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To all whom it may concern:

Be it known that I, WiLLiam W. DEax, a
citizen of the United States of America, and
a resident of Chicago, county of Cook, and
State of Illinois, have invented a certain
new and useful Improvement in Telephone
Trunking Systems, of which the following is

- a specmcatlon
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My invention relates to new and useful
improvements in telephone trunking sys-
tems adapted for use in connecting tele-
phone-lines together for conversation.

In anapplication filed by me June 28,1902,
Serial No. 113,581, I have shown and de-
scribed a trunking system for use in connec-
tion with telephone-lines of the “Dunbar”
or ‘“‘two-wire’” type in which the cut-off re-
lays are operated over a portion of the talk-
ing-cireuit.

‘\Iv present invention relates to trunkmO'—
circuits designed particularly for use in con-
necting to%ther lines of the two-wire or
Dunbar type above mentioned with lines of
a different type, although some of the fea-
tures of the invention are of a more general
application and may be employed with vari-
ous types of lines.

One feature of my present invention is to

paratus associated with a trunk in condition
to operate by cwrrent flowing over a circuit
entirely independent of the ground connee-
tions which may exist on a subscriber’s line
and which, in case they are present, are apt
to be faulty and at which earth-currents are
liable to be found.

Other features of the invention will be par-
ticularly brought out in connection with the
description and claims.

In the accompanying drawings, which rep-
resent my invention, and in which the same
reference characters are used to designate
like parts throughout Figure 1 is a diagram
showing subscribers’ lines 1 terminating at dif-
ferent ofﬁce's with the trunking and other
circuits extending between said offices to con-
nect the lines together for conversation; and

TFig. 2 represents a similar arrangement, ex-

cept that a different called-subscriber’s line
is shown and is equipped with more than one
subscriber’s station and in which a different
testing arrangement is provided.

Referrmw o Fig. 1, Li designates one of the

plurality of subscribers’ lines terminating at
the central office C. This line extends intwo
limbs 2 and 3 from the subscriber’s station A
to the said central office C, where it isfitted
with suitable answering and multiple jacks or
connection-terminals J J% At  the sub-
seriber’s station the usual telephone instru-
ments are provided and consist of a trans-

6o

mitter 4, a receiver 5, a ringer or call-bell 6,

and the condenser 7. The switeh-hook 8 is
adapted in its normal position and when the
recelver is placed thereon to open the circuit
through the transmitter 4 and receiver 5 and
to close it through the call-bell 6 and con-
denser 7. A retardation-coil 9 is connected
at the substation when the hook is raised in
parallel with the receiver 5 and condenser 7
to provide a path transparent to steady cur-
rents, but opaque to voice-currents. The
line conductors 2 and 3 include, respectively,
the armatures or springs 10 and 11 of the cut-
off relay R, which is permanently levged to
ground from the sleeve- contacts 7* 7* of the
Jacks Jd J%  The armature or spring 10 is nor-
mally connected with ground through the
conductor 12, while the opposite armature 11
is normally connected with conductor13, con-
taining the line-relay R* for the line, said con-
ductor leading to the live or ungrounded
pole of the. central battery B’, the opposite
pole of which is grounded. The line-relay
R? controls thirough its armature the circuit
of the line-signal 8. The forward contacts
14 and 15 of the cut-off relay R are adapted
to connect the jacks and the switchboard-sec-
tion of the line with the external line-circuit
when the said cut-off relay is energized.

. At the central office C the usual operator’s
cord-circuit is provided, said eord-circuit

‘having an answering-plug P and a calling-

plug P, each being provided with a tip-con-
tact p and a sleeve-contact p? adapted to
register with like contact-surfaces § and j* in
the jacks of the line when the plug 1s inserted
therein. The tip-contacts of the plugs are
connected together by means of the tip-

strands ¢ and £ of the cord-circuit and the.

interposed condenser ¢, while the sleeve-con-
tacts are hkew1se connected by the sleeve-
strands s and s* and the interposed condenser
¢t Aconductor 16 extends from the ground-
ed pole of the battery B’ to the tip strand ¢
and contains the winding of the tip super-
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2

visory relay 7%, associated with the answer-
ing-plug P, while the live pole of the battery
is connected, by means of conductor 17, with
the answering sleeve-strand s and includes
the'winding of the sleeve supervisory relay
r3. .These relays * and r* serve to control the
circuit. of the supervisory lamp S?, associated
with the answering-plug P, the former relay
serving to normally close said circuit of the
lamp, while the latter relay normally opens
the same. The'battery B*1is assoclated with
the opposite or calling end of the cord-circuit
and 1s connected by conductors 18 and 19
with the tip and sleeve strands #* and s?, re-
spectively, the former eonductor including
the winding of the supervisory relay =, while
the latter conductor 1includes the similar re-

lay 7. ~ These relays serve in a manner simi- .

lar to the relays 7 and 7 to control the circuit
of the supervisory lamp $°, associated with
the calling-plug P2 .

The relays »* and  are conveniently re-
ferred to as the “tip-relays” and relays
and 7° as the “sleeve-relays,” since they are
connected with and operated by current flow-
ing over the corresponding strands of the
cord-circuit. The tip-strand # of the calling
and testing plug P? is normally open through
the extra spring or movable contact 20 of the
sleeve-relay 7°, but is adapted to be closed by
the said spring and its forward contact 21
when the relay is energized. The back con-
tact 22 of this extra spring 20 is connected
through the medium of conductor 23 with
one side of the. high-resistance and high-im-
pedance relay 7°, known as the “test-relay,”
the other side of which is grounded. The ar-
mature of this relay is likewise grounded, and
its forward contact is connected with the pri-
mary winding of the operators’ induction-
coil 25 by means of conductor 24. The
other end of the said primary winding is con-
nected through the medium of conductor 26
to the live pole of the battery B2, a retarda-
tion-coil 27 being included in this eircuit.
The operator’s transmitter 28 is joined on
one side to conductor 26 intermediate her

primary coil and the coil 27 and on the other .

side through conductor 29 to ground. A
condenser ¢* is included in the operator’s lo-
cal circuit to facilitate talking and is con-

nected as shown. The secondary winding of

her induction-coil 25 is adapted to be in-

-cluded, together with her receiver 30 and a
.condenser ¢*,in a bridge between the strands

of the cord-circuit by means of any suitable
key.and indicated diagrammatically- by % %.
Branch connections 31 and 32 lead from
opposite sides of the receiver and secondary
to an order-key k?, connected with an order
circuit or wire 33, leading to the office C2. A
grounded alternating-current ringing-genera-
tor ¢ is adapted to be connected through a
resistance-lamp with the tip-strand # of the
cord-circuit by means of the tip ringing-key

848,814

spring k%, the sleeve-contact k* of said key
being connected with battery-lead 26 through
wire 26 and resistance 26°.

Atrunk-circuit is shown extending between
the central offices C and C?, said trunk-cir-

cuit being fitted at the outgoing end with’

multiple jacks J° and J* and with a retarda-
tion-coil 34; legged to ground from the sleeve
side of the circuit. The trunk extends in
two limbs 35 and 36 to the central office (2,
where it is provided with suitable means for
testing the condition of the wanted line, for
ringing the desired subscriber, and with sig-
nals to enable the operator to properly at-
tend the connection. The tip and sleeve
trunk-conductors 35 and 36 terminate at the
incoming ‘office in windings v’ and w? of the
repeating-coil W, and between said windings
the trunk-relay v is connected, said relay
being of highresistance.. The opposite wind-
ings %* and w* of the repeating-coil W with
an interposed condenser ¢® are connected be-
tween the tip-strand # and the sleeve-spring
s* of the flexible end of the trunk-cireuit, said
end being hereinafter referred to as a *““trunk-
cord.” These strands terminate in the cor-
responding contacts p and p? of the trunk-
plug P2, A relay #* is connected with the
sleeve-strand of the trunk-cord by means of
conductor 37, leading from the live pole of
the battery B® to the point 38 and thence by
conductor 39 to one side of the relay %, the
other side of which is connected by con-

_ductor 40 with the sleeve-strand s* of the

trunk-cord at point 41, this relay being
therefore adapted to respond to current in
the line when the subscriber’s telephone is
off the hook, the return path for current be-
ing completed over the tip-strand of the
cord-circuit and through the ground branch
42, connegted with the tip-strand at point
43. Thus relay 7° when actuated closes
through its spring 44 a short circuit of the
trunk-relay 7/, consisting of the conductors
45 and 46, which deprives the trunk-relay of
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operating-current and allows its armature

to return to normal position.
connected on one side by conductor 47 with
the point 38 on the battery-wire 37 and upon
the other side by conductor 48, leading to
the contact k* of the ringing-key, which is
adapted to be grounded when actuated by
the conductor 49.  The spring 50 of the re-
lay r° closes through its forward contact a
locking-circuit for itself, the said forward
contact beéing connected by .conductor 51

A relay r° is-

11§

120

with the conductor 48 at point 52 and the -

said spring 50 being connected by a con-
ductor 53 with the contacts 54 of the plug-
seat switch, the springs 55 of which are
grounded and are separated from the con-
tacts 54 when the plug isin the seat. When,
therefore, the ringing-key is actuated, a cir-
cuit for the relay r° from the batiery B? is
initially closed through contacts of seid key,
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and as soon as actuated the locking-circuit
is closed through the contacts of the plug-
seat switch, the plug P* being at this time
out of the seat and inserted in the jack of the
called-subscriber’s line.
connected on one side by conductor 56 with
the point 57 upon the main battery-lead 58
and upon the other side by means of con-
ductor 59, léading to the signal-lamp S,
which may be termed the “guard’” and **dis-
connect” lamp. The other side of the lamp
is connected, by means of conductor 60, with
the armature 61 of the trunk-relay ', the
back contact of which is connected by con-
ductor 62 with the back contact and spring
63 of the relay 7%, which spring is connected

with the forward contact of grounded spring -

70 of the relay r° whereby when the trunk-

relay and the relay 7° are deénergized and

the relay »° is energized a path for current is
provided through the pilot-relay v* and the
signal-lamp S, this circuit occurring when
the called subscriber has hung .up his tele-
phone and the operator has disconnected the
cord-circuit from the outgoing end. The
pilot-relay, as is understood, controls the cir-
cuit of the pilot-lamp S¢.  The forward con-
tact of the. trunk-relay * is joined by con-
ductor 71 to the back contact of the spring
70 of the relay 7°, whereby when the trunk-
relay is actuated and the relay r° is deéner-

‘gized a complete circuit for the lamp 5° and

the pilot-relay r**is closed, this taking place

-when the connection has been established at

the outgoing end of the trunk and before
connection has been made at the incoming
end, whereby a call or guard indication is
given by the said signals: - A ringing-signal
St is provided, its circuit: being completed
over conductor 37 to the point 38, thence by
conductor 72 to the point 73, and thence by
conductor 74 to the lamp S* which is con-
nected upon its opposite side by conductor
75 with the back contact of the armature of
the locking-relay 7, said armature being
joined by conductor 76 with point 77 upon
the conductor 69, before described.
this arrangement it will be seen that when
the relay 7° only is energized a path for cur-

rent will be completed through the ringing-

lamp S, which will be lighted. A locking-
relay 71! for the ringing-lamp is connected on

one side by conductor 78 with the point 73

and upon thé opposite side by conductor 79,
leading to the %()rWard contact of spring 68
of relay 7%, whereby when the tip-relay 7° is
actuated a circuit is initially closed from the
battery through said relay to cause it'to
open t%le circuit of the ringing-lamp S*. The
same movement of the armature closes a
Jocking-circuit for itself over conductor 80
from conductor 79 through its armature and
over conductor 76 through conductor 69 and
spring 70 of relay » to ground.

A ringing-generator ¢* is provided for the

A pilot-relay r* is

From .

8

-trunk-cord and is adapted to be connected

with the tip-strand thereof by means of the
contact A’ of the ringing-key. It will be un-
derstood that any of the usual manually-op-
erated ringing-keys may be used in which the
contacts are all actuated simultaneously by
means of the ordinary key-lever. A third
contact h* may be provided in the sleeve-
strand of the trunk-cord, which when actu-
ated is grounded to provide a free path for
the return of the ringing-current in case the
subscriber should respond during ringing.

7¢

75

The tip of the trunk cord-circuit is normally .

connected through the movable contact 81
of the relay »° and its normal contact with
the conductor 82, leading to the tertiary
winding 83 of the operator’s induction-coil

8a

and thence by conductor 84 to the point 85

upon the battery-lead 58, whereby the tip of
the plug is normally connected with the live
pole of the battery. When the rely r* is ac-
tuated, the spring 81 thereof is disconnect-
ed from the testing-circuit and completes
through its forward contact the tip-strand
for ta%king. The operator’s transmitter 86
is placed m a local circuit with the primary
of the induction-coil and may be charged by
means of a local battery. The secondary 87
of her coil is connected in series with her re-
ceiver 88 and the condenser 89 in the order-
circuit 33. The telephone-line 12, terminat-
ing at the central office C?, is provided at the
substation with the usual instruments and
with a grounded signaling-bell 6, a local bat-
tery 90 being provided for talking purposes.
At the cental office the line is furnished with
multiple jacks J° and J7, as many as desired
being employed, the tip-spring j serving when
lifted by means of the connecting-plug to
close through its associated contacts the lo-

cal circuit of the cut-off relay R*®, which

when actuated serves to disconnect_the sub-
seriber’s line from the signal S to connect the
jacks J® and J7 therewith. At the same time
the testing-contacts {, which are connected

-together and at all times insulated from the

85
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talking-circuit, are connected with ground -

through conduector 91, the forward contact
and spring 92 of the cut- off relay R3, and
through the five-hundred-ohm resistance-coil
93 to ground.

The operation is as follows: The A sub-
scriber desiring a connection with a sub-

' seriber located at another.exchange removes

his receiver from the hook, and thereby
closes a path for current between the limbs 2
and 3 of his line through the transmitter 4
and retardation-coil 9, the condenser 7 and

receiver 5 being connected in parallel with

the retardation-coil. The closing of this cir-

‘cuit permits current to flow from the battery

B’ through conductor 13, line-relay R?
spring' 11 of cut-off relay R, limb 3 of the

134;

120

125

telephone-line, through the retardation-coil -

9 and transmitter 4 at the substation; and

130
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thence over limb 2 back to the central office
and spring 10 of cut-off relay R, through con-
ductor 12 to ground. The line-relay R? is
thus operated and closes the circuit of the
signal-lamp 8 to ground from the conductor
13. The operator upon seeing the line-signal
exposed inserts the answering-plug P into
the answering-jack J of the subscri%er’s line
and connects her telephone 30 with the cord-
cireuit by depressing the listening-key %  to
receive the order from the subscriber. The
insertion of the plug P closes a circuit
through the cut-off relay R from the live
pole of the battery B’ through conductor 17 ,
sleeve supervisory relay , sleeve-strand 8,
sleeve-contacts p* and §* of the plug and jack,
thence through the winding of the cut-off
relay R to ground. The operation of this
relay disconnects the armatures 10 and 11
from the ground-wire 12 and from the bat-
tery-lead 13 and connects them through the
forward contacts 14 and 15 of said armatures

‘to the normally disconnected jacks J J=.

The operation of the supervisory relay 73
over the path just traced serves to elose
through its armature and front contact the
cireuit of the supervisory signal S2, which is
associated with the plug P; but it is pre-
vented from glowing by the operation of the
tip supervisory relay 72, which is connected

in the conductor 16 and receives current over -

telephone-line and' the tip-strand ¢ of the
cord-circuit and through the conductor 16 to
the grounded pole of the battry B’ as soon as
the cut-off relay R is operated, The super-
visory signal S? therefore remains inert while
the battery B’ furnishes current over the me-
tallic telephone-line for the operation of the
supervisory relays and for conversational
purposes. The operator’s transmitter 28 is
receiving current at this same time from the
battery B? over the conductor 26, through
retardation - coil - 27, thence through the
transmitter 28 and over conductor 29 to
ground, Whensound-wavesstrike the trans-
mitter 28, the current flowing therethrough

. is varied, which causes a variation of the

50

6o

65

charge in the condenser ¢* and a correspond-
ing surge of current through the primary of
her induction-coil 25. These induce voice-
currents in the secondary, which are trans-
mitted to the line, and the operator is there-
fore able to converse.with the calling sub-
scriber.

Upon learning that a subscriber in the ex-
change C* is desired the A operator depresses
the order-key k* to connect her telephone
with the order wire or cireuit 33 and repeats
the number of the wanted subscriber to the
B operator, whose head-telephone 88 is per-
manently connected with the said order-
wire. The latter operator designates the
trunk to be used for the connection and pro-
ceeds to test the condition of the wanted line
with the tip of the plug of the incoming

848,814

trunk named. If the line is.idle, the cut-off
relay R® will not be operated, and the test-
rings will be disconnected therefrom, so that

a complete circuit for current through the’

battery B* will not be established, and no
“click” will be received by the operator. In
case of a connection, however, at one of the
jacks of the wanted line the cut-off relay is
actuated, and the test-rings * are connected
to ground. Upon touching the tip of the
plug P* thereto, therefore, a complete circuit
for current from the battery B° is provided
over conductor 58 84, the tertiary winding of
the- operator’s induction-coil, conductor 82,
spring 81 of relay %, and the tip-strand # of
the cord and over conductor 91, spring 92 of
the cut-ofl' relay 7%, and through the resist-

79
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ance 93 to ground. The operator will there- .

fore receive a click in her receiver and will.

know that the line is busy. Assuming, how-

‘ever, that the line is found idle, the plug is in-

serted in the adjacent jack of the sub-
seriber’s line and the ringing-key actuated.
The actuation of the ringing-key, as before
pointed out, connects the generator ¢* with
the tip side of the line and actuates the call-
bell 6 at the subscriber’s station. It also
closes the contact A to ground, which actu-
ates the relay r° over local circuit from the
battery B?, comprising conductors 37 and 47,
the relay itself, conductor 48, to the ringing-
key and thence over contact A? thereof and
conductor 49 to ground. As soon as this re-
lay is actuated the locking-circuit - before
mentioned is closed through its spring 50 and
the plug-seat switch, the contacts of the lat-
ter being closed to ground owing to the fact
that the connecting-plug P* has been re-
moved from the seéat.

drawn from the line and placed in the seat.

A testing-circuit is opened by the spring 81.
-of the relay #°, and the tip-strand of the

trunk-cord 1s completed thereby. Spring 70
thereof closes upon its forward contact, and
thereby completes a path for current through
the ringing-lamp S, said path including con-
ductors 37 72 74, the lamp itself, conductor
75, the back-contact armature of the trunk-
relay 1, conductor 76, to point 77 , and
thence over conductor 69 to the forward con-
tact and spring 70 of relay r* to ground.
This lamp 1s therefore lighted and indicates
to the operator that the subscriber has not
yet réesponded. :

At substantially the same-instant that the
plug P*is connected with the wanted line the
plug P* of the cord-circuit at the A office is
connected with the trunk, with the result
that current flows over the supervisory relay
77 to disconnect the test-relay * and close the

tip-strand of the cord-circuit for conversa- -

tion. Current then flows over the outgoing
end and actuates the trunk-relay »*, which

90

95

100

This relay will there- -
| foreremain actuated during the remainder of
.the connection or until the plug P? is with-
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opens the circuit of the disconnecting-lamp
S* and prevents its operation at this time.

The resistance of the trunk-relay is sufficient -

to prevent the actuation of the tip supervi-
sory relay »*'in the A cord-circuit, whereby
thie supervisory lamp associated therewith
remains actuated and indicates to the.opera-
tor that the subscriber has not yet responded.

When the .called subscriber responds, a
path for current through the relay »* is pro-
vided from the live pole of the battery B?

‘over conductor ‘37 to point 38, conductor 39

. to the relay 7%, and thence over conductor 40

15

20

25

to the sleeve-strand of the trunk, and over
the sleeve side of the subscriber’s line- to
the substation, and back over the tip side of
the line and through the tip-strand of the
trunk-cord and conductor 42 to ground.
This actuates' the. relay %, the resistance of
which is high to prevent too large a current
from flowing through the subscriber’s instru-
ments and closing & short circuit of the trunk-
relay . The removal of the resistance of.
the trunk-relay permits a sufficient flow of

current over the A cord-circuit to actuate the -

- supervisory relay 7, and thereby opening a

30

circuit of the supervisdry lamp S* to indicate
to the operator that the called subscriber
has responded. - The trunk-relay being de-
prived of current permits its armature to re-
turn to normal position, which would actuate

+ the disconnect-lamp S° save for the fact that

35. forward contact the initial circuit of the lock-

40
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its circuit is opened. by the spring 68 of the
relay 7°. The spring 68 closes through its

ing-relay #, said circuit. being ‘completed
through the battery B? over conductors 37 72

78, thence through the locking-relay and

over conductor 79 to the forward contact of
spring 68, thence by way of conductor 69 and
spring 70 of relay r° to ground. - This relay
1s thus actuated to render the ringing-signal
S* inoperative and to elose its locking-circuit
over conductors 80, through itsarmature, and
by way of conductors 7669 and spring 70 to’
ground. This circuit remains closed through
the remainder of the connection, or until the
relay r®is deénergized. - | ' .
The subseribers are now conhected together
for-conversationt. The battery, B is furnish-
ing current to the -A.subscribers for talkin,
and for the-operation of the.supervisory an

. other relays associated therewith, while the

battery B? is furnishing current over the
trunk-cord for the operation of the relays as-.
sociated with the cord-cireuit, and the bat-
tery B? serves to actuate the relay r* and the
other apparatus associated with the incoming
trunk. The voice-currents are transmitte
inductively from one portion of the circuit to
the other at the Aoffice through the condens-
ersin the cord-circuit, while the repeating-coil
windings at the B office serve to repeat them:
from one portion of the circuit to the other.
In case the called. subscriber’s line had

o

-been busy or the subscriber had failed to

answer the plug P® would have been inserted
in one of the jacks J° or J®of the ““busy-
back” or ‘‘ don’t-answer’’ apparatus. These
circuits comprise an induction-coil 94, hav-
ing its primary in circuit with the rapidly-ro-
tating circuit-breaker 95 and the battery B¢,
this battery being preferably the same as
battery B?, though shown separately for con-
venience. The secondary of the induction-
coil 94 is connected in circuit with the rapid
circuit-breaker 94 and the more slowly ro-

70

75

tating interrupter 95. From the interrupter .

96 a conductor 98 leads to the sleeve-con-
tactsof the busy-back jacksJ?® through a fifty-
ohm resistance-coil 99, while interrupter 97
is connected by conductor 100 through the
resistance-coil 101 to the sleevesof the don’t-
apswer jacks J°% The tips of both sets of
jacks are united by conductor 102 with a
%rounded pole of the battery. The circuit-

reaker 95 causes induced currents in the
secondary circuits, which are interrupted at
short intervals by interrupter 96 and at longer
intervals by the interrupter 97 to cause dis-

- tinctive tones at the jacks J? afd J¢, whereby

when a trunk-plug is inserted in one or the
other of the jacks a-corresponding signal is
transmitted to the waiting subscriber: - It
will be seen that when a plug is inserted the
circuit of the battery B? over the sleeve side
is interrupted by the interrupter 96 or 97, as
the case may be, which alternately energizes
and deénergizes the relay 7°, whereby super-
visory lamp .S associated with the A cord-

8o

85
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100

circutt, is flashed. At the same time the. -

distinctive tone caused by the induction-coil.
95 is sent to the waiting subscriber. S

- At the termination of the conversation.
when the A subscriber returns his receiver to

10§

the hook a supervisory signal S, associated -

with the A cord-circuit, is lighted. When

the subscriber at the A office hangs up his- '.

telephone, the relay +* is deprived of operat-
ing-current, which introduces the resistance .
of.the trunk-relay " ‘into the metallic circuit
of the outgoing end of the trunk, which
causes the lighting of the supervisory relay

“8* in the A cord, thus indicating to the A op-

erator that the conversation has terminated.
The cord-circuit is' then disconnected from
the trunk, with the result that the trunk-re-
lay is deprived of operating-current and’
closes, through its back contact, the circuit
of the disconnecting-lamp S°, said circuit be-
ing completed from the live pole of the bat-
tery B? over conductor 58 to point 57, con-
ductor 56, pilot-relay %, conductor 59, dis-

-connect-signal $°, conductor 60, spring 61 of

trunk-relay 7, conductor 62,spring 68 of re-
lay 7%, conductor 69, and spring 70 of relay r°
to ground.. The pilot-signal S° is simultane-
ously-actuated to attract the attention of the
operator: to the disconnect-signal. The op-
erator at the incoming end .of the trunk no-
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S

ticing the disconnect-signal withdraws the

trunk-plug from the called line and inserts it

in the plug-seat, whereby the locking-circuit
for the relay »* is opened, which restores all
parts to normal position. The disconnect-
signal & serves also as a guard-lamp in case
the A operator inserts the calling-plug P?into
a wrong trunk-jack, for the reason that the
trunk-relay wiil be operated, while the sieeve-
relay 1s not operated. A circuit will there-
forbe completed from the live pole of the bat-
tery B* over conductor 58 to point 57, con-
ductor 56, relay #* conductor 59, guard-
lamp S*, conductor 60, spring 61 of trunk-re-
lay 7, its forward contact, the conductor 71,
and the back contact and spring 70 of relay
r* and thence to ground. The disconnect-
lamp, as well as the pilot-relay, are therefore
lighted and indicate to the operator that a
mistake has been made. , o

The order-circuit 33, as is indicated by the

branch lines 332, connects the B operator:

with several A operators either at the same
or different exchanges.” The A operator is
also provided with a plurality of keys ¥* to
connect. herself with the different B opera-
tors. The busy back or don’t-answer appa-
ratus is common to the various sections of
the incoming trunk-board, as is indicated by
the radiating lines.

Although I have described the method of
making connections through the medium of
the order-circuit, I do not wish to so confine
the invention, for it is apparent that the A
operator is able, by meéans of her testing ap-
paratus, to test the condition of the several
trunks before her until an idle trunk is found.

. Upon so testing and finding an idle trunk she

may insert the plug P? of her cord-circuit,

with the result that the trunk-relay 7* oper-,

ates and lights the lamp S°, which has previ-
ously been termed the ‘guard-lamp,” but
which in this method of operation acts as a

‘calling-signal from the A operator to the B

operator. The B operator upon seeing the
signal 8° would depress her listening-key m’
orm?*, which would connect her receiver in se-
ries with the repeating-coil windings w® and
w*, these receiver connections being indi-
cated in dotted lines in Fig. 1. She is there-
fore able to communicate with the A oper-
ator. The presence of the condenser. ¢®
(shown in dotted lines and in parallel with
the trunk-relay »”) permits conversation be-
tween the operators at this time. Upon
learning the desired connection the B oper-
ator completes the cireuit, as. before de-
scribed. It will also be understood that had
the A subscriber called for a connection with
another subscriber in the same exchange the
line of that subseriber would have been test-
ed in the ordinary manner by means of the
cord-plug P* and the test-relay 7%, and the
subscriber would have been called by the
ringing-generator ¢° in the usual way.

848,814

Fig. 2 shows a similar arrangement of the -

trunk in which the subscriber’s line is pro-
vided with a plurality of substations and
with connecting-jacks having series contacts
therein in place of the usual cut-off relays.

70

The trunk-circuit is provided with means for -

selectively calling the several stations on the
line and with testing apparatus to cooperate
with a special form of test-contacts employed
in connection with the jacks of the line. The
cord-circuit with which connection is estab-
lished at the outgoing end of the trunk is in-
dicated differently, but is supposed to be
provided with the same apparatus shown in
Fig. 1. 1In this figure the tip strand of the
trunk-cord is normally connected with a test-
relay 7% which is of high resistance and im-
pedance to prevent a large variation of cur-
rent on the line tested. - The same arrange-
ment of operator’s circuit is provided as in
connection with the cord-circuit shown in
Fig.'1. 'The ringing-generator ¢* is connect-
ed, by means of contact A’ of the ringing-key,
with the tip side of the line, while the contact
h? connects the sleeve side of the line to
ground to provide a return-path for current

n case the subscriber answers during ring-

ing. A corresponding contact h*is provided
-which grounds one side of the relay »* when
the ringing-key is operated to actuate said
relay. The said generator can also be con-
nected with the sleeve-spring of the cord by
means of the spring o® of the ringing-key, the
tip-spring o/, which is operated at the same
time, being grounded and the spring o* serv-
ing to close a eireuit of the relay »*. It will
be understood that three springs.in each key
are operated simultaneously by the usual
key-lever. .The subscribers’ stations are
provided with apparatus of the same type as
shown on line L of Fig. 1, except that the sig-
naling-bell is grounded from one side of the
line at one station and from the othér side of
the line at the other station. At the central

‘office the jacks are provided with series con-
“tacts, whereby the tip side of the line is nor-
‘mally connected from the signaling device S

with one pole of the battery B? and the
sleeve side of the line is normally connected

_with ground, the contacts in the several con-

nections being carried through the series con-
tacts in the jacks when the plug is Inserted in

one of the jacks. The testing-terminals %, -
which are also the sleeve talking-terininals,

are connected directly with one side of the
talking-circuit, and when a plug is inserted
in one of the jacks current from the live pole
of the battery is present at the sleeve and
testing contacts. When, therefore, the line
is tested and is found busy, a complete path
for current is provided from the test-termi-
nal, which is raised to a potential above that
of the earth and over the tip side of the line
through the grounded test-relay r**, which is
actuated in the usual way to cause a “click”’
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in the operator’s receiver. When the line is
found idle, a trunk-plug is inserted and the
proper ringing-key is actuated to ring the de-
sired subscriber. The operation of the ring-
ing-key serves to actuate the relay r° to

~ thereby place the signaling and other appa-

10

ratus in condition to operate, as described in
reference to Fig. 1. The line-cifcuit during
conversation is unprovided with ground, and
no cut-off relay is used, the ground at the
plug-seat switch serving to cause the neces-
sary operation of the apparatus. Otherwise
the construction and arrangement of this
figure is the same as in Fig. 1 and is therefore
not specifically described, as it will readily be
apparent when considered in connection with
the description and explanation of Fig. 1. It
will be understood that the connecting appa-

. ratus of Fig.-2°may be employed in connec-~

20

25

tion with Fig. ‘1, although where desirable
the testing apparatus of Fig. 2 may be used
in Fig. 1; also, the different features of Fig.
1 may be used in connection with that of
Fig. 2. : ‘ .
~ The ground connections heretofore re-
ferred to, it will be understood, may and in

practice usually are one and the same, or’

they may be the common office-return, and
ground connections may be placed at the op-

= posite poles of the several batteries instead

of those shown in the diagrams, all of which
is apparent to those skilled in the art. The

- resistance of the relay r® may be five hundred

35

‘ohms, although the proportions may . be

larger without disturbing the operations of

_ the system. It is also apparent so far ‘as
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some features of the invention are concerned
that the lines may terminate in single cords
and plugs in place of the doulle cords and

plugs described and that the trnnks may ter-:

minate in jacks in place of the plugs and
cords.. ’ T s
I do not wish to be limited to the exact ar-

-rangement shown, for it is apparent that va-

rious changes and modifications may be
made therein and still come within the prin-
ciple of the invention; but =~~~

- What I do claim, and desire to secure by
Letters Patent, is— o

1.- The combination with 2 “trunk - line

‘adapted to connect telephone-lines together

for conversation,. of & signaling apparatus
for the incoming end of the trunk, a relay at
said end to place said apparatus in condition
to operate and adapted to be actuated during
connection with the called line and before the

called subseriber's response, and a locking-

cireuit for said relay closed by itself when ac-
tuated to maintain the same operated, sub-
stantially as described.

2. The combination with a trunk - line-

adapted to connect telephoné-lines together

for convetrsation, of:a signaling -apparatus’

for the incoming end, of the trunk, a relay at

said end getuated over.a local cireuit inde-

said second relay

7

pendent of the talking-circuit and trunk-con-
necting means, said relay serving to place
said apparatus in condition to operate, and a
locking-circuit for said relay closed by itself
when actuated to maintain the same oper-
ated, substantially as described.

3. The combination with a trunk - line
adapted to connect telephone-lines together
for ‘conversation, of a signaling apparatus
for the incoming end of the trunk, a relay at
said end to place said apparatus in condition

‘to operate, a local circuit therefor, a man-

ually-operated switch independent of the
trunk-connecting means to open and' close

‘said local circuit, said relay serving when ac-

tuated to close & locking-circuit for itself
whereby the same remains actuated, substan-
tially as described. :

4. The combination with a trunk - line
adapted to connect telephone-lines together
for conversation, of a signaling apparatus
for the incoming end of the trunk, a relay at
said end to place said apparatus jn condition
to operate, a local circuit therefor, a ringing-
key for the trunk to connect the calling-gen-
erator therewith, said key serving to open

‘and close said local circuit, and means to

cause said relay to lock itself in actuated con-
dition after the closing of said local circuit,
substantially as described.. :

5. The combination with & trunk - line
adapted to connect telephone-lines together
for conversation, of a relay at the incoming
end actuated by current over the trunk from
the outgoing end, a second relay at the in-
coming end, a signal also at the latter end.
whose actuation depends upon said relays,
said second relay being initially actuated
over a local circuit and a locking - eircuit
therefor to maintain the relay actuated, sub-

stantially as described.

6. The combination with a trunk - line
adapted to connect telephone-lines together
for conversation, of a relay at the incoming
end actusted by current over the trunk from
the outgoing end, a second relay at the in-
coming end, & signal. also at the latter end
whose: actuation depends upon said relays,
ewng initially actuated
over aloeal circuit independent of the talking-
circuit, and thereafter over a locking-circuit
closed by itself, substantially as deseribed. .
7. THe combination with a trunk - line
adapted to connect telephone-lines together
for conversation, of a relay at the incoming -
end actuated by current over the trunk from
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the outgoing end, a second relay at the in-

coming end, a signal also at the latter end

‘whose actuation depends upon said relays, a

local circuit for said second relay over which
it is initially actuated, a switch independent
of the trunk-plug for controlling said circuit,
and a locking-circuit- for said relay closed
by itself when actuated, substantially as de-
scribed.
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8. The combination with a trunk - line
adapted to connect telephone-lines together
for conversation, of a relay at the incoming
end actuated by current over the trunk from
the outgoing end, a second relay at the in-
coming end, a signal also at the latter end
whose actuation depends upon said relays a
loeal circuit over which said second relay is
initially actuated, a ringing-key for the
trunk to connect the calling-generator there-
to, said key controlling said local circuit, and
a locking-circuit closed by itself to thereafter
maintain the relay actuated, substantially as
described. _

9. The combination with a trunk-line
adapted to connect telephone-lines together
for conversation, of signaling apparatus for
the incoming end of the trunk, a relay at said
end to place said apparatus in condition to
operate, a locking-circuit for said relay closed
by itself when once operated, and a plug-seat
switch to open said locking-circuit when the
connection has been taken down and the
trunk-connecting plug has been seated there-
in, substantially as described.

10. The combination with a trunk-cireuit
adapted to connect telephone-lines together
for conversation, of signaling apparatus at

place said apparatus in condition to o erate,
a local circuit for said relay indepen&nt of
the talking-circuit, a manually - operated
switch to control said circuit, a locking-cir-
cuit for said relay closed by itself when actu-
ated to maintain the same operated during

the connection, and a plug-seat switch con-

trolling said locking-circuit which is adapted
to open the same when the connection has

- been severed and the trunk-connecting plug
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placed in the seat, substantially as deseribed,

11. The combination with a trunk-circuit
adapted to connect telephone-lines together
for conversation, of a signal for the Incoming
end of the trunk, a relay adapted when actu-
ated to place said signal in condition to oper-
ate, a local circuit for said relay independent
of the talking-circuit, a ringing-key for the
trunk adapted to connect the calling-genera-
tor therewith, said ringing-key serving when
operated to close said local cireuit, a locking-
cireuit for said relay to maintain the same op-
erated during conversation and after the
ringing-key has been returned to normal po-
sition and a plug-seat switch to control said
locking-circuit whereby when the connection
has been severed and the trunk-connecting
plug placed in the seat, the locking-circuit is
open, substantially as described.

12. The combination with a trunk-line
adapted to connect telephone-lines together
for conversation, of a relay at the incoming
end of the trunk acthated by eurrent over
the trunk from the outgoing end, a second re-
lay at said end, means for initially operating
sald latter relay during connection with 2

848,814

called line and before the subscriber’s re-

_SFODSQ: a locking-circuit for said latter relay
)

osed by itself when actuated, means for
opening said locking-circuit when the con-
nection is severed with the called line, and a
signal at the incoming end whose actuation
depends upon said two relays, substantially
as described.

-13. The combination with a trunk-circuit
adapted to connect subscribers’ lines together
for conversation, of a relay at the incoming
end actuated by current from the outgoing
end of the trunk, a second relay at the incom-
ing end of the trunk actuated during connec-
tion with the called line, a locking - circuit

therefor closed by itself when actuated, a

plug-seat switch for the incoming trunk-plug
controlling said locking-circuit and adapted
when the plug is in the seat to open the same,
and a signal whose actuation depends upon
said two relays, substantially as described.

14. The combination with a trunk-circuit
adapted to connect telephone-lines together
for conversation, of a relay at the incoming
end actuated by current from the outgoing
end, a second relay at the incoming end ac-
tuated over a local circuit, a manually-oper-
ated switch independent of the trunk-con-
necting plug to close said cireuit, locking-
circuit for said latter relay, means to open
said - circuit when the connection is taken
down, and a signal whose actuation depends
upon said two relays, substantially as de-
seribed.

15. The combination with a trunk-circuit
adapted to connect subseribers’ lines together
for conversation, of a relay at the incoming
end actuated by current from the outgoing
end, a second relay at the incoming end, a
local circuit therefor independent of the talk-
ing-circuit, a ringing-key to connect the call-
ing-generator with the Incoming end of the
trunk, said key serving when actuated to
close said local circuit, a locking-circuit for
the relay closed by itself when actuated, a
plug-seat switch having contacts in said lock-
ing-circuit and .adapted to normally open
same, when a trunk-plug is seated therein

"and a signal whose actuation depends upon

said two relays, substantislly as Hescribed.
16. The combination. with a trunk-line
adapted to connect telephone-line circuits
together, of a ringing-signal for the incoming
end of the trunk, a relay actuated over a lo-
cal cireuit distinct from the talking-circuit to
direct current through said signal to operate
the same when the subscriber has been called
but before his response, a ringing-key to con-
nect the.calling-generator with the incoming
end of the trunk, said key serving to close the
cireuit of said relay to ‘actuate the same, 1
second relay adapted to deprive said signal of
operating-current when the subscriber re-
sponds, and a third relay for locking out said
signal and means for maintaining actuating-
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current through said relay during thée re-
mainder of the connection, substantially as
described.

17. The combination with a trunk-line
adapted to connect subscribers’ lines together
for conversation, of a ringing-signal for the
incoming end of the trunk, a relay adapted to
direct current through said signal to operate
the same when the subseriber has been called
but before his response, the circuit of said
relay being initially closed before the sub-
scriber responds.and thereafter controlled
through a locking-circuit to maintain the

_same operated during the connection, a sec-
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ond relay adapted to deprive said signal of
operating-current when the called subscriber
responds, and means for locking out said sig-
nal during the remainder of the connection,
substantially as described.

18. The combination with a trunk-line
adapted to connect subscribers’ lines to-
gether for conversation, of a ringing-signal
for the incoming end of the trunk, a relay
adapted to direct current through said signal
before the called subscriber responds, a local
circuit for said relay initially closed in the op-
eration of the ringing-key of the trunk, said
relay being adapted to close a locking-circuit
for 1tself when actuated, a plug-seat switch
in said locking-circuit adapted to open the
same when the trunk-plug has been returned
to normal position; a second relay adapted
to deprive said signal of operating-current
when the: called subscriber responds, and
means for locking out said signal during the
remainder of the connection, substantially as
described. L

19. The combination with a trunk-line

adapted to connect telephone-lines together

for conversation, of a disconnect-signal for
the incoming end of the trunk, means oper-
ated by current flowing over a local circuit

‘independent of the talking-circuit for placingf

- said signal in condition to operate, said loca.
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circuit being closed by a switch independent
of the trunk-connecting plug, and further
means controlled by the connection at the
outgoing end of the trunk for rendering said
signal inoperative, substantially as described.

20. The combination with a trunk-line
adapted to connect telephone-lines together
for conversation, of a disconnect:-signal for
the inconiing end of the trunk, a relay actu-
ated by current over. a local circuit for plac-
ing said signal in condition to operate, said
local circuit being controlled by the trunk
ringing-key, and a relay actuated by current
over the outgoing end of the trunk when the
connection exists at said outgoing end to pre-
vent said signal from operating, substantially
as described.”

21. The combination with a trunk-line
adapted to connect telephone-line circuits
together for conversation, of a disconnect-
signal for the incoming end, a relay actuated

')

over a local circuit initially closed by the
trunk ringing-key when operated to call the
wanted ‘subscriber, said relay serving to
place said signal in condition to.operate, a
locking-circuit for said relay closed when the
relay is once actuated, a plug-seat switch in
sald locking-circuit to open the same when
the connection is taken down and the trunk-
plug is placed in the seat, and a relay ener-

-gized by current over the trunk from the out-

going end when connection’exists at said end
to prevent said signal from operating, sub-
stantially as described. »

22. The combination of a trunk-line, of a
cord-circuit to connect with its outgoing end
and a called subscriber’s line with which its
incoming end is adapted to connect, a signal
associated with the incoming end; a relay
also at said incoming end adapted to be op-
erated by current sent over the trunk-circuit,
a second relay at said incoming end adapted
to be operated by current flowing over a lo-
cal circuit, a ringing-key initially. controlling
said local circuit, said circuit being there-
after controlled through contacts of said re-
lay to maintain the relay operated, a plug-
seat switch to open the locking-circuit of said
relay when the trunk-plug is returned to nor-
mal position, said relays jointly controlling
the said signal so as to operate the sanie to
give a guard indication when the cord-cir-
cuit is connected with the trunk-circuit and
the trunk-circuit is disconnected from the
said line, or to place said signal in condition
to operateso astogive a disconnect indication
when the cord-circuit is disconnected from
the trunk and the trunk is connected with
the line, substantially as described.

23. The combination with a trunk-line, of

"a cord-circuit to connect with its outgoing

end, and a called subseriber’s line with which
its incoming end is adapted to connect, a
guard-signal for the incoming end of the

-trunk, means to actuate said signal by cur-

rent sent over the trunk when the cord-cir-
cuit is connected with the trunk, and further
means actuated by current sent over a local
circuit when the trunk is connected with the
called line to render said signal inert, said

local circuit being independent of the trunk-

connecting plug, substantially as described.
24. The combination with a trunk-line, of
a cord-circuit to connect with its outgoing
end, and a called subscriber’s line with which
its incoming end is adapted to connect, a
guard-signal for the incoming end of the
trunk, means to actuate said signal by cur-
rent sent over the trunk when the cord-cir-

-cuit is connected with the trunk, and furthes

means actuated by current sent over a local
circuit when the trunk is connected with the
called line to render said signal inert, said.
local circuit being closed through contacts of
the trunk ringing-key, subsiantially us de-
scribed. '

70

8¢

90

100

120

130



10

15

20

25

30

1O

25. The combination with a trunk-line, of
a cord-circuit to connect with its outgoing
end, and a called subseriber’s line with which
its incoming end is adapted to connect, a
guard-signaf for the incoming end of the
trunk, means to actuate said signal by cur-
rent sent over the trunk when the cord-cir-
cuit is connected with the trunk, and further
means actuated by current sent over a local
circuit when the trunk is connected with the
called line to render said signal inert, said
eircuit being initially controlled through con-
tacts of the ringing-key and thereafter com-
‘pleted through contacts of the plug-seat
switch, substantially as described.

26. The combination with a trunk-line
adapted to connect telephone-lines together
for conversation, of a si
end of the trunk, a reTay -actuated during
connection with the called line and before the
subscriber’s response to place said. signal in
condition to opérate, a second relay actuated
by current from over the trunk when a con-
nection exists at the outgoing end thereof, of
a third relay at said incoming end connected
with the sleeve-strand of the cord-circuit and

responsive to current in the line when. the "

called subscriber answers, said relays serving
to control said signal in such manner that
when the first relay is energized and the other
relays deénergized, the signal is actuated,
substantially as described. -

27. The combination with a trunk-circuit

gnal at the incoming .

848,814

adapted to connect subscribers’ lines to-
gether, a supervisory signal associated with
the outgoing end of the trunk, a high-resist-
ance trunk-relay at the incoming end, said
relay being normally disposed in the path of
current over the trunk to limit the flow there-
in, and thereby permit the operation of said
supervisory signal, a relay at the incoming
end of the trunk connected with the sleeve-
strand thereof, and responsive to current in
the line when the called subscriber answers
said relay serving to remove the resistance of
the trunk-relay to permit an increased flow
of current over the trunk to thereby render
said supervisory signal inoperative, substan-
tially as deseribed.. - C

'28. In a telephone system, the combina-
tion with a telephone-line, of a trunk-circuit
adapted to be connected therewith, of a ring-

ing-signal at the incoming end of the trunk .

pla.ceﬁ in condition to operate by current

sent through a local circuit independent of.

the taiking-circuit by the actuation of the

ringing-key, and again rendered inoperative

by current flowing over a portion of the talk-

ing-circuit when .the called subscriber an-

swers his call, substantially as described.

- Signed by me at Chicago, county of Cook,

State of Tlinois, this 23d day of July, 1902.

- WILLIAM W. DEAN.

Witnesses: ST '
RoserT LEWIs AMES,
GazELLE BEDER.
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