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To all whom 1t may CONCern:
Be it known that I, JoEN (. ROBERTS, 2

vitizen of the United States, residing at |

Evanston, in the county of Cook and State of
certaln new and use-
ful Improvement in Central-lnergy Systems
of Telephone-Exchanges, of which the fol-
Jowing 18 & full, clear, concise, and exact de-
seription.

Myinventionrelates to telephone-exchange
systems in which the battery for supplying
the current to the
located at the central station.

The switchboard employved in connection
with my invention is of the type sometimes
termed a ‘ ‘two-wire’” switchboard, since the
spring-jack -switches and the corresponding
connecting-plugs require each only two con-
tacts. |
My improvement relates more particularly
to the line signaling apparatus and the com-
hination thereof with the cord-circuit.

In telephone-exchange systems of the char-
acter in question it is usual to provide means
whereby a subscriber on taking down his re-
circuit with the
battery through electroma netic apparatus,
which acts to disclose the line-signal as an

incandescent lamp. This being observed by

the operator at the board where the signalis
placed, she will immediately make connec-
tion with one of the cord-circuits by msert-
ing the answering-plug in the proper switch
of the line indicated by the signal. It is de-
sirable that this initial connection should 1m-
mediately withdraw the line-signal and at
the same time _
of the cord-circuits as to put a disconnect-
sienal in position to become active when the
< hscriber who has called hangs up his tele-
phone. This statement as to clearing out
a,{:-plies not only to the use of the answering-
plug, as above stated, but also to the use of
the companion plug.

- My invention relates more particularly to
the combination in the circuit of a telephone-

*

lineof fworelays,one of which is difl erentially

wound,. the differentially-wound relay having

its armature-contact adapted towithdraw the

line-sienal when the magnet is excited, while |

the other relayis adapted on the subscriber

taking down his telephone to attract 1ts arma-

bring about such a condition

|

subscribers’ telephones 1s |

line-signal. When the operator sees the line-

signal thus disclosed and inserts the answer-
ing-plug in the jack of the line, current 1s di-

rected through one of thedifferential windings
' of the differential relay of the line, while the

other is partially shunted or short-circuited,
so that the differential magnet becomes ex-
vited and its armature is attracted, thus di-
verting the current, which causes the lhne-
sional to be withdrawn. ‘With each cord

and its plug of the cord-circuit are associated -

two- relays. The circuit of each pair of re-
lays is so arranged that when its correspond-
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ing plug 1s inserted in the switch of a line and '

‘he subscriber’s telephone is being used for

conversation both of the relays will be ex-
cited, one of them serving to close a contact
of a circuit leading to the clearing-out signal,
hut the otherserving to hold such circult open.
When, however, the subscriber is through
talking and hangs his receiver upon 1ts
switch, thus opening the circuit of the tele-
phone-line to battery-current at his station,
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one of the pair of relays which was holding -

the cireuit of the clearing-out signal open be-

comes neutral, and thus causes current to be

directed through said clearmg-out signal to

notify the operator to withdraw the plug.
My invention will be more readily under-

stood byreference to the accompanying draw-
ing, in which 1 have illustrated two tele-

phone-lines extending from the subscribers’

stations and connected each with 1ts appro-
priate switches upon the multiple switch-
board and provided each with two relays,
one being differentially wound and extend-
ing to the central-office battery, which .bat-
tery, as illustrated in the drawing, conven-
iently supplies current to the operator’s ap-
paratus. I have shown condensers m the

cord-circuit in a usual way. Repeatmg-
coils, as is well

understood, might be substi-
tuted. It should be noted that one of the
relays associated with the connecting-plug 1s
provided with an extra contact leading from

the tip of the plug through a testing device

in order that it may be determined when a
call for a line is made whether such line 1S 10
use by applying the tip of the plug to the
ring of the jack and observing whether there
is a click in the telephone, the click mdicat-
ing that the line 1s busy. Such a busy test

*

tare and cause current to flow to disclose the | is well known in the art.” In liké manner
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switch, signal-bell, and condenser and

£

there is provided the usual listening and ring-
ing key in association with the strands of the
cord of the connecting-plug.

Station A is provided with the usual re-
cerver, transmitter, induction-coil, gravity-
1S
connected by wires 1 2 with the jacks a b and
with relays ¢ d (relay ¢ being differentially
wound) and the battery f. Circuit 3 leads
through the armature-contacts of the relays
and the line-signal g. The answering-plug A

18 provided with two contact-points, the tip

20

 two contacts, the tip
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being connected with strand 4 and the sleeve-
contact with strand 5 of the cord of the an-
swering-plug. The pair of relays 4 % should
be of high resistance as compared with the
colls of the line-relays ¢d. Subscriber’s sta-
tion B is provided with the usual apparatus
and 1s connected by wires 6 7 with the spring-
jacks I m, relays n o, and battery £.  The cir-
cult 8 from the battery fis connected through
the contacts of relays n o and the line-signal
p. 'The connecting-plug ¢ is provided with
bemg connected with
the strand 9 and the sleeve being connected
with the strand 10. The calling-key » and
the listening-key s are arranged in the well-
known way, each consisting of two springs or
levers, which are by a cam-lever or in some
other well-known way thrown upon their re-
spective contacts when desired. = The pair of
relays ¢ u are arranged with respect to their
corresponding plug ¢, as are the relays i k to
plug h, so that the supervisory or clearing-
out signal v may be properly controlled.
The relay u 1s provided with an extra arma-

ture, the back contact thereof leading to wire

11, which extends to the busy-test apparatus,

- which is of well-known construction and op-
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J through relays d c.

eration. The front contact of said extra
armature, against which the armature is
closed when the magnet of the relay u is ex-
cited, serves to complete the talking-circuit
between strand 4 to the tip of the answering-
plug and strand 9 to the tip of the connect-
mg-plug.

I will now describe, with reference to the
drawing, the manner of connecting and dis-
connecting two telephone-lines. The sub-
scriber at station A on removing his receiver
from its hook completes circuit from battery
Relay ¢ being diff
tially wound remains inert, relay d becoming
active and completing the circuit 3 through
lamp g, which will glow. The operator an-
swers the call by inserting plug % in jack b.
This act causes increased current to flow
through the winding of differential relay ¢,
included in limb 1, while a partial shunt or
short circuit is formed around the coil of said
magnet 1 the circuit of limb 2. The relay
thereupon becomes excited and attracts its
armature, breaking the circuit of branch 3

and extinguishing the line-signal ¢. When |

| this action takes place, current from wire 12

erell-

§
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connected with battery f, is directed by
branch 13 through winding of relay 4 to the

65.

tip-strand 4 of the cord, and in the other di-

rection by branch 14 through the winding of

relay £ to strand 5 of the cord connected
with the sleeve of the plug, so that the pair of
magnets 7 £ will be excited and both their
armatures attracted and the clearing-out
signal v will be put in position to be dis-
closed when the subscriber at station A

-hangs up his receiver upon its switch-hook.

I will now trace the circuits from the bat-

‘tery, asuming that plug A is inserted in the

jack b. First, it will be apparent that the
relay d will be still in the circuit of the two
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limbs 1 2 of the telephone-line and will be ex-

cited to attract its armature. The differen-
tial relay ¢ which was neutral before plug
was mserted in jack b now becomes active,
since current from battery f may be traced
from wire 12 to wire 14, thence to wire 5, the

sleeve of the plug, thence to the limb 1 of the -

telephone-line, and thence through the left
coil of differential magnet ¢ to the other pole
of the battery, the current in said coil being
thus increased. Tracing from wire 12 and
wire 13 to limb 2 of the telephone-line it will
be seen that the richt winding of differential
magnet ¢ 1s shunted with respect to the bat-
tery. I will say in passing that the windings

of magnet ¢ are shown on the opposite ends

of the core merely for convenience in illustra-
tion. The differential winding could be
either twin wound superposed one upon the
other, or as illustrated whichever might be
most convenient, the superposed coils being
the most common method for producing neu-
trality in the magnet by differential winding.
The plug 2 being inserted in switch b, as we
have assumed, and the receiver at station A
being removed from the hook, both relays i %
will be excited—that is to say, as previously
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partially described—the ' circuit from one

pole of battery f may be traced to wire 12,
wire 13 to strand 4 to the tip of the plug %,
thence to limb 2, and thence through the
transmitter and switch at station A to limb
1, and thence to the other pole of the battery.
When the subscriber replaces the receiver on
the switch, the connection for the battery be-
tween limbs 2 1 of the telephone-line will be
broken at the switch, and thus the circuit of
the battery through relay 4 will be broken,
and said relay becoming neutral its armature
will be retracted, bringing into circuit the
disconnecting-signal v, which will glow and
serve as a signal to withdraw the plug 5. Tt
will be observed that when the receiver.at
station A 1s thus hung up the relay % remains
n circuit and will be excited, the circuit, as
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previously traced in part, being from 12 to~

wire 14, thence through the winding of relay k
to strand 5, thence to the sleeve of plug A,
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thence to the ring of switch b to limb 1 of the
telephone-line, and thence to the other pole
of battery 1. o | '

The action of relays t « and their relations
to the disconnecting-signal » and to the
switch at station B are the same as described
with respect to the apparatus at station A
and do not need further elucidation.

As a matter of practice in the operation of
a telephone-exchange it is usual to wait until

both the signals v v are disclosed before pull-

ing out the plugs ¢ and A. These sionals,
however, disclose to the operator the condi-
tion of the apparatus at each of the stations.

The battery f may be of, say, twenty-four
volts pressure. The windings of the relays
i & and ¢ 4 may be as to each of about five
hundred ohms. Each of the windings of the
differential relay ¢ may be of, say, fiftty ohms,
and the windings of the non-differential relay
d may be of a hundred ohms. The resist-
ances of the windings of the different relays
and the voltage of the battery may be varied
oreatly. It is moreover evident that the use

of two relays, as ¢ d, one of them being wound

differentially and permanently connected to
the telephone-line combined with the battery
and the line-signal, as herein described, may

" heutilized in association or combination with
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other cord-circuits and various other forms of

‘supervising apparatus.

Having thus described my invention, 1
claim— R |

i. In a telephone-exchange system, the
combination with the two limbs of a tele-
phone-line extending from a substation to a
central office, of two doubly-wound relays

“having one winding of each included per-
manently in each limb of the line, a source of
40 current connected with the line at the central |

3

| office means at the substation for controlling

the flow of current through all of said wind-
ings, means at the central office for directing

an excess of current through those windings -

included in one limb of the line and for de-
tracting part of the current through those
windings included in the other limb when
connection is made with the line, and a hne-

signal controlled jointly by the two relays.

2. The combination with a telephone-line
extending in two conductors from a central

50‘

source of current to a substation, a switch at

the substation controlling the line-circuit,
two line-relays each having two windings in-
cluded permanently in said line conductors,
respectively, the two coils of one of said re-
lays being differentially wound, a local cir-
cuit containing a line-signal controlled jomtly
by said relays, a two-part spring-jack for the
line at the central office, a corresponding plug
and cord-circuit, two supervisory relays imn-
cluded in a bridge of the cord-circuit and
controlling jointly a supervisory signal, said

“supervisory signal being displayed when one

of said supervisory relays is excited and the
other inert, and a connection from said
source of current to said bridge at a point
between said supervisory relays, whereby
when connection is made with the line said
differential relay is excited to withdraw the
line-signal and the supervisory signal 1s
brought in position to be displayed upon the

termination of conversation.

In witness whereof I hereunto subscribe
my name this 31st day of March, A. D. 1903.

~ JOHN G. ROBERTS.

Witnesss:
W. W LEAOH,
0. M. WERMICH.
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