de-
vice for eliminating or largely reducing the
frietion which would arise from the tendency
to a relative longitudinal movement between
the levers constitutes the subject of another
application. The free extremity of lever d is
connected by a thin wire f with the center of
diaphragm c.

Referring to Fig. 2, it will be seen that the
novel features of the telephone shown there
comprise essentially thesame parts. Thedia-
phragm 7 is connected through a wire ¢ with
one extremity of the curved lever %, whose
other'extremity is carried upon a yielding sup-
port I. The convex surface of lever % bears

upon the flat surface of another lever m, sup-
ported on a'spring », the free extremity of the
lever mbeing connected through a rod o with
the movable carbon plate or electrode p of
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the transmitting device g. This latter part
may be' of any well-known construction. It
may have a small diaphragm ¢? carrying the
electrode p, and constituting the cover of a
cup-shaped receptacle containing granular
carbon ¢®and having fixed to its wall another
electrode g¢*.

The operation of these instruments may be
described in connection with Fig. 3, in which
a transmitting-telephone is represented in a
circuit 1 2 3, extending between two stations
7 and s. In this figure the levers are repre-
sented as being so adjusted that the point of
contact between them is substantially inter-
mediate of the point of connection with the
diaphragm and that of connection with the
transmitting device g. In this case the fee-
blest vibrations, which disturb the diaphragm
to the slightest extent, will not be perceptibly
magnified. A slight vibration of the dia-
phragm to the right will obviously rotate tlie
lever kaboutits support 7, and this movement
will be communicated to lever m and thence
to the movable electrode in the transmitter g.
A large excursion of the diaphragm, how-
ever, will produce a large movement of lever
I to the right, whereby the point of contact
between that lever and lever m will be shifted
to a place nearer the fulerum of lever & and
farther from that of lever m, sothat the move-
ment of the electrode ¢* will be less than the
excursion of the diaphragm. The vibrations
imparted to this electrode will hence be of
less amplitude than the orviginal sound vibra-
tions, and the amplitude of the undulation
produced in the current by the change of re-
sistance in transmitter ¢ will be of corre-
spondingly reduced proportion. ‘

If desired, the instrument may be so ad-

justed that the normal point of contact be-
tween levers & and m is farther from the ful-
crum of lever & and nearer that of lever m.
Obviously, with such an adjustment the fee-
ble vibrations, which disturb the diaphragm
only-slightly, would be magnified, the corre-
sponding vibrations imparted to the trans-
mitter-electrode from the extremity of lever
m being of greater range than those of lever
p. Thus the undulations of current in the
circuit corrésponding to fundamental acous-
tic vibrations would remain in direct propor-
tion to the acoustic vibrations, while the am-
plitude of the harmonic vibrations would be
magnified. At the receiving-station s also
the instrument is adjusted to reproduce the
minute vibrations in theirnormal proportions
and the coarser vibrations in reduced propor-
tions. Aheavy pulsation through coil a? will
so reduce the attraction of the permanent
magnet upon its armature b that the latter
will move outward, and hence will shift its
point of contact with lever d nearer to the ful-
crum of lever b and away from the fulerum
of lever d, reducing the movement imparted
to the diaphragm through wire f.

If the conductor 2 were a ¢able character-
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ized by high static capacity and absorption,
the transmitting-instrument might be so ad-
justed as exactly to compensate for the degra-
dation or modification experienced by the un-
dulatory current in traversing the cable—
that is, the transmitter would be adjusted to
such a relation between levers k& and m that
the overtones would be just sufficiently mag-
nified to compensate for their increased lia-
bility to absorption or obstruction, the fun-
damental tones being somewhat diminished
in volume. This distorted transmitting-cur-
rent would then result in a current at the
distant station s, whose fluctuations would
be exact counterparts of the original acoustic
vibrations.

The invention is of course subject to modi-
fications and improvements which will occur
to those skilled in the art.

I claim, broadly, as new and desire to se-
cure by Letters Patent— '

1. In a telephone the combination with a
diaphragm and a device adapted to vibrate
therewith, of a system of compensating levers
interposed between the diaphragm and the
said deviee and adapted to alter the ratio
between vibrations of large amplitude and
those of small amplitude, as described.

2. The combination with the diaphragm and
a current modifying device adapted when vi-
brated to produce an undulatory electric cur-
rent, of a mechanical device interposed be-
tween the diaphragm and the current-modi-
fying instrument adapted to alter the propor-
tion between vibrations of large amplitude
and those of small amplitude, as deseribed.

3. In a telephone the combination with a’

diaphragm and a current-varying device, of
a system of levers interposed between the
diaphragm and the said device adapted to
transmit vibrations of large and of small am-
plitude from the diaphragm to the said device
in varying proportion to each other, as de-
seribed. ‘

4. The combination with a diaphragm and
a device adapted when vibrated to produce
an undulating electric current, of a system
of compensating levers interposed between
the diaphragm and said device and adapted
to impart a magnified movement to the said
device when acted upon by feeble vibrations
of the diaphragm, or a diminished movement
when subjected toheavy vibrations of the dia-
phragm as deseribed. :

5. In combination in an electric circuit, a
transmitting telephone having its diaphragm
connected with a current varying device
through the medium of a system of compen-
sating levers, and a receiving telephone hav-
ing a movable armature, and a diaphragm
connected therewith through a system of
compensating levers, said systems of levers
being adapted to alter the ratio between vi-
brations of large amplitude and those of small
amplitude, as described.

In testimony whereof I have signed my
name to this specification, in the presence of
two subscribing witnesses, this 24th day of
July, 1895.

STEPHEN D. FIELD.

Witnesses: v
FrANK R. MCBERTY,
FRANK C. L.LOCKWOOD.
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