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UNITED STATES PATENT OFFICE 
2,415,057 

TELEPHONE SYSTEM 
John Wicks, Biloxi, Miss., assignor to Automatic 

Electric Laboratories, Inc., Chicago, Ill., a cor 
poration of Delaware 

Applieation February 9, 1945, Serial No. 576,912 
2 (Cairns. 

The present invention relates to telephone Sys 
tems in general and, more particularly, to in 
provements in the apparatus provided for setting 
up toll connections in an interexchange network 
including both automatic and combined auto 
natic and manual eXchanges. 
It is an object of the present invention to pro 

vide, in a telephone system of the character in 
dicated, a nOWei arrangement Whereby a toll op 
erator in a main automatic exchange or toll office 
may interconnect toll lines terminating at her 
position with subscriber lines which terriniinate in 
a combined manual and automatic private branch 
exchange, either with or without the assistance 
of the branch exchange operator, 
According to another object of the invention, 

facilities are provided for selecting the interex 
change trunk lines over either one of two paths 
and for determining in accordance with the path. 
Over which the trunk line is selected whether the 
toll connection is to be completed to the desired 
called subscriber line under the exclusive control 
of the toll operator or whether the toll connec 
tion is to be completed under the joint control 
of the toil operator and the branch exchange 
operator. 

It is another object of the invention to pro 
vide, in a telephone system of the character in 
dicated, a new and improved arrangement for 
transmitting various supervisory and control sig 
mals in two directions over the interexchange 
trunklines. 
The invention, both as to its organization and 

method of operation, together with other objects 
and advantages thereof, will best be understood 
by reference to the following specification taken 
in connection with the accompanying drawings, 
in which Figure illustrates the general arrange 
ment of a telephone system embodying the in 
wention; Fig. 2 illustrates the mode of combin 
ing Figs. 3 to 14, inclusive, of the drawings to form 
a unified system; and Figs. 3 to 14, taken togeth 
er, illustrate a telephone system having incor 
porated therein the features of the invention, as 
briefly outlined above. More specifically, Fig. 3 
shows a schematic layout of the Switching appa 
ratus and the toll board 33 located in the main 
exchange 2 : Fig. 4 shows the detailed circuits of 
the toll trunk circuit & in the main exchange 
23; Figs. 5, 6 and 7 show the detailed circuits of 
the toll transmission trunk circuit 6 in the 
branch exchange. 55; Fig. 8 shows a schematic 
layout of the switching apparatus located in the 

(C. 79-2) 
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branch exchange 5); Figs. 9 to 12, inclusive, show 
the detailed circuits of the cord circuit 9 at the 

2 
56; Fig. 13 shows the detailed circuits of the 
equipment for the manual line 836; and Fig.14 
shows the detailed circuits of the operator tele 
phone circuit associated with the cord circuit 990. 
Referring now more particularly to Fig. 1 of the 

drawings, the telephone system there illustrated 
comprises a main exchange 20 and a private 
brainch exchange 50. The main exchange 29ter 
minates a number of automatic subscriber lines 
which may be interconnected with the automatic 
aid manual subscriber lines terminating in the 
brainch exchange 50, in the manner described in 
detail in the copending Burgener application, Se 
rial No. 578,913 filed Feb. 9, 1945. The main 
exchange 2e also includes a toll switchboard 38 
which terminates a plurality of toll lines 349 
from distant exchanges and which has access to 
a toll switch train, in order that toll calls received 
from the distant exchanges may be extended 
either to main exchange subscribers or to the 
branch exchange subscribers. Facilities are also 
provided at the main exchange 2E whereby the 
subscribers thereat may call the toll board 356 
in order that the toll Operator thereat may Com 
pete toll connections to the SubScribers Served 
by the distant exchanges reached by way of the 
tol lines 39. 
The branch exchange 5 is provided with a toll 

switch train of the Strowger type, whereby the 
to operator in the main exchange 2 may extend 
connections to the automatic Subscriber lines in 
the branch exchange 5. The branch exchange 
5 is also provided with a manual Switchboard 
f)) whereby the operator thereat may extend 
toil calls received from the toll operator at the 
main exchange to the branch exchange manual 
or automatic subscriber lines. 
When a toll call is received over the toll line 

3.9 at the toll board 398, the operator thereat 
may extend the connection to the line of sub 
station. A or At in the main exchange 2 by 
means of the plug P364 of the cord circuit 30i, 
the jack J365, the toll selector 338, and the com 
bination connector 308. The toll operator may 
also extend a toll connection received over the 
toi line 3 9 to the line of the automatic substa 
tion A2 or A3 in the branch exchange 50 by 
means of the plug P334 of the cord circuit 3i, 
the jack J355, the toll selector 330, the trunk 
line 320, the toll trunk circuit 480, the interex 
change trunk line 480, the toll transmission trunk 
circuit 63, the toll selector 8.5, and the combi 
nation connector 825. It should be noted that 
the toll operator may also extend a toll connec 
tion to the line of the manual substation M in 

manual switchboard 36 in the branch exchange 55 the branch exchange 56 by means of the plug 
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P34 of the cord circuit 30, the jack J35, the 
toll selector 330, the trunkline 32, the toll trunk 
circuit 400, the interexchange trunk line 480, the 
toll transmission trunk circuit 666, and the jack 
J768 to the manual operator at the switchboard 
1890, who in turn completes the connection by 
means of the cord circuit 993, the jack J880, the 
line circuit 846, and the line 830 of the substa 
tion M. If the toll call received by the manual 
operator at the branch exchange 50 is intended 
for the line of the automatic substation A2 or 
A3, the operator thereat may also complete Such 
a connection by means of the cord circuit 990, 
the jack J779, the toll transmission trunk circuit 
660, the toll selector 815, and the combination 
connector 825. 
When the local subscriber at the Substation A 

in the main exchange 20 desires to extend a 
toll call to a distant exchange reached by Way 
of the toll line 3.9, the connection is extended 
by means of the line switch 3, the local Selector 
34, the trunk circuit 335, and the trunk line 
340 to the jack J306 at the toll board 300, and 
the operator thereat completes the connection 
by means of the cord circuit 30 to the desired 
distant exchange reached by way of the toll line 
3 9, all in the same manner as has been ex 
plained in the previously mentioned Burgener 
application. 
In the event that a subscriber in the branch 

exchange 50 desires to call a subscriber reached 
by way of the toll line 39, a connection is first 
extended to the branch exchange switchboard 
i090. After obtaining the necessary information 
for completing the toll call the manual operator 
at the switchboard 009 informs the calling Sub 
scriber that he will be recalled as Soon as the 
toll connection is completed to the desired called 
subscriber. The manual operator now extends a 
connection over a special Switch train to the toll 
board 300 and releases the connection, after 
giving the toll operator the necessary informa 
tion for completing the toll connection. The 
circuits and apparatus for extending a connec 
tion from the calling branch exchange Subscriber 
to the manual operator and from the manual 
operator to the toll operator are disclosed and 
described in detail in the previously mentioned 
Burgener application. After the operator at the 
toll board 300 obtains the desired called Sub 
scriber in the distant exchange, she completes the 
connection by recalling the original calling sub 
scriber in the branch exchange 50, as Will be 
more fully described hereinafter. 
o, CALL FROM A DISTANT EXCHANGE TO THE 
AUTOMATIC SUBSTATION A3 IN THE BRANCH EX 
CHANGE 50 

Having described in general terms the manner 
in which various toll connections are established, 
a more detailed description will now be given 
of the operation of the circuits and apparatus 
utilized in establishing the various connections. 
For this purpose it will be assumed that the 
operator at the toll board 300 has answered a 
toll call received over the toll line 39, by in 
serting the answer plug P302 of the cord circuit 
30 into the jack J303, and that the calling sub 
scriber or operator, as the case may be, in the 
distant exchange desires to communicate with 
the subscriber at Substation A3 in the branch 
eXchange 50. It will also be assumed that the 
toll operator has inserted the call plug P304 into 
the jack J305 and has seized the toll selector 
S39. The operator may now actuate her calling 
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4. 
device (not shown) in order to Operate the Se 
lector 330, in a well known manner, to raise its 
wipers 33 to 334, inclusive, in a vertical direc 
tion to a level corresponding to the digit dialed, 
after which the wipers are rotated automatically 
to select an idle toll trunk circuit. 

It should be noted that the toll selector 330 
may be controlled to select the toll trunk cir 
cuit 40 over either the trunk line 320 or the 
trunk line 32 . Referring now to FigS. 3 to 14, 
inclusive, it will be noted that the trunk line 320 
terminates in the fifth level of the bank contacts 
accessible to the wipers 33 to 334, inclusive, of 
the toll selector 330 and that the trunk line 32 
terminates in the sixth level. Accordingly, when 
the toll operator dials the digit "5' and thereby 
selects a toll trunk circuit, Such as 400, Over a 
trunk line, such as 320, the toll transmission trunk 
circuit 600 in the branch exchange is automati 
cally controlled to direct the connection to the 
toll switch train in the branch exchange 50. 
The toll operator may then directly control the 
toll switch train in order to extend the call to 
the desired automatic Subscriber line. 

If the toil cperator should find it necessary 
to call the branch exchange operator in Order 
to complete a desired toll call, she may dial the 
digit “6” whereupon a toll trunk circuit, Such 
as 460, is seized over a trunk line, Such as 32. 
The toll transmission trunk circuit 600 in the 
branch exchange 5) now functions, in a manner 
to be fully explained hereinafter, to extend the 
connection to the manual switchboard 000. 
When the manual operator at the Switchboard 
is receives such a call, she may complete it by 
Way of the cord circuit 900, either to a manual 
subscriber line, or by way of the toll transmission 
trunk circuit 690, the toll selector 85, and the 
combination connector 825, to an automatic Sub 
Scribe' line. 

It will be assumed that the digit '5' was dialed 
by the toll operator and that the trunk line 320 
is the one selected by the wipers 33 to 334, in 
clusive, of the toll selector 33), whereupon ground 
potential is applied from the toll selector 330, by 
way of the wiper 334, the conductor C485, and 
the contacts 423, one branch of the circuit ex 
tending by way of the contacts 454 and the 
winding of the automatic relay R460, to battery, 
and the other branch of the circuit extending 
by Way of the contacts 445 and the winding of 
the seizure relay R430, to battery. As a further 
result of the engagement of the Wipers 33 to 
334, inclusive, with the trunk line 320, a loop 
circuit is completed including the cord circuit 
30, the plug P304, the jack J305, the toll selector 
330, the wipers 33 and 332, the conductors C48 
and C482 of the interexchange trunk line 48), 
the contacts 522 and 524, and the lower and 
upper windings of the pulse relay R648, to bat 
tery and ground respectively. The relay R640 
operates Over the above traced loop circuit to con 
trol the toll transmission trunk circuit 690, in 
a manner to be explained hereinafter. 
When the above mentioiacd circuit for the au 

tomatic relay Ris) is completed, the relay oper 
ates and, at its contacts 463, prepares a circuit 
for subsequently operating the relay R440; and, 
at its contactS 46 and 462, it transfers the con 
ductors C484 from battery, through the winding 
of the operator relay R43, to direct ground, in 
order to mark the toll trunk circuit 400 busy in 
the banks of the selectors having access thereto. 
When the relay R43 operates over the above 
mentioned circuit, at its contacts 43?, it opens a 
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point in an incomplete circuit for applying re 
sistance battery by way of conductor C487 to 
the control relay R4; ; and, at its contacts 432, 
it prepares a point in an incomplete circuit for 
applying ground potential by Way of conductor 
C487 to the control relay R27 . 

Attention is directed to the fact that the con 
ductor C483 of the interexchange trunk line A38 
is the control conductor over which the duplex 
relayS R4; and RE are controlled in Order to 
perform various Operations in the main and 
branch exchanges. At the present time the 
Wiindings of the above mentioned relays are 
shunted over a circuit which may be traced from 
ground, by Way of the contacts 45; and if, the 
conductor C$37, the lower winding of the relay 
R4 (the upper winding of this relay being con 
nected to ground by Way of the resistance 2), 
the conductor C483, the lower winding of the 
relay R5 (the upper winding of this relay be 
ing connected to ground by Way of the resistance 
5 A), the conductor C533, and the contacts 536, 
675 and 328, to ground. Since the above traced 
circuit, including the Windings of the relays 
R4 and R58, is traced from ground to ground, 
the relays remain in their normal positions, and 
it Will be understood from a further description 
of the operation of the System that signals may 
be transmitted over this circuit in both direc 
tions between the main and the branch exchanges 
to perform various Supervisory and control oper 
ations. - 

When the previously traced loop circuit is con 
pleted for the pulse relay R-68), the relay oper 
ates and, at its contacts 644, it applies battery 
potential by Way of the high resistance 52, the 
winding of the relay R50, the winding 554 of the 
repeating coil 532, the contacts 53, 33 and 8: , 
to the conductor CS 82 to prepare a point, in the 
circuit for controlling the selector 35; at its 
contacts €42, it completes an operating circuit 
for the hold relay RS53; and, at its contacts 643, 
it opens a point in an incomplete circuit for sub 
sequently operating the relay R633. The relay 
R558, upon operating, at its contacts 854, com 
pletes an Cperating circuit for the hold relay 
R.36 G. At its contacts 363, the relay R665 upon 
operating, closes a point in the incomplete for 
the relay i. 3); and, at its contacts 863, it con 
pletes an operating circuit for the relay R56e 
which inay ie traced from ground, by Way of the 
contacts 363, 323 and 633, and the Winding of the 
relay R353, to cattery, and, at the same time, 
ground potential is extended by Way of contacts 
663, S23, 6 3 and 565, conductor C537, and con 
tacts 62, to the conductor C83 and by way of 
contacts 683 and 6'3", to the conductor C. 36. 
The ground potential applied to conductors 
C83 and C784 prepares the Selector SR 5 for sub 
sequent operation. The relay R539, at its con 
tacts 66 , also applies ground potential by Way of 
the winding of the relay R557, the winding 555 
of the repeating coil Éii, the contacts, 33, SF3 
and 63, to the conductor C78 , to prepare a 
point in the circuit for controlling the selector 
85. , -- 

The relay R563 operates over the above traced 
circuit, and, at its contacts 554, applies the oper 
atting ground potential for the relay R583 to the 
conductor CS3. At its contacts 566, the relay 
RiGG operas a point in the incomplete circuit for 
the Switching relay R.525; at its contacts 52, it 
places a resistance 5 in Series With the con 
ductors C3 and Ci 32; and, at its contacts 58 
and 563, it disconnects the windings 554 and 555, 

2,415,057 
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of the repeating coil 559, and the battery and 
ground potentials, applied thereto by way of the 
windings of the relays R557 and R570, from the 
conductors C78 and C82. When ground po 

5 tential is applied to the conductor's C83 and 
C784 and when the resistance 5 75 is connected in 
series with the conductors C78; and C782, the 
Selector 85 is seized, in a well known manner, 
and may respond to impulses transmitted thereto 

10 under the control of the pulse relay R649. 
The operator at the toll board 3) may now 

actuate the dial thereat in accordance with the 
next digit of the called subscriber number and, 
as a result thereof, the pulse relay R640, in the 

15 toll transmission trunk circuit 66), at its con 
tacts 64 repeats the impulses constituting the 
dialed digit, by Opening and closing the loop 
circuit extending to the selector et 5. The first 
time the relay R649 restores to normal during 

20 impulsing, at its contacts 583, it completes a 
circuit fron ground, by way of the contacts 84.3 
and 682 for operating the relay RS30; at its 
contacts 62, it opens the circuit of relay R859; 
and, at its contacts 64 , it interrupts the loop 

25 circuit in order to transmit the first pulse to the 
Selector 885. Since the relay RS5) is of the slow 
to-release type, it remains in its operated posi 
tion during impulsing. The relay R$38, upon 
Operating over the above traced circuit, at its 

30 contacts 63d, completes a holding circuit for it 
Self from ground at contacts 663, thereby main 
taining itself in an Operated position over a cir 
cuit which is independent of its initial energiz 
ing circuit. At its contacts 632, the relay R633 

35 opens the initial Operating circuit for the seizure 
relay R56, but this relay now remains locked 
up from ground applied to conductor C733 upon 
the Seizure of the Selector 8.5. At its contacts 
633, the relay R-638 prepares a point in the cir. 

40 Cuit for Operating the switching relay R52. 
Each time the pulse relay R84 reoperates 

after the termination of each impulse, at its COY 
tacts 663, it opens the initial operating circuit 
for the relay R636; at its contacts 642, it re 

45 closes the energizing circuit for the hold relay 
R659; and, at its contacts 64 , it recloses the 
loop circuit including the conductors C78; and 
C782 to terminate each impulse transmitted to 
the Selector 8f3. In the above described man 

50 ner the relay R840 follows the series of impulses 
transmitted by the operator at the toll board 
30, and repeats these impulses, at the contacts 
64, to the selector 855 and the subsequent 
SWitches in the train in order to complete the 

65 connection to the desired called subscriber line. 
Referring to Fig. 8, it will be assumed that the 

digit dialed to control the selector 8 5 is the 
digit '8' and that the selector 815 has elevated 
its Wipers in a vertical direction to the eighth 

60 level, and has automatically rotated the wipers 
Cver the contacts of the associated level to select, 
the trunk line 86 extending to the combination 
Connector 825. The final two digits of the de 
sired called subscriber number are now dialed 

65 by the operator and, in the manner described 
above, are repeated by the pulse relay R84 in 

' order to control the operation of the connector 
S25. The connector 825 responds, in a well 
known nanner, to raise its wipers to the level 

70 of its associated bank contacts terminating the 
line 826 of the called subscriber substation A3 
and, in response to the final digit dialed by the 
toll operator, rotates its wipers over the selected 
level into engagement with the set of bank con 

75 tacts terminating the line 823. 
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If the desired called line is busy when the 
wipers of the connector 825 are positioned into 
engagement therewith, the usual busy tone signal 
is transmitted to the operator at the switchboard 
39 to indicate that the called line cannot be 
signaled at the present time. It will be assumed, 
however, that the called line is idle when the 
wipers of the connector 825 are placed into en 
gagement therewith, and the connector, in a 
well known manner, Switches the connection 
through to the selected line. The ringing control 
of the combination connector 825, when utilized 
in a toll connection, is such that the connector 
does not automatically ring the desired called line 
but must be controlled by the operator at the 
toll board to signal the called subscriber. 
When the connector 825 SWitches the connec 

tion through to the line 826, ground potential 
is removed from the conductor C783, thereby 
opening the circuit of the relay R568. The re 
lay R565 now restores to normal and, at its con 
tacts 585, connects ground potential by way of 
the contacts 663, 622, 6 3 and 565, to the con 
ductor C783 in order to prepare the connector 
to ring the desired called subscriber line when 
ground potential is subsequently removed from 
the conductor C783 by the operation of the ring 
control relay R623, as will be described here 
inafter. At its contacts 56, 562 and 563, the 
relay R50 removes the resistance 55 from the 
conductors C78; and C782 and reconnects bat 
tery and ground potentials by way of the relays 
R50 and R55 and the windings 554 and 555, 
to the conductors C782 and C78, respectively; 
and, at its contacts 566, it completes an oper 
atting circuit for the switching relay R526. 
Upon operating, the relay R520, at its contacts 

52 to 524, inclusive, transfers the loop circuit 
including the conductors C8 and C482, from 
the windings of the pulse relay R640, to the 
windings 55 and 552 of the repeating coil 550 
and the upper and lower windings of the Super 
visory relay R540 in series. The relay R580 
operates at this time over a circuit including 
the cord circuit 3G and, at its contacts 54 f, Com 
pletes a circuit for maintaining the pulse relay 
R64 in its operated position to prevent the 
relays in the toll transmission trunk circuit 600 
from restoring. It should be noted at this time 
that since the contacts 52 to 524, inclusive, alre 
of the make-before-break variety, the relay R50 
operates to close its contacts 54 before the 
relay R.633 is restored to normal. As a further 
result of the operation of the relay R520, at its 
contacts 529, it prepares a circuit for Operating 
the ring control relay R62); at its contacts 525 
it connects battery potential through the Wind 
ing of the answer relay R5; ) in order to shunt 
out the battery potential applied thereto by Way 
of the high resistance 572. At its contacts 526, 
the relay RS2 removes ground potential from 
the control conductor C483 extending to the 
main exchange, and, at its contacts 52, it applies 
battery potential to the conductor C483. As a 
result of the latter operation a circuit is now 
completed which may be traced from ground, 
by Way of the contacts 45? and 44, the conductor 
C48, the lower winding of the control relay R49, 
the conductor C383, the lower Winding of the 
control relay Rii), the conductor C530, the con 
tacts 56 of the busy key K.5 5, the contacts 675 
and 527, and the resistance 680, to battery. 
As a result of the above traced circuit the re 

lay R4 in the toll trunk circuit 430 is operated, 
but the relay R50 in the toll transmission trunk 
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600 is not operated. More specifically, the cir 
cuit including the upper winding of the control 
relay R47, is rendered ineffective since the cir 
cuit therefor may be traced from ground, con 
ductor C48, the upper winding of the relay 
R49, and the resistance 42, to ground. No cur 
rent flows through the upper winding of the relay 
and the current flow through its lowei' winding 
is sufficient to cause it to operate at this title. 
Referring to the control relay R53, it is to be 
noted that when battery potential is connected to 
the conductor C539, a circuit is completed for its 
upper winding from ground, by Way of the re 
sistance 54, and the upper winding of the relay 
R5), to battery potential connected to the con 
ductor C530. A circuit is also completed for the 
lower winding of the relay in series with the lower 
Winding of the control relay R4 in the toll trunk 
circuit 46). Since the windings of the relay RS ) 
are in opposition to each other, and since the 
energizing circuit is completed for both windings, 
the relay does not operate at the present time. 
The control relay Rá 73 in the toll trunk cir 

cuit A63 Operates over the above traced circuit 
and, at its contacts 47, it completes a circuit 
froin ground, by Way of the contacts 33 and the 
lower winding of the relay R?.49, to battery. The 
relay R4? operates over the above traced circuit 
and completes a holding circuit including its 
upper winding, the contacts 368, and ground po 
tential applied to the conductor Cé65; and, at 
its contacts ii.5, it opens the circuit of the seizure 
relay R433. As a further result of the operation 
of the relay R440, at its contaets 444 it removes 
ground potential from the conductor Cé$3; and, 
at its contacts 443, it applies battery potential 
through the Winding of the ring control relay 
RA to the conductor C.283. At its contacts 
46 aid 432, the relay R443 transfers the con 
nection of giround potential to the conductor 
Cl8 from contacts 5 to contacts (32. 
When the ground potential is renoved fron 

the conductor C48; upon the operation of the 
relay R46 (), the toll selector 338 operates to pre 
pare the circuit including the talkiing coductors 
C43, and C482 for transmission, and to return 
ground potential by way of the wipel' 333 and the 
conductor C186 in order to complete an operating 
circuit for the ring control reliay Ri: ;), Conse 
quently, when ground potential is applied to the 
conductor CA36 by the toll selector 333, the ring 
control relay RAO operates and, at its contacts 
& 2, applies a nultiple groun potential to the 
conductor C487. The relay R$3E which is of the 
SCW-to-release type, subsequently restores to 
no1'nal and, at its contacts $33, renoves the 
ground potential from the conductor Ci-33; how 
ever, ground potential is maintained thereon 
through the contacts 3:2. At its contacts 43 , 
the relay Ré3G prepares a point in the circuit 
for applying battery by way of the resistance 
$34 to the conductor CA3. The latter circuit, 
however, is not completed until the ring control 
relay R3 0 is restored to normal. 
At the present time the relays R is G, R443, 

R66 and R4 of the toll trunk circuit 238 are 
in their operated positions and the circuit, is 
1'eady to respond to the control exercised by the 
toll operator to signal the called subscriber. It 
should be noted at this time that when the toll 
trunk circuit 466 functions to remove ground 
potential from the conductor CÉ35 the toil se 
lector 338, in addition to returning ground po 
tential to the control conductor C486, also sig 
naled the operator at the toll board 330 to in 
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dicate that the connection had been extended 
to the line of the desired called SubScriber and 
that it may noW be signaled. 
When the operator at the toll board 3) is 

ready to signal the called subscriber, she causes 
ground potential to be removed from the con 
ductor C486, whereupon the ring control relay 
R4E restores to normal. Upon restoring to nor 
mal, at its contacts S, the relay R3C applies 
resistance battery potential to the conductor 
CE8 and the conductor C83 over the follow 
ing circuit: battery, resistance 4, contacts 3i, 
i and 42, the conductor C: 3; one branch 
extending by way of the Upper Winding of the 
control relay R?) and the resistance 42, to 
ground, and the other branch extending by Way 
of the lower Winding of the relay Rd, the con 
ductor C483, and the lower winding of the coin 
trol relay R59, one branch extending by Way 
of the upper winding of the relay R5 and the 
resistance si4, to ground, and the other branch 
extending by Way of the conductor C33, the 
contacts 5S, 65 and 52T, and the resistance 
58, to battery. In the above traced circuits it 
is to be noted that the lower Winding. Of the COin 
trol relay R47 is now shunted because the coin 
ductor C8 is connected to resistance battery 
and the conductor CA33 is also connected to re 
sistance battery, but a circuit is now completed 
for the upper winding of the relay R4 by way of 
the resistance 472, to ground. In View of the 
foregoing, the relay Rii remains in its operated 
position. However, when resistance battery po 
tential is applied to the conductor C683 the lower 
Winding of the relay R5 is shunted because 
resistance battery is also connected to the con 
ductor C3 and a circuit is completed for the 
upper Winding of the relay, Which includes the 
resistance battery applied to conductor C538, 
and ground through the resistance 5: . The re 
lay R5 now operates over the circuit including 
its upper winding and, at its contacts 5 , com 
pletes a circuit which may be traced from ground 
by way of the contacts 65, 5 and 529, and the 
winding of the ring control relay R62, to bat 
tery. The ring control relay R620 operates. Over 
the above traced circuit and, at its contacts 22, 
removes ground potential from the conductor 
C33, thereby causing the combination connector 
25 to Signal the Substation A3 over the line 226. 
When the called subscriber answers by remov 

ing his receiver from his associated telephone in 
strument, the combination connector 825 func 
tions, in a well known manner, to cause the Op 
eration of the answer relay R579 in the toll trans 
mission trunk circuit 660. When the relay R575 
is Operated in response to the called Subscriber 
answering the connection, at its contacts 57 f, it 
completes an operating circuit for the Supervisory 
control relay. R66. The relay Risi, upon operat 
ing, at its contacts 2, reapplies ground poten 
tial to the conductor CE 33 to terminate the ring 
ing control operation of the combination con 
nector 825. As a further result of the operation, 
the relay R.6f), at its contacts if , places a short 
Circuit around the upper high resistance winding 
of the supervisory relay R543. The shunting of 
the high resistance upper winding of the relay 
R55, in addition to improving the transmission 
qualities of the trunk line 30, also causes an 
a) SWei Signal to be given to the operator at the 
toll hoard 35 to indicate that the Subscriber has 
as SW feed the call. 
When the toll operator receives the answer Su 

pervision she again causes ground potential to 
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be connected to the conductor C486 and thus re 
operates the relay R40. Upon operating, the re 
lay R40, at its contacts 4 ?, removes the resist 
ance battery potential from the conductor C48 
and, at its contacts 42, it Substitutes a direct 
ground potential. A circuit is now completed for 
the lower winding of the control relay R40 in 
order to maintain the relay in its Operated posi 
titon, but the circuit including its upper Wind 
ing is of no effect since the winding is shunted at 
this time. When ground potential is applied to 
the conductor C483 through the lower winding of 
the relay R40, an energizing circuit is completed 
for the lower winding of relay R5 G which in 
cludes the resistance battery potential connected 
to the conductor C530 and an energizing circuit 
is also completed for the upper Winding of the 
relay R5 by way of the resistance 54 and 
ground. However, since the windings of the re 
lay R5 are in opposition to each other, the 
above traced circuit for both Windings causes the 
relay to restore to its normal position at this 
time. When the relay R5 restores to normal, 
at its contacts 5 , it opens the operating cir 
cuit of the ring control relay R62. The relay 
R320 now restores to normal, and, at its contacts 
622, again prepares the circuit for applying 
ground potential to the conductor C783 when 
ground is removed therefrom by restoration of 
the supervisory control relay R6. 
The desired connection between the operator 

at the toll board 300 and the called subscriber at 
the substation A3 is now completed and the toll 
Operator may Withdraw from the connection to 
permit the distant calling Subscriber to converse 
With the called Subscriber at the Substation A3. 
It is to be noted that transmission current for the 
called station is supplied through the windings of 
the relays R570 and R557, and the transmission 
current for the calling end of the connection may 
be supplied from either the cord circuit 30 or 
from the toll Selector 33. 

Recall supervision to the toll operator 
In the event that the toll operator at the dis 

tant toll board desires to communicate with the 
operator at the toll board 30, she may do so in 
any Well known manner, such as, for example, 
transmitting ringing current over the toll line 39. 
When ringing current is transmitted over the toll 
line 3 9 a signal, at the toll board 300, is oper 
ated to indicate to the operator thereat that the 
distant toll operator desires to converse with her. 
The toll Operator may now actuate a talk key (not 
ShoWn) at her position in Order to reconnect her 
telephone circuit to the toll line 39. After the 
toll operator at the toll board 30 receives the in 
formation from the distant toll operator she may 
renowe her telephone circuit from the connec 
tion by restoring the talk key to its normal posi 
tion. 
In the event that the called subscriber at the 

Substation A3 desires to communicate with the 
operator at the toll board 300, he may do so by 
momentarily actuating the switchhook at his tele 
phone instrument a number of times. Attention 
is directed to the fact that the relay R57) in the 
toll transmission trunk circuit 600 is maintained 
in its Operated position during the time that con 
versation takes place between the calling and 
called subscribers. Consequently, each time the 
called subscriber actuates the switchhook at the 
Substation A3 the switching apparatus functions, 
in a well known manner, to interrupt the circuit 

... cf. the answer relay R576. Each time the relay 
5 R5 restores to normal, at its contacts 57, it 
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opens the circuit of the supervisory control relay 
R6. Each time the relay R60 restores to nor 
mal, at its contacts 6 3, it maintains a gi'Ound 
potential upon the conductor C783 extending to 
the selector 815; and, at its contacts 6 , it re 
moves the shunt from the high resistance uppei 
winding of the supervisory relay R540. 

It Will be recalled that when the Supervisory 
control relay. R6 O was energized in response to 
the called Subscriber answering the connection, 
the high resistance upper winding of the relay 
R540 was removed from the loop circuit includi 
ing the talking conductors C48 and C482, there 
by to control a signal at the toll board 300 to 
indicate that the called Subscriber answered the 
connection. When the high resistance upper 
Winding of the relay R540 is intermittently re 
inserted in the above described circuit under 
Control of the relay R60, it causes an intermit 
tent signal to be given to the operator at the 
toll board 300 as an indication that the called 
Subscriber at the substation A3 desires to com 
municate with her. The toll operator may recon 
nect her telephone circuit to the connection ex 
tending between the toil board 3) and the called 
Subscriber at the substation A3 by actuating the 
talk key (not shown) at her position, and may 
then communicate with the called Subscriber in 
a well known manner. After the toll operator 
has communicated With the called subscriber at 
the SubStation A3 she may again restore the 
talk key at her position in order to reestablish 
the connection between the calling subscriber in 
the distant eXchange and the called Subscriber 
at the substation A3. 

DiscOnnect Supervision 

After the conversation between the calling and 
the called subscriber has been terminated and 
the called Subscriber at the substation A3 has 
restored his receiver upon the switchhook of his 
telephone instrument, the switching apparatus 
including the combination connector 825 and the 
selector 85 operates, in a well known manner, 
to open the circuit of the relayS R570 and R557. 
The relay R50 restores to normal and, in the 
previously described manner, causes the relay 
R60 to restore to normal and again insert the 
high resistance upper winding of the relay R540 
into the loop circuit including the conductors 
C48 and C482. The insertion of the high re 
sistance upper winding of the relay R540 into the 
above mentioned loop circuit causes a signal to 
be given to the operator at the toll board 300 as 
an indication that the called subscriber has dis 
connected. It is to be noted, however, that the 
switching apparatus, including the Selector 85 
and the combination connector 825, is not re 
stored to normal at the present time due to the 
fact that ground potential is still maintained 
upon the conductor C784 by way of the contacts 
663 and 63. 

Recalling the called subscriber 
In order to describe the manner in which the 

operator at the toll board 30 may resignal the 
called Subscriber at the substation A3, it will be 
aSSurned that the Subscriber at the Substation 
A3 has prematurely restored his receiver upon 
the Switchhook of his telephone instrument and 
that the toll operator at the distant toll board 
has resignaled the operator at the toll board 
3 and has informed her that the calling sub 
Scriber desires to be reconnected to the Subscriber 
at the Substation A3. 
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In Order to re-ring the called Subscriber at 

the Substation A3, the operator at the toll board 
30 controls the cord circuit 36 and the toll 
selector 33, in a well known manner, whereupon 
ground potential is renoved from the conductor 
Ci86. Removal of ground potential from the 
conductor C486 Opens the circuit of the ring con 
trol relay R4f), whereupon this relay restores 
to normal and, at its contacts 4, reapplies 
resistance battery potential, over the previously 
described circuit, to the conductor C48. When 
battery potential is connected to the conductor 
C48, a circuit is completed by Way of the upper 
Winding of the relay R4 and resistance 42, to 
ground, in order to maintain the relay in its 
Operated position, and battery potential is ex 
tended by Way of the lower Winding of the relay 
and conductor C483 through the lower winding 
of the relay R5 is to resistance battery connected 
to the conductor C53. This circuit shunts the 
lower windings of the relayS R4TO and R50. Si 
multaneously with the completion of the above 
Inentioned shunting circuit, a circuit may now 
be traced from the resistance battery applied to 
the conductor C539, by way of the upper winding 
of relay R5 and the resistance 514, to ground, 
Whereupon the relay R5 operates and closes its 
contacts 5ff. 
When the above mentioned contacts 5 are 

closed a circuit is completed from ground, by way 
of the contacts 65d, 5 and 529, and the winding 
of the ring control relay R620, to battery. The 
relay R620 operates over the above mentioned 
circuit and, at its contactS 622, it removes the 
ground potential applied to the conductor C83. 
Removal of ground potential from the conductor 
C83 controls the combination connector 825, 
in the previously described manner, to transmit 
ringing current Over the called Subscriber line 
826. 
When the called subscriber at the Substation 

A3 responds by removing his receiver from the 
telephone instrument, the relays R570 and R557 
are again operated and control the Switching 
apparatus involved in the connection in Order 
to transmit answer Supervision to the operator 
at the toll board 30. When the operator at 
the toil board 30 receives the answer Supervision, 
she again causes the cord circuit 3 and the 
toll selector 336 to apply ground potential to 
the conductor CA3 and again operate the ring 
control relay R4 f). As has been mentioned 
above, operation of the relay R40 removes the 
resistance battery potential from the conductor 
C487 and substitutes a ground potential, where 
upon the relay R5 to in the toll transmission trunk 
circuit 6 restores to normal and the relay R470 
in the toll trunk circuit 699 remains in its op 
erated position. Upon restoration, the relay 
R50, at its contacts 5 f, again opens the circuit 
of the ring control relay R628. The relay R620 
now restores to normal and, at its contacts 622, 
reapplies ground potential to the conductor C783. 
The calling subscriber in the distant toll office 
may now communicate With the called Subscriber 
at the Substation A3 and complete the conversa 
tion that was prematurely interrupted by the 
disconnection of the subscriber at the Substation 
A3. 

Reled Se 

In Order to describe the release of the con 
nection established between the calling Subscrib 
er in the distant toll office and the called Sub 
Scriber at the Substation A3, it Will be assumed 
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that when the called subscriber at the substation 
A3 replaced his receiver upon the switchhook of 
his telephone instrument, the calling Subscriber 
in the distant toll office also replaced his receiver 
upon his telephone instrument. As a result of 
the latter operation the distant toll Operator re 
ceives the usual disconnect Supervision and there 
upon breaks down the toll connection between 
the distant toll office and the toll board 30. 
When the atter connection is taken doWn, the 
toil operator at the toll board 3 receives the 
usual disconnect, Supervision at the answer end 
of the cord circuit 3, and since she has also 
received a disconnect supervision upon the called 
end of the cord circuit 39 she may now withdraw 
the cord circuit, 3 from the jacks J33 and 
J35. When the plug P3 G4 of the cord circuit 
3 is Withdrawn from the jack J35, the toll 
Selector 33 restores to normal in a Well known 
nanner, thereby removing ground potential from 
the conductor's C and C48. As a further 
result of the restoration of the toll selector 330, 
the operating circuit, including the conductors 
Cia and CA82, for the Supervisory relay R549 
in the toll transmission trunk circuit 600, is 
opened, whereupon the relay R54 restores to 
Ornal. 
Referring now to the toll trunk circuit 490, 

it will be noted that when ground potential is 
renoved from the conductor C486 the ring. Con 
trol relay Ri restores to normal and, at its 
contacts , reapplies the resistance battery 
potential to the conductor C48. The reconnec 
tion of resistance battery potential to the con 
ductor C487 completes a holding circuit includ- 3 
ing the upper winding of the relay R47 and 
the resistance 42, to ground, in Order to main 
tain the relay R49 in its operated position. 
The resistance battery potential connected by 
Way of the lower winding of the relay R4 to 
the conductor C483 causes the relay R50 in the 
to transmission trunk circuit 6 to reoperate 
in the previously described manner. 
When ground potential is removed from the 

conductor C485, the relay R460 restores to nor 
mal and, at its contacts 54, completes a circuit 
from ground, by Way of the contacts 4, 464 
and A58, and the Winding of the release relay 
RE25, to battery. The relay R?.2 operates over 
the above traced circuit and, at its contacts 422 
and $24, applies ground potential to the conduc 
to's CS3? and C85, respectively, in order to 
maintain the toll trunk circuit, 4 busy in the 
banks of the Selectors having access thereto. 
As a farther result of the restOration of the 
relay R469, at its contacts 46, it prepares a 
circuit for the relay RA 5; and at its contacts 
463, it opens the initial operating circuit for the 
lower Winding of the relay R44). As a further 
result, of the removal of ground potential from 
the conductor C485, the relay R44 also restores 
to normal. Upon restoring to normal, the relay 
Rig4, at its contacts 43, disconnects the relay 
R. from the conductor C486; and, at its con 
tacts 44, it reapplies ground potential to the 
conductor C88 in order to prepare the toll 
trunk circuit is for Subsequent seizure. At its 
contacts 442, the relay R$40 disconnects the re 
sistance battery potential applied to the conduc 
tor C48; and, at its contacts 44, Substitutes 
therefor a ground potential applied by Way of 
the contacts 45. The substitution of ground po 
tential to the conductor C48 completes a shunt 
circt it around the traper winding of the relay 
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lower winding of the relay in order to maintain 
the relay in its operated position. The Sub 
stitution of ground potential for the resistance 
battery potential to the conductor C483 causes 
the relay R50 in the toll transmission trunk cir 
cuit 6 to restore to normal. 

Referring now to the toll transmission trunk 
circuit fit, it will be noted that when the relay 
R34 restored to normal as a result of the res 
toration of the toil selector 33, at its contacts 
54 , it opened a loop circuit including the lipper 
and lower windings of the pulse relay R6á6. 
When the guise relay Riis restores to normal, 
at its contacts 542, it opens the circuit of the 
hold relay RSS). At its contacts 64, the relay 
R.S. also disconnects the battery potentiai, ap 
plied by way of the winding of the relay R5, 
from the conductor CF 82. Since the relay Ré59 
is of the slow-to-release type, it Subsequently re 
stores to normal and, at its contacts 5E, it openS 
the circuit, for the relay R35). The relay R66) 
is also of the slow-to-release type and, upon re 
storing to normal at its contacts is , it discon 
nects ground potential, applied by Way of the 
wiriding of the relay R552, from the conductor 
C&; at its contacts 2, it opens a point in the 
initial Operating circuit for the relay R63; and, 
at, its contacts 83, it restoves ground potential 
from the conductors C83 and CE84. 

Removal of ground potential from the con 
ductor C-34 causes the Selector 885 and the con 
nector 825 to restore their associated wipers to 
their normal positions, whereupon the line 826 
of the Subscriber at the Substation A3 is rendered 
available for further calls. As a further result 
of the restoration of the relay RS6 3, at its con 
tacts 53, it also opes the holding circuit of 
the relay. R$36. The relay R-638 now restores to 
normal and, at the contacts 633 opens the cir 
cuit of the relay R52. At its contacts 33, the 
'elay RS3 opens a point, in the holding circuit, 
for itself; and, at its contacts $32, it prepares a 
point, in the initial operating circuit for the re 
lay R563. 

Responsive to the opening of the holding cir 
cuit of the switching relay R32, the relay re 
stores to normal and, at its contacts 52 to 524, 
inclusive, it disconnects the left-hand Windings 
Of the repeating coil 555 from the trunk con 
ductor's C8 and C-32, and it connects these 
CCInductO'S to the Windings of the pulse relay 
R53. At its contacts 525, the relay R.52 dis 
Connects the battery potential from the Winding 
of the answer relay R576, thereby removing the 
Shunt circuit from around the high resistance 

2; and, at its contacts 526 and 527, it discon 
nects the resistance battery potential applied to 
the conduct& C53 and substitutes in place 
thereof a direct ground potential. Attention is 
directed to the fact that when the toll trunk cir 
cuit 88 restored to normal, direct ground poten 
tial was applied by way of the lower winding of 
the relay Ré?? to the conductor Cá83, and ex 
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t&nding therefrom, by way of the lower winding 
Of the relay Risi, to the resistance battery po 
tiential agglied to the conductor CS3. When the 
circuit including the lower windings of the re 
lays Rés and Riis is engrgized in the above 
described manner, the relay RA regains in its 
Operated position and the relay R5 restores to 
normal. Accordingly, when ground potential is 
substituted for the resistance battery potential 
applied to the conductor C580, the energizing cir 
Clit for inaintaining the lower winding of the re 

R670 and it completes a holding circuit for the 5-lay R476 in its operated position is opened, there 
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by causing the latter relay to restore to normal. 
It will be recalled that during the release Op 

erations of the toll tuik circuit 4 the relay 
R5 in the toll transmission trunk circuit, 6i 
was monentarily operated and restOired to nor 
inal. Due to the fact that the ring control re 
lay R62) is of the SOW-to-operate type, the no 
inentary completion and interruption of its cir 
cuit at the contacts 5A f do3s not permit Sufi 
cient time for the relay to operate. Accordingly, 
ground potential is maintained upon the COin 
ductor C83 during the releasing operations of 
the toll trunk circuit, 3. Ground potential is 
removed fron the conductors C83 and C.83 
upon the restoration of the hold relay R66) in 
the manner previously described. 
When the relay RSS restores to normal, in the 

above described nainner, at its contacts 4 , it 
opes the Operating circuit for the release relay 
R62. Which also restores to normal. At its con 
tactS 22 and 524, the relay R426, upon restor 
ing to normal, removes the busy marking ground 
potentials from the conductors Cé84 and C485; 
and, at its contacts 2 and 323, it reconnects 
the Windings of the operator relay R459, and the 
WindingS of the automatic relay R460 and sei 
Zure relay R438 to the conductors C484 and Cé85, 
respectively. The SWitching apparatus includ 
ing the toll transmission trunk circuit 600 and the 
toll trunk circuit is have now been restored to 
normal and may be selected by the operator at 
the toll board 36 to extend additional connec 
tions to the branch exchange 5. 

ToLL CALL FROM A DISTANT ExCHANGE EXTENDED 
BY THE TOLL OPERATOR TO THE BRANCHExCHANGE 
OPERATOR FOR COMPLETION 

The manner in which toll calls are established 
by the toll operator in the main exchange 20 by 
directly controlling the automatic switching ap 
paratus in the branch exchange 5) having been 
described above, a description will now be given 
of the Operation of the switching apparatus when 
the toll Operator in the main exchange 20 ex 
tends a toll connection to the manual operator 
in the branch exchange 50 for completion. When 
the Operator at the toll board 300 desires to ex 
tend a toll call to the operator at the switchboard 
f689, she selects a toll selector, such as 330, and 
dials the digit “6,' whereupon the toll selector 
raises its Wipers to the sixth level and automat 
ically rotates its wipers over the selected level to 
Select an idle trunk line, such as 32 . 

Accordingly, it will be assumed that the opera 
tOr at the toll board 3... has received a toll call 
Over the toll line 39 and has answered the call 
by inserting the plug P302 into the jack J33. 
It Will also be aSSumed that the calling subscriber 
in the distant eXchange desires to communicate 
With the subscriber at the Substation A3 in the 
branch eXchange 5). It, Will be understood that 
all of the automatic subscribers in the branch ex 
change may be called directly by the operator at 
the toll board 39; however, it is sometimes desir 
able to route Such connections to the branch ex 
change Operator for completion. For example, 
if the local Subscriber at the Substation A3 is go 
ing to be absent from his premises for a certain 
period of time, he may inform the branch ex 

, change operator that, he may be reached by ex 
tending a connection to some other subscriber 
Substation. 8. 

It will now be assumed that the toll operator 
has inserted the call plug P38s into the jack J35, 
and has operated the toll selector 330, in the 
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previously described manner, and that the selec 
tor 333 has selected the trunk line 32 extending 
to the toll trunk circuit (). When the Wipers 
33 to 33, inclusive, of the toll Selector 33 en 
gage the Contacts Of the bank terminating the 
Conductors of the trunk line 32, ground poten 
tial is applied by way of the wiper 334, the con 
ductor C484, the contacts 42 and 46, and the 
Winding of the operator relay R450, to battery. 
The relay R42 operates over the above traced 
circuit, and, at its contacts 453, applies ground 
potential to the conductor C$35 in order to busy 
the toll trunk circuit (8 in the banks of the 
toll selectors having access thereto. At the con 
tacts 453, the relay R?5 also completes a circuit 
by Way of the contacts 343 for operating the 
slow-to-release seizure relay R433. At its con 
tacts 453, the relay R45) disconnects the auto 
matic relay R460 from the conductor C485; at 
its contacts 456, it opens a point in the circuit for 
the release relay R42i; and, at its contacts 455, 
it prepares a point in the circuit for operating 
the relay Riis. As a further result of the oper 
ation of the relay R25), at its contacts 45, it 
disconnects direct ground potential from the con 
ductor C48; and, at its contacts 452, it applies 
battery potential by way of the resistance 44 and 
the contacts 352 and &AE, to the conductor C437. 
When the relay R438 operates over the above 

described circuit, at its contacts 43, it opens a 
point in the incomplete circuit for applying re 
sistance battery by way of the contacts 4 to the 
Conductor C48 and, at its contacts 432, it pre 
pares a point in the circuit for Subsequently ap 
plying ground potential to the conductor C487. 
As a further result of the engagement of the 

wipers 33 to 334, inclusive, with the trunk line 
32 A, a loop circuit is completed including the 
cord circuit 3: , the toll selector 333, the conduc 
tors C43; and C482, the contacts 522 and 524, and 
the lower and upper windings of the pulse relay 
R840, to battery and ground, respectively. The 
pulse relay R640 operates over the above traced 
loop circuit to control the toll transmission trunk 
circuit 689, in a manner to be explained herein 
after, 
Attention is now directed to the fact that the 

control conductor C$83 of the interexchange 
trunk line 489, prior to the seizure of the to 
trunk circuit , has ground potential applied 
thereto through the lower winding of the control 
relay R4 and through the lower winding of 
the control relay RSA. This circuit may be 
traced from ground, by way of the contacts 45 
and 48 , the conductor C48, the lower winding 
of the relay R48, the conductor C483, the lower 
winding of the control relay R5, the conductor 
C530, the contacts 5:6 of the key K55, and the 
contacts 65 and 526, to ground. In view of the 
above circuit the lower windings of the relays 
R.T. and R5 are not.energized. It should also 
be noted that ground potential is connected to 
the upper winding of the relay R40 by way of 
the resistance 2, and that ground potential is 
connected to the upper winding of the relay R520 
by way of the resistance 54. 
When the toll trunk circuit, 4 is seized and 

the relay R450 operates, a resistance battery 
potentiai is applied to the conductor C487 from 
battery, by way of the resistance 447, and the 
contacts 452 and is . When resistance battery 
potential is substituted for the ground potential 
applied to the conductor C48, a circuit is con 
pleted for energizing the upper and the OWer 
Windings of the relay R?. The circuit for the 
upper winding may be traced from ground, by 
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Way of the resistance 472 and the upper winding 
of the relay R470; and the circuit for the lower 
Winding of the relay may be traced from the 
ground potential applied to the conductor C433 
at the toll transmission circuit 60 and the lower 
winding of the relay R47). Since the Windings 
of the relay R4 are in opposition to one an 
other, the above traced energizing circuits for 
these windings prevent the relay from operating 
at this time. However, in the toll transmission 
trunk circuit 600, the application of resistance 
battery to the conductor C483 by the toll trunk 
circuit 420 completes a circuit for energizing the 
lower winding of the relay R50. This circuit 
may be traced from ground, by way of the 
contacts 526, 675 and 5:6, the conductor C530 
and the lower winding of the relay R5 , to bat 
tery potential applied to the conductor C3. A 
branch of this circuit is also extended by way of 
the upper winding of the relay R5 g, and the 
resistance 5 i?, to ground. The latter circuit, 
however, since it is traced from ground to ground, 
does not have any effect upon the upper winding 
of the relay. Ihe relay R50 now operates as a 
result of the energizing circuit, completed through 
its lower winding and, at its contacts 5: , pre 
pares a circuit for the upper winding of the 
transfer relay R670. 
When the pulse relay R4 operates over the 

previously traced loop circuit, including the con 
ductors C68 and C482, at its contacts 63 , it 
applies battery potential by way of the high 
resistance 52, the winding of the relay. R56, 
the winding 554 of the repeating coil 55, and 
the contacts 56, 64 and 6, to the conductor 
C82. The latter circuit, as has been pointed 
out hereinbefore, prepares a point in the circuit 
for controlling the selector 8iS. However, as 
will be pointed out, the relay R670 will subse 
quently be operated to disconnect the above 
traced circuit from the conductor C82. As a 
further result of the operation of the relay R.646, 
at its contacts 642, it completes an operating 
circuit for the slow-to-release hold relay R.65; 
and, at its contacts 643, it opens a point in the 
incomplete circuit for subsequently operating the 
relay R639. The relay R556, upon operating, at 
its contacts 65, completes an obvious circuit for 
operating the relay R668 and also completes a 
circuit from ground by way of the contacts 65 , 
5 and 528 for energizing the upper winding 
of the transferrelay R6). - 
The relay R60 operates when the above traced 

energizing circuit is completed for its upper Wind 
ing and, at its contacts 68, it prepares a lock 
ing circuit for its lower winding. As a further 
result of the operation of the Irelay R60, at its 
contacts G7 and 673 it disconnects the talking 
conductors extending from the right-hand Wind 
ings of the repeating coil 55 from the conductors 
C78 and C782, and connects the right-hand 
windings of the repeating coil 555 by Way cf its 
contacts 672 and 64, thereby to prepare a circuit 
for extending the connection to the jack J.6) 
at the switchboard 38. At its contacts 675, the 
relay R670 disconnects the direct ground poten 
tial from the conductor CS3) and, at its contacts 
66, it connects battery by way of the resistance 
68), and the contacts 66 and 5 6 to conductor 
C530. At its contacts €7, the relay R670 pre 
pares a circuit for the upper Winding of the relay 
R7 0; at its contacts 679, it opens a point in the 
operating circuit for the relay R589; at its con 
tacts 672 and 673 it disconnects the conductors 
C83 and C.84 from the toll transmission trunk 
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circuit 600; and, at its contacts 67', it prepares 
a point in the holding circuit for the relay R120. 
At its contacts 674, the relay R670 completes a 
circuit from ground by way of the contacts 674 
and the winding of the switching relay R520, to 
battery. 

It will be recalled that the 1relays R660 and 
R670 operated when the hold relay R650 closed 
its contacts 85. As a result of the operation 
of the relay R669, at its contacts 66, it closed 
a point in the circuit of the conductor C78 
which, however, has no effect at this time since 
the relay R678 has operated. At its contacts 662, 
it prepares a point in the incomplete circuit 
for operating the relay R638; and, at its contacts 
663, it completes a holding circuit for the relay 
R67) which may be traced from ground, by Way 
of the contacts 663 and 678, and the lower Wind 
ing of the relay RS7), to battery. 
The latter relay will now 1emain in its oper 

ated position, even though the circuit for its 
upper winding is subsequently disconnected. 

Before discussing the operation of the relay 
R52), a description will now be given of the ef 
fect of the substitution of resistance battery for 
ground potential to the conductor C530 as a re 
sult of the closure of the contacts 66 by the relay 
R6). When resistance battery potential is ap 
plied to the conductor C338, one branch of the 
circuit extends by way of the upper Winding of 
the relay R59 and resistance 54, to ground, 
whereupon the upper winding is energized; and 
another branch of the circuit extends by Way of 
the lower winding of the relay R5, the conduc 
tor C483, and the lower winding of the relay R47 
to resistance battery connected to the conductor 
C382. In this circuit the lower windings of the 
relays R4 and R50 are shunted and therefore 
the lower windings of these relays are not ener 
gized. A circuit is now, however, completed for 
the upper winding of the relay R4 which (nay 
be traced from the resistance battery applied to 
the conductor C487 through the upper winding of . 
the relay R40 and the resistance 472, to ground. 
The relay R47C operates as a result of the above 
traced energizing circuit for its upper Winding 
and the relay R50 remains in its operated posi 
tion as a result of the above traced einergizing 
circuit for its upper winding. 
As a result of the operation of the relay R47, 

at its contacts 4 it completes a circuit which 
may be traced from ground by way of the con 
tacts 4, 4S4 and 435, and the lower winding of 
the relay R448, to battery. Relay R44 operates 
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over the above traced circuit and, at its contacts 
445, disconnects the seizure relay R436 from 
ground at contacts (53; and, at its contacts &46, 
it connects its upper winding to ground at con 
tacts 453. The latter circuit maintains the relay 
R440 in its operated position even though the 
Circuit for its lower Winding is subsequently 
opened by the restoration of the relay R40. As 
a further result of the operation of the relay R443, 
at its contacts 444, it removes ground potential 
from the conductor C386; and, at its contacts 363, 
it applies battery potential through the Winding 
of the ring control relay R40 to the conductor 
C486. At its contacts A4i and 442, the relay R54 ) 
transferS the connection to the conductor C887 
from resistance battery potential to ground po 
tential at the contacts 432. 
When ground potential is applied to the con 

ductor C487, the upper winding of the relay R4 
is short-circuited and an energizing circuit is 
completed for the lower winding of the relay in 
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order to maintain it in its operated position. The 
ground potential is further extended by Way Of 
the conductor C483 to the lower winding of the 
control relay R50, whereupon an energizing cir 
cuit is now completed for its lower Winding, in 
addition to the energizing circuit for its upper 
winding. Since the energizing circuit for the re 
lay R50 includes the opposing Windings of the 
relay, it now restores to normal. 
When ground potential is removed from the 

conductor C486, in response to the operation of 
the relay R448, the toll selector 330 functions, in 
a well known manner, to prepare the circuit in 
cluding the talking conductors C48 and C482 for 
transmission and to return ground potential by l; 
way of the wiper 333 and the conductor C486 in 
order to operate the ring control relay R40. 
Upon operating, the relay R4f0, at its contacts 
42, applies ground potential to the conductor 
C487. The relay R430, which is of the slow-to 
release type, subsequently restores to normal and, 
at its contacts 43, prepares a point in the circuit 
for subsequently applying resistance battery po 
tential to the conductor C487. 
When the relay R50 restores to normal as a 

result of the energizing circuits completed for its 
opposing windings, at its contacts 5?, it Opens 
the initial energizing circuit for the upper wind 
ing of the transfer relay R670 but the latter relay 
remains in its operated position over a circuit 
completed for its lower winding. 

It will be recalled that when the transfer relay 
R679 operated, it completed a circuit at its con 
tacts 6'14" for operating the slow-to-operate 
switching relay R520. Since the relay R520 is of : 
the slow-to-release type, the above described. Op 
erations of the relays in the toll trunk circuit 400 
are completed before the relay R520 has had suffi 
cient time to operate its associated contacts. It 
will therefore be understood that the relay R50 
has restored to normal prior to the operation of 
the relay R520. As a result thereof, the contacts 
529 are not closed prior to the opening of the con 
tacts 5t, and the relay R.620 cannot be operated 
at the present time. As a further result of the 
operation of the relay R520, at its contacts 52 to 
524, inclusive, it disconnects the talking con 
ductors C48 and C482 from the circuit including 
the upper and lower Windings of the pulse relay 
R640 and, simultaneously thereWith, it connects 
the talking conductors C48? and C482 by way of 
the contacts 52 and 523, the windings 55 f and 
552 of the repeating coil 550, to the upper and 
lower windings of the relay R540 in Series. At its 
contacts 525, the relay R520 connects battery po 
tential to the winding of the answer relay R570, 
thereby shorting out the high resistance 572. 

Referring now to the toll trunk circuit 480, 
it will be recalled that ground potential was re 
moved from the conductor C486 upon the opera 
tion of the relay R440 and, as a result thereof, 
the toll selector 330 operates to prepare the cir 
cuit including the talking conductors C48 and 
C682 for transmission and to return ground po 
tential by Way of the wiper 333 to the conductor 
C48S in order to operate the ring control relay 
R40. When the above described operation was 
performed, the operator at the toll board 380 was 
signaled to indicate that the toll transmission 
trunk circuit 600 is in condition to respond to a 
Signal control transmitted thereto in Order to Sig 
nal the branch exchange operator at the SWitch 
board C. As a further result of the above de 
scribed operations of the toll selector 339, a loop 
circuit is completed by way of the talking conduc 
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tors C48 and C482, thereby operating the relay 
R540. Upon operating, the relay R540, at its con 
tacts 54?, completes a holding circuit including the 
upper and lower windings of the pulse relay R640. 
Attention is directed to the fact that the latter 
circuit for holding the relay R640 operated is 
completed incident to the disconnection of the 
windings of the relay from the talking conductors 
C48 and C482. Consequently, the relay R64) 
is maintained in its operated position during the 
transitory period between the Operation of the 
relays R520 and R340. 
The operator at the toll board 3() may now 

operate her cord circuit 30 in order to control 
the signaling of the branch exchange Operator. 
In response to the signal control operation at the 
cord circuit, 39 the toll selector 33) functions 
to remove ground potential from the conductor 
C486, whereupon the ring control relay R4: G re 
stores to normal and, at its contacts 4, com 
pletes a circuit from battery by way of the re 
sistance 447, the contacts 43, 4 and $42 to the 
conductor C487; and, at its contacts 42 it re 
moves ground potential from the conductor C48. 
When resistance battery potential is Substituted 
for ground potential on the conductor C48, the 
circuits for the windings of the relay R670 and 
the Windings of the relay R5 are such that the 
relay R470 remains in its operated position and 
the relay R50 reoperates, in the Same mainier 
as has been previously described. In response 
to the reoperation of the relay R5, at its con 
tacts 5, it completes a circuit which may be 
traced from ground, by way of the contacts 65 f, 
5 and 529, and the winding of the ring control 
relay R620, to battery. The relay R.520 now op 
erates and, at its contacts 62 f, completes a cir 
cuit which may be traced from ground by Way of 
the contacts 663, 62i, 677 and 733, and the upper 
winding of the signal relay RO to battery. The 
relay Rif 0 operates over the above described cir 
cuit, whereupon a locking circuit is completed 
for its lower winding, which may be traced from 
ground, by way of the contacts 663, 34 and 12, 
and the lower winding of the relay R ), to bat 
tery; at its contacts i? , it completes a circuit 
for illuminating the answer lamp L. 62 at the 
branch exchange switchboard D.); and, at its 
Contacts 3, it completes a circuit for operating 
the relay R723 which may be traced from ground 
by way of the contacts 663 and 73, and the 
lower winding of the relay R720, to battery. The 
relay R720 operates over the above described 
circuit and, at its contacts 725, it prepares a lock 
ing circuit for its lower Winding; and, at its con 
tacts 722 and 34, it extends the circuit, including 
the Windings of the relayS R557 and R57 and the 
right-hand windings 554 and 555 of the repeat 
ing coil 559, to the tip and ring elements of the 
jack J. 60 at the Switchboard O. 

It may be well to mention at this time that 
When the Operator has taken her position at her 
section of the switchboard foot) and is ready to 
handle calls, she must first insert the plug of the 
operator headset is 0 into the jack terminat 
ing the operator telephone circuit of Fig. 14. 
Thus to answer and extend calls received at the 
SWitchboard a the headset plug 403 is in 
serted into the jack f404. In response to this 
operation the transmitter 4) is inclued in a 
series circuit with the battery feed impedance 
coil 1495 and in multiple with the left-hand 
winding 43 of the induction coil 43). Further 
more, the receiver 402 is bridged across the lower 
right-hand Winding 434 of the induction coil 
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43 in series with the contacts 443 and $35, 
and the condenser A35. It should also be noted 
that a pair of oppositely poled copper oxide half 
Wave rectifiers 428 is included in a circuit, shunt 
ing the receiver 42. These rectifiers are con 
nected in parallel in order to pass current in 
both directions and therefore do not actually 
rectify. However, at the speech level of cirdinary 
conversation the rectifiers as a unit have a higi 
resistance and do not introduce any appreciable 
loss to the speech currents traversing the cir 
cuit, but on the other hand they have a relative 
ly low resistance to a large voltage change, Stich 
as would produce a loud, click in the receiver 
f402, and thereby practically short-circuit the 
receiver 2 to Weaken the clicks to a point 
Where they are no longer objectionable to the 
operator. 

Branch eacchange operator answers 

Accordingly, when the operator is signaled by 
the illumination of the lamp L62, indicating that 
a call is to be answered, she inserts the answer 
plug of one of her cord circuits into the jack 
associated with the lamp L. 62. It Will be as 
sumed that the operator has selected the cord 
circuit 9 of Figs. 9 to 2, inclusive, and that, 
she has inserted the plug F3 into the jack Ji. 
When the plug P35 is inserted into the jack 

Ji the series connected relays R953 and R9. 
in the cord circuit 95 and the sleeve relay R. 33 
of the to transmission trunk circuit 63 are con 
nected over a series circuit which may be traced 
from ground, by way of the windings of the mar 
ginal switching relay R950 and the sleeve relay 
R979, the contacts 28, the conductor C975, the 
sleeve elements of the plug P9) and the jack 
J769, and the winding of the relay R3 , to bat 
tery. The sleeve relays RSS and R3s operate 
over the above mentioned circuit, but due to the 
resistance included in this circuit the SWitching 
relay R35 does not operate at this time. 
When the sleeve relay R97 operates over the 

above traced circuit, at its contacts 93, it con 
pletes a circuit for bridging the left-hand Operat 
ing winding of the shunt field relay R. 52 across 
the tip and ring conductors C785 and C86 by 
way of the tip and ring elements of the plug 
P9) and the jack J. 6), whereupon a circuit may 
be traced from ground, by way of the Winding 
of the relay R55, the winding 555 of the re 
peating coil 55, the contacts 563, 64 and 24, 
the conductor CF 35, the tip elements of the jack 
J and the plug P3. , the contacts 92 of the 
key K93, the contacts 93. , 975 and 973, the left 
hand operating winding of the relay R32, the 
contacts 98.4 of the key E9. , the ring elements 
of the plug P303 and jack J.S., the conductor 
C786, the contacts 722, 6: 2, 64; and 56t, the 
winding 554 of the repeating coil 55, the winding 
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of the relay RS 2, and the contacts 525, to bat 
tery. The relay R5 in the toll transmission 
trunk circuit 68 operates over this circuit and, 
as will be subsequently noted, relay R2 will 
also be operated. As a further result of the op 
eration of the relay R3 E, at its contacts 92, it 
completes an obvious circuit for the right-hand 
polarizing winding of the shunt field relay R 82, 
and, at its contacts 9:3, it prepares a point in the 
operating circuit for the recal relay Ril 3. The 
relay R970 also, at its contacts 94 and 95, pre 
pares points in the incomplete circuit for the 
answer lamp L99. 
When the left, and right-hand windings of the 

shunt field relay R42) are energized in the above 

65 
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described manner, the relay operates and, at its 
contacts 2, prepares a point in the incomplete 
circuit of the ring relay R, 248; and, at its con 
tacts 22, it interrupts a point in the incorn 
plete circuit of the answer lamp L99. 

Having answered the call by inserting the plug 
P3 into the jack. J. 6, the operator at the 
Switchboard (3 may now actuate the talk key 
K in order to associate her operator tele 
phone circuit (Fig. 14) with the selected cord 
circuit 92. When the taik key K. G. is actu 
ated, a circuit is completed for operating the relay 
R. 20. Upon operating the talk relay Ril 20, at 
its Various contacts, associates the operator tele 
phone circuit of Fig. 14. With the Selected cord 
circuit 92. It will be noted, however, that the 
various conductors Cff to C 2, inclusive, 
which are individual to the Operator telephone 
circuit, are also common to all of the Cord cir 
cuits available to the Operator in Order that 
She may associate the operator telephone circuit 
with any one of the selected cords by merely 
operating the talk key individual thereto. 
Accordingly, when the relay R2 operates, 

at its contacts 24 and 25, it extends the tip 
and ring conductors of the cord circuit 9i by 
Way of the conductors C () is and CA 95 to the 
right-hand windings of the induction coil 432, 
whereupon a conversational circuit is completed 
between the operator headset 4.0 and the tip 
and ring conductors of the cord circuit is. It 
may be well to mention at this time that. When 
the voice currents from the operator at the toll 
board 3 are received at the operator telephone 
circuit, they are extended by Way of the upper 
right-hand winding 433 and the lower right 
hand winding iii.34 of the induction coil 3. 
The receiver 462, which is bridged across the 
lower right-hand Winding $33, carries a greater 
part of the Voice currents because of the low 
impedance path it offers in conparison. With 
the lower right-hand Windig is34. When the 
operator speaks into the transmitter 4 the 
resistance of the transmitter Varies, causing the 
current Supplied from the battery through the 
winding of the impedance coil 5 to Way at 
different voice frequencies. This fictuation in 
current also passes through the left-hand Wind 
ing 43 of the induction coil i3 but is kept out 
of the battery circuit by the impedance 465 in 
order to prevent Cross-talk. The current fluctu 
ates passing through the left-hand winding 43 
and causes a similar voltage to be induced into 
the windings 433 and A34, and since the Wind 
ing 434 has the same nullinger of turns as the 
winding 433, the induced voltage across the 
Winding 434 Will be equal to that induced a CIOSS 

Since the resistance of the 
winding .434 is approximately equal to the re 
sistance of the winding 833 plus the loop resist 
ance of the connected line, the Voitage induced 
in the Windings 433 and 34 produces current 
flow through the receiver of the toll operator. 
It should also be noted that there are two paths 
through the receiver $92 that the voice currents 
may follow. One path extends from the mid 
point of the windings 433 and 34 through the 
winding $34, the contacts if 83, the receiver is 2, 
the contacts $65, the condenser 835, and back 
to the midpoint betWeen the Windings $33 and 
434. The second path may be traced from the 
midpoint of the Windings (33 and 534, by Way 
of the condenser 435, the contacts 445, the 
receiver 462, the contacts i A43 and 448, the 
conductor C E 5 extending to the toil operator 
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loop circuit, and returning by way of the con 
ductor Cf2O4, the contacts f44 ?, the winding 
A433, and back to the midpoint between the wind 
ings 433 and £36. Since these two circuits 
have equal Voltages induced therein and have 
approximately equal resistances, the resulting 
Currents Will be approximately equal. Since the 
direction of the current foW in these circuits 
opposes each other through the receiver 402, 
and since they are also approximately equal in 
magnitude, the resulting current flow through 
the receiver will be quite Small, thereby minimiz 
ing the Voice currents through the receiver 42 
When the Voice currents originate from the trans 
initter 40 associated thereWith. 

Referring again to the operation of the talk 
relay R. 26, at its contacts 22 and 23, it 
prepares a circuit for connecting the tip and ring 
conductors of the call plug P2 to the operator 
circuit, by Way of the conductors CC2 and 
C; 3. At its contacts f :28, the relay R? 25 
disconnects the Sleeve conductor C95 from the 
circuit, including the Series connected SWitching 
relay R950 and the sleeve relay R970, and sub 
stitutes in place thereof, at its contacts 2 
and 25, a circuit including the conductors 
C 8 and C 9, the contacts f46 of the re 
lease local key K438, and the contacts if of 
tie Switch-through key K-4 5. Accordingly, the 
Series circuit for the switching relay R35 and 
the sleeve relay R95 now includes the previously 
traced circuit, including the sleeve conductor 
C975, the contacts 26 and 27, the conductors 
C E G8 and CES, and the above mentioned con 
tacts of the keys Ká38 and Kf4 5. At its con 
tacts 23, 2 and 22, the relay R. 20 pre 
pales a point in the circuit for controlling the 
relays R; ii) and R. 50 over the sleeve con 
ductor C325 of the call plug F 29, as will be 
described hereinafter. Furthermore, at its Con 
tacts 3', he relay R2 opens a point in 
the circuit of the dial-through key Kf25, and, 
at its contacts 24', it prepares a point in the 
circuit, for the dial relay R25. 

it, will be recalled that the answer relay R5 
and the sieeve relay R3 in the toll transmis 
Sion trunk circuit, 85 were operated When the 
plug F398 was inserted into the jack J76). 
When the sleeve relay RiS operates Over the 
above traced circuit, at its contacts 32, it coin 
pictes a circuit fl'OI) ground, by Way Of the con 
tacts 32, E and TS (closed by the insertion 
Gf the pug P9 into the jack J58) and the 
call lainp Li2, to battery, thereby indicating, 
to the operator at the switchboard G89, the par 
ticular jack to be utilized in the event the par 
ticular conilection is to be extended to an auto 
natic Subscribeir located in the branch exchange 
56; at its contacts 34, it opens the holding cir 
cuit, for the lower Winding of tile signal relay 
Ri; and, at its contacts 33, it opens the 
Original Oparating circuit for the upper Winding 
of the signal relay R. E. At its contacts 3i, 
the relay RE 3G also prepares a circuit for recall 
ing the Operator at the Switchboard ii). 
When the above mentioned circuits for the up 

per and lower Windings of the signal relay RiiO 
are opened by the operation of the relay R30, 
the relay i'estores to normal and, at its contacts 
If , extinguishes the answer lamp LS2; and, at 
its contacts i S, it opens a point in the previously 
traced holding circuit for the lower wiriding of 
the relay R220. However, before the relay R22. 
has 8d Suificient time to restore to normal, a 
new holding circuit for the relay will be corn 
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pleted as a result of the operation of the relay 
R50, as will now be described. 
When the answer relay R57 operates in re 

Sponse to the insertion of the plug P9C0 into the 
jack J76, at its contacts 5 , it completes an 
operating circuit for the relay RSA). The relay 
R60, upon Operating, at its contacts 642, com 
pletes a circuit which may be traced from ground, 
by Way of the contactS 6.2 and 585, the conductor 
C56, the contacts 6' and 25, and the lower 
Winding of the relay R72, to battery. From the 
foregoing explanation it will be understood that, 
the relays R575 and R.E.8s are operated simul 
taneously, the relay R5 completing a circuit, for 
the relay R60 which, in turn, closes a locking 
circuit for the lower winding of the relay R72i. 
It will also be understood that the relay R? 3G, 
upon operating, opens the circuit for relay R. G 
which, upon restoring to normal, renoves the ini 
tial holding circuit for the lower winding of the 
relay R2), and consequently the holding circuit 
for the lower winding of the relay R2 is re 
placed by Way of its contacts 25 before the hold 
ing circuit including the contacts 3 is opened. 
As a further result of the operation of the relay 

R69, at its contacts 6f , it shunts the high re 
Sistance upper winding of the relay R54 () from 
the Connection extending to the toll board 3 in 
Order to improve the transmission. Cualities of 
the trunk line 8 and to return answer super 
VisiCn to the operator at the toll board 3.0. When 
the high resistance of the upper winding of the 
l'elay R543 is renoved from the circuit, including 
the conductors C38 and C432, the operator at 
the toll board 399 is signaled to indicate that the 
Operator at the branch exchange switchboard 
600 has answered the call. The toll operator 
now reapplies ground potential to the conductor 
C86 in order to reoperate the ring control relay 
R38. Upon Operating, the relay R49, at its con 
tacts 4 and f2, Substitutes ground potential for 
the resistance battery potential applied to the 
conductor C487. With ground potential con 
nected to the conductor C48, and resistance bat. 
tery potential applied to the conductor c530, a 
shunt circuit is completed for the upper Winding 
of the relay Réfe and an energizing circuit is con 
pleted for its lower winding. The relay R443 
remains operated as a result of the above men 
tioned energizing circuit for its lower Winding, 
but the relay R5 fo now restores to normal be. 
CauSe energizing circuits are completed for its 
oppositely connected upper and lower WindingS. 
The relay R5 (), upon restoring to in Ornal, at its 
contacts 5A, opens the previously traced operat 
ing circuit for the ring control relay R62), where 
upon the latter relay also restores to normal. 
The Operator at the toll board 369 may now 

converse With the operator at the switchboard 
f000 and inform her that a toll call is to be eX 
tended to the subscriber at the substation A3. It 
should be noted at this time that transmission 
Current is extended to the operator at the branch 
exchange Switchboard f{}83 by way of the wind 
ings of the relayS R5 is and R55; of the toll trans 
mission trunk circuit 633, and that transmission 
Current may be supplied to the operator at the 
toll board 366 either by way of the cord circuit 
3i or the toll selector 335. 
In order to exteiid the connection to the sub 

Scriber at the local Substation A3, the operator at 
the SWitchboard 290 inserts the call plug P 2. 
into the jack Jii. 5, which has been indicated py 
the illumination of the call lamp L772 to be the 
proper jack to be utilized in completing the toll 
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connection to the substation A3. When the plug 
P210 is inserted into the jack J77) a circuit is 
completed for operating the relays R 40 and 
R, 50 in the cord circuit SCO and the relay R50 
in the toll transmission trunk circuit 68, from 
ground, by way of the windings of the relays 
R. 50 and R. i43, the contacts i20', the conduc 
tor Cliff, the contacts 222 of the toll ring key 
K420, the conductor C f, the contacts f2', 
the conductor Cf285, the sleeve elements of the 
call plug Pil 27) and the jack J779, and the wind 
ing of the relay R759, to battery. As a result of 
the above described circuit, relays R 4), R. 50 
and RT50 operate. 
When the relay R? 50 operates, at its contacts 

E 57, it prepares a point in the incomplete Op 
erating circuit for the control relay R? 30, and, 
at its contacts f 55, it prepares a point in the in 
complete locking circuit for the relay R? 30. At 
its contacts 59, the relay R. 56 opens a point 
in the incomplete circuit for the relay R239; at 
its contacts 58, it completes an energizing cir 
cuit for the lower polarizing winding of the relay 
R22; and, at its contacts 53, it completes a 
circuit for bridging the upper winding of the relay 
R. 220 and the winding of the relay RF23 across 
the tip and ring conductors of the call plug P29. 
The operations performed by the remaining con 
tacts of the relay R 5) are incidental and are 
not necessary for an understanding of the con 
nection being described, the circuit for connect 
ing the upper winding of the relay R? 220 and 
the winding of the relay R2 0 to the tip and ring 
conductors of the plug P27 may be traced from 
the tip element of the plug P270 by way of the 
contacts 252, 24, 8 and 263, the upper 
winding of the relay R? 229, the winding of the 
relay R22, the contacts 56, 83, f 243 and 
254, and the ring element of the call plug Pi 270. 

Before describing the operations which take place 
as a result of the bridging of the above mentioned 
relays across the tip and ring elements of the 
call plug P2, the circuit operations performed 
by the operation of the relays R; 40 and R5 will 
be described. -- 

When the relay R. 48 operates over the pre 
viously traced circuit, at its contacts 56, it 
prepares a point in the incomplete circuit for 
the relay Res; at its contacts 48, it prepares 
a point in the incorphlete operating circuit for the 
relay R. 268; and, at its contacts 47, it com 
pletes a circuit for illuminating the call lamp 
L 2, which may be traced from ground, by way 
of the contacts 98, 966, 64 and 47, and the 
call lamp L27, to battery. 
When the relay R 5 in the toll transmission 

trunk circuit operates, as a result of the inser 
tion of the plug Pi 2s into the jack J70, at its 
contacts 75, it applies ground potential to the 
conductor C783 extending to the selector 85. 
As a further result of the insertion of the plug 
P 2, 3 into the jack Jia, the jack contacts 7 
are closed, whereupon an Operating circuit is 
completed for the seizure relay R782. The relay 
R4 now operates and, at its contacts 4, ex 
tinguishes the call lamp L2 associated with 
the jack J; at its contacts 63, it connects 
the ring conductor of the plug PS28 to the con 
ductor C782 extending to the selector 85; and, 
at its contacts 63, it applies ground potential 
to the conductor C784 extending to the selector 
8. 
As a result of the application of ground poten 

tial to the conductor C84 and the connection of 
the above traced loop circuit, including the seri- 75 
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ally connected windings of the relays R 20 and 
R 220, by way of the tip and ring elements of 
the plug PE 279 and the jack J776, to the con 
ductors C78 and C782, the selector 85 is seized 
in a Well known manner and transmits dial tone 
to the operator at the switchboard 000 to indi 
cate that the number of the desired called Sub 
Scriber may be dialed. 
When the selector 85 is seized in the above 

described manner, battery and ground poten 
tials are applied to the conductors. C8 and 
C782, thereby operating the relays R 220 and 
RE2 in the cord circuit 90. The current flow 
through the upper and lower windingS of the re 
lay R220 is in such a direction that the relay 
R 229 operates at this time. When the relay 
R 220 operates, at its contacts 22i, it opens a 
point in the incomplete circuit of relay R? 60; 
and, at its contacts 222, it prepares a point in 
the incomplete circuit for the relay R. 39. When 
the relay R2 operates, at its contacts 2, 
it prepares a point in the incomplete circuit for 
the relay Rt 69 and, at its contacts 23, it opens 
a point in the incomplete circuit for the relay 
R26). 
When the operator at the Switchboard 93 

hears the dial tone signal she may actuate the 
dial Di 485 in accordance with the first digit of 
the telephone number of the Subscriber at the 
substation A3. When the dial. D. 485 is rotated 
off normal in the dialing of the first digit, a cir 
cuit is completed from ground, by way of the 
off-normal contacts 48 and the lower Winding 
of the relay R460, to battery. The relay R46 
operates over the above traced circuit and, at 
its contacts it and 462, it bridges the ca 
pacitance 466 across the talking conductors 
C is and C. 5 of the operator telephone cir 
cuit; at its contacts 463, it completes a circuit 
for shunting the operator receiver 42. The 
above traced circuits including the contacts 
f 4S, 462 and 463 provide a click reducing ar 
rangement for bothi the distant toll operator 
and the operator at the switchboard 09 dur 
ing the dialing period. At its contacts 464, the 
relay R 468 also completes a circuit for Operat 
ing the dial relay R250 in the cord circuit 980, 
which may be traced from ground, by way of 
the off-normal contacts f487 of the dial D485, 
the contacts 484, the conductor Cf2, the con 
tacts 24', and the winding of the relay R250, 
to battery. At its contacts 465, the relay R460 
also completes an operating circuit for the relay 
R. 47, which includes the ground potential ap 
plied to the contacts 465 by way of the off-nor 
nal contacts 3 of the dial Df 485. 
When the relay R. 470 operates over the above 

traced circuit, at its contacts 47, it completes 
an Operating Circuit for the lower winding of 
the relay R? 3; at its contacts 472, it com 
pletes an energizing circuit for the upper wind 
ing of the relay R460 in order to hold the lat 
ter relay in its operated position for a short 
period of time after the dial Df 485 has restored 
to normal; and, at its contacts 473, it completes 
an operating circuit for the lower winding of 
the relay R45 which includes ground at the 
off-normal contacts 487. The relay R 480 now 
operates and, at its contacts 482, it prepares a 
circuit for bridging the polar relay R 450 across 
the tip and ring elements of the plug P270, after 
the dial relay R250 restores to normal at the 
end of each series of impulses transmitted by the 
dial D485. However, as will be Subsequently 
described, this circuit will not be completed dur 
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ing the establishment of the present connection 
because the relay R25 opens this circuit at its 
contacts 28. 

It will be recalled that the dial relay R250 
operated when the dial D485 was actuated off 
normal and, upon operating, at its contacts 252 
and f 254, it disconnects the previously traced 
circuit including the upper winding of the relay 
Rf 220 and the winding of the relay R2 0 from 
the tip and ring elements of the plug P270; 
and, at its contacts 25 and 253, it substitutes 
in place thereof a dialing circuit including the 
conductors Clf 0.6 and Cf OT, the contacts 427 
of the dial release key Kf425, the impulsing con 
tacts 486 of the dial D485, and the resistance 
48. Since the latter circuit is now bridged 

across the tip and ring elements of the plug 
P20, the circuit extending to the selector 85 
will include the impulsing contacts 486 of the 
dial D485. At its contacts 48, the relay R 480 
also prepares a circuit for illuminating the dial 
pilot lamp L.f46; and, at its contacts 483, it 
prepares a circuit for maintaining the relay op 
erated over its upper winding in series with the 
dial relay R250 after the dial D485 has restored 
to normal, as will be subsequently explained. 
As a further result of the Operation of the dial 

relay R? 250 a circuit is completed from ground, 
by way of its contacts 255, the contacts 57, 
and the winding of the control relay Rif30, to 
battery. The relay R? 30 now operates and, at 
its contacts 3, completes a locking circuit for 
itself which is independent of the initial ener 
gizing circuit; and, at its contacts 32, it pre 
pares a circuit for subsequently operating the re 
lay R. 260. 
When the relay Rt 475 operates over the pre 

viously traced circuit, the short-circuit around 
its upper winding, which makes the relay slightly 
slow-to-operate, is removed at its contacts 477; 
and, at its contacts 476, it places a shunt cir 
cuit around the resistance 478 in order to im 
prove the above traced impulsing circuit extend 
ing to the Selector 85. 

Since the operator at the switchboard OOO 
has actuated the dial D485 in accordance with 
the first digit of the telephone number of the 
SubScriber at the substation A3, the dial will 
now automatically return to its normal position 
and, in doing so, will transmit impulses to the 
above mentioned selector by interrupting the 
loop circuit, including the conductors Clf 96 and 
CC at the impulsing contacts 486, a number 
of times corresponding to the value of the digit 
dialed. The selector 85 responds to the series 
of impulses transmitted and raises its wipers to 
a level of its associated bank contacts corre 
Sponding to the number of impulses constituting 
he first digit of the called subscriber number. 
The Selector then operates automatically to ro 
tate its wipers over the contacts of the selected 
level to select a trunk line 86 extending to an 
idle connector, such as the combination connector 
825. 
When the dial Df 485 returns to its normal posi 

tion the impulsing contacts 486 remain in their 
closed position and the off-normal contacts 487 
are opened, thereby to interrupt the circuit for 
holding the relays R 460, R, 4TO and R. 475. It 
is also to be noted that the ground potential 
connected by way of the off-normal contacts 487 
to the conductor C2 is now disconnected there 
from and causes the relay R250 in the cord cir. 
cuit 909 to restore to normal. It should also 
be noted that the circuit including the upper 
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winding of the relay R 480 will now become ef 
fective to maintain the relay Rf480 energized 
over a circuit including its upper Winding, after 
the circuit for its lower winding is opened at 
the contacts fit . This circuit may be traced 
from ground, by way of the contacts 483, the 
upper winding of the relay R? 480, the conductor 
C 2, the contacts - 24', and the winding of 
the relay R259, to battery. The relay R480 
remains operated Over this circuit, but due to 
the resistance of its upper winding the relay 
R250 remains in its normal position. 
When the relay Rf4 f5 restores to normal, at 

its contacts 46, it removes the shunt from 
around the resistance 478; and, at its contacts 
47, it again completes a circuit for its upper 
winding to render the relay slow-to-operate. 
When the relay R479 restores to normal, at its 
contacts 4t , it opens the energizing circuit 
for the lower winding of the relay R 480, but 
the latter relay remains in its operated position, 
as has been mentioned above; at its contacts 
i? 2, it opens the holding circuit for the relay 
R 46); and, at its contacts 473, it opens a point 
in the circuit for the lower winding of the relay 
R45. The relay R460 now restores to nor 
mal and, at its contacts 46 and 462, it removes 
the capacitance 463 from across the conductors 
Cld and Clf 05; at its contacts 463, it removes 
the short-circuit from the receiver 402; and, 
at its contacts 464 and 465, it opens points in 
previously traced circuits for controlling the re 
lays R 250 and R. 470, respectively. 

Referring again to the cord circuit 998, it will 
be recalled that when the dial relay R250 was 
Operated, a circuit was completed, at its contacts 
255, for operating the control relay R. 30, and 

that, at its contacts 252 and 254, it opened 
the previously traced circuit including the upper 
Winding of the relay R220 and the winding of 
the relay R. 29. When the above mentioned 
circuit for the relays R 2) and R220 was 
Opened the relays restored to their normal posi 
tions. At its contacts 23, the relay R2 0, 
upon restoring to normal, prepares a point in 
the incomplete circuit for relay R. 260; and, at 
its contacts 2, it opens a point in the incom 
plete circuit for the relay R. 60. When the 
relay R220 restores to normal, at its contacts 
22, it prepares a point in the incomplete cir 

cuit for the relay R 60. The above mentioned 
relays of the cord circuit 900 remain in the posi 
tions described during the period of time the im 
pulses constituting the first digit of the called 
Subscriber number are being transmitted by the 
dial ID 485. 
As a result of the restoration of the dial Di 485 

to its normal position, the relay R 259 was re 
Stored to normal and, at its contacts 25t and 
(253, it disconnects the dialing circuit including 
the conductors C 36 and C O7 from the tip and 
ring elements of the call plug Pf 272; and, at its 
contacts 252 and f254, it reconnects the upper 
winding of the relay R? 220 and the winding of 
the relay R22 to the tip and ring elements of 
the plug P29. Since the connection being de 
scribed has now been extended by the selector 
815, to the combination connector 825, the ground 
and battery potential applied to the tip and ring 
elements of the call plug PA 27) by the selector 
85 has been disconnected from these conduc 
tors, and the conductors have been extended, by 
way of the trunk line 86, to the combination 
connector 825. The connector 825, however, does 
not return battery and ground potential over the 
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conductors extending to the tip and ring elements 
of the plug PE 273 and, consequently, no circuit 
is completed for operating the relays R 2 to and 
R. 228 in the cord circuit 338. In other words, 
the connection which is now completed between 
the Operator at the Switchboard is and the 
coii bination conjector $25 has been dried to pre 
vert, operation of the relays R 2 and R22 
at this time, 
As a further result of the restoration of the 

dial relay R258, at its contacts 25, it completes 
a circuit from ground, by way of the contacts 
A 32, 2 3 and 25 for operating the slow-to 
operate relay R. 269. At its contacts 26 , the 
relay R. 33 prevents the supervisory circuit, in 
cluding the conductors C 82 and C 03 of the 
operator telephone circuit, from being bridged 
across the tip and ring elements. Of the call plug 
P 2) at this time; and at its contacts f 263, it 
opens a point in the previously traced circuit for 
bridging the upper winding of the relay R22 
and the Winding of the relay R2 across the tip 
and ring elements of the call plug PA 29. As 
a further result of the operation of the relay 
R 269, at its contacts 262 and 264, it connects 
the windings of the relay R92 to the tip and 
ring elements of the call plug P2, which may 
be traced from ground, by way of the upper wind 
ing of the relay R923, the contacts 942, 262, 

8t, 24 and 252, to the tip element of the 
plug P 278, and from battery by Way of the lower 
winding of the relay R928, the contacts 9 3, 264, 

83, 263 and 256 to the ring element of the 
plug P 2), 
When the dial ) 485 is actuated off-normal in 

order to transmit the next digit of the called 
subscriber 11umber, the relays R 468, R. 470 and 
R. 375 operate in the manner previously described 
and the dial relay R 256 is again operated to re 
connect, the dialing circuit, including the conduc 
toy's C 5 and Ci 87 to the tip and ring ele 
ments of the call plug P25. At its contacts 
25, the relay R25 opens the circuit of the 

relay R. 262 which now restores to normal and, 
at its contacts 22 and 264, it opens points in 
the circuits including the windings of the relay 
R923. It will be understood that after the relay 
R 256 restores to norma at the termination of 
the digit dialed, the impulsing circuit including 
the conductors CE 3 and C is disconnected 
from the call plug PA 23; 
again operated, and the windings of the relay 
R.322 are again connected to the tip and ring 
elements of the call plug P{2i. The previously 
described cycle of operation of the relays R 460, 
R. 473, R. 475, Ri 258 and Ri 260 is repeated each 
time the operator at the switchboard O09 actu 
ates the dial Dá85. 

Accordingly, it will be understood that when 
the operator at the switchboard 080 actuates the 
dial A85 in accordance with the final two digits 
of the callied subscriber number, the combination 
connector 325 positions its wiperS into engage 
ment with its associated bank contacts terminat 
ing the line 826 of the called subscriber at the 
substation A3. The combination connector 825 
is one that is used in establishing toll connections 
and, accordingly, does not automatically transmit 
ringing current to signal the called subscriber 
when its wipers are positioned into engagement 
With the called subscriber line. 

in order to control the connector 823 to initiate 
the automatic ringing of the called SubScriber 
line, the operator at the Switchboard (2) no 
mentarily operates the toll ring key Ká28. In 
response to the nonentary operation of the toll 

the relay R. 260 is 
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ring key K420, a circuit is completed from bat 
tery, by way of the resistance A23, the contacts 
42 f of the key K429, the conductor C ; ), the 
contacts 2', the winding of the relay R. 49, 
and the winding of the relay R? 5, to ground. 
The relays R 4 and R, , i.e. remain operated 
OVer the above described circuit, but the circuit 
including the conductor C. ii, the contacts 
f 2', the conductor C.265, the sleeve elements 
of the call plug PA 270 and the jack Ji ? ), and 
the winding of the relay R75, to battery, is 
opened. The relay R750 restores to normal and, 
at its contacts 75, it removes ground potential 
from the conductor C783, thereby to control the 
combination connector 825 to initiate the auto 
inatic ringing of the called subscriber at the sub 
Station A3. Since the toll ring key K52) is only 
momentarily Operated the above traced holding 
circuit for the relays R 4 and R. 58, including 
the contacts 42 of the key K. 428, is transferred 
to the contacts 422 and the Winding of the relay 
R55, to battery, whereupon the relay R750 again 
operates and applies ground potential to the con 
ductor C83. During the period of time the ring 
ing current is transmitted by the connector 825 
to the called line of the substation A3 a ring 
back tone signal is transmitted to the operator 
at the switchboard 900 and to the toll operator 
in the main exchange 2). 

Attention is directed to the fact that the op 
erator at the Switchboard OCC remains associated 
With the connection until the called subscriber 
answers the call. Consequently, if the called 
subscriber fails to answer, the operator at the 
toll board 300 may at any time converse with the 
operator at the switchboard 8 to inform her 
to release the connection. It will be assumed, 
however, that the subscriber at the substation 
A3 responds by removing his receiver foin the 
SWitchhook of the associated telephone instru 
ment, whereupon the combination connector 325 
is controlled to terminate the ringing signal and 
to connect battery and ground potentials to the 
conductors C78 and C782, respectively. Battery 
potential applied to the conductor C8 is ex 
tended by Way of the tip elements of the jack 
J770 and the plug PA 27, the contacts 252, 25, 

8t, 262 and 92, and the winding of the relay 
R929, to ground; and ground potential applied 
to the conductor C782 is extended by way of the 
contacts 742, the ring elements of the jack J. E. 
and the plug Pf 270, the contacts 254, 243, 83, 
i2S4 and 93, and the lower winding of the relay 
R926, to battery. The relay R323 operates in re 
sponse to the above traced circuit, and, at its 
contacts 921, it completes a circuit for bridging 
the Winding of the relay R935 and the resistance 
932 across the tip and ring elements of the plug 
P90. 
In response to the above mentioned circuit 

for bridging the relay RS 6 and the resistance $3 
aCrOSS the tip and ring elements of the plug 
P900, a circuit, including the windings of the re 
lays R55 and R5; ), is completed from ground, 
by way of the relay R557, the winding 555 of the 
repeating coii. 350, the contacts 563, S4 and 2é, 
the conductor C85, the tip elements of the jack 
J. G. and the plug P990, the contacts 332 of the 
key K9, the resistance 332, the contacts 92 i, the 
winding of the relay R906, the contacts $34 of the 
key K9t, the ring elements of the plug P935 and 
the jack J739, the conductor C786, the contacts 
122, 672, 68 and 561, the winding 554 of the re 
peating coil 550, the winding of the relay R5 ), 
and the contacts 525, to battery. The relay R956 
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in the cord circuit 90 operates and the relays 
R557 and R576 in the toll transmission trunk. 
circuit 6 remain operated Over the above traced 
circuit. The relay R906, at its contacts 987, pro 
vides a holding circuit for the relay R96. 

Referring again to the operation of the relay 
R920, it will be noted that, at its contacts 922, 
it completes an Operating circuit for the Switch 
ing relay R90 and, at its contacts 923, it opens 
a point in the incomplete operating circuit for the 
relay R? 30. The relay R9, upon operating, at 
its contacts 95, completes an operating circuit 
including the lower winding of the relay R33; 
and, at its contacts 9 to 9 4, inclusive, it dis 
connects the windings of the relay R929 from the 
tip and ring elements of the call plug P.278 and 
substitutes in place thereof a circuit including 
the tip and ring elements of the plug P9. As 
a further result of the opertition of the relay 
R90, at its contacts 98, it extinguishes the call 
lamp L. 27. The relay R949, upon operating 
over the circuit including its lower winding, at 
its contacts 943, closes a point in the locking 
circuit for the relay, which is completed when the 
operator at the switchboard 900 restores the talk 
key K 9 to normal. As a further result of 
the operation of the relay R940, at its contacts 
94, it disconnects the left-hand winding of the 
relay R? 940 from the tip and ring elements of the 
plug P9; and, at its contacts 942, it bridges the 
Ting-down relay R930, including the condenser 
933, across the tip and ring elements of the plug 
P90) in order to provide recall facilitates where 
by the operator at the toll board 390 may recall 
the operator at the Switchboard 000 in the event 
the latter operator has disassociated her tele 
phone circuit from the cord circuit 9). At its 
contacts 944, the relay R940 prepares a point in 
the circuit for flashing the answer lamp L99 
in the event the toll operator recalls the operator 
at the Switchboard e. 
As has been mentioned above, the relay R920 

restores to normal upon the operation of the 
switching relay R90 and, at its contacts 92, it 
l'enoves the resistance 933 from the bridging cir 
cuit including the tip and ring elements of the 
plug P9; at its contacts 922, it opens the in 
itial energizing circuit of the SWitching relay 
R90, which relay is now held in its operated 
position from ground at the contacts 97; and, 
at its contacts 323, it prepares a point in the 
incomplete circuit for operating the recall relay 
R. 3. 
As a result of disconnecting the left-hand 

winding of the relay R. 20 from the tip and ring 
elements of the plug P900, the circuit through 
its right-hand winding, although maintained, is 
insufficient to retain the relay in its operated 
position. The 'elay RO20 now restores to nor 
mal and, at its contacts 22, prepares a further 
point in the incomplete circuit of the answer 
lamp L99. 
The operator at the switchboard f OO may now 

retire from the connection by restoring the key 
Ki G3 to normal, whereupon the relay R. 26 
restores to noi'nal to disassociate the conductors 
of the operator telephone circuit of Fig. 14 from 
the cord circuit 900. It is to be noted that upon 
restoring, the relay R. 20, at its contacts 2, 
completes a circuit which may be traced from 
ground, by way of the contacts 972, if 2 and 
3á3, and the winding of the relay R940, to bat 
tery, in order to maintain the relay in its oper 
ated position after the initial energizing circuit 
for its lower winding has been opened. At its 
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contacts 26 to 28, inclusive, the relay R? 29 
transfers the sleeve conductor C975 from the 
operator telephone circuit to the windings of 
the relays R950 and R37 in series, in order to 
maintain the circuit for these relays; and, at 
its contacts 20' to 22, inclusive, it trans 
fers the sleeve conductor Cf265 from the oper 
ator telephone circuit to the relays R 40 and 
R. 50 in order to maintain these relays in their 
Operated positioIS. 
When the called Subscriber at the substation 

A3 has answered the call, the Operator at the toll 
board 388 may withdraw from the connection, 
thereby establishing a talking connection from 
the calling subscriber in the distant office to the 
Called Subscriber at the substation A3. Trans 
mission current for the called station is Sup 
plied through the Windings of the relays R55T 
and R576 in the toil transmission trunk circuit 
690, and transmission current for the calling end 
of the connection is Supplied either from the 
toll selector 33 or the cord circuit 30 at the 
toll board 363. It should be noted that the talk 
ing circuit extending through the cord circuit 
9 extends from the tip and ring elements of 
the plug P933, the contacts 902 and 904, the 
winding of the relay R96, the contacts 9 and 
914, 262 and £264, if 3 and f 83, F24 and 
243, 252 and 254, and the tip and ring ele 
ments of the call plug P229. The relay R906 
is maintained -operated over a circuit, including 
the one of the talking conductors from battery 
Supplied through the winding of the relay R50 
and ground applied to conductor C782 by the 
connector 325. 

DiscO72 itect Supervision. 
When the conversation between the calling 

and called subscribers has been terminated and 
the called Subscriber at the substation A3 has 
replaced his receiver upon his telephone in 
strument, the connector 325 responds, in a well 
known manner, to reverse the battery and ground 
potentials applied to the conductors C78 and 
C82. Referring to the cord circuit 900, the re 
Versal in the potentials applied to the above 
mentioned conductors short-circuits the relay 
R906 which now restores to normal and, at its 
contacts 90, opens the holding circuit for relay 
R9 fo. The relay R99 restores to normal and, 
at its contacts 922 and 9 3, reconnects the relay 
R320 across the tip and ring elements of the 
call plug P20, but since the potentials applied 
to the conductors Cl8 and C82 have been re 
versed by the connector 825, the relay R920 does 
not Operate at this time. As a further result of 
the restoration of the relay R90, at its contacts 
95 it opens the initial operating circuit includ 
ing the lower winding of the relay R940, but the 
latter relay remains in its operated position over 
a holding circuit including its upper winding. 
At its contacts 3 f6, the relay R9 to prepares a 
point in the incomplete circuit of the recall re 
lay R 638 and, at its contacts 9 8, it completes 
the previously traced circuit for illuminating the 
call lamp L. 27. As a further result of the res 
toration of the relay R91), at its contacts 9 
and 9.8, it disconnects the call plug PA 270 from 
the answer plug P92). 

In response to the reversal in the potentials 
applied to conductors Cit: and C782 the relay 
R5 also restores to normal and, at its contacts 
5i, Opens the circuit for the supervisory con 
trol relay R6f), which also restores to normal. 
At its contacts 6 f3, the relay R620 reapplies 
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ground potential upon the conductor C567 from 
the contacts 663 of the relay R669; and, at its 
contacts 6 , it removes the short-circuit from 
around the high resistance upper winding of the 
relay R549 in order to transmit disconnect super 
vision to the operator at the toll board 30. 

Recalling the branch eacchange operator 
In order to describe the recall facilities for 

enabling the toll operator to recall the operator 
at the SWitchboard ( , it will be assumed that 
the called subscriber at the substation A3 has 
prematurely disconnected from the connection 
and that it is necessary for the toll operator 
to recall the operator at the Switchboard O9). 
In order to recall the operator at the switchboard 
00 the operator at the toll board 300 causes 
ground potential to be removed from the con 
ductor C486, whereupon the relay R4 restores 
to normal. At its contacts 44 i, the relay Rs 0 
reapplies resistance battery potential to the con 
ductor C48, whereupon the relay R40 is ener 
gized over a circuit including its upper winding 
and remains in its operated position. Applica 
tion of the resistance battery potential to the 
conductor C483 shunts out the energizing cir 
cuit for the lower winding of the relay R5), 
Whereupon an energizing circuit, including the 
upper Winding of the relay R589, causes the relay 
to operate and close its contacts 5. In re 
sponse to the closing of the contacts 5 , the 
relay R62 Operates and, at its contacts 622, opens 
the circuit for the lower winding of the relay 
R. 20. The relay R2 now restores to normal 
whereupon, at its contacts 725, it opens a point 
in the incomplete circuit for its lower winding; 
at its contacts 722 and 724, it disconnects the 
right-hand Windings of the repeating coil 555 
from the tip and ring conductors C785 and C786; 
and, at its contacts 22 and 23, it completes a 
circuit for transmitting ringing generator over 
the tip and ring conductors C 85 and C786 to 
signal the operator at the SWitchboard 000. 
The operator at the toll board 309 may now 

reapply ground potential to the conductor C486 
and again operate the ring control relay R4 6 
in the toll trunk circuit 409. Upon operating, 
the relay R40, at its contacts 4 and 42, dis 
connects the resistance battery potential and 
connects direct ground potential to the conductor 
C48. When ground potential is applied to the 
conductor C8, the circuit including the upper 
winding of the relay R479, is shunted and an 
energizing circuit is now completed for its lower 
winding in order to maintain the relay R40 
in its operated position. Application of ground 
potential to the conductor C483 completes an 
energizing circuit for the lower winding of the 
relay R50 and, since the relay is also energized 
over a circuit including its upper winding, the 
relay R50 now restores to normal in the man 
ner previously described. Upon restoring, the 
relay R50, at its contacts 5, again opens the 
circuit of relay R620, which relay now restores 
to normal and again prepares the holding cir 
cuit for the lower winding of the relay R20. 

Referring again to the restoration of the relay 
R720, it will be noted that the circuit for signal 
ing the operator at the switchboard 0.90 may be 
traced from the generator conductor GEN., by 
way of the upper winding of the relay R720, the 
contacts 73 and 72 I, the conductor C786, the 
ring elements of the jack J760 and the plug P900, 
the contacts 904 of the key K99, the contacts 
942, the condenser 933, the Winding of the ring 
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down relay R930, the contacts 902 of the key 
K90?, the tip elements of the plug P900 and the 
jack. JT60, the conductor C785, and the contacts 
723, to ground. Transmission of the ringing 
generator current Over the above traced circuit 
causes the relay R930 to operate and, at its con 
tacts 93f, it completes a circuit from ground, by 
way of the contacts 93t, 256, and 46, and the 
winding of the answer recall relay R? 040, to 
battery. The relay R. O40 operates over the 
above traced circuit and, at its contacts 04i, 
completes a locking circuit for itself, which is 
independent of the ground at the contacts 931, 
OVer a circuit, which may be traced from ground, 
by Way of the contacts of the dial-through key 
K25, the contacts 23', 04, 256 and 46, 
and the Winding of the relay R 68, to battery. 
As a further result of the operation of the relay 
RC40, at its contacts f42, it completes a cir 
cuit from the intermittently grounded con 
ductor CEO44, by way of the contacts 042, 944, 
959 and 975, and the answer lamp L99, to bat 
tery. The answer lamp L99 is intermittently ill 
luminated as a result of the above traced flash 
ing circuit to indicate to the operator at the 
switchboard 000 that the operator at the toll 
board 300 desires to recommunicate with her. 
In order to reconnect, her telephone circuit to 

the cord circuit 900, the operator at the switch 
board 90 actuates the talk key KO to re 
operate the relay R. 20. The relay R if 20, upon 
operating, performs the same functions as have 
been described hereinbefore and, in addition 
thereto, at its contacts 23, it opens the pre 
viously traced holding circuit for the relay R. 940; 
and, at its contacts 2i, it opens a point in the 
previously traced holding circuit for the upper 
winding of the relay R949. The relay R940, upon 
restoring to normal, at its contacts 93 bridges 
the left-hand Winding of the relay Rf (2) across 
the tip and ring elements of the plug P900 in 
order to terminate the transmission of ringing 
current by the relay R72); and at its contacts 
944, it interrupts the flashing circuit in order 
to extinguish the fashing condition of the lamp 
L99. However, at its contacts 945, the relay 
R94 completes a circuit from ground by way 
of the contacts if 48, 974, 622, 945, 959 and 
95 for steadily illuminating the answer lamp 
L9E9. As a further result of the restoration of 
the relay R940, at its contacts 942, it disconnects 
the ring-down relay R930 from the tip and ring 
elements of the plug P900. 
When the left-hand winding of the relay R920 

is bridged acroSS the tip and ring elements of the 
plug P990, a direct current circuit is completed 
for energizing the upper winding of the relay 
R120 in series with the left-hand winding of the 
relay R020. The relay R. 28, upon operating, 
at its contacts 22, opens a point in the previously 
traced circuit of the answer lamp L99 in order 
to extinguish the same. When the above men 
tioned direct current circuit is completed for the 
upper winding of the relay R20, the relay oper 
ates and, at its contacts 25, completes a holding 
circuit for its lower winding, which may be traced 
from ground, by way of the contacts 663, 622, 
63 and 565, the conductor C567, the contacts 
67 and 25, and the lower winding of the relay 
R2, to battery. As a further result of the op 
eration of the relay R229, at its contacts 723 and 
2, it disconnects ground and the ringing gen 

erator current from the conductors C785 and 
C786, respectively; and, at its contacts 724 and 
22, it reconnects the tip and ring conductors 
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C85 and C86 to the right-hand windings of the 
repeating coil 55) and the windings of the relays 
R551 and R59 to ground and battery, respec 
tively. 
When the above traced circuit is established 

in series with the left-hand winding of the relay 
R! 028 in the cord circuit 900, the relay R570 
operates and, at its contacts 57, it completes an 
operating circuit for the relay R6). The relay 
R60 again operates, substituting ground poten 
tial at the contacts 62, for the ground potential 
at the contacts 663, in order to maintain the re 
lay R2 in its operated condition and, at its 
contacts , it shunts the high resistance upper 
winding of the relay R540 in order to give answer 
Supervision to the operator at the toll board 360. 
When the operator at the toll board 30 receives 
the answer supervision, she may communicate 
with the operator at the switchboard 000 and in 
form her to resignal the subscriber at the Sub 
station A3 in the same manner as that which 
has been previously described when the branch 
exchange operator initially signaled the Sub 
scriber at the substation A3. 

Recalling the toll Operator 
In the foregoing description of Operation it was 

assumed that the called Subscriber at the Sub 
station A3 released the connection by hanging 
up his receiver and that the Operator at the toll 
board 30 desired to recall the Operator at the 
switchboard (200 in order to be reconnected to 
the Subscriber at the substation A3. In the fol 
lowing description it will be assumed that the 
Subscriber at the substation A3 has replaced his 
receiver and has again removed it in order to 
signal the operator at the toll board 38). When 
the subscriber disconnected by replacing his re 
ceiver upon the switchhook of his associated tele 
phone instrument, the connector 825 functioned, 
in the manner previously described, and reversed 
the connection of battery and ground potentials 
to the conductor's C8 and C82. As a result 
thereof, the relay R936 in the cord circuit 96 
and the relays R50 and R557 in the toll trans 
mission trunk circuit 6 restored to normal. 
Restoration of the relay R986 caused the relay 
R9 to restore to normal and illuminate the call 
lamp L. 27. As a further result of the restora 
tion of the relay R90, the relay R920 was again 
bridged across the tip and ring elements of the 
call plug P 2) but was not energized over this 
circuit because the reversal of the battery and 
ground potentials to the conductor's C78 and 
C82 prevented the relay from operating. When 
the relay R5R) in the toll transmission trunk 
circuit 69 restored to normal, the relay R6i 
also restored to normal and removed the shunt 
circuit, from around the high resistance upper 
winding of the relay R546 and transmitted dis 
connect supervision to the operator at the toll 
board 30. 
When the called subscriber at the substation 

A3 again removes his receiver from the SWitch 
hook of his associated telephone instrument, the 
connector 325 functions to again reverse the po 
tentials on the conductors C78 and C782. A cir 
cuit is now completed for the upper and lower 
windings of the relay R929 which operates and, 
at its contacts 922, completes a circuit for the 
relay R98. At its contacts 922, the relay R92) 
completes a circuit for bridging the winding of 
the relay R996 and the resistance 932 across the 
tip and ring elements of the plug P929 in order 
to reoperate the relays R557 and R57) in the toll 
transmission trunk circuit 600. As a result of 
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this operation, the relay R6) is again operated 
to place a shunt circuit around the high resist 
ance upper winding of the relay R54 in order to 
Signal the Operator at the to board 33 that the 
called subscriber at the substation A3 desires to 
communicate with her. The relay R33 also Op 
erates in Series with the relays R55 and R5; 
and, at its contacts 983, completes a holding 
circuit for the relay R.9se. The relay R9 (), upon 
operating, at its contacts 9 is, completes an ener 
izing circuit for the lower winding of the relay 
R963, but this relay has not restored at this time 
due to the locking circuit including its upper 
winding. At its contacts 98, the relay R9 
opens the circuit for illuminating the call lamp 
L 27 and, at its contacts 9 to 98, inclusive, it 
disconnects the relay R929 from the tip and ring 
elements of the call plug PA 8 and connects the 
tip and ring elements of the answer plug P988 in 
series with the winding of the relay R996, to the 
tip and ring elements of the call plug PS2.É. The 
relay R826, upon restoring to normal, at its con 
tacts 92, removes the resistance 932 from the 
above mentioned bridging circuit, and, at its con 
tacts 922, it opens a point in the Inultiple circuit 
for the relay R9). When the operator at the 
toll board 33 receives a disconnect Signal which 
is immediately followed by an answer Signal, she 
is informed of the fact that the Subscriber at the 
substation A3 desires to communicate With her. 
The toll operator now associates her telephone 
circuit with the above connection extended to the 
called subscriber at the substation A3 and com 
municates with the Subscriber thereat. 

Releasing the connection. 
It will now be assumed that the called Sub 

scriber at the substation A3 has replaced his 
receiver on the switchhook of his aSSociated tele 
phone instrument in order to terminate the pre 
viously described toll connection. As a result of 
the replacement of the receiver upon the tele 
phone instrument by the subscriber at the Sub 
station A3, the circuits involved in the connection 
Operate in the manner previously described to 
give the operator at the toll board 300 disconnect 
Supervision. Accordingly, it Will also be aSSumed 
that the originating subscriber in the distant 
Office has also replaced his receiver and that 
disconnect supervision has been transmitted to 
the operator at the toll board 38. When the 
toll operator receives disconnect supervision from 
both ends of the connection she may release the 
connection by withdrawing the plugs P392 and 
P304 of the cord circuit 3 from the jacks 
J33 and J35, respectively. As a result of the 
withdrawal of the plug P384 from the jack J305, 
the toll selector 330 removes ground potential 
from the conductor C486, thereby restoring the 
ring control relay R40 to normal. As a further 
result of the withdrawal of the plug P304 from 
the jack J395, ground potential is also removed 
from the conductor C484. The toll Selector 
338 now restores its wipers 33 to 334, inclusive, 
to normal in a Well knoWn manner. When 
ground potential is removed from the conductors 
Cl86 and C484, the relays R4 f) and R459 restore 
to normal. 
The relay R450, upon restoring to normal, at 

its contacts 45, prepares a circuit for applying 
ground potential to the conductor C48; at its 
contacts 453, it removes ground potential from 
the conductor C485, thereby opening the circuit 
for the upper winding of the relay R440; and, 
at its contacts 456, it completes a circuit for 
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operating the release relay R420, which may be 
traced from ground, by way of the contacts 41, 
464 and 456, and the winding of the release relay 
R428, to battery The relay R44 now restores 
to normal and, at its contacts 442, completes 
a circuit for applying ground potential by Way 
of the contacts 45 to the conductor C487. The 
relay R4 remains in its operated position Over 
a circuit, including its lower Winding, the con 
ductor C483, the lower Winding of the Control 
relay R5 is to resistance battery potential Con 
nected to the conductor C530. The relay R50 
remains in its restored position Since an ener 
gizing circuit is completed for its upper and lower 
Windings. As a further result Of the restOra 
tion of the relay R440, at its contacts 443, it dis 
connects the Winding of the relay R4 from the 
conductor C486 and, at its contacts 444, it applies 
ground potential to the conductor C486. In re 
Sponse to the operation of the release relay R420, 
at its contactS 422 and 424, it applies ground 
potential to the conductors C684 and C485, re 
Spectively, in order to mark the toll trunk circuit 
400 busy in the banks of the selectors having 
acceSS theretO. 

It will be recalled that When the Subscriber at 
the substation A3 replaced his receiver, the cord 
circuit 900 functions to illuminate the call lamp 
I, 27 to indicate to the operator at the Switch 
board Of that the called Subscriber has dis 
connected. The Operator at the Switchboard 000 
may now remove the answer plug P9) and the 
call plug Pi 20 from the jacks J. 6 and J70, 
respectively. As a result of the removal of the 
plug P960 from the jack J. 60 the previously 
traced circuit including the Windings of the re 
layS R950 and R92 and the relay R30 is opened, 
whereupon the relay R9) restores to normal. 
Although the relay R95) has been energized over 
the above mentioned circuit, due to the resist 
ance included in the circuit the relay has not 
been operated. 
When the relay R9 restores to normal, at 

its contacts 92, it opens the energizing circuit, 
for the right-hand, winding of the relay R920 
and it opens the locking circuit for the upper 
Winding of the relay R940. The relays R960 and 
R2) also restore to normal. When the plug 
Pf2) is withdrawn from the jack J776, the relays 
Rf 40 and RA 5 are restored to normal. The 
relay R. 56, upon restoring to normal, at, its 
contacts 55, opens the circuit for the control 
relay R? 30. The relay Ril 30, upon restoring 
to normal, at its contacts A 32, opens the circuit 
for the relay R. 260, which also restores to nor 
mal. When the relay R. 46 restores to normal, 
at its contacts 47, it extinguishes the call 
lamp Lif27. The cord circuit 99 has now been 
restored to normal and it may be utilized by the 
operator at the switchboard 609 in extending 
other Connections. 
As a result of the removal of the plug P900 

from the jack J. 6), the previously traced circuit 
for the relay R3C is opened and the relay re 
Stores to normal. Upon restoring to normal, 
the relay R39, at its contacts 73, opens a point 
in the incomplete circuit for the upper winding 
of the relay R20; at its contacts 732, it opens 
a point in the incomplete circuit of the call lamp 
T2; and, at its contacts 33 and 734, it again 
prepares pointS in the incomplete circuits for 
the Windings of the relay R. C. 
As a result of the removal of the plug PE27 

from the jack Ji, ), the circuit for the ring con 
trol relay R750 is opened and the relay restores to 
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normal. Upon restoring to normal, the relay 
R750, at its contacts 754, removes ground poten 
tial from the conductor C83 extending to the Se 
lector 85. As a further result of the removal of 
the plug Pf 270 from the jack J770, the jack 
springs are opened and the relay R re 
stores to normal. Upon restoring to normal, the 
relay R740, at its contacts 743, removes ground 
potential from the conductor C84 extending to 
the selector 85; at its contacts 42, it opens a 
point in the circuit of the conductor C32; and, 
at its contacts 74, it prepares a point in the in 
complete circuit for the call lamp L2. As a re 
sult of the removal of ground potential from the 
conductors C783 and C83, the selector 85 and 
the combination connector 325 restore to normal 
in a well known manner. 

Attention is now directed to the fact that when 
the operator at the toll board 30 disconnected, 
the toll selector 333 restored to normal, thereby 
opening the circuit of the relay R54. Upon re 
storing to normal the relay R549, at its contacts 
54, opens the circuit for the relay R649. The 
relay R.640 now restores to normal and, at its con 
tacts 642, it opens the circuit of the hold relay 
R650; and, at its contacts 643, it completes a cil'- 
cuit for the relay R.630. The relay R.63) now op 
erates and, at its contacts 63, completes a lock 
ing circuit for itself including ground at the con 
tacts 663; and, at its contactS 633, it completes a 
multiple circuit for the relay R520. 
The slow-to-release hold relay R650 now re 

stores to normal and, at its contactS 65, opens 
the circuit for the hold relay R660. The relay 
R66) is of the slow-to-release type and subse 
quently restores to normal. Upon restoring to 
normal, the relay R669, at its contacts 663, re 
moves the holding ground potential for main 
taining the relays R.S. 3, R.633 and R726 in their 
operated positionS. Consequently, the above 
mentioned relays also restore to normal. 
When the relay R63 restores to normal, at its 

contacts 633, it opens a point in the multiple cir 
cuit for the relay R52); at its contacts 63, it 
opens a point in the incomplete holding circuit 
for itself; and, at its contacts 632, it prepares a 
point in the incomplete operating circuit for the 
relay R56. 
When the relay R676 restores to normal, at its 

contacts 64', it opens the circuit for the relay 
R520; at its contacts 66, it removes resistance 
battery potential from the conductor C530; and, 
at its contacts 675, it prepares a point in the cir 
cuit for applying ground potential to the conduc 
to C533. As a further result of the restoration 
of the relay R670, at its contacts 67 f to 64, in 
clusive, it prepares points in the talking circuit 
extending through the toll transmission trunk 
circuit 600 for subsequent operation. 
As a result of the restoration of the relay R25), 

at its contacts 2 to 24, inclusive, it disconnects 
the tip and ring conductors C785 and C786 from 
the talking conductors of the trunk circuit 69 in 
cluding the right-hand Windings of the repeating 
coil 55 (; and it prepares points in the circuits for 
transmitting ringing current over the above men 
tioned tip and ring conductors. As a result of 
the above described restoration of the relays R.63 
and R67th, the relay R529 now restores to normal 
and, at its contacts 52 to 524, inclusive, discon 
nects the left-hand Windings of the repeating coil 
559 from the conductors C38 and C482 and con 
nects the Windings of the relay R.640 to the above 
mentioned conductors. At its contacts 525, the 
relay R520 disconnects battery potential from the 
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answer relay R570; and, at its contacts 526, it ap 
plies ground potential to the conductor C530. 
When battery potential is removed from the 

conductor C530 and ground potential is Sub 
stituted in place thereof, the relay R470 restores 
to normal. As a result of the restoration of the 
relay R4 i 8, at its contacts 4: , it opens the pre 
viously traced circuit for the relay R42). The 
relay R629 now restores to normal and, at its con 
tacts 422 and 424, it removes busy marking 
ground potential from the conductors C484 and 
C485; and, at its contacts 42 and 423, it prepares 
points in the circuits for the relaySR 450 and tRf6). 
The toll trunk circuit and the toll transmis 
Sion trunk circuit, 602 have now been restored to 
normal and may again be utilized by the operator 
at the toll board 3i) in extending further toll 
calls to the branch exchange 5). 

TOLL CALL FROM A DISTANT EXCHANGE TO THE 
MANUAL SUBSTATION M IN THE BRANCH Ex 
CHANGE 50 

In order to describe the operation of the switch 
ing apparatus in extending a toll call to the nan 
ual substation M in the branch exchange 50, it 
will be assumed that the operator at the toll 
board 33 has answered a toll call received Over 
the toll line 3 9 and that She has extended the 
call to the manual operator at the Switchboard 
is 0 by dialing the digit '6' in the previously de 
scribed manner. It will also be assumed that the 
manual operator at the switchboard 6) has 
answered the connection by inserting the plug 
P38 into the jack J760 and has ascertained that 
the call is to be extended to the manual Sub 
scribe' at the substation M. The operation of 
the toll trunk circuit 40), the toll transmission 
trunk circuit 650, and the answer end of the cord 
circuit 9 is the same as has been described in 
connection With the extension of a toll call via 
the branch exchange operator to the automatic 
Subscriber at the substation A3. 

Before extending the connection to the callied 
Subscriber at the substation M, the operator at 
the SWitchboard i (2) may restore the talk key 
K is in order to disconnect her operator tele 
phone circuit from the cord circuit 900. The op 
elato: may now test, the line of the substation M 
by placing the tip of the plug P20 against the 
sleeve element of the jack J889 (Fig. 13) termi 
nating the line 63 of the substation M. If the 
called line is busy, a ground potential is applied 
to the sleeve element of the jack Ja80 from an 
other cord circuit involved in the connection 
established between the substation IM and some 
Cther line. Consequently, when the tip of the 
plug P 2) is placed into engagement with the 
sleeve element of the jack J88), the ground po 
tential thereon will be extended by way of the 
tip element of the plug PA 278, the contacts 252, 
24t, 8i, i. 5; and 44, the conductor C G., 

the resistance 93, and the winding 432 of the 
induction coil i43, to battery. As a result of the 
above traced circuit, a click is produced in the 
receiver $822 of the operator headset 400 to indi 
cate that the line of the substation M is busy. 

It will be assumed, however, that when the 
above described busy test is made by the opera 
tor, the line 836 of the substation M is idle, and 
therefore no click is produced in the receiver of 
the telephone circuit. The operator now inserts 
the plug P. 2 it into the jack J886 and, as a result 
thereof, a circuit is completed for operating the 
relays R; 50 and R. 60 of the cord circuit 900, in 
series with the relay R860 of the line circuit 840, 
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individual to the line 830 of the Substation M. 
The circuit for operating the above mentioned re 
lays may be traced from ground, by way of the 
Windings of the relays R 59 and R 6, the con 
tacts 22, the conductor C.263, the sleeve ele 
ments of the call plug P 2 and the jack J380, 
and the Winding of the relay R869, to battery. 
The relay RA 5, upon operating over the above 

traced circuit, opens points in the circuits includ 
ing the tip and ring conductors of the cord cir 
cuit; at its contacts 53', it opens a point in the 
incomplete circuit for the relay R? 230; at its con 
tacts 55 and 5, it prepares separate operat 
ing and holding circuits for the control relay 
R i? 39; and, at its contacts f $58, it completes a 
circuit for energizing the lower polarizing wind 
ing of the relay R226. The last mentioned cir 
cuit merely prepares the relay R22) for quick 
operation. When a circuit including its upper wind 
ing is Subsequently completed. At its contacts 
f 56, the relay R. 50 completes a circuit for the 
upper Winding of the relay R? 229 and the wind 
ing of the relay R 259, which may be traced from 
the tip element of the call plug PA 270, by way of 
the contacts 252, 24A, 8 and 263, the upper 
Winding of the relay R? 220, the winding of the 
relay R2 0, the contacts 56, 23, 243 and 
$254, and the ring element of the call plug PA 210. 
At its contacts 59, the relay R A fit prepares a 
point in the circuit for controlling the ring relay 
R,249. 
The relay R? 40, upon operating over the pre 

viously traced circuit, interrupts, at its contacts 
i 43 and 45, a point in the incomplete circuit of 
the relay R 66. Attention is directed to the fact 
that the relay R 90, although bridged across the 
talking conductors of the cord circuit through the 
contacts if 52 and 53, cannot operate at the 
present time because it is disconnected from the 
answering end of the cord circuit at the contacts 
96 and 953. At its contacts 4 , the relay Ri (; ) 
disconnects the busy test circuit including the 
conductor C. f3 ; at its contacts 46, it prepares 
a point in the incomplete circuit for the answer 
recall relay R 669; and, at its contacts 47, it 
completes a circuit for illuminating the call lamp 
I. 27, which may be traced from ground, by way 
of the contacts 9 8, 966, 6d and 47, and the 
call lamp L. 27 f, to battery. As a further result of 
the operation of the relay R 52, at its contacts 
f 48, it prepares another point, in the incomplete 
circuit for the relay R242; and, at its contacts 
f49, a point is closed in the incomplete operat 
ing circuit for the relay R 230. 
As a result of the above described operations 

of the relays R 40 and R? 58, the cord circuit 
900 is now in condition to be controlled by the 
Operator to signal the wanted Suiscriber at the 
Substation M. However, before this operation is 
described, it will be recalled that as a result 
of the Seizure of the called line of the substation 
Mi, the cutoff relay R86E operated. When the 
relay R860 operates, at its contacts 86? and 862, 
battery and ground potentials are removed from 
the conductors of the line 836. 

Since the connection has now been extended 
to the called subscriber at the substation M, the 
Operator at the Switchboard 06.0 may now 
momentarily actuate the ring start key Kf 2:5 
individual to the selected cord circuit 903, in 
Order to signal the called subscriber. As a result 
of the nonentary operation of the ring start key 
K25, a circuit is completed from ground, by 
Way of the contacts 68, 974 and 62, the con 
tacts of the key K 25, the contacts 59, and 
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the winding of the relay R240, to battery. The 
relay R? 240 operates over this circuit and, at its 
contacts 246, completes a holding circuit for 
itself, which may be traced from ground by way 
of the contacts 48, 9.4, C2 , 87 and 246, 
and the Winding of the relay R240, to battery, 
It will be noted that the holding circuit is in 
dependent of the contacts of the ring start key 
K25 and, therefore, the relay remains in its 
operated position after the key has been re 
stored to normal. As a further result of the 
operation of the relay R. 248, at its contacts 
242 and 244, it completes a circuit for signal 

ing the wanted subscriber at the substation M. 
This circuit may be traced from the ungrounded 
terminal of the ringing generator GEN., the 
upper winding of the ring cutoff relay Rf8), the 
contacts 244 and 25A, the ring elements of 
the plug P27) and the jack J880, the upper ring 
conductor of the line 830, through the ringer 
bridged across the line 830 at the substation M, 
the lower tip conductor of the line 83), the tip 
elements of the jack J880 and the plug Pf 279, 
the contacts 252 and 242, to the grounded 
terminal of the interrupter generator. A ring 
back tone signal is transmitted to the toll oper 
ator by way of the condensers 247 and 248, 
976 and 97, the contacts 902 and 904, and the 
tip and ring elements of the plug P900 and the 
jack J. 60, to the right-hand windings of the 
repeating coil 550, whereat the tone is repeated 
to the operator at the toll board 369. The ring 
back tone signal indicates to the toll operator 
that the called Subscriber is now being siginaled. 

Called subscriber answers 
When the called Subscribe at the Substation 

M. responds to the signal by removing his receiver, 
a direct current bridge is connected across the 
line 83) in order to operate the ring cutoff relay 
R 80. When the direct current bridge is con 
nected across the line 830, the relay R 80 oper 
ates and, at its contacts 86, completes a hold 
ing circuit, including its lower winding, from 
ground at the contacts $8. As a further re 
sult of the operation of the relay R89, at its 
contacts 87, it opens the holding circuit for 
the ringing relay R230 which now restores to 
normal and, at its contacts 242 and 244, it 
disconnects the ringing generator. GEN. from the 
called subscriber line 83. At its contacts 82 
and 85, the relay R3 also prepares circuits 
for connecting the answer relay R920 to the 
called line 838; and, at its contacts 8 and 
if 83, it disconnects the previously traced cir 
cuit including the upper winding of the relay 
R. 22) and the winding of the relay R2 0 from 
the tip and ring elements of the call plug P2, e. 
As a result of the restoration of the ringing 
relay R240, at its contacts 24 and 243, it 
connects the Windings of the answer relay R929 
to the tip and ring conductors of the called line 
836; and, at its contacts. 235, it completes a 
circuit for operating the recall relay RiO30. 
Since the answer relay R323 is now connected 

to the called subscriber line, the relay is oper 
ated over a circuit which may be traced from 
ground, by way of the upper winding of the relay 
R923, the contacts 9 2, 952, 82, 24 and f 252, 
the tip elements of the call plug P27 and the 
jack J889, the tip conductor of the line 830, 
the direct current bridge circuit at the called sub 
station M, the ring conductor of the line 830, 
the ring elements of the jack J.88 and the call 
plug Pf 270, the contacts 1254, 243, 184, 955 
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and 93, and the lower winding of the relay 
R920, to battery. 
At its contacts 92, the relay R920 places a 

bridge circuit across the tip and ring elements 
of the plug P900 which includes the relay R906, 
the contacts 92, and the resistance 932, in order 
to maintain the answer relay R570 and the relay 
R557 in the toll transmission trunk circuit 60 
in their operated positions. At its contacts 923, 
the relay R920 opens a point in the completed 
circuit for the slow-to-operate recall relay R 030. 
The circuit for the latter relay was completed 
upon the restoration of the ring relay R? 240 
over a circuit which may be traced from ground 
by way of the contacts 972, 2, 85, 245, 
916, 923, 964 and 973, and the winding of the 
relay R, f O30, to battery. Since the relay is of 
the slow-to-operate type, the above traced cir 
cuit is opened, at the contacts 923, before the 
relay has had sufficient time to operate its as 
sociated contacts 03 and 32. At its con 
tacts, 922, the relay R-92) also completes an 
operating circuit for the switching relay R90. 
When the series relay R906 is bridged acroSS 

the tip and ring elements of the plug P990, a 
circuit is completed therefor which may be traced 
from ground and battery applied to the tip and 
ring elements of the plug P900, by Way of the 
windings of the relays R557 and R570 in the 
toll transmission trunk circuit 608. The relay 
R906 operates over this circuit and, at its con 
tacts 907, completes a multiple circuit for the 
relay R90. 
When the relay R90 operates over the previ 

ously described circuit, at its contacts 9 and 
914, it extends ground and battery potential, ap 
plied to the tip and ring elements of the answer 
plug P900, by way of the contacts 982 and 904 
of the key K90, the winding of R96, the con 
tacts 9 and 9.f4, 952 and 955, 82 and if 84, 
24 and 243, and 252 and 254, the tip and 
ring elements of the plug P20 and the jack 
J880, and the conductors of the line 839, includ 
ing the loop circuit at the substation M. 
As a result of the above described circuit, the 

relays R570, R557 and R986 are maintained en 
ergized over a loop circuit including the called 
manual substation M. As a further result of 
the operation of the relay R90, at its contacts 
92 and 9.f3, it disconnects the windings of the 
relay R920 from the above mentioned loop cir 

The relay R929 now restores to normal 
and, at its contacts 92 f, it opens the bridging 
circuit including the resistance 932 and, at its 
contacts 922, it opens a point in the initial op 
erating circuit for the relay R9 C. The relay 
R90 now remains in its energized position due 
to the circuit completed at the contacts 907 upon 
the Operation of the relay R906. As a further 
result of the operation of the relay R90, at its 
contacts 96, it open a further point in the in 
complete circuit for the relay RE 30, and, at its 
contacts 9 8, it opens the circuit for illuminat 
ing the call lamp L. 27. At its contacts 95, the 
relay R9 () also completes a circuit for the lower 
winding of the relay R940, which relay now op 
erates. At its contacts 943, the relay R940 com 
pletes a holding circuit for its upper Winding 

- which may be traced from ground, by way of 
the contacts 972, i2 and 943, and the upper 
winding of the relay R943, to battery. 
As a further result of the operation of the 

relay R94, at its contacts 942, it bridges the 
ring-down relay R939, in series with the con 
denser 933, across the tip and ring elements of 
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the answer plug P90, to prepare the cord cir 
cuit 3E for recall signals transmitted by the op 
erator at the toll board 33. At its contacts 95, 
the relay R94 also disconnects the left-hand 
Winding of the shunt field relay R2) from 
across the tip and ring elements of the plug F93 
and, at its contacts 943, it prepares a flashing 
circuit for the answer lamp L99. Since the re 
lay R020 is now only energized over its right 
hand polarizing winding, the relay restores to 
normal; and, at its contacts 22, it prepares a, 
further point in the circuit for the answer lamp 
99. 
The connection between the operator at the 

toll board 3) and the called manual subscriber 
at the Substation M is now completed and con 
Versation may now take place. When the Oper 
ator at the toll board 35 has ascertained that 
the connection is satisfactory, she withdraws 
from the connection and interconnects the call 
ing Subscriber at the distant office with the 
called Subscriber at the manual Substation M. It 
should be noted that transmission current for 
the called substation M is supplied through the 
Windings of the relays RSS and R5 in the toll 
trainSmission trunk circuit, 6. 

Called Subscriber releases 
When the conversation between the distant 

Subscriber and the subscriber at the substation 
M has been completed, the Subscriber at the sub 
Station M replaces his receiver upon the switch 
hook of his telephone instrument. Replace 
ment of the receiver, by the subscriber at the 
Substation M, Opens the loop circuit, including 
the relay R95 of the cord circuit 3i and the 
IrelayS R55 and R5 in the toll transmission 
trunk circuit 666, whereupon these relays restore 
to normal. When the relay RSS in the cord 
circuit 98 restores to normal, at its contacts 
907, it opens the circuit for the relay R9 O. The 
relay R9, now restores to normal and, at its 
contacts 9 and 94, it disconnects the tip and 
ring elements of the plug P999 from the tip and 
ling elements of the plug Pf27); and, at its con 
tacts 952 and 9:3, it reconnects the answer re 
lay R929 to the tip and ring conductors extend 
ing to the plug P23 in order to provide recall 
facilities for the Subscriber at the substation M. 
As a further result of the restoration of the re 
lay R.9?, at its contacts 9:5, it opens the cir 
cuit for the lower winding of the relay R84; 
and, at its contacts 9:5, it completes an operat. 
ing circuit for the recall relay R (SE), which may 
be traced from ground, by way of the contacts 
972, 2, 35, 245, 9:5, $23,964 and 353, and 
the Winding of the slow-to-operate recall relay 
R 638, to battery. As a further result of the 
restoration of the relay R98, at its contacts 9, 
it completes a circuit for illuminating the call 
lamp L. 27, which may be traced from ground, 
by Way of the contacts 348, 366, 64 and 47, 
and the call lamp T 2F, to battery, in order to 
indicate to the operator at the switchboard 25 
that the called subscriber at the substation M 
has disconnected. When the relay R. 39 oper 
ates over the previously traced circuit, at its 
contacts (3, it completes a locking circuit for 
itself from ground, by way of the contacts 92, 
f 2:, O3 and 93, and the winding of the re 
lay RiC30, to battery; and, at its contacts 32, 
it prepares a circuit for fiashing the call lamp 
T. 2 in the event the subscriber at the sub 
Station M should recall the operator at the 
Switchboard it) by again removing his receiver 
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from the Switchhook of his associated telephone 
instrument. 

It Will be recalled that when the subscriber at 
the Substation M replaced his receiver upon the 
SWitchhook of his associated telephone instru 
inent, the loop circuit, including the relays R55, 
R5 and R906 was interrupted, thereby releas 
ing the above mentioned relays. When the relay 
R5 restored to normal, at its contacts 5, , it 
opened the circuit for the relay RSS which also 
restored to normal. At its contacts G. , the relay 
R6 removes the shunt circuit from around the 
high resistance upper winding of the relay R5i, 
whereupon disconnect supervision is given to the 
Operator at the toll board 33. Other operations 
gerformed as a result of tina restoration of the 
relay R66 are the same as have been previously 
described. The ocerator at the toll board 3 
and the operator at the switchboard 2 may 
Withdraw the plugs of the cord circuits at their 
1'eSICective positions f"Orin the associated jacks in 
Order to release the connection between the call 
ing Subscriber in the distant excharge and the 
called Subscriber at the Substation A. 

Called Subscriber recalls the toll operator 
Before describing the operations. Which take 

place when the operator at the switchboard it 
renoves the plugs P39 and PS2E from their re 
spective jacks Ji 6 and J89, the operations which 
take place When the Subscriber at the substa 
tion. A desires to recall the toll operator at the 
Switchboard 33 will now be described. When 
the receiver is again removed by the subscriber 
at the Substation M, after it has been momen 
$3rily replaced upon the telephone instrument, 
a circuit described hereinbefore is again con 
pleted for reoperating the answer relay R.326 in 
the cord circuit 90. The relay R92, upon op 
erating, at its contacts 922, causes the relay R9 
to reoperate and again bridge the called Sub 
SCiber line 838 across the tip and ring conduc 
tors terminating in the plug P335. As a result 
of the above operation, the relays R35 and R573 
in the toll transmission trunk circuit iÉ, and the 
relay R898 in the cord circuit 938, are reoperated. 
The relay RS, upon reoperating, at its contacts 
9i completes a circuit for fashing the call lamp 
L 2 and, at its contacts $45, reenergizes the 
lower winding of the relay R963. The relay R956, 
upon reoperating, at its contacts 3, completes 
a holding circuit for the relay RS-2. The relay 
R93 restores when the relay RS operates and, 
at its contacts 322, it opens the original operating 
circuit for the relay R8; 3. In the toll transmis 
sion trunk circuit 3., the reoperation of the re 
lay R53 causes the relay R3 is to reoperate and 
again shunt the high resistance upper Winding of 
the relay R548. When the high resistance up 
per Winding of the relay R548 is again excluded 
from the circuit extending by Way of the conduc 
tors C48 and Cá32 to the toll board 333, the op 
erator thereat receives a signal to indicate that 
the called subscriber at the Substation V desires 
to communicate with her. Upon noting the above 
described recal Signal the to operator recon 
nects her telephone circuit to the connection and 
converses with the subscriber at the Substation 
M. When the operator at the Switchboard 3) 
receives a, flashing Signal on the lamp LE2 she 
reoperates the talk key Ki E96 in Order to associ 
ate her telephone circuit, with the cord circuit, 
98). The operator may now listen in to the coin 
Versation between the toll operator and the sub 
Scriber at Substation i? in order to determine 
Whether it Will be necessary for her to perform 
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any operation in connection with the toil call. 
When the relay R2, operates under control of 
the key K E in addition to performing the Op 
erations previously described, at its contacts 2, 
it opens the holding circuit for relay R3 which 
now restores to Ornal &nd extinguishes the lamp 
82. 

Recalling the branch eacchange operator 
If the operator at the toll board 39 desires to 

be reconnected to the operator at the branch 
exchange switchboard 268, after the called sub 
Scriber has answered or has disconnected, she 
may do so by controlling the toll transmission cir 
cuit 62, in a previously described manner, to 
transmit ringing current Over the tip and ring 
elements of the jack Ji and the aSSociated plug 
it?99, under the control of the relay RF 2). When 
ringing current is transmitted to the cord circuit 
9s, from the toll transmission trunk circuit 66, 
the ring-down relay R336 responds and, at its 
contacts 93, operates the relay RS4C over a cir 
cuit, which may be traced from ground, by way 
of contacts 935, 256, and is 6, and the winding 
of relay R43, to battery. Relay R & oper 
ates over this circuit and, at its contacts 92, 
completes a circuit for internittently illuminat 
ing the answer lamp .389 to indicate to the op 
erator at the Switchboard is that the toll Op 
erator desires to comunicate with her. 
The operator at the switchboard E.E may now 

communicate with the toll operator by actuating 
the talk key E; , thereby to associate her tele 
phone circuit (Fig. 34) with the cord circuit 969, 
in the same manner as has been previously de 
scribed. The relays R; , R. 336 and R is re 
store to normal, the former relay controlling the 
toll transmission trunk circuit 58 to terminate 
the automatic ringing signal transmitted to the 
cord circuit 93, and the latter relay terminating 
the fiashing condition of the araswer lamp L919. 

Recalling the subscribe' at Substation, M 
In order to describe the manner in which the 

operator at the switchboard it resignals a 
called subscriber, it will be assumed that the Sub 
scriber at the substation M has disconnected and 
that the toll operator has recalled the operator 
at the switchboard , in the manner described 
above. It will also be assumed that the toll Op 
erator has instructed the branch exchange op 
erator to recall the subscriber at the Substation 
NI. In order to resignal the called Subscriber, 
the operator at the Switchboard 800 restores her 
talking key Ki 69 and momentarily withdraws 
the call plug P2 from the jack J880. Momen 
tary Withdrawal of the plug P2 from the jack 
J88 momentarily deemergizes the relays R 40, 
R, 5 and R862. Restoration of the relay R49, 
at its contacts 48, opens the locking circuit 
for the relay R, 83, which also restores to nor 
mal. The relays R, AC, R, 50 and R86 are 
reoperated upon the re-insertion of the call plug 
PE2 in the jack J33. The relays R 40 and 
R. 59, upon reoperating, perform the same func 
tions that have been previously described and, 
in particular, at the contacts 48, the relay 
R 48 again prepares a point in the locking cir 
cuit for the lower winding of the relay R 80. 
To resignal the subscriber at the substation M, 
the operator momentarily actuates the ring start 
key K85, whereupon the ring relay R240 is 
operated and locked in its operated position by 
way of the contacts 246. As a further result 
of the Operation of the relay R240, at its con 
tacts 242 and 244 it connects ringing generator 
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GEN, by way of the upper winding of the relay 
R, 80 to the called line, in the same manner aS 
has been previously described. When the called 
subscriber at the substation M responds to the 
ringing signal transmitted over the line 630, the 
relay R. 80 operates, thereby to disconnect the 
ringing signal from the called line and to prepare 
the cord circuit to switch the connection from 
the toll board 390 through to the called Subscriber 
at the substation M. 

Releasing the connection. 
It, Will be recalled that when the toll operator 

and the operator at the Switchboard 06 received 
disconnect supervision, from the calling and 
called subscriber lines, the respective Operators 
removed their cord circuits from the associated 
jacks involved in the connection. When the call 
plug P27 is removed from the jack J880, the 
relay R86E of the called subscriber line circuit 
840 is restored to normal to prepare the line 83. 
for additional calls. In the cord circuit 9 the 
withdrawal of the call plug P2 from the jack 
J880, causes the various relays controlled Over 
the called end of the connection to restore to 
normal, in the manner previously described. As 
a result of the withdrawal of the answer plug 
P900 from the jack J. 69, the various relays con 
trolled over the answer end of the cord circuit 
9 are also restored to normal in the Sane man 
ner as has been previously described. In the 
toll transmission trunk circuit 6 the Withdrawal 
of the plug P900 from the jack J. 6 causes the 
various relays therein to restore to normal and 
prepares the relay R470 in the toll trunk circuit 
fe), so that the toll trunk circuit may be restored 
to normal when the toll Operator withdraws the 
cord circuit, 39 from the jack J35. Restoration 
of the toll Selector 33 and the toll trunk circuit 
400 has been previously described and need not 
be repeated. 
Guarding a defectile toll transmission trunk 

circuit 

in the event that the toll transmission trunk 
circuit, 6 is found to be defective, the attendant 
in the branch exchange 50 may control the main 
exchange toll trunk circuit A and thereby place 
a busy marking thereon in order to prevent its 
Seizure by the Selectors, such as 33, having ac 
cess thereto. In order to prevent seizure of the 
toll trunk circuit 40C the busy key K55 is ac 
tuated to open its contacts 56 and to close its 
contacts 517, whereupon resistance battery po 
tential is substituted for the ground potential 
normally applied to the conductor CS3. When 
resistance battery potential is applied to the con 
dictor C53 an energizing circuit, is completed 
for the lower winding of relay R47 and the upper 
and lower windings of relay R5 which may be 
traced from ground, by Way of contacts 45 and 
is , conductor C48, the lower winding of relay 
Rá, the conductor C483, and the lower winding 
of relay R5 0, to resistance battery applied to 
the conductor C539. A circuit for the upper 
winding of the relay R5) may be traced from . 
ground, by way of the resistance 5 4, and the 
upper winding of relay R5, to resistance battery 
applied to the conductor C53. Since the upper 
and lower windings of the relay R5? oppose each 
Other the relay R50 remains in its restored posi 
tion. 

Referring to the relay R47, it is to be noted 
that When the above traced energizing circuit is 
completed for its lower winding, the upper wind 
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ing of the relay is shunted from ground applied 
to the conductor C487 and the resistance: 472.É. w 

conductor, a trunk Relay R4 to now operates and, at its contacts 
?if, completes a circuit which may, be, traced 
from ground,' by way of contacts 47 f, 464; and 5 
&56, and the winding of relay R420, to battery. 
Relay R426 operates over the above-traced cir 
cuit and, at its contacts 422 and 424, applies a 
busy marking-ground potential to the inductors 
Cá84 and C495 in order to prevent the selectors, li 
such as 330, from selecting the toll trunk circuit : 
i88 and the associated toll transmission trunk 
circuit 66. . . . . . . . . . " . . ; 

When the fault in the defective toll transmis 
sion trunk circuit 653 has been cleared, the busy 
key KS 5 is restored to normial. At its contacts : 
Efe and 57, the key K5:5 substitutes' ground po 
tential for the resistance battery p. 

relay R576 to restore to normal. Upon restoring, 
the relay. R$79, at its contacts 47 f, opens theic 
cuit, for relay R42, which relay also restorest 
normal. At its contacts 22 and is 24. 
from the conductors C384 and C485 and, at its 
contacts 43i and 423, it reconnects battery po 
tential through the relays R45) and R463, to the 
conductor's C484 and C485, respectively, in order 
to prepaire the toll trunk circuit 4.6G, for subse 
quent seizure by a toll selector. 
While one embodiment of the invention has 

been disclosed, it will be understood that various 
iiiodifications may be made therein which are 
Within the true Spirit and scope of the invention. 
What is claimed is: 
1. In a telephone system, main and branch ex 

changes, a trunk line interconnecting said ex 
changes for extending connections from said 
main exchange to subscriber lines in said branch 
xchange, an automatic switch, an operator po 

Sition. a, toil Selector in said main exchange re 
Sporisive to a first or a second digit for selecting 
Said trunk line, Switching means in said branch 
Xcinaige operated when said trunk line is se 

lected in response to said first digit for extending 
Said COE.htnection to said Switch, in eans in said 
main exchange for thereafter controlling said 
Switch to extend said connection to a branch 
exchange subscriber line, said switching means 
G28iateti when said tru:nk line is selected in re 
Sgorse to said second digit for extending said 
C3Althcction to said operator position and for 
i: arising Said Switch as the one to be used by 

at Or at Said position, and means includ 
2id Operator position for thereafter control 
Sail SWitch to extend Said connection to a 
ich exchange Subscriber line. 

2. In a telephone System, a trunk line includ 
ing a pair of talking conductors and a control 
conductor, a trunk circuit, terminating said trunk 
line, an operator position, a Switch having access 
to called lines, means for extending a connection 
to said trunk line over a first or a second path, 
a relay in said trunk circuit, means fol' control 
ling Said relay over said control conductor in one 
mainer in the event a connection is extended 
over said first path to said trunk line thereby to 
extend said connection to said operator position, 
In ean S. Cerated in the event a connection is ex 
tended over said second path to said trunk lite 
for extending the said connection to said switch 
and for operating said switch to complete the 
Said connection to a called line, and means for 
Controlling said relay over said control conductor 
in another lilanner to signal Said called line. 

otential ap 
ied to conductor C535 and thereby causes the 

> he relay . 
R62) removes the busy rharking ground potential 
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ing conductors and a control conductor, a first 
trunk circuit accessible to said first operator 

' position over two paths, means including said 
first operator position for extending a connec 

conductors and a control 
it:teiniinating said line, 
alled line, a Switch hav iéaias for extending a 

line. Over a first or a perated responsive to the 
o, said trunk line. Over 

introlling said trunk circuit 

ing a pair of talki 
CSi. 

3S3id trunk line over said sec 
thi for controlling said relay over said 

ositiori, a trunk line comprising talk 

tion to said trunk circuit over either one of said 
paths, a second trunk circuit, subscriber lines, 
means in Said second trunk circuit controlled 
Over Said trunk line in response to said connec 
tion for extending the said connection to said 
Second Operator position or to one of said sub 
Scriber lines depending upon the path over which 
Said connection is extended to said first trunk 
circuit, and means in said second trunk circuit 
Operated over Said control conductor for signal 
ing Said Second operator position or said one of 
Said Subscriber lines. 

5. In a telephone system, a first and a second 
operator position, a trunk line comprising talking 
conductors and a control conductor, a first trunk 
circuit accessible to said first operator position 
Over two paths, means including said first opera 
tor position for extending a connection to said 
trunk circuit over either one of said paths, a sec 
Ond trunk circuit, subscriber lines, means in said 
Second trunk circuit controlled over said trunk 
line in response to said connection for extending 
the said connection to said second operator posi 
tion or to one of said subscriber lines depending 
upon the path over which said connection is ex 
tended to Said first trunk circuit, signaling means 
for Said Second operator position and said sub 
Scriber lines, and means in said second trunk cir 
cuit operated over said control conductor for op 
erating Said position signaling means or said sub 
Scriber line Signaling means. 

6. In a telephone system, an operator position, 
a SWitch, an incoming trunk circuit, an outgoing 
trunk circuit, a trunk line terminating at one end 
in said incoming trunk circuit and at the other 
end in said outgoing trunk circuit, a control con 
ductor, means for extending a connection to said 
outgoing trunk circuit and for seizing said in 
coming trunk circuit, means in said outgoing 
trunk circuit for controlling said incoming trunk 
circuit over Said control conductor substantially 
simultaneously with the seizure thereof or subse 
quent to the seizure thereof, and means in said 
incorning trunk circuit operated in the event, the 
control over said control conductor is exercised 
upon the Seizure of Said incoming trunk circuit 
for extending Said connection to said operator 
position or for extending said connection to said 
SWitch in the event the control over said control 
Conductor is exercised Subsequent to the seizure 
of Said incoming trunk circuit. 
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7. In a telephone system, a first operator posi 
tion, a second operator position, a called line, 
switching means for extending a connection from 
said first position to said called line or to said 
second position, said means including a trunk line 
having a pair of talking conductors and a control 
conductor, and means controlled over said control 
conductor from said first operator position for 
controlling said switching means to selectively de 
termine whether the destination of Said connec 
tion is to be said second position or said called 
line. 

8. In a telephone system, a first operator po 
sition, a second operator position, a called line, 
switching means for extending a connection from 
said first position to said called line, or to said 
second position, said means including a trunk 
line having a pair of talking conductors and a 
control conductor, means controlled over said 
control conductor from said first operator posi 
tion for controlling said switching means to se 
lectively determine whether the destination of 
said connection is to be said second position or 
said called line, and means operated over said 
talking conductors for controlling said switching 
means to complete the said connection to the se 
lected destination. 

9. In a telephone system, an Operator position, 
a trunk circuit, a trunk line including talking 
conductors and a control conductor terminating 
in said trunk circuit, a first path extending from 
said trunk circuit to said position, automatic 
Switching apparatus, a second path extending 
from said trunk circuit to said Switching appara 
tus, means in said trunk circuit operated respon 
sive to a connection received over said trunk line 
for normally extending said connection over said 
second path, and control means included in said 
trunk circuit operated over said control conductor 
When a connection is received over said trunk line 
for controlling said trunk circuit to extend said 
connection over said first path. - 

10. In a telephone system, a trunk circuit, a 
trunk line including talking conductors and a 
control conductor terminating in said trunk cir- : 
cuit, a first path extending from said trunk cir 
cuit, a second path extending from said trunk cir 
cuit, means in said trunk circuit automatically 
operated over said talking conductors responsive 
to a connection received over said trunk line for 
normally extending said connection over said sec 
ond path, and control means included in said 
trunk circuit automatically operated over said 
control conductor in conjunction with the Opera 
tion of said first means over said talking conduc 
tors for controlling said trunk circuit to extend 
Said connection over said first path. 

. . 11. In a telephone System, a main exchange, a 
branch exchange, a trunk line including a con 
trol conductor and a pair of talking conductors 
interconnecting said exchanges, an operator po 
Sition, an automatic switch train, a trunk circuit 
in said branch exchange terminating said trunk 
line having access to said operator position and 
to said automatic switch train, and means in said, 
trunk circuit controlled from said main exchange 
over said control conductor and said talking con 
ductors for directing a call from said main ex 
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change to said operator position or to said Switch 
train. s 

12. In a telephone System, an operator position, 
automatic switching apparatus, a trunk circuit, a 
three conductor trunk line terminating in said 
trunk circuit, means for seizing said trunk circuit 

- Over said trunk line, control means included in 
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said trunk circuit, and means operated responsive 
to Said seizure of said trunk circuit Over said trunk 
line for automatically operating said control 
means to extend said connection to said operator 
position or to said Spitching apparatus, depend 
ing upon whether said trunk circuit is seized over 
the three conductors of Said trunk line or over 
only two of the conductors of said trunk line. 

13. In a telephone system, a first operator 
position, a trunk circuit, a second operator posi 
tion, a first branch line interconnecting said 
trunk circuit and said second operator position, 
an automatic SWitch, a second branch line inter 
connecting said trunk circuit and said automatic 
Switch, means including said first operator posi 
ion for extending a connection to said trunk 
circuit, means in said trunk circuit selectively 
controlled over said connection for routing said 
connection to said first branch line or to said 
second branch line, means at said second operator 
position for answering a connection extended 
over said first branch line and for further extend 
ing said connection over said second branch line 
to said switch, a called line, means in said trunk 
circuit controllable from said first operator posi 
tion in the event a connection is extended to 
said second branch line for operating said switch 
to extend the said connection to said called line, 
and means controllable from said second oper 
ator position in the event the Said connection is 
extended from Said first Operator position to said 
Second operator position Over said first branch 
line for operating said switch over said second 
branch line to extend the said connection to said 
called line. 

14. In a telephone System, a first Operator posi 
tion, a trunk circuit, a Second operator position, 
a first branch line interconnecting said trunk cir 
cuit and said second operator position, an auto 
matic switch, a second branch line interconnect 
ing said trunk circuit and said automatic switch, 
means including said first operator position for ex 
tending a connection to said trunk circuit, means 
in said trunk circuit selectively controlled over 
said connection for routing said connection to said 
first branch line or to said second branch line, 
means at said second operator position for an 
Swering a connection extended over said first 
branch line and for further extending said con 
nection over said Second branch line to said 
Switch, a called line, and means in said trunk 
circuit controllable from said first operator posi 
tion in the event a connection is extended to said 
second branch line for Operating said switch to 
extend the said connection to said called line. 

15. In a telephone system, a first operator 
position, a trunk, circuit, a second Operator posi 
tion, a first branch line interconnecting said 
trunk circuit and said second operator position, 
an automatic switch, a second branch line inter 
connecting said trunk circuit and said automatic, 
switch, means including said first operator posi 
tion for extending a connection to said trunk 
circuit, means in said trunk circuit selectively 
controlled over said connection for routing said 
connection to said first branch line or to said 
second branch line, and means at said second 
operator position for answering a connection ex 
tended over said first branch line and for further 
extending said connection over said Second 
branch line to said switch. . . . . 

16. In a telephone system, a trunk circuit, a 
first operator position, a second operator position, 
a called line, a switch train, means for extending 
a connection from said first operator position to 
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Said trutk circuit, means in said trunk circuit 
Selectively controlliable from said first operator 
position for extending the said connection to said 
Second operator position or to said switch train, 
means in said trunk circuit operable from said 
first operator position in the event, the said Con 
nection is extended to said switch train for con 
trolling said Switch train to complete the said 
connection between said first operator position 
and said called line excluding said second Oper 
ator position, and means in said trunk circuit 
Operable from Said Second Operator position 
in the event the Said connection is extended 
thereto for controlling said Switch train to con 
plete the said connection between said first oper 
ator position and Said called line including said 
second operator position. 

17. In a telephone system, a trunk circuit, a 
first operator position, a second operator posi 
tion, a called line, a Switch train, means for ex 
tending a connection from Said first operator 
position to said trunk circuit, means in said trunk 
circuit Selectively controllable from Said first, op 
erator position for extending the Said connection 
to said second Operator position or to said Switch 
train, and means in Said trunk circuit operable 
fron said second operator position in the event 
Said connection is extended thereto for control 
ling said Switch train to complete the said con 
nection between said first operator position and 
said called line including said second operator 
position. 

18. In a telephone system, a trunk circuit, a 
first operator position, a second operator posi 
tion, a called line, a Switch train, means for ex 
tending a connection from said first operator 
position to said trunk circuit, means in said trunk 
circuit selectively controllable from said first op 
erator position for extending the Said connection 
to Said second operator position or to said Switch 
train, and means in said trunk circuit operable 
from said first operator position in the event, the 
Said connection is extended to Said Switch train 
for controlling said switch train to complete the 
Said connection between said first operator posi 
tion and said called line excluding said second 
Operator position. 

19. In a telephone system, a first operator 
position, a Second operator position, a called 
line, switching means for extending a connection 
from Said first position to said called line or to 
said second position, said means including a 
trunk line having a pair of talking conductors 
and a control conductor, means controlled over 
Said control conductor from said first. Operator 
position for controlling said switching means to 
Selectively determine whether the destination of 
said connection is to be said second position or 
Said called line, means controlled over said talk 
ing conductors for controlling said switching 
means to complete the said connection to the 
Selected destination, and means thereafter con 
trolled over said control conductor for signaling 
said second operator position or said called line 
depending upon the destination of said connec 
tion. 

20. In a telephone System, a first operator posi 
tion, a second operator position, a called line, 
Switching means for extending a connection from 
Said first position to said called line or to said 
Second position, said means including a trunk 
line having a pair of talking conductors and a 
control conductor, means controlled over Said 
control conductor from said first operator posi 
tion for controlling said Switching means to 
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selectively determine whether the destination of 
Said connection is to be said second position CI 
said called line, means controlled over said talk 
ing conductor for controlling said Switching 
means to coniaplete the Said connection to the 
selected destination, means thereafter controlled 
OVer said control conductor for signaling said 
Second Operator position or said called line, de 
pending upon the destination of said connection, 
aid means controlled Over Said control conductor 
When said completed connection is answered for 
signaling Said first operator position, 

21, in a telephone System, an operator posi 
tion, a trunk circuit, a trunk line including talk 
ing conductors and a control conductor tenni 
nating in Said trunk circuit, a first path extend 
ing from Said trunk circuit to Said position, auto 
matic SWitching apparatus, a second path ex 
tending from said trunk circuit to said switching 
apparatus, means in Said trunk circuit operated 
responsive to a connection received over said 
trunk line for normally extending Said connec 
tion over said second path, control means in 
cluded in said trunk circuit operated Over Said 
Control COrld UCO When a COSnection is received 
OVer said trunk line for controlling Said trunk 
circuit to extend said connection Over said first 
path, signal means aSSociated With Said position 
and Said SWitch train, and In eans controllable 
by said CCntrol neans after a connection has 
been extended for Operating the Said signal 
means corresponding to the destination of said 
connection. 

22. In a telephone Systein, a main exchange 
and a branch eXchange, a three Conductor trunk 
line interconnecting Said eXchanges, a trunk cir 
cuit in Said branch exchange terminating Said 
trunk line, an operator position, an automatic 
switch, a Subscriber line accessible to said switch, 
means controlled Over tWO conductors of Said 
trunk line for extending a connection fron Said 
main exchange to Said Operator position or to 
Said Switch, neans for Signaling Said Operator 
position or for controlling Said Switch to Signal 
Said Subscriber line depending upon Whether Said 
connection is extended to Said position. Or to 
Said Switch, and means controlled OVer the re 
maining conductor of said trunk line for deter 
mining whether the Said connection is to be 
extended to said operator position or to Said 
Switch and for controlling the operation of Said 
last named means. 

23. In a telephone System, an operator position, 
a trunk line including a pair of talking conduc 
tors and a control conductor, means for extend 
ing a connection to said trunkline, a trunk circuit, 
a called subscriber, means in said trunk circuit 
operated over said control conductor in response 
to the extension of a connection to said trunk 
line for extending the said connection to said Op 
erator position, means at said position for answer 
ing the said connection and for completing the 
said connection to said called subscriber, means 
in said trunk circuit operated in response to the 
disconnection of Said called Subscriber from the 
said connection for transmitting disconnect Su 
ervision over said talking conductors, and means 

in said trunk circuit controlled Over said control 
conductor for transmitting ringing current to re 
call the operator at said position. 

24. In a telephone system, an Operator position, 
a trunk line including a pair of talking conduc 
tors and a control conductor, means for extend 
ing a connection to said trunk line, a trunk cir 
cuit, a called Subscriber, means in Said trunk cir 
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cuit operated over said control conductor in re 
sponse to the extension of a connection to said 
trunk line for extending the said connection to 
said operator position, means at said position for 
answering the said connection and for completing 
the said connection to said called subscriber, 
means in said trunk circuit operated in response 
to the disconnection of said called Subscriber from 
the said connection for transmitting disconnect 
supervision over said talking conductors, means 
in said trunk circuit controlled over said control 
conductor for transmitting ringing current to re 
call the operator at said position, and a relay 
operated in response to the operator at the Said 
position answering said recall for terminating the 
transmission of said ringing current. 

25. In a telephone system, an operator position, 
a trunk line including a pair of talking conduc 
tors and a control conductor, means for extend 
ing a connection to said trunk line, a trunk cir 
cuit, a called subscriber, a signal at said posi 
tion, means in said trunk circuit operated over 
said control conductor in response to the exten 
sion of a connection to said trunk line for extend 
ing the said connection to said position and for 
actuating said signal, means at said position for 
answering said connection and for restoring said 
signal to normal, means at said position for Com 
pleting the said connection to said called sub 
scriber via said trunk circuit, means in said trunk 
circuit, operated in response to said called Sub 
scriber disconnecting from the said connection 
for transmitting disconnect supervision over said 
talking conductors, means operated over said con 
trol conductor for transmitting a recallsignal to 
said position, and means operated in response to 
the operator at said position answering said re 
call for terminating the transmission of Said re 
call signal and for transmitting answer super 
vision over said talking conductors. 
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26. In a signaling circuit, a first relay and a 

second relay, each of said relays having first and 
second windings opposing each other, a first con 
ductor connected to the midpoint of the Wind 
ings of Said first relay, a second conductor con 
nected to the midpoint of the windings of said 
second relay, a control conductor interconnecting 
said second winding of each of said relays, said 
first winding of each of Said relays connected to 
ground, means for Selectively applying battery 
potential to said first conductor while ground po 
tential is applied to said second conductor there 
by to energize said second winding of Said first 
relay in series with said control conductor and 
said second winding of said second relay and for 
simultaneously energizing said first winding of 
said first relay and shunting said first winding 
of said second relay, said first relay remaining 
in its normal position in response to Said energiz 
ing circuits for its first and second windings and 
said second relay operating in response to said 
energizing circuit for its second winding. 

27. In a signaling System, a relay having a first 
and a second winding, an external circuit con 
nected to a terminal of said first winding, a local 
circuit including ground potential connected to 
a terminal of said second winding, means for 
connecting ground potential to said external cir 
cuit, means for applying battery potential to the 
remaining terminals of said windings thereby 
completing opposing energizing circuits for said 
relay and preventing the operation of said relay, 
and means for substituting battery potential for 
the said ground potential connected to said ex 
ternal circuit thereby to shunt said first winding 
and to permit operation of said relay over the 
energizing circuit for its second winding. 

JOHN WICKS. 

  


