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UNITED STATES PATENT of FICE 
2,398,854 

TELEPHONE SYSTEM 
Arthur J. Ray, Chicago, Ill., assignor to Auto 

matic Electric Laboratories, Inc., Chicago, Ill., 
a corporation of Delaware 

Application October 21, 1943, Serial No. 507,067 
(C. 179-18) 14 Claims. 

The present invention relates to telephone sys 
tens in general, but is concerned more particu 
larly With the use of voice amplifier repeaters in 
telephone connections. 

It is the object of the present invention to pro 
vide automatic means for including a voice am 
plifier repeater in certain telephone connections 
established through the medium of automatic 
Switches. 

It is a feature of the present invention to pro 
vide a trunk repeater which is utilized in estab 
lishing telephone connections which may or may 
not require voice amplifier apparatus and to de 
termine whether the amplifier is to be included 
in or excluded from the connection by the oper 
ation of the automatic switches involved in the 
connection. 

It is a further feature of the invention to 
provide a trunk repeater which is selectable over 
either of two different paths and which controls 
the inclusion or exclusion of a voice amplifier re 
peater in the connection, depending upon the 
path. Over which the trunk repeater is seized. 

It is a still further feature of the invention to 
provide facilities in a two-way trunk repeater of 
the above type for repeating Supervisory signals 
in either direction over a connection. 

Further features of the invention pertain to the 
particular arrangement of the circuit elements of 
the telephone system, whereby the above outlined 
and additional operating features are attained. 

Novel features believed to be characteristic of 
the invention are set forth with particularity in 
the appended claims. The invention, together 
with further objects and features thereof, will 
best be understood by reference to the following 
specification, taken in connection. With the ac 
companying drawings, in which Figs. 1 to 3, in 
clusive, when placed end to end in the order 
named, illustrate a telephone system having in 
corporated therein the features of the invention 
as briefly outlined above. 

Referring now more particularly to the Oper 
ation of the system to set up different types of 
connections, a call originating on a line termi 
nating in exchange A and intended for a line 
terminating in exchange C will first be con 
sidered. Assuming that a call is routed to the 
manual operator's position in exchange A, the 
operator attending this position may forward the 
call in the usual manner by plugging a cord 
circuit at her position into a jack terminating 
the trunk 90. When this trunk is seized in this 
manner a circuit is completed for energizing the 

B over, a circuit as follows: ground, lower Wind 
ing of relay 30, winding, 3 of the repeating 
coil RC, contacts 24 and 3, positive conductor 
92 of the trunk line 90 through the cord cir 

cuit equipment at the operator's position in ex 
change A, negative conductor 9 of the trunk 
line 90, contacts ? and 22, winding 7 of 
the repeating coil RC, upper winding of battery 
feed relay 30, to battery. Battery feed relay 
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f30 energizes over the above-traced circuit and 
at contact 32 completes an obvious circuit for 
energizing the slow-to-release relay 20. At 
contact 3 f, relay f30 opens a point in the in 
complete circuit for relay 230 and at contact. 33 
it prepares a point in the circuit of conductor 
307 extending to the selector 380 shown in Fig. 3. 
As a result of the above-traced circuit for 

relay 2 ?o, this relay energizes and at contact 
2 prepares a circuit for relay 230; at contact 
212 it opens a point in the circuit of the ring 
back-tone conductor 96; at contact 24 it dis 
connects the battery potential through resistance 
26 from the test conductor 373; at contact 23 
it places direct ground potential upon the test 
conductor 373 in order to busy the repeater cir 
cuit of Figs. 1 and 2 to other switches, such 
as selector 350, having access thereto; and at 
contact. 25 it completes an obvious circuit for 
energizing the seizure relay 200. 
Relay 200 upon energizing, at contacts 20 and 

203 disconnects the battery feed relay 240 from 
windings 83 and f 85 of the repeating coil RC2, 
and at contacts 202 and 204 it substitutes there 
for the circuit including resistance 29 and the 
upper winding of relay 220. As a further result 
of the energization of relay 200, a circuit is Com 
pleted at contacts 206 and 207 for energizing the 
line relay 30 of the associated selector 380 in 
series with the upper winding of relay 220. The 
circuit for energizing line relay 30 of Selector 
380 may be traced from ground, lower winding 
of line relay 3 to, contact 304, positive conductor 
307, contacts 33 and 207, winding 85 of the 
repeating coil RC2, contact 204, upper Winding 
of relay 220, resistance 29 f, contact 202, Wind 
ing 83 of the repeating coil RC2, contact 206, 
negative conductor 306, contact 30, upper wind 
ing of line relay 310, to battery. Upon ener 
gizing, relay 30 prepares the selector 380 to 
receive impulses dialed by the operator at, ex 
change A. 
As a further result of the energization of 

seizure relay 200, a circuit is completed at cont 
tact 205 for energizing the lower winding of 

battery feed relay 30 in the automatic exchange 55 relay 220. It will be recalled that in the above 



2 
traced circuit for energizing line relay 30 of 
the selector 380, the upper winding of relay 220 
was included in this circuit and consequently its 
upper winding is also energized. However, the 
magnetic flux set up in the upper Winding of 
relay 220 at the present time opposes the mag 
netic flux set up by the circuit completed over 
the lower winding of the relay. Since the flux 
generated in the two windings of the relay Op 
pose each other, relay 220 is prevented from en 
ergizing at this time. The repeater circuit dis 
closed in Figs. 1 and 2 is now in condition to 
repeat impulses transmitted by the operator at 
exchange Ato the selector 380. 

Responsive to the seizure of the trunk lines fo 
by the operator at exchange A, relays: 30, 209, 
and 20 in the repeater circuit of Figs. 1 and 2 
are energized in the manner described above. 
As a further result of the seizure of the repeater 
circuit, the associated selector 380 is seized and 
the line relay 310 thereof is energized over the 
previously traced circuit. Selector 380 now causes 
dial tone to be transmitted to the Operator at eX 
change A. to indicate that the selector 380 is in 
condition to respond to impulses comprising the 
first digit. 

It will be assumed in the present instance that 
the operator at exchange Amanipulates the dial, 
associated with her cord circuit, to transmit in 
pulses indicative of the digit 5. Upon tie first 
momentary interruption of the loop circuit in 
cluding the battery feed relay 30, the relay 
momentarily restores to normal, opening the pre 
viously traced circuit for the Slow-to-release re 
lay 2 feat contact 32, and at contact 3 it con 
pletes a circuit from ground, by Way of contacts 
f3 and 2', through the winding of relay 23, to 
battery. Relay 230 energizes over this circuit and 
at contact 23 prepares a point in a locking cir 
cuit for itself, and at contact 232 it completes 
a multiple circuit in shunt of the upper winding 
of relay 220 and Winding 83 of the repeating coil 
RC2 in order to improve impulse transmission 
to the selector 380. Current flow in the upper 
Winding of relay 220 is not reduced sufficiently 
When the multiple circuit is completed to cause 
the relay to energize Over the circuit ingluding 
its lower winding. 
Due to the fact that relays 20 and 239 are of 

the slow-to-release type, the momentary inter 

5 

O 

20 

30 

40 

45 

50 
ruptions in their energizing circuits, responsive 
to the momentary deenergizaion of relay 30 dur 
ing impulsing, has no effect upon these relays 
and they remain operative during impulse trans 
mission. At contact 33, relay 30 interrupts the 
above-traced loop circuit for line relay 30 in 
order to repeat the impulse transmitted by the 
Operator at exchange A to the Selector 380. 

Accordingly, relay 39 follows the momentary 
interruptions under control of battery feed relay 
3 and thereby causes the wipers 320 to 322, 

inclusive, of the selector 380 to be raised in a 
vertical direction to a levelin its associated banks 
Corresponding to the digit dialled by the operator 
at exchange A. After the wipers have been raised 
to the desired level they are automatically ro 
tated OVer the bank contact in search of an idle 
trunk line terminated in the selected level. 

After the last impulse of the series of impulses 
constituting the digit 5 has been transmitted, re 
lay 30 comes to rest in its energized position and 
again Opens the circuit at contact 3 of the slow 
to-release relay 230. At contact 32, relay 30 
again closes the circuit of relay 20, and at con 
tact 33 it again completes the loop circuit ex 
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tending to the selector 380 in Order to maintain 
line relay 30 in its energized condition. Relay 
23 subsequently deenergizes and removes the 
multiple circuit including resistance 290 from 
the upper Winding of relay 22) and the Winding 
83 of the repeating coil RC2. 
The Selector 389 of Fig. 3 is of the conven 

tional Strowger type and includes a wiper shaft 
carrying the wipers 320 to 322, inclusive, and an 
associated set of bank contacts. The Wiper shaft 
is adapted to be operated step by step in a ver 
tical direction to position two wiperS opposite one 
of the 10 levels in the associated bank, which 
level corresponds to the digit received by the 

Furthermore, the wiper set is adapted 
to be automatically rotated over the ten indi 
vidual spaced contacts in any selector level. Since 
the Strowger type switch is Well known in the 
art, it has been schematically shown and only 
Such apparatus as is deemed necessary in car 
rying out the present invention has been shown. 
More particularly, the normal post springs, NPS 
including the contact 35, are so positioned that 
when the Wiper shaft is operated to the 10th 
level the contact 35 is closed and remains closed 
during the time the wipers 320 to 322, inclusive, 
remain in any position on the 10th level. It 
should be noted, however, that the normal post 
springs NPS may be mounted to be actuated on 
any desired level and that any number of Sets 
of normal post springs may be provided in order 
to accomplish the SWitch operation to be de 
scribed hereinafter on any one or more levels of 
the associated set of contact banks. 

In the present example, at the conclusion of 
the transmission of the digit 5, the wipers 320 to 
322, inclusive, occupy a position adjacent the 5th 
level in the associated contact bank and shortly 
thereafter the Wipers are automatically rotated 
over the individual contacts in the 5th level of 
the bank in search of an idle trunk line extend 
ing to exchange C. It will be assumed that the 
trunk line 340 is idle and that the wipers 32 
to 322, inclusive, come to rest in engagement with 
bank contacts 33 to 333, inclusive, terminating 
the conductors 334 to 336, inclusive, which are 
individual to the repeater 330 and the associated 
trunk line 349. When the test wiper 322 of the 
Selector 380 encounters the bank contact 333 the 
rotary stepping action of the wipers 320 to 322, 
inclusive, is terminated and the switch through 
relay 30 is energized, in the well known manner, 
to extend the conductors 306 and 307 by way of 
contacts 302 and 393, wipers 320 and 32, and 
bank contacts 33 and 332 to the line conductor 
334 and 336 extending to the repeater 330. 
When the repeater 330 is seized over the above 

traced circuit it operates to cause ringing cur 
rent to be transmitted over the conductors 34 
and 3:2 of the trunk line 360 to signal the opera 
tor at exchange C and at the same time it func 
tions to transmit a ring back tone signal over the 
calling end of the connection to indicate to the 
operator at eXchange A that the connection has 
been extended and that the operator at exchange 
C is being signalled. The repeater 338 also op 
erates to return ground potential over the test 
conductor 335 to maintain selector 380 in its op 
erated position and to mark the repeater 33) 
busy to all other selectors, such as 38), having 
access thereto. 
When the operator at exchange C answers the 

call, the repeater 330 functions to reverse the 
current flow over the circuit including conduc 
tors 334 and 336, 35 and 30, windings 83 and 
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f85 of the repeating coil. RC2 and the upper 
winding of relay 220. It has been pointed out 
above that the current flow in the circuits 
through the upper and lower windings of the 
relay 220 is in such a direction that the relay 
failed to operate. However, due to the fact that 
the current flow through the upper Winding of 
relay 220 is reversed When the operator at ex 
change C answers the call, the current flow 
through the upper winding of relay 220 is in the 
same direction as the current flow through the 
lower winding of the relay, and the relay is 

O 

thereby energized. Upon energizing, relay 22, .. 
at contact 22, completes a circuit for energiz 
ing the battery reversing relay 20. Upon en 
ergizing, relay 20 at contacts 2 and 23 re 
verses the current flow over trunk 90 by re 
versing the connection of battery and ground 
potential, through the upper and lower windings 
of battery feed relay 3, to the calling trunk 
98." As a result of the reversal of current fiOW 

over trunk line 90 a signal is given to the op 
erator at exchange A indicating to her that the 
operator at exchange C has responded to the 
call. The operator at eXchange. A may nOW Con 
Verse with the operator at eXchange C and for 
ward the necessary information as to the desti 
nation of the call. The talking circuit between 
the operator at exchange A and exchange C in 
cludes the trunk line 90, contacts if and 3, 
contacts 2 and 23, windings and 73 of 
the repeating coil RC? and the battery feed 
relay 30, the battery feed relay 30 providing 
the necessary talking current for the calling end 
of the connection. Voice currents received in the 
lefthand windings 7 and 73 of the repeating 
coil RC are induced into the righthand wind 
ings f 14 and 75 of the repeating coil and are 
extended by Way of contacts 6 and 64 to the 
lefthand windings f8 and f82 of the repeating 
coil RC2. Voice currents received in the left 
hand windings of repeating coil RC2 are induced 
into the righthand windings 83 and 85 and 
thereby repeated by way of contacts 206 and 207, 
contact 33, conductors 306 and 30, contacts 
392 and 303, wipers 320 and 32, contacts 33 and 
332, conductors 334 and 336, through the re 
peater 330, conductors 34 and 342 of the trunk 
line 340, to the operator at exchange C. 
When the operator at exchange C has ascer 

tained the number of the called subscriber she 
inserts her cord circuit into the jack of the 
wanted Subscriber's line and Signals the Wanted 
subscriber. When the called subscriber responds, 
the operator at eXchange C operates a key asso 
ciated with the cord circuit to extend the talk 
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at the Switchboards included in the above de 
Scribed connection to signal one another with 
out releasing the established connection. In or, 
der to describe the operation of the circuits in 
Wolved in the established connection in the event. 
that an operator at one exchange recalls the 
Operator at the other exchange, it will be as 
Suned that the operator at exchange A desires 
to signal the Operator at exchange C in order to 
get her back in on the established connection. 
By flashing a key associated with the cord cir 
cuit involved in the connection, the operator at 
exchange. A causes the circuit of relay 30 to 
be momentarily opened and closed a number of 
times. Each time relay f30 restores to normal a 
circuit is completed for energizing slow-to-re 
lease 230 at contact f3, and at contact 33 the 
loop circuit including conductors 366 and 307 is 
opened. In response to the monentary inter 
ruptions of the loop circuit including conductors 
306 and 307 the repeater 330 functions in the 
well known manner to cause a flashing super 
visory signal to be transmitted to the operator 
at exchange C to indicate to the operator there 
at that the operator at exchange A desires to con 
Verse with her. The repeater 330 also maintains 
ground potential on, conductor 335 to prevent 
the release of selector 380. As a further result 

30 

40. 

50 

ing circuit through the cord circuit at her posi 
tion of Switchboard to the called subscriber, 
When the operator at exchange A has ascer 

tained that the called subscriber in exchange C 
has responded to the call, she operates a key as 
Sociated with her cord circuit to complete the 
connection between the calling subscriber in 
eXchange A and the called subscriber in ex 
change C. The connection between the calling 
Subscriber and the called Subscriber is completed 
and they may now converse. 

It will be noted that in the above described 
connections the voice repeater 80, Schematical 
ly shown in Fig. 1, has been by-passed because 
the transmission loss in connections established 
between the subscribers in exchange A and the 
Subscribers in exchange C is not sufficient to war 
rant the inclusion of a voice amplifier repeater. 

It may be necessary at times for the operators 
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of the momentary interruptions in the loop cir 
cuit including conductors 306 and 307 the cir 
cuit of the upper winding of 220 is also inter 
rupted. However, due to the fact that the cir 
cuit through the lower winding is maintained, 
the relay does not restore at this time. Further 
more, the shunt circuit completed for the upper 
winding through the circuit including contact 
232, responding to the energization of relay 230, 
and including winding 83 of repeating coil RC2, 
has a tendency to maintain relay 220 in its ener 
gized position. When the operator at exchange 
C anSWers the flashing signal the connection be 
tWeen the operators in exchanges A and C is conn 
pleted and they may converse with one another. 
When the operators disconnect from the cord 
circuits the conversational connection between 
the calling and called subscriber is again com 
pleted. 

In the event that the operator at exchange C 
desires to signal the operator at exchange A in 
Order to get the latter operator back in on the 
established connection, she may do so by no 
mentarily operating a key associated with her 
cord circuit. In response to the momentary op 
erations of the key, the repeater 33) momen 
tarily reverses the current flow over the loop cir 
cuit including conductors 306 and 307 a number 
of times. Each time the current in the loop cir 
cuit is reversed the relay 220 deemergizes due 
to the fact that the current flow in the upper 
Winding of the relay opposes the current flow 
through the lower winding of the relay. Each 
time relay 220 restores to normal it opens the 
circuit of the reversing relay of 20 at contact 22. 
Each time the circuit of relay 20 is opened the 
relay restores to normal and at contacts 2 to 
24, inclusive, reverses the current flow over the 
trunk. 90. The reversals in current flow over 
trunk 90 causes the supervisory signal asso 
ciated with the cord circuit involved in the es 
tablished connection to flash thereby to indicate 
to the operator at exchange A that the operator 
at exchange C desires to converse with her. 
When the Operator at exchange A anSwers, the 
connection between the Operators is completed 
and they may converse with each other. After 

  



4. 
the conversation is completed the operators dis 
connect from the established connection and 
thereby reestablish the conversational connec 
tion between the calling and called Subscribers. 
When the conversation between the Subscribers 

has terminated and the called Subscriber hangS 
up his receiver, the operator at eXchange C is 
thereby given a disconnect signal. In order to 
breakdown the established connection the Oper 
ator at exchange Cremoves the plug of her cord 
circuit from the trunk 340, thereby causing the 
repeater. 33 to operate, and again reverse the 
current flow over the loop circuit including con 
ductors 386 and 307. Due to the current reversal 
over conductors 306 and 307, the current flow 
through the upper winding of relay 22 is again 
reversed and opposes the current flow through its 
lower winding. Consequently, relay 220 restores 
to normal and at contact 22 it opens the ener 
gizing circuit of the battery reversing relay 20. 
Relay 20 restores to normal and at contacts 22 
and 24 again reverses the current flow over the 
trunk 90, thereby giving a disconnect signal to 
the operator at eXchange A. The Operator at 
exchange A may either test the trunk. 9 to as 
certain whether or not the operator at exchange 
C is still on the called end of the connection, Ol' 
she may converse with the calling subscriber in 
exchange A to ascertain whether or not that sub 
scriber has completed the conversation or desires & 
to extend a new call. Upon ascertaining that the 
connection is to be disconnected the operator at 
exchange. A removes the cord circuit from the 
trunk 99, thereby opening the previously traced 
circuit for maintaining battery feed relay 30 
energized. Relay 39 restores to normal and at 
contact 33 opens loop circuit including conduc 
tors 36 and 30 and the selector 380, thereby 
causing repeater 330 to restore to normal. Re 
peater 33 in restoring removes the ground po 
tential from the test conductor 335, thereby caus 
ing the selector 380 to release and restore its 
wipers 32 to 332, inclusive, to normal. As a 
further result of the deenergization of battery 
feed relay 38, the energizing circuit of release 
relay 20 is open at contact 32 and at contact 
A3 it completes a circuit by way of contact 2 
for the relay 230. Slow-to-release relay 20 sub 
Sequently returns to normal and at contact 23 
removes the ground potential from conductor 
33, thereby removing the busy condition placed 
on the trunks 35 and 352, at contact 24 it re 
places battery potential, through resistance 26, 
On conductor 373, thereby indicating to selectors 
having access to the repeater that the circuit is 
in condition to be seized. As a further result of 
the deenergization of relay 20, the circuit of 
relay 23 is open, which relay upon restoring to 
normal, connects the battery feed relay 240 by 
Way of contacts 2) and 203 to further prepare 
the repeater of Figs. 1 and 2 for seizure by way 
of Selectors, such as selector 350. As a further 
result of the deemergization of relay 200, the en 
ergizing circuit for the lower winding of relay 
22) is open at contact 205 and at contacts 206 and 
20 additional points in the circuit of conductors 
36 and 30 are opened. The repeater of Figs. 1. 
and 2 is now completely restored to normal and 
is available for new calls. 

If the calling party releases the connection 
first, the Operator at exchange A is signalled 
thereby and responsive to this signal she removes 
her cord circuit from the trunk 90. When the 
cord circuit is removed from the trunk 90, re 
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lay 30 restores to normal thereby causing the 
subsequent restoration of relays 20, 200 and 220 
in the order named. As a result of the restora 
tion of relay 230, the circuit of relay 20 is opened 
at contact 22. Relay 20 restores to normal but 
has no function to perform at this time since the 
cord circuit at the operator's position at exchange 
A has been removed from the trunk 90. As a 
result of the restoration of relays 3 and 220 
the loop circuit, including conductors 306 and 
387, is opened, thereby causing the repeater 330 
to restore to normal. In restoring the repeater 
330 reverses the current flow over conductors 34 
and 362 and causes a disconnect signal to be 
given to the operator at eXchange C. As a fur 
ther result of the restoring of repeater 330, ground 
potential is removed from conductor 335, thereby 
causing the selector 380 to restore its wipers 320 
to 322, inclusive, to normal. The operator at 
exchange C now removes the cord from the trunk 
389 and from the called Subscriber's line. The 
repeater shown in Figs. and 2 is now in condi 
tion to be utilized in new calls. 

In the above described Connection the voice 
repeater 8) was not required because the trans 
mission loSS in connections established between 
local Subscribers in exchange A and local sub 
Scribers in exchange C is not sufficient to require 
the inclusion of a voice amplifier repeater. 

In the connection about to be described, it will 
be assumed that the call received by the operator 
at exchange A is a toll call from a distant ex 
change. Winen a toll call is received by the op 
erator at eXchange. A for a subscriber in exchange 
C or for a Subscriber in an exchange located be 
yond exchange C she is required to dial the digit 
'0' instead of the digit “5,” as previously de 
Scribed. The operation of the apparatus as a 
result of the dialling of the digit '0' causes the 
Voice amplifier repeater 80 to be included in the 
established connection in order to amplify the 
Speech transmitted over the connection. 
More Specifically, when a toll call is received by 

the Operator at exchange A she inserts her cord 
circuit into the trunk line 9, thereby causing 
the energization of the battery feed relay 30 in 
the usual manner. At contact 32, relay 30 
completes an energizing circuit for the slow-to 
release relay 2 0 and at contact 33 it prepares 
a point in the loop circuit including conductors 
396 and 397. Relay 21, upon energizing, at con 
tact 2 3 extends ground by way of contact 52 
and conductor 373 to mark the repeater busy in 
the banks of selectors, such as selector 359 having 
acceSS thereto. As a further result of the ener 
gization of relay 210, a circuit is completed at 
contact 25 for energizing relay 299. Upon en 
ergizing, relay 200, at contacts 20 and 263, dis 
Connects relay 240 from the righthand windings 
of the repeating coil RC2 and at contacts 282 and 
204 connects the upper winding of relay 220 in 
Series With resistance 29 to the righthand wind 
ings of repeating coil RC2. As a further result 
of the energization of relay 200, a circuit is com 
pleted for the lower winding of relay 229 at con 
tact 285 and at contacts 206 and 207 it completes 
a loop circuit by way of conductors 36 and 337 
for energizing line relay 3i O in the selector 380. 
The circuit for energizing line relay 3 () may be 
traced as follows: ground, lower winding of relay 
3 0, contact 384, conductor 307, contacts 33 and 
28, righthand winding 85 of the repeating coil 
RC2, contact 204, upper winding of relay 220, re 
sistance 29, contact 232, upper righthand wind 
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ing 83 of repeating coil RC2, contact 26, conn 
ductor 306, contact 30, upper winding of line 
relay 30 to battery. The current flow through 
the upper winding of relay 220 opposes the cur 
rent flow through the lower Winding thereof 
thereby preventing relay 220 from energizing at 
this time. As a result of the seizure of selector 
380 in the above described manner dial tone is 
transmitted to the operator at exchange A indi 
cating that the connection is established. With a 
selector and that it is in condition to respond to 
impulses transmitted from the dial associated 
with the cord circuit at the operator's position. 
Since the connection being described is one re 

quiring the inclusion of the voice repeater 80 
the operator at exchange A manipulates her dial 
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to transmit impulses indicative of the digit "0.' ' 
Relay 30 responds to the impulses transmitted 
in the manner previously described and at con 
tact 33 repeats the received impulses to the se 
lector 389. Upon the first deenergization of the 
relay 30, a circuit is completed at contact 3 
for energizing the slow-to-release relay 230, which 
relay, upon energizing at contact 232, closes a 
multiple circuit including resistance 290 across 
the upper winding of relay 220, resistance 29 
and winding i83, of the repeating coil RC2 in 
order to improve impulse transmission to the se 
lector 389. Relays 20 and 230 remain energized 
during the time the impulses constituting the 
digit “0” are being transmitted to the selector 
380. After the last impulse of the series is trans 
mitted, relay 30 comes to rest in its energized 
position, thereby opening the circuit of relay 230 
which relay upon restoring removes the multiple 
Circuit including resistance 290 from across the 
circuit including the upper winding of relay 220, 
resistance 29 and repeating coil winding 83. 

In response to the ten impulses constituting the 
digit "0,' line relay 30 of the selector 380 causes 
the wipers 320 to 322, inclusive, to be raised in 
a vertical direction to the 10th level of its asso 
ciated bank contacts. When the shaft carrying 
the wipers 320 to 322, inclusive, is raised to the 
10th level, the normal post springs, NPS, are 
operated to close contact 3 5. Shortly after the 
wipers of the switch has been raised to the 10th 
level they are automatically rotated over the in 
dividual contacts in the level in Search of an idle 
trunk line extending to a repeater, such as re 
peater 330. It will be assumed that the Wipers 
329 to 322, inclusive, have been rotated over the 
10th level of its associated bank and have come 
to rest in engagement with bank contacts 325 to 
327, inclusive, terminating conductors 336 to 336, 
inclusive, of repeater 330. - - - - . . 

As a result of the closing of contacts 35 by the 
normal post springs NPS a circuit is completed 
from ground, contact 3 5, conductor 305, winding 
of relay 270 to battery. Relay 20 energizes over 
the above traced circuit and at contact 27 pre 
pares a point in the circuit of cut-in relays 40 
and 60, which circuit will be completed subse 
quently to include the voice amplifier repeater 
f89 in the established talking connection. 
As a result of the seizure of conductors 334 to 

336, inclusive, by the selector 380, a circuit (not 
shown) is completed for relay 300 whereby the 
loop circuit, including conductor 3C6, and 3GT, is 
extended by way of conductor. 334 and 336 to 
control the operation of the repeater 330. When 
the repeater 330 is seized in the above described 
manner, ringing current is extended by Way of 
conductor 34 and 342 over the trunk 340 to signal 
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the operator at exchange C. As a further result 
of the seizure of repeater 330, ground potential 
is returned by way of conductor 335 to maintain 
the selector 380 in its operated position. 
In order to answer the call received over trunk 

340 the operator at exchange C inserts the plug 
of a cord circuit at her position into a jack termi 
nating trunk 340, thereby causing the repeater 
330 to reverse the direction of current flow over 
the loop circuit including conductors 334 and 336 
and conductors 306 and 307. Due to the fact that 
the current flow over the loop circuit, including 
conductor 336 and 307, is reversed, the current 
flow through the upper Winding of relay 220 is 
also reversed and is now in such a direction that 
it aids the current flow through the lower Wind 
ing of the relay. Relay 220 now operates and at 
contact 22 completes an energizing circuit for 
battery reversing relay 20. Relay 20 operates 
and at contacts 2 and 23 reverses the cur 
rent flow over trunk 90 to thereby signal, the 
operator at exchange A that the operator at ex 
change C has answered the call. As a further 
result of the energization of relay 20, a circuit is 
completed at contact 25 for operating the cut-in 
relays 40 and 60 as follows: ground, contacts 
23, 52, 25 and 27, windings of relays. 60 and 
46 to battery. As a result of the energization of 

relay 40 a circuit is completed at contact 45 
for locking relays f40 and 60 in an energized 
condition independently Of the circuit including 
contact 25 of relay f20. As a further result of 
the energization of relay 40, contacts, 42 and 44 
are opened to disconnect the pad circuit, include 
ing resistance 6 and condenser TT, from across 
the terminals f 86 and 87 of the voice repeater 
i80, and at contacts f4 and 43 relay 40 con 
nects terminals 86 and 87, of the voice repeater 
.80, to the righthand Windings 74 and 75 of the 
repeating coil R.C. As a result of the energiza 
tion of cut-in relay 60, the pad circuit, including 
resistance 18 and condenser 79, is disconnected 
from terminals f88 and 89 of the voice repeater 
if 80 at contacts. 63 and 66, and at contacts: 62 
and 65the terminals. 88 and 89 of the voice re 
peater 80 are connected to the lefthand wind 
ings f8 and 82 of the repeating coil RC2. As a 
still further result of the energization of relay 60, 
contacts 6 and 64 are opened to disconnect 
the circuit normally shunting the voice repeater 
80 from the circuit including the righthand 
Windings of the repeating coil RC and the left 
hand Windings of repeating coil RC2. 
The Operator at exchange. A may now converse 

With the operator at exchange C over a circuit.in 
cluding the voice repeater 80 and informs the 
Operator at exchange C. of the number of the 
Wanted subscriber. The operator at exchange C 
extends the connection to the wanted subscriber's 
line and after obtaining the wanted subscriber 
Operates a key associated with her cord circuit to 
disconnect herself from the connection through 
to the Wanted Subscriber. When the connection 
is obtained with the wanted subscriber, the oper 
ator at exchange A operates a key associated with 
her cord circuit to complete the toll connection 
from the calling subscriber to the called sub 
scriber. 
At this time it may be well to mention that if 

the connection just described was originated by a 
local Subscriber in exchange A and was to be com 
pleted to a subscriber in an exchange beyond ex 
change C the transmission loss would be too great 
to permit conversation to take place without the 
inclusion of a voice repeater. The operator at ex 
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change. A would, therefor, dial the digit. "0' in 
stead of the digit. '5' in establishing the connec 
tion in order to include the voice repeater 80 in 
the connection in the same manner as has been 
described above in connection With the toll. Call 
received by the operator in exchange. A for a sub 
Scriberin exchange C. 
The operation of the circuits in order to recall 

the operators: at the two exchanges back into the 
established connection is the same as has been 
described hereinbefore. 
When the conversation between the calling toll 

subscriber and the local Subscriber in exchange. C 
has been terminated the operator at exchange A 
removes the plug of her cord. Circuit from the 
trunk 90... whereupon battery feed relay 30, re 
stores-to-normal. At contact. 33, relay 30 opens 
the loop. circuit including conductor 306 and 307, 
thereby causing the repeater 330 to transmit a 
disconnect signal to the operator at exchange C. 
As a further result of the restoration of relay 30, 
the circuit of relay 20, is opened at contact 32 
whereupon relay 20, slowly restores to normal. 
Upon deenergizing, relay. 20, at contact. 23, opens 
the locking circuit for relays 40- and 60. Re 
lays 40 and 60 restore to normal, thereby re 
connecting the pad circuits to terminals. 86 and 
187 and to terminals. 188 and 89 of the voice 
repeater. 80 in order to prevent the voice re 
peater 80 from oscillating during the period of 
time it...is not included in the talking connection. 
As a further result of the-deenergization of relay 
2f 0, the circuit of relay 200 is open at contact 25. 
Relay. 200 restoresto. normal, thereby opening a 
further point in the-loop circuit extending to the 
repeater 330 at contacts 206. and 207. and at con 
tacts 20 and 203 it connects the winding of relay 
240, to windings 83 and 85 of the repeating coil 
RC2. At contacts. 202 and 204, relay. 200 dis 
connects the circuit. including resistance. 29 and 
the upper Winding of relay, 220 from the repeat 
ing coil. RC2 and at contact. 205 it opens the cir 
cuit...for the lower winding of relay 220. Relay 
220 restoresto-normal and at contact 22 it opens 
the circuit of relay 120 which also restores: 
As a result of the restoration of relays 20, 30, 

40, 60, 200, 20... and 229 the repeater circuit 
shown in Figs. 1 and 2 is restored to normal. It 
should be understood that responsive to the resto 
ration of relay 20 the ground potential placed on 
conductor 373 at contact. 23 to make the repeater 
busy to selectors, such as selector 350, having ac 
cess thereto.is. replaced by battery through re 
sistance 26 to. mark the repeater idle to such 
Selectors; 
Responsive to the opening of the loop. circuit 

including conductors. 306 and 307, due to the 
restoration of relay. 30, the repeater 330 restores 
to normal and thereby removes the holding 
ground potential from conductor 335. When 
ground potential. is removed from conductor 335 
the selector 380. releases and restores its wipers 
320 to 32, inclusive, to normal. It should be 
understood that the repeater 330- and the selector 
380. Will restore to normal before the repeater 
of Figs, 1 and 2 have completely restored. As a 
result. of the restoration of the wiper shaft in a 
vertical direction, the normal post springs, NPS, 
are: restored and contact 35 is opened, thereby 
causing relay 240, to restore. The equipment is 
now completely restored to, normal and is avail 
able for new calls. 
If-the operator at exchange: C. should discon 

nect-first, relay 220 would deemergize and thereby 
cause relay. 20 to restore and reverse the current 
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flow. Over trunk 90 in the manner previously de 
Scribed to signal: the operator at exchange. A. 
Subsequent release of the apparatus being under 
control of the operator at exchange A as de 
scribed above. 
From the foregoing it should be understood 

that two classes of connections may be estab 
lished under control of the operator at eXchange 
A. One class of connection including the Voice 
repeater 80 in the transmission circuit in order 
to amplify the Voice currents transversing the 
transmission circuit in both direction and the 
other class of connection excluding the voice re 
peater 80 from the transmission circuit. Fur 
thermore, it should be understood that the Value 
of the digit dialled by the operator at exchange 
A in extending the connections determines 
Whether or not the normal post springs, NPS, in 
the selector 380 will operate and cause the Voice 
repeater 89 to be included in the transmission 
circuit. The extension of the connection de 
scribed hereinbefore as a result of dialling the 
digit "5,' did not cause the operation of normal 
post springs, NPS, and the voice repeater 80 
was excluded from the transmission circuit. 
However, the extension of the connection de 
scribed hereinbefore as a result of dialling the 
digit “0” cause the operation of normal post 
springs, NPS, and the voice repeater was included 
in the transmission circuit. 
A description will now be given of the oper 

ation of the system when a call is initiated by a 
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local subscriber in exchange C for a local Sub 
scriber in exchange. A. When a local subscriber 

5 in exchange C initiates a call, the Operator at 
the switchboard thereat answers the call by in 
serting one end of her cord circuit into the call 
ing line jack and after receiving the number of 
the called subscriber she inserts the other end of 
the cord circuit into the jack terminating trunk 
340. When the trunk 340 is seized in the above 
described manner, the repeater 330 operates to 
extend the conductors. 34 and 342 of the calling 
trunk 340 by way of trunk line 343 to the 
Strowger type selector-350. As a further result 
of the seizure of repeater 330, test conductor 
335 is grounded in order to busy the repeater 330 
in the banks of selectors, such as selector 380, 
having access thereto. As a result of the seizure 
of selector 350, dial tone is transmitted back over 
trunk. 343 to the operator at exchange C to indi 
cate that the selector. is in condition to receive 
dialled impulses. 

Since the operator at exchange C is aware of 
the fact that the call to be transmitted is for 
a local subscriber in exchange A. she manipulates 
the dial associated with the cord circuit at her 
switchboard to transmit impulses indicative of 
the digit “8.' The selector 350 responds in the 
well known manner to raise its wipers in a ver 
tical direction to the eight level of its associated 
set of bank contacts and automatically rotates its 
wipers over the individual contacts in the eight 
level in search of an idle trunk line extending 
to a repeater, such as a repeater disclosed in 
Figs. 1 and 2. It will be assumed that in the 
present instance the wipers of the selector 350 
have come to rest in engagement with the trunk 
line 35 comprising the conductors. 360,-36, and 
362. The idle condition of the trunk line 35t 
is indicated by the battery potential applied 
thereto by way of resistance 26, contacts 24 
and 52, conductor. 373 and conductor. 362. 
When the test wiper of the selector 350 engages 
the bank contact in its associated set of con 
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tacts terminating the conductor 362, a circuit is 
completed in the selector 350 for extending the 
loop circuit, including conductors 34 and 342, 
from the operator's switchboard, through re 
peater 330, trunk line 343, selector 350, conduc 
tors 360 and 36, to the windings of relay 240. 
The battery feed relay 240 energizes over the 
loop circuit which may be traced as follows: 
ground, lower winding of relay 240, contact 263, 
Winding 85 of the repeating coil. RC2, contact 
265, conductor 374, conductor 36 of trunk, line 
35, selector 350, trunkline 343, repeater 330, con 
ductor 342 of the trunk line 340, through the 
operator's cord circuit and returning by way of 
conductor 34f of the trunk. 340, repeater, 330, 
trunk 343, selector 350, conductor 360 of trunk 
line .35, contact 263, winding 83 of the repeat 
ing coil RC2, contact 20, upper winding of the 
battery feed relay 248, to battery. Relay 240 
upon energizing Over the above traced circuit, 
completes a circuit, at contact 242, for energizing 
relay 50 and at contact 24 it also completes a 
circuit for energizing the battery reversing relay 
20. 
Battery reversing relay 20 energizes over the 

above traced circuit and at contacts 2 and 23 
reverses the connection of battery, and ground 
potential through the winding of relay 3 to 
conductor 9 and 92 of trunk 90. Relay 20 
at contact 25 prepares a circuit for the cut-in 
relays 40 and 6 but this circuit is of no effect 
since the connection being described does not re 
quire the inclusion of the voice repeater, 8. 
As a result of the energization of relay 5, 2. 

circuit is completed by way of contact 55 and 
288 for grounding the ringing machine start con 
ductor 292 to start the ringing machine in oper 
ation. As a further result of the energization of 
relay 50, ground potential is extended by way of 
contact 53, conductor 33, and conductor 362 for 
maintaining the selector 35 and the repeater 33 
in operated condition. As a further result of the 
energization of relay 50, battery through re 
sistance 26 is disconnected from conductor 33 
at contact 52. At contact 54, relay 50, upon 
energizing, completes an energizing circuit for 
relay 250 in multiple with an energizing circuit 
for ringing relay. At contact 5, relay 50 
also connects the ring-back tone conductor 96 
by way of condenser 97, contacts 5, 22, 233 
and 253 to conductor 36 in order to indicate to 
the operator at exchange C that the operator 
at eXchange A is being signalled. - 
Relay 250, upon energizing over the above 

traced circuit, prepares a locking circuit at con 
tact 25 for relay 230. At contacts 252 relay 250 
prepares a circuit for battery reversing relay 26 
and at contact 253 it opens a point in the circuit 
of the deemergized seizure relay 20. 
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In response to the energization of ringing relay 
f0, contacts 12 and f4 are closed whereupon 
direct generator is extended by Way of conductor 
?94, contact 4 and trunk conductor 92 and 
simultaneously therewith battery potential is ex 
tended by way of resistance f93 and contact 2 
to trunk conductor 9 for the purpose of sig 
nalling the operator at exchange A. As a further 
result of the energization of relay f ?o direct gen 

60 

7 
When the direct generator is extended to the 

upper Winding of relay foo, the relay, energizes 
and at contact of completes a locking circuit for 
itself from ground at contact 54. As a further 
result of the energization of relay is the circuit 
for the slow-to-release ringing relay is opened 
at contact fo?. Relay it is made slow-to-re 
lease in Order to make certain that the direct 
generator 94 and resistance battery are con 
nected to conductors 92 and 91, respectfully, 
for a sufficient period of time to signal the oper 
ator at eXchange A. Ringing relay 0 subse 
quently restores to normal, thereby opening the 
signalling circuit at contacts 2 and 4, and 
extending the conductors 9 and f 92 through 
to the upper and lower windings of the battery 
feed relay 3 at contacts and 3. As a 
further result of the deenergization of the ring 
ing relay , direct generator is removed from 
the upper winding of relay GO at contact 5. 
No further operations take place in the repeater 
in exchange B disclosed in Figs. 1 and 2 until the 
call is answered by the operator at exchange A. 
When the operator at exchange A answers a 

call by inserting one end of her cord circuit into 
the jack terminating trunk 90 a loop circuit is 
completed for energizing the battery feed relay 
A30 as follows: ground, lower winding of relay 
f30, winding 73 of the repeating coil RCE, con 
tact 23 of the energized battery reversing relay 
20, contact f, conductor 9 of trunk 90 

through the cord circuit at the switchboard in 
exchange A and returning by way of conductor 
f 92 of trunk 90, contact 3, contact 2i of the 
energized battery reversing relay 20, winding 

of the repeating coil R.C., upper winding of 
relay 30 to battery. Relay 30 energizes over the 
above traced circuit and at contact 32 completes 
an energizing circuit for the slow-to-release re 
lay 20 in multiple with the battery reversing 
relay 26. The closing of contact 33 by relay 
i30 has no function to perform in this type of 
connection because the circuit extending to the 
Selector 380 is not closed at contacts 26 and 207 
of the seizure relay 200. 

Responsive to the energization of battery 
reversing relay 260, contacts 262 and 264 are 
closed simultaneously with the opening of con 
tacts 263 and 265 whereupon the current flow 
over conductors 36 and 36 is reversed, thereby 
causing a signal to be given to the operator at 
exchange C, indicating that the wanted oper 
ator at exchange A has responded to the call. 
At contact 26, battery reversing relay 26 opens 
a point in the incomplete locking circuit of relay 
23); at contact. 266 it prepares a circuit for en 
ergizing the cut-in relays f4 and 60 only in 
the event that relay 280 has previously been en 
ergized. Since relay 280 is not energized in this 
type of a connection the closure of contact, 286 
has no effect at this time. As a further result 
of the energization of relay 260, the ringing ma 
chine start conductor 292 is opened at contact 
263 and at contact 267 a multiple locking circuit 
is completed for relay 50. 
AS has been previously pointed out, relay 2 

... energized responsive to the operation of relay 39. 

erator connected to conductor 94 is also extended . 
by way of condenser 95 and contact 5 to the 
upper winding of relay. It should be noted 
that at the time ringing relay if iO connects di 
rect generator to conductor 92 and resistance 
battery to conductor'.9. that at its contacts 
and 3 it disconnects the battery feed relay 30 
from the conductor 9 and 92. . . . . . . . . . 
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Upon energizing relay 20, at contact 21, pre 
pares a circuit for relay. 239, at contact 22, it 
disconnects the ring-back tone conductor 96 
from the calling trunk, and at contact 2:5 it 
prepares a point in the circuit of the seizure relay 
200. The talking connection between the oper 
ator at exchange C and the operator at exchange 
A is now completed and the conversation may 
take place whereupon the operator at exchange 
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A is: informed of the telephone. number of the 
wanted local subscriber in exchange A. As a 
result thereof the operator at eXchange A inserts 
the other end of the cord circuit at her position 
into the jack of the wanted subscriber's line; and 
when the Wanted Subscriber answers the call the 
operator actuates a key in the cord circuit to 
complete the connection. The operator at ex 
change C may now actuate a key associated with 
her cord circuit in Order to disconnect herself 
from the connection and complete the connec 
tion between the calling Subscriber at exchange C 
and the called subscriber at eXchange A. Trans 
mission battery is fed to the calling end of the 
trunk by Way of the battery feed relay 240 and 
transmission battery is fed to the called end of 
the trunk by Way of the battery feed relay 30. 
The windings of the repeating coils RC and 

RC2 inductively coupling the calling end of the 
trunk with the called end of the trunk so that 
Conversation may be carried on between the call 
ing and called subscribers. 

If the Operator at eXchange C desires to recall 
the operator at eXchange A she may do so by 
momentarily operating a flashing key at her posi 
tion thereby causing the battery feed relay 240 
to momentarily deemergize and energize a num 
ber of times. Each time relay 240 restores it 
opens the circuit of battery reversing relay 20, 
at contact. 24. The momentary interruptions of 
contact 242 has no effect on relay 50 because 
of the multiple locking circuit therefor completed 
by Way of contact 55 and 267. Each time relay 
20 restores it reverses the current flow overtrunk 

A 90 at contacts 2 to 24, inclusive, thereby sig 
nalling the operator at exchange A. When the 
Operator at. exchange A answers the flashing sig 
nal caused by the momentary current reversals 
over trunk 90 she may converse with the oper 
ator at exchange C. 

In the event that the operator at exchange. A 
desires to recall the operator at exchange. C, she 
may do So by momentarily operating a flashing 
key at her position, thereby causing, the battery 
feed relay 39 to. momentarily, deenergize. and 
energize a number of tilines. Each time the bat 
tery feed relay 3 restores, it opens...the circuit 
of battery reversing relay, 260 and release relay 
2), at contact 32 and at contact f3. it completes 
an energizing circuit for relay. 230. Relays. 20 
and 23) are slow to release relays and do not 
restore each time the circuit of the relays. is 
opened. Each time battery reversing: relay 260 
restores it completes a locking circuit, for relay 
230 at contact 26 and at contacts 262 to 265, 
inclusive, it reverses the current flow over con 
ductors. 360 and 34. Current reversals in the 
circuit including conductors 360 and 374 causes 
the repeater 339. to function in the well known 
manner to transmit a flashing supervisory signal 
to the operator at exchange C. to indicate that 
the operator at eXchange A. desires to converse 
with her. When the operator at exchange: C 
answers the flashing signal conversation-between 
the operators may take place. It should be noted 
that when the operator at exchange C. answered 
the recall relays 3, 20 and 260: remain in their 
energized positions and relay. 23) Subsequently 
restores to normal. 
When the conversation is completed, the oper 

ators disconnect from the established connection 
and thereby reestablish the conversational con 
nection between the calling and called Subscribers: 

. When the conversation between the Subscribers 
is completed they may hang up their receivers 
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The replacement of the receiver by the calling 
subscriber in exchange C causes a supervisory 
lamp, aSSociated with the cord circuit in the 
switchboard at exchange C, to give a disconnect 
signal to the operator. Upon receipt of the dis 
connect signal the operator at the Switchboard 
in exchange C. breaks-down the connection by 
removing the plugs of the cord circuit from the 
calling line jack and from the jack terminating 
the line, 340. 

Responsive to the removal of the cord circuit 
from the trunk 340 the repeater 330 functions 
to. open the loop. circuit including trunk line 343, 
the selector 350, the trunk line 350, and talking 
conductors' 360 and 36, whereupon the battery 
feed relay, 240 restores to normal. 
As a result of the above described restoration 

of battery feed relay 240 the circuit for battery 
reversing relay. 20 is opened at contact 24, and 
at contact 242 a point in the locking circuit of 
relay. 50-is opened, but the latter relay remains 
locked-up. over a circuit including contacts. 267 
and 55: Relay 20 restores to normal when its 
circuit is opened and contacts 2 and 23 are 
opened and simultaneously therewith contacts 
22 and 24 are closed, thereby reversing the 
current flow over the trunk conductors 9 and 
92 in order to give a disconnect Signal to the 
operator at the Switchboard in exchange A. 
Upon receipt of the disconnect signal, the op 

erator at the switchboard in exchange A removes 
the cord circuit from the jacks terminating the 
called line and the trunk 90 whereupon battery 
feed relay 30 deenergizes and restores to normal. 
Upon restoring to normal relay. 30 completes a 
circuit for relay 230 at contact 3, at contact 
32 it opens a multiple circuit including the wind 
ings of release relay 20 and battery reversing 
relay, 260, and at contact 33 it opens a point in 
the incompleted circuit including conductor 307. 
Battery reversing relay 260 restores to normal at 
this time, but since the calling end of the trunk 
including, conductors. 34 and 342 have been dis 
connected by the operator at exchange C, this 
relay has no function to perform at this time at 
contacts 262 to 265, inclusive. At contact 26, 
however, relay. 260, upon restoring completes a 
circuit from ground, contacts 26, 25, and 23, 
winding of relay 230 to battery, thereby locking 
relay 230 in its energized position after it is ener 
gized...responsive to the restoration of battery feed 
relay f30. At contact. 267 relay 260, upon restor 
ing, opens the locking circuit of relay 50, where 
upon relay 50 restores to normal. 
Due to its slow-to-release characteristics, relay 

20 is somewhat delayed in restoring to normal 
after its energizing circuit is opened by the 
restoration of the battery feed relay 30. Subse 
quently, however, relay, 20 restores. to normal 
and at. contact. 2 is opens the initial energizing 
circuit...of relay, 230. and at contact 22 it prepares 
a...point in the ring-back tone circuit. At contact 
2.3 relay, 2d O. opens: a point in the circuit for ap 
plying ground potential to conductor 373, and 
at contact. 24.it, prepares a point in the circuit 
for connecting battery. through the resistance 
26. to conductor 373. 

Relay 50 is a slow-to-release relay and is some 
what delayed in restoring to normal after its 
locking circuit is opened responsive to the de 
energization of the battery reversing, relay 260. 
Subsequently, however, relay 50 restores: to 
normal whereupon a point. in the: ring-back 
tOne: circuit is opened at contact: 5t, ground 

75 potential is removed from the test conductor. 373 
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at contact 53 whereupon the preceding selector 
Switch 350 is caused to release and restore its 
wipers to normal. In addition, the repeater 330 
is released and removes the ground potential 
from conductor 335 to indicate to selectors, such 
as 380, that the repeater 330 is available for 
further use. At contact 54 relay f 50 opens the 
energizing circuit of relay 250 and simultaneously 
therewith it opens the locking circuit including 
the lower winding of relay f 00 and finally at con 
tact 52 it connects battery through resistance 
26 to the test conductor 373 thereby marking 
the repeater of exchange B (Figs. 1 and 2) avail 
able in the banks of selectors, such as Selector 
359, for additional calls. 

Relay do restores to normal when its locking 
circuit is open in the above described manner 
and at contact 02 again prepares a circuit for 
the ringing relay f (). Slow-to-release relay 250 
subsequently restores to normal after its circuit 
is opened by the restoration of relay 50, and at 
contact 25 it opens the locking circuit for relay 
23), which relay subsequently restores to normal. 
At contact 252, relay 250 opens a point in the 
incomplete circuit of relay 269, and at contact 
253 it prepares a point in the incomplete circuit 
of seizure relay 268. The equipment involved in 
the connection established between the Sub 
scriber at exchange C and the subscriber at ex 
change A has now completely restored to normal 
and is available for additional calls. 
In the above described operation of the release 

of the equipment responsive to the termination 
of the Connection it was aSSumed that the calling 
Subscriber at exchange C restored his receiver 
first to terminate the connection. It will now 
be assumed that the established connection pre 
viously described between the subscriber at ex 
change C and the called Subscriber at exchange 
A was terminated by the restoration of the re 
ceiver by the called subscriber. 
When the called Subscriber at exchange A re 

stores his receiver the supervisory lamp asso 
ciated with the cord circuit at the Switchboard 
in exchange A is illuminated to give the operator 
the disconnect signal. When the operator at 
exchange A receives the disconnect signal she re 
moves the plugs of the cord circuit from the call 
ing line and from the jack terminating the trunk 
90 whereupon battery feed relay 30 restores to 
normal. Upon deemergizing, relay 30 completes 
an energizing circuit for relay 230 by way of 
contact - 3 and the closed contact 2 f. Upon 
energizing relay 230 prepares an incomplete lock 
ing circuit for itself at contact. 23. A further 
result of the deemergization of relay 30 the 
multiple circuit including the windings of relays 
20 and 260 is opened at contact 32. As a re 
sult thereof relay 260 restores to normal and at 
contact 26f completes the locking circuit for relay 
230 by way of contacts 25 and 23. As a further 
result of the deenergization of relay 260, contacts 
262 and 264 are opened and simultaneously there 
with contacts 263 and 265 are closed whereupon 
the current flow Over conductors 360 and 34 is 
reversed, whereupon, through the medium of the 
repeater 330, a supervisory signal is given to the 
operator at exchange C indicating that the op 
erator at exchange A has released the connection. 
As a further result of the deemergization of relay 
260 a point in the circuit of the ringing machine 
start conductor 292 is closed at contact 268. 
When the operator at exchange C receives the 

Supervisory signal indicating the release of the 
connection by the Operator at exchange A. She 
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9 
challenges the calling line in order to determine 
whether or not the calling subscriber has replaced . 
his receiver. Assuming that the calling sub 
scriber requires no further Service and hangs up 
his receiver, the operator at exchange C then re 
moves the cord circuit from the jack of the call 
ing line, and from the jack terminating the trunk. 
340 whereupon the circuit of the battery feed 
relay 240 is opened and the relay restores to nor 
mal in the manner preyiously described, 
Relay 240, upon restoring to normal, at con 

tact 24 opens the circuit of the battery reversing 
relay 20, and at contact. 242 it opens the circuit 
of the slow-to-release relay 50, Relay 20 re 
stores to normal and at contacts 2 to 24, in 
clusive, reverses the current flow over conductors 
9 and 92, but this operation has no function 

to perform at this time because the operator at 
exchange A has removed the cord from the trunk 
90. Relay 50 subsequently restores to normal 
and at contact 53 removes ground potential from 
the test conductor 373, thereby releasing the Se 
lector 350 in the manner previously described. 
At contact 52 relay. 50 again connects battery 
through the resistance 26 to the test conductor 
373 by-way of the contact 24 in order to mark 
the repeater in exchange B. (Fig.s.l. and 2) avail 
able for additional calls. As a further result of 
the restoration of relay .50, the multiple circuit 
including the lower winding of relay 00 and relay 
250 is opened at contact 54. Relay f)0 restores 
to normal and at contact if O2 again prepares a 
circuit of ringing relay - 0. Relay 250 subse 
quently restores to normal thereby opening the 
locking circuit of relay 230 at contact 25, and 
at contact 252 it opens an additional point in the 
circuit of relay 260, and finally, at contact 253 it 
prepares a point in the circuit of the seizure relay 
200. The equipment involved in the connection 
established between the calling subscriber at ex 
change Cand the called Subscriber at exchange. A 
has now been restored to normal and is available 
for additional calls. tr. 
From the foregoing description it should be un 

derstood that when a call originated by a sub 
scriber in exchange C for a local subscriber in 
exchange A the operator in setting up the con 
nection dials the digit '8' and thereby operates 
the Selector 350 to the eighth level in order to 
Seize the repeater in exchange B (Figs. 1 and 2) 
over the trunk line 35t. When the repeater in 
exchange B. (FigS. 1 and 2) is seized over trunk 
line 35 the connection established thereover-ex 
cludes the voice repeater 80. In the event that 
it is necessary to include the voice repeater 80 
in the connection in order to amplify the speech 
current traversing the connection, the repeater in 
exchange B may be seized over the trunk line 352 
by the selector 350. The operation of the equip 
ment in the establishment of a call requiring the 
inclusion of the voice repeater 80 Will now be 
described. " . 

It will now be assumed that a local subscriber 
in exchange C desired to establish a connection 
With a subscriber in an exchange located beyond 
the area, served by exchange A. When the op 
erator at exchange C ascertains the number of 
the wanted Subscriber she inserts the plug of her 
cord circuit into the jack terminating the trunk 
line 340 whereupon the repeater 330 is operated 
to ground the test conductor 335 and thereby 
mark the repeater 330 busy in the banks of selec 
tors having access thereto. As a further result 
of the seizure of repeater 330 a circuit is com 
pleted by way of trunkline 343 for operating se 
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lector 350. When the operator at exchange C 
receives the dial tone indication that the selector 
350 is in condition to receive dialled impulses 
she manipulates her dial to transmit impulses 
indicative of the digit, '0' . 
The selector 350 responds in the well known 

manner to raise its wipers to the tenth level of 
its associated bank contacts and to automatically 
rotate the wipers over the individual contacts in 
the bankin search of an idle trunkline extending 
to an idle repeater, such as the repeater in ex 
change B shown in Figs. and 2. It will be as 
Sumed that the wipers of the selector 350 have 
come to rest on the bank contacts terminating 
conductors 370 to 372, inclusive, of the trunk 352. 
The repeater is marked as idle in the bank of 
the selector 350 by the battery potential applied 
to the test conductors 373 by way of resistance 
2 6, contacts 24, 52, conductors 373 and 372. 
When the Selector 35 seizes the repeater in the 
above described manner a loop circuit is com 
pleted over the trunk line including the trunk 
conductors 370 and 37 whereupon the following 
circuit is completed: ground, lower Winding of 
battery feed relay 240, contact 203, winding 85 
of the repeating coil RC2, contact 265, conductor 
374, conductor 370 of trunkline 352, selector 350, 
trunk line 343, repeater 339, conductor 36 of 
the trunk 340 through the cord circuit at ex 
change C and returning by way of conductor 
342 of the trunk 340, repeater 330, trunk 343, 
selector 350, conductor 37 of the trunk 352, 
upper winding of relay 280, contact 263, winding 
183 of the repeating coil RC2, contact 20, upper 
winding of battery feed relay 240 to battery. Re 
lays 240 and 280 energize over the above traced 
circuit. Upon energizing, relay 240 completes an 
energizing circuit for battery reversing relay 20 
and it completes an energizing circuit for relay 
150. Upon energizing battery reverse relay f 28 
reverses the current flow over the trunk conduc 
tors 9 and 92 at contact 2 to 24, inclusive, 
and at contact 25 it prepares a point in the 
circuit of the relays 40 and 60. When relay 
50 energizes it removes battery through resist 
ance 26 from the test conductor 373 at contact 
f52 and at contact f 53 it places ground potential 
on the test conductor 373 in order to maintain the 
Selector 350 in its operated position. At contact 
5, relay 50 connects the ring-back tone con 

nector 96 to the calling end of the trunk in order 
to indicate to the operator at exchange C that 
the operator at exchange A is about to be sig 
nalled. As a further result of the energization 
of relay 50 a circuit is completed at contact 55 
for grounding the ringing machine start con 
ductor 292 in Order to start the ringing machine 
apparatus in operation, and at contact 54 it 
completes a multiple circuit for operating relays 
250 and 0. - - 

It will be noted that when ground potential is 
applied to the test conductor 373, responsive to 
the closure of contact. 53, a locking circuit is com 
pleted for the energized relay 289 by way of its 
contact 282 which contact was the only contact 
closed. When the relay 280 was energized over a 
circuit, including its upper Winding. Relay 289 
now fully energizes and at contact 28 places a 
shunt around the circuit including the upper 
winding of the relay and at contact 283 it pre 
pares a point in the circuit of the cut-in relayS 
f40 and S). . - 
Relay 250 energizes When its circuit is. Com 

pleted at contact 54 and functions in the manner 
previously described to prepare circuit at con 
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tacts 25 and 252 and to open a point in the cir 
cuit of the seizure relay 20 at contact 253. 

Ringing relay is Genergizes in the manner pre 
viously described and causes the operator, at ex 
change. A to be signalled. Direct generator from 
conductor 94 is also extended by Way of con 
denser 95 and contact 5 to the upper winding 
of relay O. Relay i? energizes from the ring 
ing current transmitted over this circuit thereby 
Completing a locking circuit for its lower winding 
by Way of contact ( to ground at contact 54, 
and at contact 2 it opens the energizing circuit 
of ringing relay C. The ringing relay 0 is 
made somewhat slow-to-release to insure the sig 
nailing of the Operator at eXchange A. Relay 
Subsequently restores and disconnects resistance 
battery and direct generator from the trunk con 
ductors 9 and 92 at contacts 2 and i? 4, and 
at contacts and f 3 it extends the trunk con 
ductor through to the upper and lower windings 
of the battery feed relay 30. 
The Operator at eXchange A answers the call in 

the usual manner, by inserting the plug of a cord 
circuit into the jack terminating trunk 99 where 
upon a circuit is completed for energizing the bat 
tery feed relay 30. Upon energizing relay 30 
completes a multiple circuit at contact 32 for 
energizing release relay 240 in multiple with the 
battery reversing relay 268. Relay 2f ) energizes 
and at contact 22 disconnects the ring-back tone 
conductor 96 from the calling end of the trunk 
line, and at contact. 2 it prepares a point in the 
circuit of relay 239. 

Responsive to the energization of relay 260 cur 
rent flow Over conductors 37 and 374, is reversed 
by the closing of contacts 262 and 264 and the 
Simultaneous opening of contacts 263 and 265. 
The reversal of current flow over conductors 37 
and 34 causes the repeater 330 to function and 
transmit a supervisory signal over trunk 34 to 
indicate to the operator at exchange C that the 
Operator at exchange A has answered the call. As 
a further result of the energization of relay 269, 
relays 40 and 60 are energized over the follow 
ing circuit: ground, contact 53, conductor 3. 
contacts 266 and 283, windings of relays 60 and 
44) to battery. Relays 49 and 60 energize over 
this circuit and at contact 85 relay 40 completes 
a locking circuit for both relays in series from 
ground at contact. 53, which circuit is independ 
ent of the previously traced circuit including con 
tacts 266 and 283. As a further result of the en 
ergization of relay 40 the pad circuit including 
resistance 76 and condenser 77 is disconnected 
from the terminals f86 and 87 of the voice re 
peater 89 at contacts 42 and 44, and simul 
taneously therewith the terminals 86 and f 87 of 
the voice repeater 8 are connected to the right 
hand windings of the repeating coil RC at con 
tacts 4 and 43. As a result of the energiza 
tion of relay f60 the pad circuit including re 
Sistance 8 and condenser 9 is disconnected 
from terminal 88 and 89 of the voice repeater 
80 at contacts 63 and 66 and simultaneously 
thereWith the terminals. 88 and 89 are con 
nected by Way of contacts f62 and 65 to the left 
hand windings of repeating coil RC2. As a fur 
ther result of the energization of relay f60 the 
righthand windings of repeating coil R.C. are dis 
connected from the lefthand windings of repeat 
ing coil. RC2 at contacts 6 and f 64. The voice 
repeater 80 is now connected in the talking cir 
cuit including the windings of repeating coils RC; 
and RC2. Conversation between the operator at 
exchange C. and the operator at exchange. A may 



2,398,854 
going trunk. Over a particular one of said now take place in the manner previously .de 

Scribed. . . . ,, . . . . . . 
Upon ascertaining the number of the Wanted 

subscriber the operator at exchange A. extends 
the connection by way of a subsequent exchange 
(not shown) and the operator thereat completes 

5 

the connection to the wanted subscriber in the 
Wanted exchange. The Operators included in the 
connection now release therefrom and conversa 
tion between the calling Subscriber and the called 
subscriber may take place with the voice repeater 
89 included in the circuit in order to increase the 

amplification of the voice currents traversing the 
connection. . . . . . 
The operation of the circuits involved in the 

Connection in order to recall the operators at ex 
change A and C back into the established connec 
tion is the same as has been previously described 
when a connection is Originated by the operator 
at exchange C. - 
When the conversation between the calling and 

called subscriber has been terminated the equip 
nent involved in the connection is released in the 
manner described hereinbefore, it being noted, 
however, that the circuit of relay 280 is not opened 
until ground potential is removed from conductor, 
373 by the restoration of relay 50. 
From the foregoing description it will be un 

derstood that the operator in exchange C. When 
Originating a call may cause the voice, repeater 
89 to be included in the connection by operat 
ing the selector 350 to the tenth level. There 
fore, she is instructed to establish connections 
by Way. Of the tenth level of Selector. 350 When 
ever a local Subscriber, in exchange C desires to 
establish a connection with a subscriber in an 
eXchange located beyond the exchange ... area, 
served by exchange A, or whenever, a subscriber 
located beyond the area served by exchange C 
initiates, a call for a subscriber located either in 
eXchange A or in an exchange beyond the area, 
served by exchange A. Furthermore, the opera 
tor at exchange C is instructed to operate the 
Selector 350 to the eighth level whenever a con 
nection is to be established between a local sub 
Scriber in exchange C and a local subscriber in 
exchange A. Accordingly, the voice repeater 
80 associated with the repeater of Figs. 1 and 2 

Will be excluded from the connection established 
between local subscribers in exchange C and ex 
change A. 
While the present invention has been de 

Scribed and illustrated as applied to a semi-auto 
matic telephone system, it will be understood 
that various modifications may be made therein 
to apply the invention to either full automatic 
Or full manual systems and it is intended to cover 
in the appended claims all such modifications as 
fall within the true spirit and scope of the in 
Vention. 
What is claimed is: 
1. In a telephone system, an automatic switch, 

an outgoing trunk line, said trunk line accessible 
to Said Switch over a plurality of paths, a re 
peater aSSociated with said Switch, an incoming 
trunk line terminating in said repeater, means 
controlled over said incoming trunk for operat 
ing Said repeater and said switch to complete a 
Connection from said incoming trunk to said out 
going trunk over any of said paths, a voice am 
plifier, a control circuit effective when operated 
for including Said voice amplifier in said connec 
tion, and means in said switch effective in the 
event Said Switch is Operated to select said out 
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paths 

for operating said control circuit. . . ." 
2. In a telephone system, an incoming and an 

outgoing trunkline, a trunk circuit terminating 
Said incoming line, an automatic SWitch having 
acceSS to Said outgoing line over two paths, means 
for controlling said trunk circuit and said Switch 
for interconnecting said lines to complete a con 
nection therebetween over either of Said paths, 
a voice current repeater, means in said trunk 
circuit for including said voice current, repeater 
in said connection, and means in said switch for 
operating said last mentioned means only in the 
event said Switch is operated to select said out 
going trunk over a particular one of Saidpaths. 

3. In a telephone System, an incoming and an 
outgoing trunk line, a trunk circuit terminating 
Said incoming line, an automatic switch having 
acceSS to said outgoing line Over two paths, means 
for controlling said trunk circuit and said Switch 
for interconnecting said trunk lines to complete 
a connection therebetween, a voice current am 
plifier, and means in said switch operated in the 
event said switch is operated to select said out 
going trunk over one of said paths for controlling 
Said trunk circuit to include said voice current 
amplifier in Said connection. 

4. In a telephone system, a first exchange, a 
tandem exchange, a second exchange, a trunk 
repeater in said tandem exchange, a trunk line 
from Said first exchange terminating in said re 
peater, a voice current repeater in said tandem 
exchange, a Switch in said tandem exchange, a 
trunk terminating in said second exchange ac 
cessible to said switch over two paths, means in 
Said trunk repeater controlled from said first ex 
change for operating said switch to select said 
second exchange trunk line over either of said 
paths, and means in said trunk repeater con 
trolled by said switch for associating said voice 
current repeater with said trunk repeater only 
in the event said Switch is operated to select said 
Second exchange trunk line over a particular one 
of said paths. 

5. In a telephone system, a trunk repeater, a 
trunk line terminating in said repeater having 
two incoming branches, an outgoing trunk line 
also terminating in said repeater, means operat 
ed responsive to the seizure of said repeater Over 
either branch of said incoming trunk line for 
transmitting a signal over said outgoing trunk 
line, means in said repeater controlled over said 
Outgoing trunk line for transmitting a signal 
over either of said incoming branches and for 
completing a talking connection between either 
of Said incoming branches and said outgoing 
trunkline, a voice amplifier, and means operated 
only in the event said repeater is seized over a 
particular one of said incoming branches for 
operatively connecting Said voice amplifier to 
Said talking connection. 

6. In a telephone system, an automatic switch, 
a trunk repeater accessible to said switch over 
two paths, a voice current amplifier, means in 
Said repeater Controlled in one manner in re 
Sponse to the Seizure of Said repeater over one 
of said paths for associating said amplifier with 
Said repeater, said means ineffective when said 
repeater is seized over the other of said paths 
S0 that Said amplifier is not associated with said 
repeater. 

7. In a telephone system, an incoming trunk 
line, an outgoing trunk line having a plurality 
of acceSS paths, switching apparatus controllable 
Over said incoming, trunk line for interconnect 
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ing said trunk lines over any of said paths, Said 
Switching apparatus including a trunk circuit 
having a plurality of inductively coupled sections, 
a voice amplifier, means in Said trunk circuit ef 
fective when operated for including said ampli 
fier in One of said sections, and control means 
operated in the event said incoming trunk line 
is interconnected with said outgoing trunk line 
over a particular one of said access paths for 
Operating Said last mentioned means. 

8. In a telephone System, a trunk line, a distant 
eXchange terminating said trunk line, said trunk 
line being utilized for local calls to subscribers in 
Said distant exchange or for toll calls to sub 
Scribers located in exchanges beyond the area 
served by said distant exchange, SWitching ap 
paratus having access to said trunk line over two 
paths, means for operating said switching. ap 
paratus to seize said trunkline over either of said 
paths to extend connections over said trunk line 
to said distant office, a voice amplifier, and means 
in said switching apparatus operated in the event 
Said trunk line is seized over a particular One of 
Said paths, to extend a toll Connection through 
the medium of said distant office, for including 
said voice amplifier in said connection, said last 
mentioned means rendered inoperative in the 
event said trunk line is seized over the other of 
Said paths to extend a local connection to a sub 
Scriber in said distant Office. 

9. In a telephone system, an incoming trunk 
line, an outgoing trunk line having two paths of 
access, a trunk circuit, means for interconnect 
ing said lines including said trunk circuit, a voice 
amplifier, means in said trunk circuit for includ 
ing said voice amplifier in said connection oper 
ated only in the event said outgoing trunk is se 
lected over a particular one of said paths of ac 
CeSS, 

10. In a telephone system, a trunk circuit, a 
voice amplifier, means for establishing a talking 
circuit through said trunk circuit in either di 
rection, cut-in means for including said amplifier 
in said talking circuit, a circuit independent of the 
talking circuit established through said trunk cir 
cuit in one direction for operating said cut-in 
means, and means included in the talking circuit 
established through said trunk circuit in the op 
posite direction for controlling said cut-in means. 

11. In a telephone system, a trunk circuit, a 
voice amplifier, an outgoing trunk over which 
connections are established through said trunk 
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circuit, incoming trunks over which connections 
are established through said trunk circuit in the 
opposite direction, cut-in means for including 
said voice amplifier in the connections estab 
lished through said trunk circuit, means for con 
trolling the operation of said cut-in means re 
Sponsive to a connection established over said 
outgoing trunk, and means included in one of 
Said incoming trunks for operating said cut-in 
means each time a connection is established 
through said trunk circuit in said opposite direc 
tion over said one incoming trunk. 

12. In a telephone system, a trunk circuit, a 
voice amplifier, means for establishing talking 
connections including said trunk circuit, means 
for cutting Said amplifier in and out of said talk 
ing connections, means operated responsive to a 
talking connection being established through said 
trunk circuit in one direction for operating said 
Cut-in means, and other means operated respon 
Sive to the establishment of a talking connec 
tion through said trunk circuit in the opposite 
direction for operating said cut-in means. 

13. In a telephone. System, a two-way trunk 
circuit, means for establishing telephone con 
nections, including said trunk circuit, a two-way 
Voice amplifier, means in said trunk circuit oper 
able to cut said amplifier in and out of said trunk 
circuit, means operated only in the event a con 
nection is established through said trunk circuit 
in one direction for controlling the operation of 
Said cut-in means, and means operated only in 
the event a connection is established through said 
trunk circuit in the opposite direction for con 
trolling, the operation of said cut-in means. 

14. In a telephone system, a two-way trunk 
circuit, means for extending talking connections 
over the trunk circuit in either direction, a voice 
amplifier, means for inserting the said amplifier 
into certain of Said talking connections, means 
for determining whether the amplifier will be in 
serted into connections extended in one direc 
tion dependent upon the one of a plurality of in 
coming paths. Over which the trunk circuit is 
seized, and means for determining whether the 
amplifier. Will be inserted into connections ex 
tended in the other direction over the trunk cir 
cuit, dependent upon the one of a plurality of 
paths. Over which the connection is extended be 
yond the trunk circuit. 
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