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UNITED STATES

PaTenT OFFICE,

ACHILLES DE KHO-TINSKY, OF BOSTON, MASSACHUSETTS, ASSIGNOR TO
THE AMERICAN BELL TELEPHONE COMPANY, OF SAME PLACE.

TELEPHONE SIGNAL AND SIGNALING-CIR.C‘UIT.

SPECIF¥ICATION forming part of Letters Patent Ne. 560,61 7, dated May 19,1896,
Application filed March 13,1896, Serial Yo. 583;080. (No model,)

To all whom it may concern:

Be it known that I, ACHILLES DE KHO-
TINSKY, residing at Boston, in the county of
Suffolk and State of Massachusetts, have in-
vented certain Improvements in Telephone
Signals and Signaling-Cireuits, of which the
following is a specification.

This invention concerns telephone-ex-
change systems working with centralized or
common transmitter and signal eurrent gen-

. erators, and more particularly relates to the
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employment of glow-lamps for ¢all and dis-
connecting signals and to the eircuit arrange-
ment and mode of operation of the latter.

It is not, of course, new to maintain.a-bat-
tery at the central station connected with or
common to a number of circuits forsignaling
purposes, or to use a similarbattery similarly
arranged and connected with any main. cir-
cuit or with-any pair of united eircuits while
conversation is going on, to serve as a source
of transmitter-current supply; nor is it new
to employ lamps as call or disconnecting sig-
nals; but my invention contemplates the use
of the same battery for call-signals, for con-
versation, and for the operation of discon-
necting-signals, and provides that the call-
signal lamp shall be illuminated to call the
dttention of the operator when the substation-
circuit is closed or its resistance suitably va-
ried at the substation, that the said lamp
shall be extinguished when the operator in-
serts ‘an answering-plug in a socket of the
calling-line, that by the act of inserting the
plugthe disconnecting-signal lampisbrought
into operative relation with the battery and
the substation apparatus, but does not ex-

hibitany signal until the desired conversation-

is completed, and that when such period ar-
rives the said lamp shall become illuminated
in response to such reverse change of the cir-
cuit continuity or resistance at the substation
as is brought about in restoring the apparatus
to its normal conditions.

All necessary substation changes can be
effectuated by the removal of the receiving-
telephone from the hook or yoke switch
which serves as its support when not being
used and by replacing it upon such support,
and, adopting this expedient, by my invention
the call-signal lamp glows and indicates a

call when the telephone is initially lifted for
conversation, the said lampis deprived of its
operating-current and the signal disappears
when the answering-plug enters the line-
socket, and: the disconnecting-signal lamp

glows to indicate the end-of the communica-

tion when the subscriber once more operates
his switch, reversely, however, by replacing
his telephone on the hook.

It will be readily understood that the sub-
station.call-bell is'normally in circuit and is
usually of resistance sufficiently high to keep
the current maintained ‘on the line by the
calling-battery so low that it cannot cause
the call-signal lamp to glow, and when so0 ar-
ranged the action of the telephone:switch is
to connect the telephones in parallel to'the
said-bell, and thus greatly reduce the resist-
ance of the eircuit and increase the current
t0 the strength required for the operation of
the lamp; but if, as is sometimes the case, it
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be desired to keep the line-circuit normally -

open, so that no current flows in it when at
rest, this can easily be done by interposing a
condenser in the bell-circuit, and in that case
the  operation of the.substation:switch is to
actually close the circuit and change the call-
current from zero to the strength required.
The characteristic feature of the invention
is that the subscriber’s cirveuit, including its
circuit-changing switch and other substation
apparatus and the central-station disconnect-
ing-signal lamp, are while the operator’s plug
and cord circuit is connected with the line as-
sociated with a Wheatstone balance or bridge
system, the said circuit being in one of the
arms or branches and the disconnecting-sig-
nal lampin the bridge or cross-wire of the said
system. Itisevidentthat if during such con-
nection the two sides of the bridge are bal-
anced there will be no current through the
bridge and no illumination of the lamp, and
the several necessary fixed resistances and
impedances of the system are so proportioned
to the resistance of the substation-circuit that
the disconnecting-signal lamp shall remain
dark (the system being practically balanced)
as long as the subscriber’s telephone remaing
absent from its hook-switch, and that the said
system shall become unbalanced and the
lamp thereby be made to glow and to give the
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signal when the telephone is restored to its
support. The operation of this device is
greatly facilitated by the fact that the discon-
necting-signal glow-lamp does not become
luminous if a current.as great as one-half of
its working current passesthroughit. Anop-
erative balanceis thus very easily attained for
the purpose of signaling. And it is also evi-
dent that the change in the resistance of the
line-circuit brought about by the action of the
substation-switch on the replacement of the
telephone is fully competent to so unbalance
thesystem thatacurrent of sufficient strength
to make the disconnecting-signal lamp glow
shall circulate through the bridge in which it
is placed. This fact is of considerable con-
sequence, since obviously as lines are of dif-
ferent resistances a perfect balance compre-
hending an actual zero of current in the
bridge could, with the same conneeting-cords
and fixed resistances and impedances, seldom
be obtained.

My invention also comprises the association
of the subseriber’s circuit and switch and a
main-circuit call-signal lamp with the said
disconnecting-signal lamp and the Wheat-
stone balance, of which it forms a part, and
likewise the employment, in connection with
two such subseriber’s circuits united toform a
through line of communication, of two discon-
necting-signal lamps, one for each circuit, and
two Wheatstone-bridge systems, the lamp of
each circuit being placed in the cross-wire of
its own bridge system, so that each lamp will
respond exclusively to the ecircuit-changer at
the substation of its own cireuit, and in this
arrangement the battery may be connected in
a third cross-wire common to both systems.

In the operation of the invention it is pref-
erable to make the resistance of the discon-
necting - signal lamps considerably higher
than that of the call-signal lamp, and suitable
magnitudes for these and for the several fixed
resistances of the balance have been detfer-
mined for average conditions, from practical
workings, and are hereinafter stated. Such
change as wmay under a wide change of con-
ditions of the. substation-line become neces-
sary can readily be fleduced by those skilled
in the art from the laws on which the Wheat-
stone balance is based. The insertion of a
plugin the socket of a line does not sever the
call-signal lamp from the said line, but estab-
lishes a shunt around the lamp of resistance
low enough to withdraw a major portion of
the current therefrom,and thereby extinguish
the lamp.

In the drawings which accompany this
specification, Figure 1 is a diagrammatic rep-
resentation of two substation-circuits and an
operator’s looping-cords and plugs associated
with a centralized or common transmitter and
signal current generator illustrative of and
embodying my invention. TFig. 2 is a dia-
¢gram illustrating the disposition of one sub-
station-circuit with one-half of the operator’s
cord-circuit and its clearing-out signal in a
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Wheatstone balance or bridge system, and
Tig. 8 illustrates two connected substation-
circuits, each with its disconnecting-signal
in a Wheatstone balance or bridge system.

The apparatus at the substations may con-
sist of a high-resistance bell d, permanently
bridged between the line conductors ¢ and b,
transmitting - telephone T, receiving - tele-
phone ¢, and hook-switch ¢. When the tele-
phone is hung upon the hook-switch, owing
to the high resistance of the bell d the ecir-
cuit is practically open. If, however, it is
desired to keep the line-circuit normally open,
a condenser, as C, may be connected in the
bell branch.

The line conductors ¢ b of the substation-
cireunits extending to the central station Y
are there connected with the poles of the bat-
tery D, which is thereby included in the cir-
cuit, which contains also electromagnetic re-
sistance or impedance coils F and E and a
glow-lamp f, which serves as a call-signal.

The impedances are arranged in the nor-
mal circuit for the double purpose of reduc-
ing the strength of the calling-current which
flows through the circuit when the latter is
closed at the substation, so that the saidcur-
rent will not be too powerful for the lamp f,
and of opposing the passage of voice-currents
wlhen the cireuit is connected for conversa-
tion. Theresistance of each in this instance
may be one hundred and ten ohms, and they
may, if desired, be wound over the same
core. They may, however, be readily modi-
fied in a manner well understood tosuit vary-
ing conditions. The resistance of the call-
signal lamp under the same conditions may
be twelve ohms, or thereabout.

The two substation-circuits L L*are repre-
sented upon the several sections of the mul-
tiple switchboard by plug-sockets J J?, each
containing branch terminal contact-springs
7 s and being provided with the usual busy-
test ring, the several test-rings of each cireuit
being connected through considerable resist-
ances—say three hundred ohms-—with their
test-wire e.

When either plug of any pair of cords is
thrust into a line-socket, a Wheatstone bal-
anceor bridge system is established by means
of suitable circuit connections and resistance
and retardation coils associated with the con-
neeting-cord attached to the said plug, a glow-
lamp being contained in the cross-wire or
bridge and the subseriber’s cireunit and sub-
station apparatus in one of the branches of
the said bridge system.

Tfig. 2 shows the theoretical arrangement
of the system, and since its several appliances,
conductors, and junctions are marked with
the same reference letters and numerals as
those which designate the same parts in the
actual arrangement depicted in Tig. 1 there
is no difficulty in tracing them in the latter.
. D is the battery furnishing current for the
substation-transmitters and for ringing off.
2 and 7 are resistances in or constituting two
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arms of the balance; 6, a retardation-coil or
impedance in the third arm or branch; 7, an
impedance in series with the substation cir-
cuit and apparatus collectively constituting
the fourth arm or branch, and p the glow-
lamp in the bridge serving as the disconnect-
ing-signal.

The appliances ¢ and j in the branches on
either side of the junction 40 of the Wheat-
stone balance are shown ag being simple re-
sistances; but it is obvious that in systems
where the two cords-of a pair have their con-
ductors united inductively by a repeating
induction-coil the said resistancess and jmay
be replaced by the two windings of the said
repeating-coil, and that in any case retarda-
tion-coils may,if desired, be employed.  Main
wires 8 and 9 lead from the battery D to the
points 19 and 20. At these points the bat-
tery-cireuit divides and ‘between them has
two main paths. - One of these leads through

- the two branches x and y of the system and
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may be tracedas follows: point 19, resistance

J, point 40, and resistance < to the point 20.

The other includes the two other branches
m. 1 of the balance and is traceable from
point 19 through wirve 27, retardation - coil
winding 6, point 16, wire 1, substation-cireuit
conductors b and a, and the substation-tele-
phones, wire 2, retardation-coil winding 7,
and wire 28 to the point 20. The bridge or
cross-wire 3, containing the disconnecting-
signal glow-lamp, is connected between ‘the
points 16 and 40. . ‘

The windings ¢ and 7 of the retardation-
coil H may or may not, as shown, be wound
on the same iron core, and the resistances 4
and j may also, if desired, be closely associ-
ated. S
Practical demonstrations of the system
have yielded satisfactory results when the re-
sistancestand jhave been made, respectively,
eleven hundred and six hundred and forty
ohms, the retardation-coil windings 6 and 7
eight and two ohms, respectively, and the

bridge glow-lamp two hundred and twenty

ohms; butitis manifest that these may under
varying lengths of circuit and operative con-
ditions require modification, which, however,
in view of the well-known principles underly-
ing the Wheatstone-bridge system, can read-
ily be made. .

Fig. 8represents the two substation-circuits
connected by the operator’s plugs and cords,
each having a Wheatstone bridge for its own
disconnecting-signal, so that each such sig-
nal may be made responsive to the operation
of its own substation-switch. This figure is
simply a duplication of what is shown in Fig.
2, with, however, the addition of the two con-
ductors 4 and 5, associated, as shown in Fig.
1, with the cord conductors to furnish an easy
and unobstructed path for the voice-currents
in the through conversation-circuit. One of
thesaid auxiliary conductors 4 contains a con-
denser C* to prevent any short-circuiting of
the current of the battery D.

In Fig. 1, although I have shown the ex-
tensions through the impedances Fand E and
the call-signal lamp f as being in permanent
connection with the circuit; whether a plug
is or is not in a socket, it is evident that if
desired the said extension: may be arranged
on the well-known plan which provides that
the insertion of the plug in'its socket will dis-
sever the call-signal portion from the substa-
tion portion of the circuit, and it is also evi-
dent that such change can be made without
interfering with the Wheatstone-bridge ar-
rangement of the disconnecting-signal.

In the operation of my invention when a
subsecriber wishes to call the central station
the telephone { is rémoved from the hook-
switeh ¢, which rises and closes the cireuit,
and current from the generator D causes the
lamp line-signal f to glow.in a well-known
manper. ~ The insertion of the answering-
plug P into the socket J* establishes a shunt-
circuit through the plug-and-cord conductors
around the lamp line-signal f and the impe-
dances F and E, the effect of which is to with-
draw the major part of the. battery-current
therefrom and to extinguish the signal. The
line-spring » ‘makes contact with the tip of
the plug, and the line-spring s makes contact
with: the sleeve of the plug, and at the same
time the said. sleeve connects with the test-
ringg. ‘When the operator has ascertained
by testing in any usual manner that the sub-
station (say B) is not busy, the plug P?is in-
serted in the socket of the jack J4 By the

insertion of either plug in the socket the dis-

connecting-signal lamp is brought into oper-
ative relation with the battery D and also
with the substation apparatus, and into such
a balance with the other eleménts which malke
up the system-—i, e., the line and instrument
resistance, the two helices of the coil H, and
the resistances ¢.and j—that no operative cur-
rent passes through the bridge 3, and. the
lamp p consequently does not become illumi-
nated, for though, as hereinafter stated, the
balance may not be absolute while the sub-

‘scriber’s telephone  remains absent from the

automatic switch-hook ¢, the current passing
through the bridge is then of minimum
strength, and, being too weak to light the
lamp, we may consider that an operative hal-
ance is attained; but when the teleéphone is
restored to its supportsuch operative balance
is destroyed, and a sufficiency of current being
now-diverted through the bridge the lamp is
caused to glow and a signal to disconneect is
thusobtained, which again disappears as soon
as the plug is withdrawn from its socket.

Having thus described my invention, its
construction, arrangement, and operation, I
claim—

1..The combination of a main telephone-
cirenit extending between a central station
and a substation, the telephone-switch or cir-
cuit -changer at.the substation, and switch
connectionsand an associated disconnecting-
signal at the central station; with a Wheat-
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stone balance or bridge system, the said dis-
connectling-signal being in the bridge or cross-
wire, and the telephone substation -circuit
and circuit-changer being connected in one
of the resistance-arms of the said balance or
system.

2. The combination with a substation tele-
phone-cirenit, a main battery included there-
in, an automatic telephone-switch controlling
the resistance of said circuit at the substa-
tion, a connecting switch-cord or like connec-
tion at the central station, and a glow-lamp
disconnecting-signal associated therewith; of
a Wheatstone balance or bridge system hav-
ing the said glow-lamp connected in its bridge
or cross-wire, balancing resistances or impe-
dances connected with the cord conductors
included in its several resistance-arms, and
the substation-circuit and automatic switch
contained in one of the said arms; whereby
the resistance of the said arm, and the cur-
rent through the bridge are made to depend on
the position of the said switch substantially
as specified.

3. The combination in a telephone-ex-
change, with a main circuit extending be-
tween a central and a sub station, a switch ac-
tuated by the removal and replacement of the
telephone at the latter station controlling the
continuity or resistance of the cireunit, and a
main battery and glow-lamp call-signal both
at the said central station connected in the
said circuit; of switch cord conductors at the
central station adapted by plug-and-socket
connections to unite any two circuits on the
reception of a call-signal, and arranged as a
Wheatstone balance or bridge system of
which the substation-circuit when switched
forms a part; the said system having a dis-
connecting-signallamp, and the main battery,

in its two bridges or ¢ross-wires respectively,
and the substation-cireuit, the resistance of
the substation instruments, and the eontrol-
ling-switch thereof, in one of its arms or
branches, so that an operative current may
flow through the bridge and disconnecting-
signal lamp or not, according as the telephone
at the substation is absent from, or placed
upon its switeh-support.

4. The combination of two telephone sub-
station-cireuits connected at a central station
by switch-conductors, constituting a link con-
nection, to form a through or compound cir-
cuit, and an automatic telephone-switch at
each substation controlling the continuity or
resistance of its own circuit; with two Wheat-
stone balance or bridge systems, one for each
substation - circuit, interposed in the said
switech-conductors, glow-lamp disconnecting-
signals one for each eircuit, included each in
the bridge or cross-wire of the bridge system
of its own circuit, a main battery in a third
bridge or cross-wire common to both bridge
systems, each substation-circuit, its instru-
ments, and its automatic switch being con-
nected in oneof the branches of its own bridge
system, toserve as a variable resistance there-
for; whereby each disconnecting-signal lamp
is made responsive solely to the operation of
its own substation-switch; substantially as
specified herein.

In testimony whereof I have signed my
name to this specification, in the presence of
two subscribing witnesses, this 6th day of
Mareh, 1896.

ACHILLES DE KHOTINSKY.

Witnesses: ,
GEO. WILLIS PIERCE,
JOSEPH A. GATELY.
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