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To_all whom it may concern.:

Be it known that I, Franors W. Duxsar,
a citizen of the United States, residing at |
Chicago, in the county of Cook and State of |
Ilinois, have invented a new and useful Im-
provement in Telephone Systems,. of which
the following is a specification.

My invention has for its object the produc-
tion of a system for rapid telephone inter- |
communication wherein all sources of cur-
rent-supply are located at the central office
and wherein all signals from the subscriber
to the central office are sent automatically on
the part of the subseriber. More specifically,
its object is to simplify the circuits and ap-
paratus necessarily used in connection with
them and to render positive the operation of
all signals, doing away entirely with the ne-
cessity of marginal adjustments.

Inthisinventiona differentially-wound cut-
off relay is provided the coils of which have

an approximately equal number of turns, so
that the relay will be rendered neutral when
the same current is flowing in different, direc-
tions through its two windings. In series
with the two windings of the cut-off relay
and normally in the metallic circuit of the
line is the coil of the line-relay and a battery
or other source of suitable current. Owing
to the differential winding on the cut-off re.
lay the line-relay may be operated over the
line-cireuit without energizing the cut-off re-
lay. Means are provided, however, so that
when a connection is made with the line the
coils of the cut-off relay are unbalanced, and
this relay is therefore operated, thus opening
the circuit of the line-relay and rendering it
inoperative. The system in this case differs

from others employing cut-oft relays in the
line-circuit in the particular method of ren-
dering the cut-off relays inoperative to sig-
nals sent by the subscriber and of rendering
it operative when connection is made with
a line. It also differs m respect to the
method of operating the supervisory signals.

My invention is shown in the accompany-
ing drawing, in which—

A and B represent, respectively, the sta-
tions of two subscribers’ lines: These are
connected by line-wiresa and @’ in each case,
with the tip-springs ¢ and sleeve-contacts s

of the various jacks J at the central office.
The sleeve side of the line ¢’ is connected |

with one terminal of the winding of the cut-
off relay C, the other terminal of this wind-
ing being connected to one pole of the bat-
tery R, the other terminal of which battery
is grounded or run to a common office-return.

The tip side of the line g is -connected, as
shown, to one terminal of the coil of the line-
relay D, the other terminal of which is con-
nected to the back contact ¢* of the cut-off
relay C. The armature ¢ of the cut-off relay
C is connected to one terminal of the cojl &
of the cut-off relay, the other terminal of
which is grounded, so that when the cut-off
relay is not actuated: circuit may be traced
from the limb a of the line through the coil
of the line-relay D, contacts ¢z and ¢ of the
cut-off relay C, and through the coil ¢ of the

cut-off relay to ground. The line-relay D.

controls by its contacts d and d” the cireuit
of the line<lamp E in an obvious manner.
Each jack J, when this system is used as a
multiple board, is provided with an extra
test-thimble ¢, all the test-thimbles of one
line being connected together by the wire ¢’.
Where the system is not, large enough to re-
quire the use of a multiple board, then the
thimbles ¢ and their connecting-wire ¢’ may
be omitted, they having under such cond,-
tions no function. .

The apparatus at the subscriber’s station
consists of a bell and condenser J’, bridged
across the line in the usual manner, and also
of a hook-switch 72, a transmitter S5 and a
receiver f*, the functions of all of which are
well understood. While the receiver is on
its hook, the circuit between the two Lmbs
of the line is held open by means of the con-
denser; but when the receiver is removed
from its hook the circuit is made complete
through the talking apparatus.

A pair of connecting-plugs, with their ac<’

companying cord-circuit, is shown in the cen-
ter of the figure.

P O are respectively the answering and
calling plugs, each having a tip and a sleeve
contact. The condenser [ is interposed be-
tween the tip-strands ¢ and #, which con-
nect with the tip-contacts p of the plugs P
and O, respectively. In a similar manner
the condenser I’ is interposed between the
strands s” and %, connecting with the sleeve-
contacts p” and o/, respectively, of the two
plugs. Between the strands # and s’ are
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bridged the coils of the two relays % and 1,
connected together in series, and between the
strands # and s® in a similar manner are
bridged the coils of the relays k and j. The
points between the windings of these two pairs
of relays are grounded. The relays h and j
each have a pair of normally closed contacts
I’ 1* and §’ and 4%, respectively, adapted to be
opened when the relays are energized. The
relays 7 and k each have a pair of normally
open contacts ¢’ 4* and k' k* respectively.

In series with the battery R and the con-
tacts of the relays & and 4 is the supervisory
lamp m. The supervisory lamp m’ is simi-
larly connected in series with the battery and
the contacts of the relays § and k. It is ob-
vious that the lamp m will be lighted only

‘when the relay % is unactuated and the relay

7 is actuated. Similarly the lamp m’ will be
lichted only when the relay j is unactuated
and the relay k is actuated.

An operator’s circuit containing a head-
telephone 7, an induction-coil «, and a con-
denser 7 is adapted to be bridged across the
strands # and s* in the ordinary manner.

The generator G is adapted to be bridged
across the strands of the calling-cord O by
means of the ringing-key ¢, which key when
operated serves to break the cord- circuit
back of the generator in the ordinary manner.

The operation of the system is as follows:
When the subscriber at A removes his re-
céiver from its hook, circuit is closed between
the limbs a¢-and ¢’ of the line. Current there-
fore flows from the battery R through coil ¢
of the cut-off relay C, limb o’ of the line, sub-
seriber’s apparatus, limb a of the line, coil of
the line-relay D, contact ¢* and ¢* of the cut-
off relay, and to ground through the coil ¢’ of
the cut-off relay C.  As this current passes in
opposite directions through the two windings
of the relay C this relay is not operated. The
relay D, however, is operated and by closing
its contacts d and d’ lights the line-lamp K as
a signal to the operator. The operator on
seeing a lamp thus lighted inserts one of her
answering-plugs P into the jack of the corre-
sponding line. This act connects the cord-
circuit with the line-circuit and enables the
operator to communicate with the subscriber
after she has operated her listening-key. The
insertion of the plug also places the coil of re-
lay % in a shunt-path around the coil of the
line-relay D and the coil ¢ of the cut-off relay
( in series, this shunt-path being traced from
the limb @ of the line through tip-spring ¢, tip-
contact p, tip-strand ¢, and relay & toground.
This serves to materially diminish the current
flowing in the coil ¢’ of the cut-off relay and
at the same time to increase the current
flowing in the coil ¢ of the cut-off relay. This
unbalances the effects of the windings of the
cut-off relay and causes it to attract its arma-
ture, and thus break the circuit of the line-
relay D, rendering it inoperative. The pas-
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sage of current through the coil of relay / en-
ergizes that relay, causing it to open its con-
tacts, thus opening the circuit of the super-
visory lamp m. The insertion of the plug
into the jack also serves to actuate the relay ¢
over the following path: from the live side of
the battery R through the winding ¢ of the
cut-off relay C, sleeve s of the jack, sleeve p’
of the plug, winding of relay i, and to ground.
This relay attracts its armature and closes its
pair of contacts in the local circuit of lamp m.
The relay 4 thus holds its pair of contacts in
the lamp-circuit closed as Jong as a plug is in-
serted in the jack. The relay h is, however,
under control of the subscriver with whose
line the corresponding plug is connected, and

when the subscriber hangs up his receiver

after finishing a conversation the circuif
through the relay % is broken, and it therefore
releases its aricature and closes the circuit of
the lamp m as a signal to the operator. The
lamp m’ is controlled by the relays j and k in
exacily the same manner as descrived in con-
nection with the lamp m and the relays A
and 1.

In order to determine whether or not a line
is busy before making a connection with it in
respons2 to a call, the operator touches the
tip of the plug O to the test-ring ¢ of the jack
of the line called for. If the line isnot busy,
the test-rings q ¢ at that line will be insulated

70

75

2o

85

9o

95

from all other parts of the system, and the

electrical conditions will not be changed by
the contact of the tip of the plug O. If,
however, the line is busy by virtue of.its
being connected at another section of the
switchboard, the test-ring ¢ of that line will
b= charged to a certain potential above that
of the ground or common return by virtue of
its being crossed with the sleeve-contacts s
belonging to that line by the insertion of the
plug at the other section. When the op-
erator makes the test under such condi-
tions, the difference of potential between
the two sides of her cord-circuit is altered,
and she obtains a click in her head-receiver
n. It is obvious that other well-known
forms of test may be used, and I do not de-
sire to limit myself to the particular one
here shown. Having learned that the line
is not busy, the operator inserts the plug O
into the jack and by operating her ringing-
key g attracts the attention of the subscriber
in the usual manner. The ground or com-
mon return connection shown on the sleeve
side of the generator G serves to complete the
circuit from battery R through the coil ¢ on
the cut-off relay C and thence through the
sleeve-contact of the jack J, the sleeve-con-
tact o’ of the plug O, and thence to ground,
thus operating the cut-off relay C and pre-
venting the line-lamp E from lighting while
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the subscriber.
When two subscribers are connected, their
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line~lamps are rendered inoperative; but the
supervisory lamps are placed under control
of the two lines, respectively. When both
supervisory lamps are lighted, the operator
knqws that both subscribers have hung up
their receivers and pulls down the connection.
Either subscriber may attract the attention
of the operator by alternately raising and
lowering his hook, thus causing a “winking”’
of the corresponding lamp.

Having now described my invention, what
I claim is new, and desire to secure by Let-
ters Patent, js—

1. In a telephone system, the combination
with a line-circuit, of a cut-oft relay having
two differentially-wound coils in said line, a
batteryand a line-relay associated in said line,
a cord-cireuit for making connections with
the line for conversation, & supervisory relay
of comparatively low resistance associated
with the cord-circui t, and means when a con-
nection is established with the line for shunt-
ing one of the coils of said cut-off relay
through said supervisory relay, whereby said
cut-off relay is actuated and sajd line-relay
Is cut out of circuit, substantially as de-
seribed.

2. In a telephone system, the combination
with a line-circuit, of a cut-off relay having
two differentially-wound coils in said line, a
battery and a line-relay also in said line, a
cord-circuit for making connections with the
line for conversation, a supervisory relay of
comparatively low resistance associated with
the cord-circuit, and means when counection
is established with the line for shunting one
of the coils of said cut-off relay and said line-
relay through the winding of said low-resist-
ance supervisory relay, whereby said cut-off
relay is actuated and said ine-relay is cut out
of circuit, substantially as described.

3. In a telephone system, a line-circuit, a
cut-ofl relay having two differentially-wound
coils in the line, g battery and a line-relay
also in the line, a cord-circuit for making
connection with the line for conversation,
a supervisory relay of comparatively low re-
sistance associated with the cord-circuit, and
means when a connection is established with
the line for shunting one of the coils of said
cut-off relay and said line-relay through the
winding of said low-resistance SUPervisory
relay, whereby said cut-off relay is actuated
and the shunted winding thereof and the line-
relay are cut out of circuit, substantially as
described. '

4. In a telephone system, a line-circuit, a
cut-ofl relay having two windings in the line,
a line-relay, one winding of said cut-off relay
and said line-relay being connected in series
with the tip side of the line, a cord-circuit for
making conuections with the line for conver-
sation, a supervisory relay of comparatively
low resistance associated with the tip-strand
of the cord-circuit, and means when a con-
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nection is established for conversation for
shunting the tip-winding of said cut-off relay
and said line-relay through said low-resist-
ance supervisory relay, substantially as de-
scribed.

5. In a telephone system, a metallic-cir-
cuit line, a cut-off relay having two differen-
tial windings, a line-relay, one winding of
said- cui-off relay and said line-relay being
connecied in series with the tip side of the
line, the ocher winding of said differentially-
wound relay being included in series with g
baitery in the sleeve side of the line, a cord-
circuiv for making connections with the line
for conversa.ion, a supervisory relay of com-
paraiively low resistance associated with the
tip-sirand of the cord-circuit, and means for
connecting the tip-winding of the cut-off re-
lay and said line-relay in shunt with said low-
resistance supervisory relay when a connec-
tion is escablished with the line, whereby said
cut-off relay is actuaied and the line-relay is
cut ous of circuit, substanvially as described.

6. In a telephone system, a line-circuit, a
differeniially-wound cut-oft relay having one
winding connecied in series with a battery in
the sleeve side of the line, the other winding
of said cut-off relay being connected with the
up side of the line, a suitably-controlled line-
signal for the line, a cord-circuit for making
connections with the line for conversation, a

- supervisory relay of comparatively low re-

sistance associated with the tip-strand of the
cord-circuit, and means when a connection is
established with the line for connecting the
tip-winding of the cut-off relay in shunt with
said supervisory relay, whereby the line-sig-
nal is effaced, substantially as described.

7. In a telephone system, a metallic-cir-
cuit line connected for conversation, a source
of current bridged between one limb of said
civeuit-and ground, two relays bridged across
said circuit, each having one terminal con-
nected to ground, whereby one of said relays
isconstantly actuated and means at the sub-
scriber’s station for closing the metallic cir-
cuit, whereby the other of said relays is actu-
ated and a supervisory signal having its cir-
cuit controlled by said relays, substantially
as described.

8. In a telephone system, a metallic-cir-
cuit line connected for conversation, a source
of current bridged between one of the limbs
of said line and ground, two relays connected
in series across the metallic circuit, one ter-
minal of one of said relays being grounded,
whereby said relay is constantly actuated,
means at the subscriber’s station for closing
circuit of said line, whereby the other of said
relays is actuated, a local circuit containing
a signal controlled by the mutual action
of both of said relays, substantially as de-
scribed. ‘

9. In a telephone system, a metallic-cir
cuit line and a source of current connected be-

70

75

80_

85

[]e}

100

105"

115

120

125

130




(523

10

I3

20

25

30

=

tween one of its limbs and ground, a cord-cir-
cuit adapted to connect with said line, having
two relays bridged across its two strands, a
ground connection for one of said relays,
whereby said relay is actuated, while connec-
tion is made with the line to close a local cir-
cuit, means at the subscriber’s station for
closing the metallic circuit, whereby the other
of said relays is actuated to open said local
circuit, and a signal included in said local eir-
cuit, substantially as described.

10. In a telephone system, a line-circuit, a
cut-off relay having two windings in the line,
one of said windings being connected in series
with a battery in the sleeve side of the line, 2
line-relay, the other winding of said cut-off
relay being connected in series with said line-
relay in the tip side of the line, a line-signal
having its circuit controlled by said line-re-
lay, a cord-circuit for making connections
with the line for conversation, a low-resist-
ance supervisory relay associated with the
tip-strand of the cord - circuit, and means
when a connection is established with the line
for shunting said line-relay and the tip-wind-
ing of said cut-off relay through said super-
visory relay, whereby the line-signalis effaced,

‘substantially as described.

11. In a telephone system, a line-circuit, a

cut-off relay having two windings in the line, |

a battery and a line-relay also in the line, a
cord-circuit for making connections with the
line for conversation, a pair of supervisory re-
lays: for the cord-circuit and means when

842,306

| connection is established with the line for un- 3%

|

balancing said cut-off relay by current

through one of said supervisory relays, where-
by the line-relay is cui out of circuit the
other of said supervisory relays being under
the control of the subscriber and a supervisory
signal controlled by said pair of supervisory
relays, substantially as described.

15. In a telephone system, the combina-
tion with a plurality of telephone-lines, of 2
cord-circuit to connect said lines for conver-
sation, a central source of current, a differ-
ential cut-off relay for each of said lines, a
high and low resistance supervisory relay
bridged in series across said cord-circuit and
each connected to the same pole of said cen-
tral source, means upon the conneciion of
said cord-circuit with a line to include said
high-resistance relay in a local circuit in se-
ries with one coil of said cut-off relay to actu-
ate each and upon the response of the called
subscriber to include said low-resistance re-
lay in the path of current over the line, a sig-
nal controlled by said cord-relays, and the
normal path of current to the line controlled
by said cut-off relay, substantially as de-
scribed.

In witness whereof I hereunto subscribe
my name in the presence of two witnesses.

FRANCIS W. DUNBAR.

‘Witnesses:
Joseru C. BELDEN,
KeMmpsTER B. MILLER.
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