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UNITED STATES

PATENT OFFICE.

ALBERT GOULD DAVIS, OF WASHINGTON, DISTRICT OF COLUMBIA.
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No. 808,438.

Specification of Letters Patent.

Patented Dec. 26, 1905.

Application filed April 22,1897, Serial No. 633,258,

To all whom It may concern:

Beit known that I, ALBErT GoULp DAvis, a
citizen of the United States, residing at Wash-
ington, in the District of Columbia, have in-
vented certain new and useful Improvements
in ’lelephon‘; of which the tollowing is a
specification.

My invention relates to the transmission of
sounds by electricity, and comprises certain
new and usetulapparatus for simplex and mul-
tiplex telephony.

The methods disclosed in this case are not

herein claimed, but are claimed in a divisional |

application, Serial No. 157,246, filed May 15.
1903. |

The fundamental idea of my invention con-
sists 1n producing the required variations in
the line-current, not by varyving the resistance
of a microphone-contact, as in the ordinary
telephone systems, nor by inducing current in
a coll by the variation of the flux passing there-
through, as in a magneto-transmitter, but by
making and br eahmg, oradually and to a
greater or less extent, the resonance of a tuned
By using the term ““making and
breaking” I do not wish to imply that there
1s at any time a discontinuous variation in the
current, but, on the contrary, the variation is,
as will be shown later, continuous and pro-
oressive and suitable 1:01 the reproduction of
Spepch.

It 1s known that when a constant alternating
electromotive force is applied to a circuit of
constant resistance the current flowing .will
be a function of the self-induction and the Ca-
pacity. Therearecertain valuesof self-induc-
tion and capacity with which, for a given fre-
quency, the circuit becomes ‘' resonant?” and
a current flows greatly in excess of the current
which would flow in either the self-induction
or the condenser alone. On either side of this
critical point—that is to say, if either the self-
induct'on the capacity, or the frequency be
varied—the current falls off rapidly: but the
rate of fa.
on the resistance of the circuit.

In practicing my invention I prefer to tune
the transmitter-circuit so that the current is a
little below its maximum value—that is. so
that the circuit is nearly but not quite reso-
nant, and to vary the constants of the cireuit
by the action of the transmitter, so as to cause
variations in the current couespondmﬂ more
or less exactly to the air vibrations to be re-
procduced.

| depends, other things being equal,

These variations may be caused |

to produce sound in any sultable receiver.
This involves the use of a source of alternat-
Ing current, and it i1s obvious that with any
commercial frequency the currents produced
by that source would be heard in the receiver.
If the frequency were badly chosen, the sounds
thus produced would be very annoying, and
I therefore prefer to usea generator of arather
low or rather high frequency. Though it is

that this frequency should be either above or
below the audible limit.

My invention also contemplates multiplex-
1ng the system thus constituted and also com-
prises various other features to be hereinafter
more particularly pointed out and claimed.

In the drawings attached to this specifica-
tion, Figure 1 isa view showing the general
form of the current curve of a nearly resonant
alternating-current cireuit with constant elec-
tromotive force as the reactance varies. Hig.
2 1s a diagram of my improved system 1n a
simple form. Fig. 3 shows in section a trans-
mitter adapted for use with my improved
system. Hig. 4 shows my system 1n a form
very similar to that shown in Fig. 2, but with
a different form of transmitter. Fig. 5 shows
a system differently arranged. Ig. 6 shows
a multiplex system.

In Fig. 1, A A represent the base-line and B
i3 lepresent the curve of current, with con-
stant-frequency impressed electromotive force
and resistance as the self-induction or capacity
varies. It will be seen that the current is a
maximum when the reactance has the value
corresponding to the line ¢ «, the resonant
condition. Atddthecurrenthasdropped from
1ts maximum value, while at ¢ ¢ the reactance
has choked the current down to a very small
value. '

Referring now to Fig. 2, it will be seen that
at each end of the line a transmitter D, a con-
denser I, a self-induction coil F, and a re-
ceiver R are connected between the earth or
return wire K and the line .. An alternating-
current generator (x, producing currents of the
frequency <0, is inserted 1n series with the line
at some convenient point. This generator is
indicated in diagram only, the armature-wind-
ing belnwlettetedj the field-winding ¢* and
the exciter, (preterably aPprimary or seconchry
battery or some other source of current with-
out a commutator)g®. This generatoris pref-
erably designed so as to give as nearly as possi-
ble a true sine-wave. The receivers R may

In some respects pretemble, 1t 18 not necessary
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be of any preferred type; but when the fre-
quencies used are high they should preferabiy
be formed without iron cores, as is now well
understood in the art. For' any mocderate
frequency I prefertouse the regular magneto-
receivers. The transmitters are so qrmnoed
that they vary the capacity or self- mductmn
of the circuitr ather than its resistance. They
may be, as shown at D, the well-known * con-
denser telephones,” consisting of two thin
metal plates d d', supported in close prox-
imity by a suitable case. 1L and F are con-
densers and coils so adjusted that the current
in the line is maintained when no sound 1s
emitted before the transmitters at the value
corresponding to a point on the resonance
curve below the peak, as 6 4, Fig. 1. In the
normal operation of the system this current
will flow through both transmitters and both
receivers, but will not if 1t is of the proper
frequency cause troublesome sounds in the
receivers. If now sound is produced against
one of the transmitters D, the total reactance
of the circuit will be varied and the current
will tend to vary between certain values, de-
pending on the constants of the circuit. 1
prefer to so design the systemy that these
values are well within the extreme permis-
sible limitsaz ¢ and ¢ . These variations cor-
respond very closely to the variations which
would be produced by a microphone under

similar circumstances, but may be made very

much larger, owing to the peculiar shape ot

the resonance curve and owing also to the
fact that no microphonic noises are produced,
so that the exciting-currént may be given a
comparatively large value.

In order to increase the capacity and the va-
riations of the capacity of the transmitter, 1
may make use of the form shown in Fig. 3, 1n
which P is a case, preferably heavy and solid

"at the rear, provided with a cover H and a

recess for the plates ¢° These latter are
packed closely together, separated, prefer-
ably, by extremely thin sheets of soft rubber
orsimilar material. Alternate plates are con-
nected together and the two terminals are
carried out at ¥ . It will be seen that I
thus provide a condenser-telephone of great
power, very suitable for use with myimproved
system.

Fig. 4 shows a system 1n which the trans-
mitter D is arranged to vary the self-induc-
tion rather than the capacity of the circuit.
Otherwise the arrangements are very similar
to those shown in I‘;lg. 2.  Kach transmitter
consists of a case P, containing a core /, prefer-
ably of a horseshoe form, as shown, wound
with wire and placed with its ends in close
proximity to the diaphragm ¢, which 1s pret-
erably of soft iron and rather thick. It will
be obvious that any variation ot the position
of the plate ¢ will cause a variation in the

' self-induction of the electric circuit.

receilvers themselves

808,438

This
will vary the reactance, and therefore the cur-
rent, as does the variation of capacity in the
form shown 1n Kig. 2.

1t should ":}e understood that wherever here-
inafter 1 refer to or show a transmitter with-
out specifically stating its character 1 may use
either of the forms shown or any other in-
strument which will act to vary the resonance
in accordance with the voice vibrations. 1t
is also evident that either of the transmitters
described will act as receivers, though I pre-
fer to use separate receivers, and that while
I prefer to use a condenser K and a coil F at
each end of the line, yet in the forms thus far
described I may dispense with either:; set nor
is it necessary to use a separate coil I, as the
may be constructed to
furnish sufficient self-induction for the pur-
noses to be attained. Itisonly necessary that

the total self-induction and capacity be such

that the circuit is nearly resonant.

The forms thus far described are open to
the objection that they require that the capac-
ity and self-induction of the line should be
kept substantially constant.” While this 1s
practicable with short lines, it is exceedingly
difficult when the lines extend beyond a cer-
tain length. I therefore prefer to use in most
cases instead of a series system a multiple sys-
tem, with each station independently reso-
nated. Such a system 1s shown 1n Fig. 5, 1n
which G is the generator connected across the
lines It L/ and preferably of high internal re-
sistance. Inthe particular form shownin this

ficure the receivers R are branched independ--

ently across the lines and may, if preferred,

be provided with condensers K' of sufficient
power to facilitate the passage of current
through them. These receivers should, how-
ever, be so arranged that the current flowing
through them is not large in comparison with
the current which flows through the transmait-
ter-circuits. Thetransmitter-circuitsare con-

structed as follows: In multiple with the lines-

are transformers T T, each of whose second-
aries are connected to a tuning combination
K F and a transmitter D. In the normal op-
eration of the system thus constituted current
of constant volume flows through all four
branch circuits and the tPI‘HllI]ELl voltage of
the generatoris constant. Suppose, however;,
thatsound is produced againstone of the trans-
mitters D. This will vary, as before ex-
plained, the current in the local circuit of that
particular transmitter,-which in turn will vary
the current taken by the primary of the cor-
responding transformer. The result will be
to vary the terminal voltage of the generator
and the current in the recelvers, so that the
sound will be reproduced in the receivers.
This system lends itself readily to multiplex
work, as shown in Fig. 6. In Fig. 6 a plu-

reluctance of the magnetic circuit and in the | rality of generators G ey (3°, producing cur-
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rents of the frequencies w w' w°, are shunted |

across the mains I I/. Six substations S &
S* s s s° are shown, each comprising a trans-
mitter D, a receiver R, and a tuning combi-
nation ¥ K inseries. The circuits of the sta-
tions S and s are tuned to the position & & (see
Fig. 1) on the resonance curve of the currents
of the, generator (r, which currentsare of the
frequency W. The circuits of & and s are
tuned in the same way to the frequency ' and
the circuits of S and §* to w°. Each pair of
stations S s, 8’ ¢, §° ¢°, &e., is therefore in-
dependent of all the others. The currents
normally flowing through any of the stations,

as s, may be varied by agitating the trans-
mitter-plate at the cosrdinate station, as S, in
siich a manner as to reproduce in the receiver
at the station s the sounds produced against
the transmitter at S.

It will be obvious that the invention herein
set forth may be modified in various ways and
that important changes may be made without
departing from the spirit of my invention.

Without restricting myself to the particu-
lar forms shown and described, I therefore
claim as my invention and desire to secure by
Letters Patent—

1. In a multiplex telephone system, -the
combination of a plurality of sources of alter-
nating current of different frequencies, a plu-
rality of tuned circuits including capacity and
inductance, the inductance of each circuit be-
ing provided by a variable-inductance trans-
mitter, and a plurality of receiving-circuits
each adapted torespond to its own transmitter.

2. A telephone - transmitter comprising a
soft-iron core wound with a coil, connected to
a source of alternating current, and a plate of

magnetic material in inductive relation to the
sald core.

3. The combination in a telephone svstem,
of a source of alternating current, a circuit
tuned nearly to resonance “with the frequency
of said source, a receiver, and a transmitter
adapted to progressively vary the resonance
of the circuit.

4. The combination in a telephone system
of a source of alternating current in multiple
with the line, a circuilt tuned nearly to reso-
nance with the frequency of said source, also
in multiple with the line, and a transmitter
adapted to progressively vary the resonance
of the circuit, and a receiver connected to the
line.

5. In a multiplex telephone system, the
combination with a plurality of sources of al-
ternating current of different frequencies, of
a plurality of transmitters, each furnishing
inductance of its own circuit and adapted to
vary said inductance, and a plurality of re-
celvers adapted to respond to the different
transmitters.

6. In a multiplex telephone system, the
combination of a plurality of sources of alter-
nating current of different frequencies, a plu-
rality of transmitters each being so construct-
ed and arranged as to furnish the inductance
of a tuned circuit, and a plurality of receivers

each adapted to respond to 1ts own transmit-
ter.

Signed at W ELShlIlG‘tOIl DIStI 1ct of Colum-
bia, this 22d day of Aprll A. D. 1897.

ALBERT GOULD DAVIb
Witnesses:

S. K. HOPKINS
R. D. WHmiTE.
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