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The presént invention relates to telephoiie sys-
tefns in geéreral and, mofe particilarly; to im-
provemeénts in the appdratus provided for sétting
up toll connections in an interexchange network
including both automatic and combihed atito-
matic and manual exchanges.

It is an object of the present invention to pro-
vide, ifi o telephone system of the character in-
dicated, a novel arrangement whereby a toll op-
erator in & main automatic exchange of toll office
may interconnect tell lines terminating at her
pésition with subseriber lihes which terthinate in
a combined manual dnd automatic privaté 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 interéx-
change trixk lines over either one of two paths
and for determining in gecordance 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 conircl
of the toll operator or whether the toll connec-
tion is to pe completed under the joint control
of the toll operater and the braneh exchange
operator. )

It is another ebject of the mventlon to pro-
vide, in a telephone system of the character in-
dicated, a new and improved arrangement for
tr ansmlttnw various supervisory and control sig-
nals in two directions over the interexchange
trunk lines,

The mvenuon both ag to its organization and
method of 6peratiof, together with ofher objects
and advantages thereof, will bést be understood
by réference to the following specification taken
in eomnéction with the dccompanying drawings,
in which Figure 1illustrates the general arrange-
ment of a telep]no‘qe system embodying the in-
veiition: Fig. 2 illustrates the mode of combin-
ing Figs. 3 to 14, inclusive, of the drawings to form
g unified system; and Figs. 3 to 14, taken togeth-
ef, illustrate a telephone system having incor-
porated theéréin thé features of the invention, as
briefly outlinéd sbove. More speeifically, Fig. 3
shows a schematic layout of the switching appa~
ratus and the toll board 38% located in the main
exchange 28; Fig. 4 shows the detailed circuits of
the toll trur‘k circuit 488 in the main exchange
28; Figs. 5, 6 and 7 show the detailed circuits of
the toll transmission trunk circuit 60606 in the
bwranch exchange §8; Fig. 8 shows a schematic
layout of thé switching apparatus located in the
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branch exchange 58&; Figs. 9 to 12, inclusive, show |

the detailed circuits of the cord circuit 960 at the
manual switechboard 1888 in the branch exchange

55
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§8; Fig. 13 shows the detailed circuits of the
equxpmdnt for the manual lifve 83d; and Flg 14
@hows the detaﬂed circuits of the operafor tele-
phone circuit a,ssomated with the cord cir cuit 989.

Referrihg now more parncularly to Fig. 1 of the
dxawmgs the telephone system there 111ustrated
comprisés a main exchange 20 and a prlvate
branch éxchange 56. The main exchahge 28 ter-
minates a number of automatic subscriber lines
which may be interdoninéeted with the automatic
aiid hanial subscmbcr lines termmatlng in the
branch exéharige 50, in the manner deseribed in
detail in the Goperiding Buig gener apphcatxon Se-
nal N6, 578,913, filed Feb. 9, 1945. ‘The main
exchange 28 also includes a tou switchboard 388
which terminates a plurahty of toll lines 3419
fiont distant exchanges 41id wWhich hag access to
& toll sWiteh train, ih ovder that toll calls recezved
from the d1stant exchanges may be extended
éither t0 main exchange subscribers of to the
brérich éxcharnge subscribers. Facilities are also
provided &t the main exchange 28 whereby the
subscribers thereat may call the toll bogdrd 366
in: order that the toll operator thereat may com-
plete t6l1 connections to the subscribers served
by the distant exXchanges reached by way of the
toll lines 319.

The branch exchange 50 ig provided with a toll
switeh train of the Strowger type, whereby the
toll operator in the main exchange 28 may extend
connections to the automatic subscriber lin€s in
the branch exchange 88. The branch exchange
58 iy also provided with a manual switchboard
1098 whereby the gperatcr thereat may extend
toil calls received from the toll operator at the
méin exchange to the branch exchange manual
ot autoratic subgeribar lines.

When a toll call is received over the toll line
319 at the toll board 308, the operator thereat
may. extend the cormectron to the line of sub-
statlon A or Al m the main exchange 20 by
néans of the plug P"mét of the cord circuit 381,
the Jack Jg85, the ‘coll selector 338, and the com-
bmatlon connectm 368 The toll operator may
dlso éxtenid o toll connection received over the
ol line 319 to'the line of the avtomatic substa-
tmn A2 or A% in the ‘branich exchange 59 by
means of the plug P34 of the cord circuit 341,
the Jack J365, the toll selector 330 the trunk
lifle 328, the tou trudk circuit 488, the interex-
changs trink 1ine 489, the ol transmission trunhk
circuit 588; the toll séléctor 815, and the combi-
nation éonnector 825. It should be noted that
the toll éperator may also exténd a toll connec-
tion tor the liné of the manual substation M in
the branch exchange 58 by means of thie plug
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P324 of the cord circuit 261, the jack J385, the
toll selector 330, the trunk line 321, the toll trunk
circuit 4090, the interexchange trunk line 480, the
toll transmission trunk circuit 886, and the jack
J160 to the manual operator at the switchboard
1668, who in turn completes the connection by
means of the cord circuit 999, the jack J880, the
line circuit 848, and the line 830 of the substa-
tion M. If the toll call received by the manual
operator at the branch exchange 59 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 989,
the jack J779, the toll transmission trunk circuit
6E8, 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 319, the connection is extended
by means of the line switch 311, the local selector
314, the trunk circuit 335, and the trunk line
249 to the jack J306 at the toll board 300, and
the operator thereat completes the connection
by means of the cord circuit 301 to the desired
distant exchange reached by way of the toll line
319, 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 88 desires to call a subscriber reached
by way of the toll line 319, a connection is first
extended to the branch exchange switchboard
1980. After cbtaining the necessary information
for completing the toll call the manual operator
at the switchboard 1080 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 380 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.

Torr 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 319, by in-
serting the answer plug P362 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 §0. Tt will also be assumed that the
toll operator has inserted the call plug P304 into
the jack J305 and has seized the toll selector
380. The operator may now actuate her calling
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device (not shown) in order to operate the se-
lector 320, in a well known manner, to raise its
wipers 331 to 834, 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 408 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 331 to 324, inclusive, of
the toll selector 330 and that the trunk line 321
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 668 in the branch exchange is automati-
cally controlled to direct the connection to the
toll switch frain 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 toll 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 480, is seized over a trunk line, such as 321.
The toll transmission trunk circuit 680 in the
branch exchange 59 now functions, in a manner
to be fully explained hereinafter, to extend the
connection to the manual switchboard 1960,
When the manual operator at the switchboard
1898 receives such a call, she may complete it by
way of the cord circuit 906, either to a manual
subscriber line, or by way of the toll transmission
trunk circuit 680, the toll selector 815, and the
combination connector 825, to an automatic sub-
scriber 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 331 to 324, in-
clusive, of the toll selector 339, 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 R468, to battery,
and the other branch of the circuit extending
by way of the contacts 445 and the winding of
the seizure relay R#438, to battery. As a further
result of the engagement of the wipers 331 to
334, inclusive, with the trunk line 320, a loop
circuit is completed including the cord circuit
301, the plug P304, the jack J205, the toll selector
330, the wipers 331 and 332, the conductors C484
and C482 of the interexchange trunk line 489,
the contacts 522 and 524, and the lower and
upper windings of the pulse relay R840, to bat-
tery and ground respectively. The relay R540
operates over the above traced loop circuit to con-
trol the toll transmission trunk circuit 688, in
a manner to be explained hereinafter.

When the above mentioned circuit for {he au-
tomatic relay R480 is completed, the relay oper-
ates and, at its contacts 483, prepares a circuit
for subsequently cperating the relay R448; and,
at its contacts 461 and 462, it transfers the con-
ductors C484 from battery, through the winding
of the operator relay RA430, to direct ground, in
order to mark the toll trunk circuit £80 busy in
the banks of the selectors having access thereto.
When the relay R439 operates over the above
mentioned circuit, at its contacts 431, it opens a
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point in an incomplete circuit for abplying re-
sistance battery by way of conductor. C487 to

the control relay R47T8; and, at its contacts 432,

it prepares a point in an incombplete circuit for
applying ground potential by way of conductor
C487 to the control relay R478.

Attention is directed to the fact that the con-
ductor. C483 of the interexchange trunk line 480
is the control conductor over which the duplex
relays R4TD and RS{8 are controlled in order to
perform various operations in the main and
branch exchanges. At the present time the
windings of the above mentioned  relays are
shunted over a circuit which may be traced from
ground, by way of the contacts 8451 and 44!, the
conductor C487, the lower winding of the relay
RA4TD (the upper winding of this relay being con-
nected to ground by way of the resistance 472),
the conductor C483, the lower winding of the
relay REIQ (the upper winding of this relay be-
ing connected to ground by way of the resistance
5{4), the conductor C533, and the contacts §1§,
8715 and 328, to ground. Since the above traced
circuit, including the windings of the relays
RA4TY and RE518, 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 varicus supervisory and control eper-
ations.

When the previously traced loop circuit is com-
pleted for the pulse relay RE4D, the relay oper~
ates and, at its contacts 641, it applies battery
potential by way of the high resistance 372, the
winding of the relay R816, the winding 5§54 of the
repeating coil 588, the contacts 551, 641 and 831,
to the conductor C182 to prepare a point in the
circuit for controlling the selector 815; at its
contacts 842, it completes an operating circuit
for the held relay R830; and, at its contacts §43,
it opens a point in an incomplete eircuit for sub-
sequently operating the relay R§39. 'The relay
R550, upon operating, at its contacts &5, com-
pletes an cperating ecircuit for the hold relay
BA60. At its contacts 582, the relay RE68 upon
operating, closes a point in the incomplete for
the relay #$238; and, at its contacls 883, it com-
pletes an operating circuit for the relay RE68
which imay be traced from ground, by way of the
contacts B83, 578 and 632, and - the winding of the
relay RB88, to hattery, and, at the same time,
ground potential is sxtended by way of contacts
683, 622, 613 and 565, conductor CBSY, and con-
tacts 672’, to the conductor C133 and by way of
contacts 683 and 678, to the conductor CT84.
The ground bpotential applied to conductors
783 and C784 preparss the selector §{5 for sub-
sequent cperation. The relay REES, ab its con-
tacts 884, also applies ground potential by way, of
the winding of ‘the relay BS87, the winding 585
of the repeating coil 880, the contacts B3, 673
and 831, to the conductor CT84, to prepare a
point in the circuit for cenirolling the selecter
815,

The relay RES8 operates cver the above traced

ac

circuit and, at its contacts 554, applies the oper-
ating ground potential for the relay REES to the
conductor C55%%. At its contacts 888, the relay
R350 opens & point in the incomplete circuit for
the switching relay RE28; at its contacts 882, it
places ‘a resistanice BY5 in series with the con-
ductors C78{ and C782; and, at its contacts 561
and 552, it disconnects the windings 584 ang 558,
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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 R857 and R510, from the
conductors Ci84 and C782. When ground po-
5 tential is applied to the conductors C783 and
C184 and when the resistance 5715 is connected in
series with the conductors C¥8{ and C782, the
selector 815 is seized, in a well known manner,
and may respond to impulses transmitted thereto
10 under the control of the pulse relay R548.

The operator at the toll board 308 may now
actuate the dial thereat in accordance with the
next dgigit of the called subscriber number and,
as a-result therect, the pulse relay RG40, in the

15 toll transmission trunk circuit 668, at its con-
tacts 841 repeats the impulses constituting the
dialed - digit, by opening and closing -the loop
circuit extending to the selector £{5. The first
time the relay R840 restores to normal during

20 impulsing, et its contacts 843, it completes a
circuit from ground, by way of the contacts 843
and 862 for operating the rclay R83808; at ifs
contacts §42, it opens the circuit of relay R858;
and, at its contacts 64{, it interrupts the loop

95 circdit in order to transmit the first pulse to the
selector 8£5. Since the relay R850 is of the slow-
to-release type, it remains in its operated posi-
tion -during impulsing.  The relay RB838, upon
operating over the above. traced  circuit, at its

30 contacts 631, completes a holding circuit for it-
self from greund at contacts 883, 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 R533

35 opens the initial operating ciréuit for the seizure
relay R5E8, bub this relay now remains locked
up from ground applied to conductor €783 upon
the seizure of the selector &{5. A% its contacts
£33, the relay RE3% prepares a point in the cir-

40 cuit for operating the switching relay RE28.

Each time  the pulse relay RB48 reoperates
after the termination of each impulse, at its con-
tacts 643, it opens the initial ‘operating circuit
for the relay RE38; at its contacts 8§42, it re-

45 closes the energizing circuit for the hold relay
R859; ‘and, at its contacts 841, it recloses the
loop circuit including the conductors C78! and
C782 to terminate each impulse transmitied to
the selector 8i%. In the above described man-

50 ner the relay R844 follows the series of impulses
transmitted by the operator at the toll beard
308, and repeats these impulses, at the contacts
681, to the selector 8i5 and the subseguent
switches in the train in order to complete the

55 connection to the desired called supscriber line.

Referring to Fig. 8, it will be assumed that the
digit dialed to céntrol the selector 8i3 is the
digit “8” and that the selector 818 has elevated
its wipers in a vertical direction. to the. eighth

60 level, and has automatically votated the wipers
over the contacts of the asscciated level to select
the trunk line 86 extendinhg to the combination
connector 825, The final two digils of the de-
sired called: subscriber number are now dialed

65 by the operator and, in‘the manner described
above, are repeated by the pulze relay RE4§ in

- order. to control the operstion of the connector
§25. The connector 825 responds, in a well
known manner, to raise its wipers to the level

7o of ‘its associated bank contacts terminating the
line 826 of the called subscriber substation A3
and, in response to the final digit gialed by the
toll operator, rotates its wipers over the selected
level into. engagement with the set of bank con-

75 tacts terminating the line 828,
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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
380 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 remocved from the conductor C783, therehy
opening the circuit of the relay R583. The re-
lay R883 now restores to normal and, at its con-
tacts 565, connects ground potential by way of
the contacts 663, 822, 612 and 565, fo the con-
ductor C783 in order to prepare the connector
to ring the desired calleq subscriber line when
ground potential is subsequently removed from
the conductor C783 by the operation of the ring
. control relay R8628, as will be described here-
inafter. At its contacts 561, 582 and §83, the
relay R580 removes the resistance 575 from the
conductors C78{ and Ci82 and reconnects bat-
tery and ground potentials by way of the relays
R570 and R557 and the windings 584 and 535,
to the conductors C182 and CT8{, respectively;
and, at its contacts 586, it completes anh oper-
ating circuit for the switching relay R5286.

Upcn operating, the relay R820, at its contacts
521 to 524, inclusive, transfers the leop circuit
including the conductors C£8¢ and C482, from
the windings of the pulse relay R640, to the
windings 551 and 5852 of the repeating coil 550
and the upper and lower windings of the super-
visory relay RH40 in series. The relay R340
onerates at this time over a circuit including
the cord circuit $6{ and, at its contacts 541, com-
pletes a circuit for maintaining the pulse relay
R84 in its operated position to prevent the
relays in the toll transmission trunk circuit 600
{rom restoring. It should be noted at this time
that since the contacts 521 to 524, inclusive, are
of the make-before-break variety, the relay R340
operates to close its contacts 54! before the
relay RS48 is restored to normal. As a further
result of the operation of the relay RB20, at its
contacts 529, it prepares a circuit for operating
the ring control relay RG20; at its contacts 525
it connects battery potential through the wind-
ing of the answer relay R3i8 in order to shunt
out the battery potential applied thereto by way
of the high resistance 572. At its contacts 528,
the relay R528 removes ground potential from
the control conductor C483 extending to the
main exchange, and, at its contacts §27, it applies
battery potential to the conducter C483. As a

result of the latter operation a circuit is now g5

completed which may be fraced from ground,
by way of the contacts 45i and 441, the conductor
C4a81, the lower winding of the conftrol relay R470,
the conductor C483, the lower winding of the
control relay RBi0, the conductor C536, the con-
tacts 5t6 of the busy key X515, the contacts 875
and 527, and the resistance 6§89, to battery.
As a result of the above traced circuit the re-
lay R475 in the toll trunk circuit 450 is operated,
but the relay REi0 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 R4&76 is rendered ineffective since the cir-
cuit therefor may be traced from ground, con-
ductor C487, the upper winding of the relay
R478, and the resistance 472, to ground. No cur-
rent flows through the upper winding of the relay
and the current flow through its lower winding
is sufficient to cause it to operate at this time.
Referring to the control relay RB1%, it is to bhe
noted that when battery potential is connected to
the conductor C528, a circuit is completed for its
upper winding from ground, by way of the re-
sistance 514, and the upper winding of the relay
R510, 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 R479 in the toll trunk
cireuit #88. Since the windings of the relay R5i8
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 R&76 in the toll trunk cir-
cuit 449 operates over the above traced circuit
and, at its contacts 4TI, it completes a circuit
from ground, by way of the contacts 483 and the
lower winding of the relay R449, to battery. The
relay REAE operates over the above traced circuit
and completes a holding circuit including its
upper winding, the contacts 448, and ground po-
tential applied to the conductor CA&85; and, at
its contacts 448, it opens the circuit of the seizure
relay R428. As a further result of the operation
of the relay R440, at its contacts 444 it removes
ground potential from the conductor C48%; and,
at its contacts 443, it applies battery potential
through the winding of the ring conirol relay
R418 to the conductor C485. At its contacts
441 and 442, the relay R24% transfers the con-
nection of ground potential to the conductor
CA87 from contacts 451 to contacts £32.

When the ground potential is removed from
the conductor C48G upon the operation of the
relay RA49, the toll selector 338 operates to pre-
pare the circuit including the talking coxductors
C4gt and C482 for transmission, and to resurn
ground potential by way of the wiper 338 and the
conductor C486 in order to complete an onerating
circuit for the ring countrol reiay R418. Conse-
quently, when ground potential is applied to the
conductor CA86 by the toll selecior 33, the ring
control relay R4{0 operates and, ai ifs contacts
412, applies a multiple groun: potential to the
conductor C481. The relay R&3% whizh is of the
slow-to-release type, subseguently restores fto
normal and, at its contacts £32, removes the
ground potential from the conductor C487; how-
ever, ground potential is maintained thercon
through the contacts 412, At ite contacts 431,
the relay R43§ prepares a point in the circuit
for applying battery by way of the resistance
#41 o the conductor CA8%¥. The latter circuis,
however, is not completed until the ring control
relay R&1Q is restored to normal.

Al the present time the relays R41§, R448,
R4GD and RAT8 of the toll trunk circuit 23§ are
in their operated positions and the cireuit is
ready 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 $cll
trunk circuit 486 functions to remove ground
potential from the conductor C48% the toll se-
lector 239, in addition to returning ground no-
tential to the control conductor C488, also sig-
naled the operator at the toll board 238 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 383 is
ready to signal the called subscriber, she causes
ground potential t0 be removed from the con-
ductor C488, whereupon the ring control relay
R410 restores to normal. . Upon restoring o nor-
mal, at its contacts 411, the relay R41¢ applies
resistance battery potential to the condugctor
C4871 and the .conductor C#82 over the follow-
ing circuit: battery, resistance 447, contacts 43i,
4i1 and 442, the conductor C4$7; one branch
extending by way of the upper winding of the
control relay RAT8 and the resistance 412, to
ground, and the other branch exiending by way
of the lower winding of the relay R4, the con-
ductor C4£83, and the lower winding of the con-
trol relay R518, one branch extending by way
of the upper winding of the relay R8I0 and the
resistance 8i4, to ground, and the other branch
extending by way of the conductor C536, the
contacts 51§, 6715 and 527, and the resistance
688, {o battery. In the above traced circuits it
is to be noted that the lower winding of the con-
trol relay R4T8 is now shunted because the con-
ductor C487 is connected to resistance battery
and the conductor CA483 is also connected to re-
sistance battery, but a circuit is now completed
for the upper winding of the relay R470 by way of
the resistance 472, to ground. In view of the
foregoing, the relay R478 remains in its operated
position. However, when resistance battery po-
tential is applied to the conductor C483 the lower
winding of the relay RBEIf is shunfed because
resistance battery is also connected to the con-
ductor CE38 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 5t4, 'The re-
- lay RBI6 now operates over the circuit including
its upper winding -and, at its contacts 5i{, com-~
pletes a circuit which may be traced from ground
by way of the contacts 681, 811 and 529, and the
winding of the ring control relay R§28, to bat-
tery. The ring control relay R820 operates over
the ahove traced circuit and, at its contacts 622,
removes ground potential from the conductor
C183, thereby causing the combination conanecior
825 to signal the substation A3 over the line 828.

When the called subscriber answers by remov-
ing hig 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 R576 in the toll trans-
mission trunk circuit 669. When the relay R513
is operated in response to ‘the called: subscriber
answering . the connection, at its contacts 571, it
completes an operating circuit for the supervisory
control relay R6{8. The relay R8{0, upon operat-
ing, at its contacis €12, reapplies ground: poten-
tial to the conductor CT83 to terminate the ring-
ing control operation of the combination con-
nector 825. ' As a further result of the operation,
the relay R610, at its contacts &1, places a short
circuit around the upper high resistance winding
of the supervisory relay R848. The shunting of
the high resistance upper winding of the relay
RE4D, in addition to improving the transmission
qualities of the trunk line 480, also causes an
answer signal to be given to the operator at the
toll hoard 288 to indicate that the subsériber has
answered 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 R410. Upon operating, the re-
lay R410, at its contacts 411, removes the resist-
ance battery potential from the conductor CA8T
and, at its contacts 412, it substitutes a direct
ground potential. A circuit is now completed for
the lower winding of the control relay R410 in
order to maintain the relay in its cperated 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 R4170, an energizing circuit is completed
for the lower winding of relay R510 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 RBI0 by way of the resistance 5i4 and
ground, However, since the windings of the re-
lay R5i3 are in opposition to each other, the
above fraced circuit for both windings causes the
relay to restore to its normal position at this
time. When the relay R5i0 restores to normal,
at its contacts 511, it opens the operating cir-
cuit of the ring control relay RE26. The relay
R§20 now restores to normal, and, at its contacts
622, again prepares the circuit for applying
ground - potential to the conductor C183 when
ground is removed therefrom by restoration of
the supervisory control relay RE10.

The desired connection hetween 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 ealling subscriber to converse
with the called subscriber at the substation AS.
It is to be noted that transmission current for the
called station is supplied through the windings of
the relays R570 and R937, and the fransmission
current for the calling end of the connection may
be supplied from either the cord circuit 391 or
from the toll selector 238.

Recall supervision to the toll operitor

In the event that the toll operator at the dis-
tant toll board desires to communicate with the
operator at the toll board 308, she may do so in
any well known manner, such as, for example,
transmitting ringing current over the toll line 3{8.
When ringing current is transmitted over the toll
line 318 a signal, at the toll board 309, 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 318. After the
toll operator at the toll board 308 receives the in-
formation from the distant toll operator she may
remove her telephone circuit from the connec-
tion by restoring the talk key to its normajl 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 R579 in the
toll transmission trunk circuit 608 is maintained
in its operated position during the time that con-
versation takes place between the calling and
called subscribers. - Consequently, each time the
callad subscriber actuates the switchhook at the
substation A3 the switching apparatus functions,
in a well known manner, to interrupt the circuit

-, of the answer relay R518. Each time the relay

75

RB18 restores to normal, at its contacts 5Ti, i
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opens the circuit of the supervisory control relay
R610. Each time the relay R610 restores to nor-
mal, at its contacts 813, it maintains a ground
potential upon the conductor C183 extending to
the selector 815; and, at its contacts 64{, it re-
moves the shunt from the high resistance upper
winding of the supervisory relay R540.

It will be recalled that when the supervisory
control relay R6(0 was energized in response to
the called subscriber answering the connection,
the high resistance upper winding of the relay
R548 was removed from the loop circuit includ-
ing the talking conductors C481 and C482, there-
by to control a signal at the toll board 308 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 R618, 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 toll board 300 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 815 operates, in a well known manner,
to open the circuit of the relays R570 and R557.
The relay R570 restores to normal and, in the
previously described manner, causes the relay
R610 to restore to normal and again insert the
high resistance upper winding of the relay R540

into the loop circuit including the conductors ‘*

CA81 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 308 as
an indication that the called subscriber has dis-
connected. It is to be noted, however, that the
switching apparatus, including the selector 815
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
upvon the conductor C184 by way of the contacts
663 and 673’.

Recalling the called subscriber

In order to describe the manner in which the
operator at the toll hoard 300 may resignal the
called subscriber at the substation A3, it will be
assumed that the subscriber at the substation
AR 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
208 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
208 controls the cord circuit 38! and the toll
selector 330, in a well known manner, whereupon
ground potential is removed from the conductor
C486. Removal of ground potential from the
conductor C486 opens the circuit of the ring con-
irol relay R410, whereupon this relay restores
to normal and, at its contacts 4il, reapplies
resistance battery potential, over the previously
described circuit, to the conductor C481. When
battery potential is connected to the conductor
C481, a circuit is completed by way of the upper
winding of the relay R470 and resistance 472, 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{8 to resistance battery connected
to the conductor C533. This circuit shunts the
lower windings of the relays R470 and R510. Si-
multaneously with the completion of the above
mentioned shunting circuit, a circuit may now
be traced from the resistance battery applied to
thie conductor C538, by way of the upper winding
of relay R5E8 and the resistance 514, to ground,
whereupon the relay R510 operates and closes its
contacts 5if.

When the above mentioned contacts 5i1 are
closed a circuit is completed from ground, by way
of the contacts 651, 511 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 potfential applied to the conductor C183.
Removal of ground potential from the conductor
C783 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 Rb557
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 383. When the operator at
the toll board 300 receives the answer supervision,
she again causes the cord circuit 361 and the
toll selector 330 to apply ground potential to
the conductor C438% and again operate the ring
control relay R4&18. As has been mentioned
above, operation of the relay R4i8 removes the
resistance battery potential from the conductor
487 and substitutes a ground potential, where-
upon the relay R8I0 in the toll transmission trunk
circuit 860 restores to normal and the relay R478
in the toll trunk circuit 498 remains in its op-
erated position, Upon restoration, the relay
R510, at its contacts 511, again opens the circuit
of the ring control relay RE28. The relay R620
now restores to normal and, at its contacts 622,
reapplies ground potential to the conductor CT183.
The calling subscriber in the distant toll office
may now communicate with the called subseriber
at the substation A3 and complete the conversa-
tion that was prematurely interrupted by the
disconnection of the subscriber at the substation
A3.

Release

In order to describe the release of the con-
nection established hetween 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 toil office also replaced his receiver
upon his felephone 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 380.
When the latter connection is taken down, the
toil operator at the toll board 380 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 8@{ from the jacks J393 and
J385. When the plug P304 of the cord circuit
28! is withdrawn from the jack J385, the toll
selector &30 restores tc normal in a well known
manner, thereby removing ground potential from
the conductors CA85 and C488. As a further
result of the restoration of the toll selector 338,
the operating circuit, including the conductors
Ca31 and C482, for the supervisory relay R540
in the toll {ransmission trunk circuit 600, is
opened, whereupon the relay RBAH restores to
normal.

Referring now to the toll trunk circuit 499,
it will be noted that when ground potential is
removed from the conductor C486 the ring con-
trol relay RA1D restores to normal and, at its
contacts 411, reapplies the resistance battery
potential to the conductor CA437. 'The reconnec-
tion of resistance battery potential to the con-

ductor €427 completes 2 holding circuit includ- 3

ing the upper winding of the relay: R4T0 and
the resistance 412, to ground, in order to main-
tain the relay RATH in ifs operated position.
The resistance battery potential connected by
way of the lower winding of the relay RA4T0 to
the conductor C483 causes the relay R8I0 in the
toll transmission trunk circuit 608 to reoperate
in the previously described manner.

When ground potential is removed from the
conductor €485, the relay R488 restores to nor-
mal and, at its contacts 484, completes a circuit
from ground, by way. of the contacts 47{, 454
and 458, and the winding of the release relay
RA429. to hattery. The relay R420 operates over
the ahove traced circuit and, at its contacts 422
and 424, applies ground potential to the conduc-
tors C488 and C485, respectively, in order to
maeaintain the toll trunk circuit 488 busy in the
banks of the selectors having aeccess thereto.
2s a further result of the restoration of the
relay RABO, at its contacts 461, it prepares a
circuit for the relay R4E58; and at its contacts
468, it ovens the initial operating circuit for the
lower winding of the relay RA408, As a further
result of the removal of ground potential from
the conductor CA485, the relay RA40 also restores
to normal. Upon restoring to normal, the relay
READ, at its contacts A43, disconnects the relay
RE&ID from the conductor CA486; and, at its con-
tacts 444, it reapplies ground potential to the
conductor CE&8% in order to prepare the- toll
trunk circuit 489 for subsequent seizure. At its
contacts 442, the relay R449 disconnects the re-
sistance battery potential applied to the conduc-
tor C487; and, at its contacts 441, substitutes
therefor a ground potential applied by way of
the contacis 481, The substitution of ground po-
tential to the conductor C487 completes a shunt
- circuit around the unper winding of the relay
R478 and it completes a holding circuit for the
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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 C#83 causes
the relay R510 in the toll transmission trunk cir-
cuit 608 to restore to normal.

Referring now to the toll transmission trunk
circuit’ 888, it will be noted that when the relay
RE&D restored to normal ag a result ‘of the res-
toration of the toll selector 38H; at its contacts
541, it opened a loop circuit including the upper
and lower windings of the pulse relay R648.
When the pulse relay RE48 restores to normal,
ab its contacts 842, it opens the circuit of the
hold relay R550. At its contacts 641, the relay
R546 also disconnects the battery potential, ap-
plied by way of the winding of the relay RETE,
frem the conductor Cig2. Since the relay RGEHD
is of the slow-to-release type, it subsequently re-
steres to normal and, at its contacts €51, it cpens
the circuit for the relay R853. The relsy RE5D
is also of the slow-to-release type and, upon re-
storing to normal at its contacts 681, it discon-
nects ground potential, applied by way of the
winding of the relay R85, from the conductor
C1781%; at its contacts 862, it opens & point in the -
initial operating circuit for the relay R638; and,
at its contacts 662, if removes ground potential
froim the conductors C783 and CT84.

Removal of ground potential from the con-
ductor C184 causes the selector 813 and the con-
nector 825 to restore their associated wipers to
their normal positions, whereupon the line 828
of the subscriber at the substation A3 is rendered
available for further calls. As a further result
of the restoration of the relay R88S, ab its con-
tacts 968, it alsc opehs the hclding circuit of
the relay R838. The relay R8388 now restores to

‘normal and, at the contacts 632 opens the cir-

cuit of the relay RE28. At its contacts 83!, the
relay R838% opens a point in the holding circuit
for itself; and, at ils contacts 632, it prepares a
point in the initial operating circuit for the re-
lay RESS,

Responsive te the opening of the holding cir-
cuit of the switching relay RE28, the relay re-

.stores to normal and, at its contacts 521 to 524,

inclusive, it disconnects the left-hand windings
of the repeating coil 859 from the trunk con-
ductors C48% and C#482, and it connects these
conductors fo the windings of the pulse relay
RB48, At its contacts 528, the relay R528 dis-
connects the hattery potential from the winding
of the answer relay R578, thereby removing the
shunt civeuit from around the high resistance

" B72; and, at its contacts 528 and 527, it discon-

nects the resistance battery potential applied to
the conducter C83% and substitutes in place
thereof a direct ground potential. Attention is
directed to the fact that when the toll trunk cir-
cuit 488 restored to normal, direct ground poten-
tial was appiled by way of the lower winding of

» the relay RAT® fo the conductor C483, and ex-
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tending therefrom, by way of the lower winding
of the relay R5i8, to the resistance battery po-
tential applied to the conductor CE38. When the
circuit inecluding the lower windings of the re-
lays R4EY8 ang RE!D is energized in the above
qescribed manner, the relay R479 remaing in its
operated position and the relay RE!S restores to
normal. ~ Accerdingly, when ground potential is
substituted for the resistance battery potential
applied to the conductor C538, the energizing cir-
cuit for maintaining ths lower winding of the re-

15 .lay R418 in iis 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 tell trunk circuit 438 the relay
R0 in the toll transmission trunk circuit 889
wags momentarily operated and restored to nor-
mmal. Due to the fact that the ring control re-
lay RB2§ is of the slow-to-operate type, the mo-
mentary completion and interruption of its cir-
cuit at the contacts 541 doas not permit sufii-
cient time for the relay to operate. = Accordingly,
ground potential is maintained upon the con-
ductor Ci83 during the releasing operations of
the toll trunk circuit £%6. Ground potential is
removed from the conductors C783 and C784
upon the restoration of the hold relay R66D in
the manner previously described.

When the relay R418 restores to normal, in the
above described manner, at its contacts 471, it
opens the operating circuit for the release relay
REZ0 which alse restores to normal. At its con-
tacts 422 and 424, the relay R420, upon restor-
ing to normal, removes the busy marking ground
potentials from the conductors C484 and C485;
and, at its contacts 421 and 423, it reconnects
the windings of the operator relay R450, and the
- windings of the automatic relay R460 and sei-
zure relay R438 to the conductors C484 and C&85,
respectively., The switching apparatus includ-
ing the toll transmission trunk circuit 660 and the
toll trunk circuit 489 have now been restored to
normal and may be selected by the coperator at
the toll board 353 to extend additional connec-
tions to the branch exchange 6.

Torr CALL FROM A DISTANT EXCHANGE EXTENDED
BY THE TOLL OPERATOR TO THE BRANCH EXCHANGE
OPERATOR FOR COMPLETION

The manner in which toll calls are established
by the toll operator in the main exchange 20 by
directly controlling the gutomatic switching ap-
paratus in the branch exchange 59 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 58 for completion. When
the operator at the toll board 3080 desires to ex-
tend a toll call to the operator at the switchboard
1689, she selects a toll selector, siich 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 321,

Accordingly, it will be assumed that the opera-
tor at the toll board 388 has received g toll call
over the toll line 318 and has answered the call
by inserting the plug P362 into the jack J3¢3.
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 58, Ii 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 808; however, it is sometimes desir-
able to route such connections to the branch ex-
change operater for completion. For example,
if the local subscriber at the substation A2 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. .

It will new be assumed that the toll cperator
has inserted the call plug P304 into the jack J385,
and has operated the toll selector 330, in the
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previously described manner, and that the selec-
tor 385 has selected the trunk line 32! extending
to the toll trunk circuit £20. When the wipers
331 to 334, inclusive, of the toll selector 339 en-
gage the contacts of the bank terminating the
conductors of the trunk line 821, ground poten-
tial is applied by way of the wiper 324, the con-
ductor C484, the contacts 42f and 461, and the
winding of the operator relay R458, to battery.
The relay RA4E3 operates over the above traced
circuit and, at its contacts £83, applies ground
potential to the conductor C485 in order to busy
the toll trunk circuit 438 in the banks of the
toll selectors having access thereto. At the con-
tacts 453, the relay R450 also completes a circuit
by way of the contacts £43 for operating the
slow-to-release seizure relay R438. At its con~
tacts 454, the relay R4B0 disconnects the auto-
matic relay R460 from the conductor C485; at
its contacts 458, it opens a point in the circuit for
the release relay R428; and, at its contacts 455,
it prepares a point in the circuit for operating
the relay R%49. As a further result of the oper-
ation of the relay R458, at its contacts 451, it
disconnects direct ground potential from the con-
ductor C487; and, at its contacts 452, it applies
battery potential by way of the resistance 447 and
the contacts 852 and 84{, to the conductor C431.

When the relay R438 cperates over the above
described circuit, at its contacts 431, it opens a
point in the incomplete circuit for applying re-
sistance battery by way of the contacts 411 to the
conductor C487 and, at its contacts 432, it pre-
pares a point in the circuit for suhsequently ap-
plying ground potential to the conductor C43T.

As g further result of the engagement of the
wipers 38} to 334, inclusive, with the trunk line
321, a loop circuit is completed including the
cord circuit 381, the toll selector 322, the conduc-
tors CA81 and CA82, the contacts 522 and 524, and
the lower and upper windings of the pulse relay
R840, to battery and ground, respectively. The
pulse relay R6486 operates over the above traced
loop circuit to control the toll transmission trunk
circuit €89, in a manner to be explained herein-
aiter,

Attention is now directed to the fact that the
control conductor C4823 of the interexchange
trunk line 488, prior to the seizure of the toll
trunk circuit 498, has ground potential applied
thereto through the lower winding of the control
relay R4T6 and through the lower winding of
the control relay R3{8. ‘This circuit may be
traced from ground, by way of the contacts 451
and 441, the conductor C481, the lower winding
of the relay RA478, the conductor C483, the lower
winding of the control relay R548, the conductor
CE30, the contacts 546 of the key K515, and the
contacts €718 and 526, to ground. In view of the
above circuit the lower windings of the relays
R478 and R510 are not,energized. It should also
be noted that ground potential is connected to
the upper winding of the relay R470 by way of

- the resistance 472, and that ground potential is

connected to the upper winding of the relay R510
by way of the resistance 514,

When the toll trunk circuit 409 is seized and
the relay R450 operates, a resistance battery
potential is applied to the conductor C487 from
battery, by way of the resistance 447, and the
contacts 452 and 441, When resistance bhattery
potential is substituted for the ground potential
applied to the conductor C481, a circuit is com-
pleted for energizing the upper and the lower
windings of the relay R473. The circuit for the
upper winding may be traced from ground, by
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Wway of the resistance 472 and the upper winding
of the relay R410; and the circuit for the lower
winding of the relay may bhe traced from the
“ground potential applied to the conductor CAS3
at the toll transmission circuit 609 and the lower
winding of the relay RE70. Since the windings
of the relay R479 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 8480 completes & circuit for energizing the
lower winding of the rslay RE{8. This circuil
may be. traced from ground, by way of the
contacts 526, 675 and 518, the conductor C830
and the Iower winding of the relay R8I, to bat-
tery potential applied to the conductor C483. A
branch of this circuit is aiso extended by way of
the upper winding of the relay RB{3, and the
resistance 5i4, to ground. The latter circuif,
however, since it is traced from ground to ground,
dees not have any effect upon the upper winding
of the relay. The relay R510 now operates as a
resulf of the energizing circuit completed through
its lower winding and, at its contacts §{f pre-
pares 2 circuit for the upper winding of the
transfer relay R670.

When the pulse relay R%49 operates over the
previously traced loop circuit; including the con-
ductors CE81 and C482, at its contacts 841, it
applies battery potential by way of the high
resistance 572, the winding of the relay R510,
the winding 554 of the repeating coil 588, and
the contacts 561, 844 and 671, to the conductor
C782. The latter circuit, as has been pointed
out hereinbefore, prepares & point in the circuit
for controlling the selector 8i5. However, as
will be pointed out, the relay RE§10 will subse~
guently . be operated to disconnect the above
traced circuit. from the conductor CI82. As a
further resuli of the operation of the relay 648,
at its contacts 642, it completes an operating
circuit for the slow-to-release hold relay R8ED;
and, at its contacts 643, it opens a point in the
incomplete circuit for subsequently operating the
relay R638. The relay R858, upon operating, at
its contacts 851, completes an obvious circuit for
operating the relay R688 and also completes a
circuit from ground by way of the contacts 651,
i1 and 528 for energizing the upper winding
of the transfer relay RE18.

The relay R610 operates when the above traced

energizing circuit is completed for its upper wind-
ing and, at its contacts 678, it prepares a lock-
ing circuit for its lower winding. As a further
result of the operation of the relay RG1, at ils
conbacts 671 and 673 it disconnects the talking
conductors extending from the right-hand wind-
ings of the repeating coil 550 from the conductors
C181 and C782, and connects the right-hand
windings of the repeating coil 558 by way of its
contacts 672 and 6§74, thereby to prepare a circuit
for extending the connection t¢ the jack JT88
at the switchboard 1888, At its contacts 675, the
relay RB10 disconnects the direct ground poten-
tial from the conductor C380 and, at its contacts
616, it connects battery by way of the resistance
680, and the contacts 818 and %18 to conductor
C530. At its contacts €77, the relay RET8 pre-
pares a circuit for the upper winding of the relay
RT10; at its contacts 678, it opens & point in the
operating circuit for the relay R§8§; at its con-
- tacts 672’ and 813’ it disconnects the conductors
C183 and CT184 from the toll transmission trunk

15

20

25

30

40

60

18
circuit 600; and, at its contacts 6T{’. it prepares
o point in the holding circuit for the relay R720.
At its contacts 674’, the relay R870 completes a
circuit from ground by way of the contacts 674’
and the winding of the switching relay R520, to
battery.

Tt will be recalled that the rslays R660 and
RE8T0 operated when the hold relay R650 closed
its contacts 6B1.  As a result of the operation
of the relay R882, at its contacts 661, it closed
8 point in the cirenit of the conductor CT8
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
§63, it completes a holding circuit for the relay
®679 which may be traced from ground, by way
of the contacts 663 and 678, and the lower wind-
ing of the relay R810; to battery.

The latter relay 'will niow remain in its oper-
ated position, even though the circuit for its
upper. winding is subsequently disconnected.

Before discussing the operation of the relay
RH28, a description will now be given of the ef-
fect of the substitution of resistance battery for
ground potential to the conducter CE20 as a re-
sult of the closure of the contacts 8§78 by the relay
R570. When resistance battery potential is ap-
plied to the conductor C538, one branch of the
circuit extends by way of the upper winding of
the relay R510 and resistance 514, to ground,
wheresupon the upper winding is energized; and
another branch of the circuit extends by way of
the Jower winding of the relay RE48, the conduc-
tor C483, and the lower winding of the relay RAT8
to resistance battery connected to the conductor
C487. In this circuit the lower windings of the
relays R4T8 and R5i0 are shunied 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 R47€ which may
be traced from the resistance battery applied to
the conductor C487 through the upper winding of
the relay R470 and the resistance 472, to ground.

‘The relay R418 operates as a result of the above

traced energizing circuit for its upper winding
and the relay R518 remaing in its operated posi~
tion as a result of the above traced energizing:
circuit for its upper winding.

As g result of the operation of the relay R418,
at its contacts 471 it completes a eircuit which
may be traced from ground by way of the con-
tacts 471, 464 and 485, ard the lower winding of

- the relay RA448, to hatiery. Relay RA449 operates

55

60

65

70

-over the abeve traced circuit and, at its contacts

445, disconnects the seizure relay RA35 from
ground at contacts &53; and, at its:contacts 448,
it connects its upper winding to ground at con-
tacts 453. The Iatter circuit maintains the relay
RA40 in its operated position even though the
circuit - for its ' lower winding Is subsequently
opened by the restoration of the relay R410. As
a further result of the operation of the relay R448,
at its contacts 448, it Temoves ground potential
from the conductor C484; and, atits contacts 443,
it applies battery potentizl through the winding
of the ring control relay R410 to the conductor
CA486. At its contacts 441 and 442, the relay R44D
transfers the connection to the conductor C481
from resistance battery potential to ground po-
tential at-the contacts 432.

When ground potential is applied to the con-
ductor €481, the upper winding of the relay R478
is short-circuited @nd 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 t}'le
control relay R510, 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 RBI0 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 R449, the toll selector 339 functions, in
a well known mahner, to prepare the circuit in-
cluding the talking conductors C481 and C482 for
transmission and to return ground potential by
way of the wipver 333 and the conductor C486 in
order to operate the ring control relay RA4I0.
Upon operating, the relay R410, at its contacts
412, 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 431, prepares a point in the circuit
for subsequently applying resistance battery po-
tential to the conductor C481. )

When the relay R510 restores to normal as a
result of the energizing cireuits completed for its
opposing windings, at its contacts 511, it opens
the initial energizing circuit for the upper wind-
ing of the transfer relay R6708 but the latter relay
remains in its operated position over a circuif
completed for its lower winding.

It will be recalled that when the transfer relay
RS§T9 operated, it completed a circuit at its con-
tacts 674" 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 4060
are completed before the relay R520 has had suffi-
cient time to operate its associated contacts. It
will therefore be understood that the relay R510
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 8i1, and the relay R620 cannot be operated
at the present time., As a further result of the
operation of the relay R520, at its contacts 521 to
§24, inclusive, it disconnects the talking con-
. ductors C481 and C482 from the circuit including
the upper and lower windings of the pulse relay
R840 and, simultaneously therewith, it connects
the talking conductors C48f and C482 by way of
the contacts 521 and 523, the windings 55i and
552 of the repeating coil 559, 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 489,
it will ke recalled that ground potential was re-
moved from the conductor C486 upon the opera-
tion of the relay R440 and, as a result therect,
the toll selector 330 operates to prepare the cir-
cuit including the talking conductors C43t and
C482 for transmission and to return ground po-
tential by way of the wiper 323 to the conductor
C486 in order to operate the ring control relay
R410. When the above described operation was
performed, the operator at the toll board 380 was
signaled to indicate that the toll transmissicn
trunk circuit 609 is in condition to respond to a
signal control transmitted thereto in order to sig-
nal the branch exchange operator at the switch~
board 1068. 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 C481 and C482, thereby operating the relay
R540. Upon operating, the relay R540, at its con-
tacts541,completes a holding circuit including the
upper and lower windings of the pulse relay R540.
Attention is directed to the fact that the latter
circuit for holding the relay RS$40 operated is
completed incident to the disconnection of the
windings of the relay from the talking conductors
C481 and C482. Consequently, the relay RS540
is maintained in its operated position during the
transitory period between the operation of the
relays R520 and R548.

The operator at the toll board 368 may now
operate her cord circuit 381 in order to control
the signaling of the branch exchange operator.
In response to the signal control operation at the
cord circuit 20{ the toll selector 322 functions
to remove ground potential from the conductor
C486, whereupon the ring control relay R4 re-
stores to normal and, at its contacts 41 {, com-
pletes a circuit from battery by way of the re-
sistance 447, the contacts 431, 4{1 and 442 to the
conductor C487; and, at its contacts 612 it re-
moves ground potential from the conductor C487.
‘When resistance battery potential is substituted
for ground potential on the conductor C481, the
circuits for the windings of the relay R413 and
the windings of the relay R518 are such that the
relay R410 remains in its operated position and
the relay R510 reoperates, in the same manmner
as has been previously described. In response
to the reoperation of the relay R5I 8, at its con-
tacts Blf, it completes a circuit which may be
traced from ground, by way of the contacts 651,
81 ang 528, and the winding of the ring control
relay RG20, to battery. The relay R520 now op-~
erates and, at its contacts 62, completes a cir-
cuit which may be traced from ground by way of
the contacts 663, 6§21, 677 and 733, and the upper
winding of the signal relay R110 to battery. The
relay RT18 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, 724 and T2,
and the lower winding of the relay R718, to bat~
tery; at its contacts 7(f, it completes a circuit
for illuminating the answer lamp L7862 at the
branch exchange switchboard i 399; and, at ils
contacts 713, it completes a circuit for operating
the relay R729 which may be traced from ground
by way of the coatacts 663 and 713, and the
lower winding of the relay R728, to hattery. 'The
relay RT2) 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 724, it extends the circuit, including
the windings of the relays R557 and R570 and the
right-hand windings 554 and 555 of the repeat-
ing coil 559, to the tip and ring elements of the
jack J760 at the switchboard 1699,

It may be well to mention at this time that
when the operator has taken her position at her
section of the switchboard 1089 and is ready to
handle calls, she must first insert the plug of the
operator headset {408 into the jack terminat-
ing the operator telephone circuit of Fig. 14.
Thus to answer and extend calls received at the
switchboard 1006 the headset plug 1403 is in-
serted into the jack (404, In response to this
operation the transmitter 1401 is inclued in a
series circuit with the battery feed impedance
coil 1485 and in multiple with the left-hand
winding 1431 of the induction coil 143%. Further-
more, the receiver {402 is bridged across the lower
right-hand winding 1434 of the induction coil
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1430 in series with the contacts (443 and 1445,
and the condenser 1435, It should also be noted
that a pair of oppositely poled copper oxide half-
wave rectifiers 1428 is included in a circuit shunt-
ing the receiver 1482, 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 crdinary
conversation the rectifiers as a unit have a high
resistance and do not introduce any appreciable
loss to the speech currents traversing the eir-
cuit, but on the other hangd they have a relative-
1y low resistance to a large voltage change, such
as would produce a loud click in the receiver
1402, and thereby practically short-circuil the
receiver 1482 to weaken the clicks to a point
where they are no longer objectionable tc the
operator.

Branch exchange operelor answers

Accordingly, when the operator is signaled by
the illumination of the lamp L1682, 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 L762." It will be as-~
sumed that the operator has selected the cord
circuit 988 of Figs. 9 to 12, inclusive, and that
she hasinserted the plug P89 into the jack J784.

When the plug P3088 ig inserted into the jack
J168 the series connected relays R25% and RII8
in the cord circuit 9688 and the sleeve relay R138
of the toll transmission trunk circuit €88 are con-
nected over a series circuit which may be traced
from ground, by way of the windings of the mar-
ginal switching relay E859 and the slesve relay
RA919, the contacts 1428, the conductor C875, the
sleeve elements of the plug P89 and the jack
J169, and the winding of the relay R738, to bat-
tery. The sleeve relays R878 and R738 operate
over the above mentioned circuit, but due to the
resistance included in this circuit the swiiching
relay RE58 does not operate at this time.

When the slesve relay RE12 operates over the
above traced circuit, at its contacts 971, it com-
pletes a circuit for bridging the left-hand operat-
ing winding of the shunt field relay R13#20 across
the tip and ring conductors C788 and C786 by
way of the tip .and ring elements of the plug
P200 and the jack J788, whereupon a circuit may
be traced from ground, by way of the winding
of the relay RBHT, the winding §55 of the re-
psating coil 558, the contacts 583, 874 and 724,
the conductor Ci88, the tip elements of the jack
Ji68 and the plug P5982, the contacts 982 of the
key K384, the contacts 841, 875 and 971, the left-
hand operating windihg of .the relay R1820, the
contacts 884 of the key K881, the ring elements
of the plug P3%38 and jack J788, the conductor
C186, the contacts 722, 872, 84! and 561, the
winding 554 of the repeating coil 588, the winding
of the relay RB19, and the countacts 525, to bat~
tery. The relay RET8 in the toll' transmission
trunk circuit 888 operates over this circuif and,
as will be subsequently noted, relay R{828 will
also be operated. As o further result of the op-
eration of the relay R378, at its contacts 872, it
completes an obvious circuit for the right-hand
polarizing winding of the shunt fleld relay R1828,
and, at its contacts 8§78, it prepares a point in the
operating circuit for the recall relay R1835. The
relay RS10 also, at its contacts 374 and 878, pre-
pares points in the incomplete circuit for the
answer lamp L9{8. ‘

When the left and right-hand windings of the
shunt field relay R{320 are energized in the above
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22 ,
described manner, the relay operates and, af its
contacts 1821, prepares a point in the incomplete
circuit of the ring relay RI243; and, at its con-
tacts 1022, it interrupts a point in the incom-
plete circuit of the answer lamp L1918,

Having answered the call by inserting the plug
P308 into the jack J160, the operator at the
switchboard 18898 may now actuate the talk key
K108 in order to associate her operator tele-
phone circuit (Fig. 14) with the selected cord
circuit 983, When the talk key Ki(68 is actu-
ated, a circuit is completed for operating the relay
RII28. Upcn operating the talk relay RI1120, at
its various contacts, associates the operator tele-
phone circuit of Fig. 14 with the selected cord
circuit 998. It will be noted, however, that the
various conductors CHi8l to CiHi2, inclusive,
which are individual to the operator telephone
circuit, are also commgon to.all of the cord cir-
cuits available to the operater in order: that
she may associate the operator telephone eircuit
with any one of the selected cords by merely
operating the falk key individual thereto.

Accordingly, when the relay R{{28 operates,
at its contacts {124 and 1§25, il extends the tip
and ring conductors of the cord circuit 968 by
way of the conductors CI{04 ang CHi85 to the
right-hand windings of the induction coil (438,
whereupon & conversational circuit is compieted
between the operator headset 1490 and the tip
and ring conductors of the cord circuit 285, It
may be well to mention at this time that when
the voice currents from the operator at the toll
board 388 are received at the operator telephone
circuit, they are extended by way of the upper
right-hand winding 1433 and the lower right-
hand winding  i434 of the induction coil {£38.
The receiver 1482, which is bridged across the
lower right-hand winding #4284, carries a greater
part of the voice currents because of the low
impedance path it offers in comparison with
the lower right-hand winding i434. When the
operator ‘speaks into the transmitter {48! the
resistance of the transmitter varies, causing the

' current supplied from the battery through the

winding of the impedance coil {483 {o vary at
different voice frequencies. This fluctuation in
current also passes through the left-hand wind-
ing 1431 of the induction coil {438 but is kept out
of the battery ecircuit by the impedance {485 in
order to prevent cross-talk. The current fluctu-
ates passing through the left-hand winding {43!
and causes a similar voliage 0 be induced into
the windings 1433 and {424, and since the wind-
ing 14348 has the same number of turns as the
winding (433, the induced voltage across the
winding (424 will be equal to that induced dcross
Since the resistance of the
winding {4234 is approximately equal to the re-
sistance of the winding #1433 plus the loop resist-
ance of the connected line, the voitage induced
in the windings 1433 and (434 produces current
flow through the receiver of the toll operator.
1t should also ke noted that there are two paths
through the receiver 1482 that the voice currents
may follow. One path extends from the mid-
point of the windings 1433 angd 1434 through the
winding (434, the contacts 1443, the receiver 1482,
the contacts 1845, the condenser 1435, and back
to the midpoint between the windings 14323 and
1884, ‘The second path may be traced from the
midpoint of the windings {433 and 1434, by way
of the condenser (435, the contacts 1445, the
receiver 1402, the contacts 1443 and {448, the
conductor Ci105 extending to the toil cperator
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loop circuit, and returning by way of the con-
ductor CI164, the contacts (441, the winding
1433, and back to the midpoint between the wind-
ings 1433 and {434. 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 flow in these circuits
opposes each other through the receiver 1402,
and sinee 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 1402
when the voice currents originate from the trans-
mitter 1404 associated therewith,

Referring again to the operation of the talk
relay R1£28, at its contacts {122 and 1§23, it
prepares a circuit for connecting the tip and ring
conducters of the call plug PI276 to the operator
circuit by way c¢f the conductors Cii82 and
Cli03. At its contacts 1§28, the relay R1128
disconnects the sieeve conductor C915 from the
circuit including the series connected switching
relay R856 and the sleeve relay R910, and sub-
stitutes in place therecf, at its contacts [i27
and {25, a circuit including the conductors
C1i88 and Ctig9, the contacts (410 of the re-
lcase local key K488, and the contacts {417 of
the switch-through key X415, Accordingly, the
series circuit for the switching relay R3E58 and
the sleeve relay R818 now includes the previously
traced circuit including the sleeve conductor
€975, the contacts 126 and {127, the conductors
CLI08 and Ci188, and the above mentioned con-
tacts of the keys Ki4908 and Ki415. A% its con-
tacts 1420, {121’ ang {122’, the relay R1120 pre-
pares a point in the circuit for controlling the
relays Rit40 and RIIE0 over the sleeve con-
ducior Ci285 of the call plug FPi216, as will be
described hereinafter. Iurthermore, at its con-
tacts 1123, the relay R1{28 opens a pcint in
the circuit of the dial-through key KI1025, and,
at its contacts (124, it prepares a point in the
circuit for the dial relay R1258,

It will be recalled that the answer relay RE1)
and the sieeve relay RT3€ in the toll transmis-
sion trunk circuit 6388 were operated when the
plug P§88 was inserted into the jack JTE9.
When the sleeve relay RTS8 operates over the
above traced circuil, at its contacts 732, it com-
pletes a circuit from ground, by way of the con-
tacts 132, 4! and 78! (closed by the insertion
of the plug PS83 into the jack J168) and the
call lamp L2, to battery, thereby indicating,
to the operator at the switchboard 1089, the par-
vicular jack to be utilized in the event the par-
ticular connection is to ke extended to an auto-
matic subscriber located in the branch exchange
50, at its contacts 134, it opens the holding cir-
cuit for the lower winding of the signal relay
R7i8; and, at its contacts 733, it opens the
original operating circuit for the upper winding
of the signal relay RTiB. A¢ its contacts 731,
the relay R73C also prepares a circuit for recall-
ing the operator at the switchboard 1008,

When the above mentioned circuits for the up-
per and lower windings of the signal relay R7i0
are opened by the operation of the relay R730,
the relay restores to normal and, at its contacts
Tii, extinguishes the answer lamp LT16Z; and, at
its contacts 113, it opens a point in the previvusly
traced holding circuit for the lower winding of
the relay R728. However, before the relay R123
Las had sufficient time to restore to norinal, a
new holding circuit for the relay will be com-
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pleted as a result of the operation of the relay
R5170, as will now be described.

When the answer relay RST0 operates in re-
sponse to the insertion of the plug P968 into the
jack Ji88, at its contacts 574, it completes an
operating circuit for the relay R818. The relay
R619, upon operating, at its contacts 6!2, com-
pletes a circuit which may be traced from ground,
by way of the contacts 642 and §&5, the conductor
C567, the contacts 671’ and 725, and the lower
winding of the relay R1728, to battery. From the
foregoing explanation it will be understoed that
the relays R570 and R73% are operated simul-
taneously, the relay RE878 completing a circuit for
the relay RB!I8 which, in turn, closes a locking
circuit for the lower winding of the relay RT24.
It will also be understood that the relay R738,
upon operating, opens the circuit for relay R710
which, upon restoring to normal, removes the ini-
tial ‘holding circuit for the lower winding of the
relay R120, and consequently the holding circuit
for the lower winding of the relay RI20 is re-
placed by way of its contacts 725 before the hold-
ing circuit including the contacts 113 is opened.

As a further resulf of the operation of the relay
R619, at its contacts 801, it shunts the high re-
sistance upper winding of the relay R540 from
the connection extending to the toll board 385 in
order to improve the transmission cualities of
the trunk line 488 and to return answer super-
vision to the operator at the toll board 380. When
the high resistance of the upper winding of the
relay R549 is removed from the circuit, including
the conductors C48¢ and C432, the operator at
the tcll board 889 is signaled to indicate that the
operator at the branch exchange switchboard
t000 has answered the call. The toll operator
now reapplies ground potential to the conductor
CA#86 in order to reoperate the ring control relay
R418. Upon operating, the relay R418, at its con-
tacts 11 and 212, substitutes ground potential for
the resistance battery potential applied o the
conductor C48%. With ground potential con-
nected to the conductor C287 and resistance bat-

= tery potential applied to the conductor C238, a

shunt circuit is completed for the upper winding
of the relay R410 and an energizing circuit is com-
pleted for its lower winding. The relay RE18
remains operated as a result of the above men-
tioned energizing circuit for its lower winding,
but the relay R5I6 now restores to normal he-
cause energizing circuits are completed for its
oppositely connected upper and lower windings.
The relay R5{8, upon restoring to nermal, at its
contacts 1{, opens the previously traced operat-
ing circuit for the ring control relay R326, where-
upon the latier relay also restores to normal.

The operator ab the toll board 238 may now
converse with the operator at the switchboard
{090 and inform her that a toll call is to be ex-
tended to the subscriber at the substation A3. It
should be noted af this time that transmission
current is extended to the cperator at the branch
exchange switchboard 1388 by way of the wind-
ings of the relays RE7% snd R557 of the toll trons-
mission trunk circuit £98, and that transmission
current may be supplied to the operator at the
toll board 380 either by way of the cord circuit
31 or the toll selector 339.

In order to extend the connection to the sub-
seriber af the local substation A3, the operator at
the switchboard (060 inserts the call plug P1278
into the jack Ji78, which has been indicated Dy
the illumination of the call lamp L7712 to be the
proper jack to be utilized in completing the toll
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connection to the substation A3. When the plug
PI270 is inserted into the jack J7178 a circuit is
completed for operating the relays RI140 and
RI1159 in the cord circuit 969 and the relay R158
in the toll transmission trunk circuit 689, from
ground, by way of the windings of the relays
R{150 and R{i49, the contacts 1i2§’, the conduc~
tor Cl1iid, the contacts {422 of the toll ring key
K428, the conductor Cilii, the contacts {21,
the conductor Ci285, the sleeve elements of the
call plug P1270 and the jack J718, and the wind-
ing of the relay R750, to battery. As a result of
the ahove described circuit, relays R1149, R1i50
and RT50 operate.

When the relay R{158 operates, at ibs contacts
1157, it prepares a point in the incomplete op-
erating circuit for the control relay RI1130, and,
at ifs contacts {155, it prepares a point in the in-
complete locking circuit for the relay RI130. At
its contacts 1158’, the relay R! 150 opens a point
in the incomplete circuit for the relay Ri238; at
its contacts 1158, it completes an energizing cir-
cuit for the lower polarizing winding of the relay
RI1220; and, at its contacts 1155, it completes a
circuit for bridging the tipper winding of the relay
R1220 and the winding of the relay Ri219 across
the tip and ring conductors of the call plug Pi278.
The operations performed by the remainihg con-
tacts of the relay RIi50 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 RI1220 and
the winding of the relay R12{0 to the tip and ring
conductors of the plug Pi270 may be traced from
the tip element of the plug PI12718 by way of the
contacts (252, 1241, {i8{ and (2§3, the upper
winding of the relay R1228, the winding of the
relay R1218, the contacts 1156, 1183, 1243 and
§284, and the ring element of the call plug P1270.
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 P1276, the circuit operaticns performed
by the operation of the relays Ri {40 and R15§ will
be described.

When the relay RIi{48 operates over the pre-
viously traced circuit, at its contacts 14146, it
prepares a point in the incomplete circuit for
the relay RI840; at its contacts {148, it prepares
a point in the incomplete operating circuit for the
relay Ri{248; and, at its contacts 1147, it com=
pletes a circuit for illuminating the call lamp
Li27{, which may be traced from ground, by way
of the contacts 918, 958, {164 and ({47, and the
call lamp L2714, fo battery.

When the relay RT58 in the toll transmission
trunk circuit operates, as a result of the inser-
tion of the plug Pi21§ into the jack JT170, at its
contacts 751, it applies ground potential to the
conductor CT83 extending to the selector 813.
As a further result of the insertion of the plug
P127% into the jack JTT4, the jack contacts T7{
are closed, whereupon an operating circuit is
completed for the seizure relay RT40. The relay
RI48 now operates and, at its contacts 741, ex-
tinguishes the call lamp LY¥72 asscciated with
the jack JT10; at its contacts 742, it connects
the ring conductor of the plug P4§278 to the con-
ductor C182 extending to the selector 8§15; and,
at its contacts 743, it applies ground potential
to the conductor CT84 extending to the selector
8145,

As a resulf of the application of ground poten-
tial to the conductor C784 and the connection of
the above traced loop circuit, including the seri-
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ally connected windings of the relays R1210 and
R1228, by way of the tip and ring elements of
the plug Pi278 and the jack J7T18, to the con-
ductors C781 and C782, the selector 815 is seized
in a well known manner and transmits dial tone
to the operator at the switchboard {600 to indi-
cate that the number of the desired called sub-
scriber may be dialed.

When the selector 8§38 is seized in the above
described manner, battery and ground poten-
tials are applied to the conductors Ci81 and
C182, thereby operating the relays Ri220 and
R1210 in the cord circuit 868. The current fiow
through the upper and lower windings of the re-
lay Ri220 is in such a direction that the relay
RIi22§ operates at this time. When the relay
R1i228 operates, at its contacts 1221, it opens a
point in the incomplete circuit of relay RII66;
and, at its contacts 1222, it prepares a point in
the incomplete circuit for the relay Ri1928. When
the relay RI218 operates, at its contacts 1211,
it prepares a point in the incomplete circuit for
the relay R1169 and, at its contacts §213, it opens
a point in the incomplete circuit for the relay
R 1280,

When .the operator at the switchboarg {089
hears the dial tone signal she may actuate the
dial D485 in accordance with the first digit of
the telephone number of the subscriber at the
substation A3, When the dial D485 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 1487 and the lower winding
of the relay R1480, to battery. The relay R1468
operates over the above traced circuit and, at
its contacts 1461 and 1462, it bridges the ca-
pacitance (466 across the talking conductors
Cl184 ang Ct1085 of the operator telephone cir-
cuit; at its contacts (463, it completes a circuit
for shunting the operator receiver [462. The
above traced circuits including the contacts
1481, 1462 and 1483 provide a click reducing ar-
rangement for both the distant toll operator
and the operator at the switchboard {869 dur-
ing the dialing period. Af its contacts {464, the
relay R1468 also completes a circuit for operat-
ing the dial relay R1258 in the cord circuit 908,
which may be traced from ground, by way of
the off-normzl contacts 1487 of the dial Di485,
the contacts 1484, the conductor Ci1i2, the con-
tacts £124’, and the winding of the relay RI1250,
to battery. At its contacts 1465, the relay R1460
also completes an operating circuit for the relay
R1478, which includes the ground potential ap-
plied to the contacts 1465 by way of the off-nor-
mal contacts {487 of the dial Di485.

When the relay R1470 operates over the above
traced circuit, at its contacts 1471, it completes
an operating circuit for the lower winding of
the relay Ri488; st its contacts 1472, it com-
pletes an energizing circuit for the upper wind-
ing of the relay R1468 in order to hold the lat-
ter relay in its operated position for a short
period of time after the dial DI485 has restored
to normal; and, at its contacts 1413, it completes
an operating circuit for the lower winding of
the relay Ri475 which includes ground at the
off-normal contacts 1487. The relay R1480 now
operates and, at its contacts 1482, it prepares a
circuit for bridging the polar relay RI450 across
the tip and ring elements of the plug P1279, after
the dial relay R{250 restores to normal at the
end of each series of impulses transmitted by the
dial D1485. 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 RI285 opens this circuit at its
contacts {281.

It will be recalled that the dial relay RI1250
operated when the dial D1485 was actuated off
normal and, upon operating, at its contacts 1252
and 1254, it disconnects the previously traced
circuit including the upper winding of the relay
R1220 and the winding of the relay RI210 from
the tip and ring elements of the plug P1270;
and, at its contacts 125¢ and 1253, it substitutes
in place thereof a dialing circuit including the
conductors Ci106 and C1107, the contacts 1421
of the dial release key K425, the impulsing con-
tacts 1486 of the dial DI485, and the resistance
1478. Since the latter circuit is now bridged
across the tip and ring elements of the plug
P1270, the circuit extending to the selector 815
will include the impulsing contacts 1486 of the
dial DI485. At its contacts 1481, the relay R{1480
also prepares a circuit for illuminating the dial
pilot lamp LI486; and, at its contacts 1483, it
prepares a circuit for maintaining the relay op-
erated over its upper winding in series with the
dial relay RI250 after the dial Di485 has restored
to normal, as will he subsequently explained.

As a further result of the operation of the dial
relay RI250 a circuit is completed from ground,
by way of its contacts 1255, the contacts 1157,
and the winding of the control relay RI1130, to
battery. The relay RI138 now operates and, at
its contacts 1131, completes a locking circuit for
itself which is independent of the initial ener-
gizing circuit; and, at its contacts 1132, it pre-
pares a circuit for subsequently operating the re-
lay R1260.

‘When the relay R1475 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 1477;
and, at its contacts 1476, it places a shunt cir-
cuit around the resistance 1478 in order to im-
prove the above traced impulsing circuit extend-
ing to the selector 815. .

Since the operator at the switchboard 1000
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 Ci186 and
C1107 at the impulsing contacts 1486, a number
of times corresponding to the value of the digit
dialed. The selector 815 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 816 extending to an
idle connector, such as the combination connector
825.

‘When the dial D{485 returns to its normal posi-
tion the impulsing contacts 1486 remain in their
closed position and the off-normal contacts 1487
are opened, thereby to interrupt the circuit for
holding the relays R1460, R{470 and RI475. It
is also to be noted that the ground potential
connected by way of the off-normal contacts 1487
to the conductor Cl 112 is now disconnected there-
from and causes the relay R 1250 in the cord cir-
cuit 900 to restore to normal. It should also
be noted that the circuit including the upper
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winding of the relay R{1480 will now become ef-
fective to maintain the relay R1480 energized
over a circuit including its upper winding, after
the circuit for its lower winding is opened at
the contacts (474, 'This circuit may be traced
from ground, by way of the contacts 1483, the
upper winding of the relay RI1280, the conductor
Ciit2, the contacts 1124’, and the winding of
the relay RI1258, to battery. The relay Ri1480
remains cperated over this circuit but due to
the resistance of its upper winding the relay
RI256 remaing in its normal position.

When the relay RI415 restores to normal, at
its contacts 1470, it removes the shunt from
around the resistance 1478; and, at its contacts
§471, it again completes a circuit for its upper
winding to render the relay slow-to-operate.
When the relay R1470 restores to normal, at its
contacts 1471, it opens the energizing circuit
for the lower winding of the relay R480, but
the latter relay remains in its operated position,
as has been mentioned above; ab its contacts
{472, it opens the holding circuit for the relay
R1{460; and, at its contacts 1472, it opens a point
in the circuit for the lower winding of the relay
RI478. The relay RI460 now restores to nor-
mal and, at its contacts {25f and (462, it removes
the capacitance (469 from across the conductors
CHi84 and C1105; at its contacts {463, it removes
the short-circuit from the receiver 1402; and,
at its contacts 1464 and 1465, it opens points in
previously traced circuits for controlling the re-
lays R1250 and Ri410, respectively.

Referring again to the cord circuit 996, it will
be recalled that when the dial relay RI1250 was
operated, a circuit was completed, at its contacts
1255, for operating the control relay R1130, and
that, at its contacts 1252 and 1254, it opened
the previously traced circuit including the upper
winding of the relay Ri220 and the winding of
the relay RI2!8. When the above mentioned
circuit for the relays RI218 and Ri1220 was
opened the relays restored to their normal posi-
tions. At ifs contacts (243, the relay RI218,
upon restoring to normal, prepares a point in
the incomplete circuit for relay RI260; and, at
its contacts 1214, it opens a point in the incom-
plete circuit for the relay RI160. When the
relay R1220 restores to normal, at its contacts
1221, it prepares a point in the incomplete cir-
cuit for the relay RI160. The above mentioned
relays of the cord circuit 9¢0 remain in the posi-
tions deseribed during the period of time the im-
pulses constituting the first digit of the called
subscriber number are being transmitted by the
dial D{485.

As a result of the restoration of the dial D1485
to its normal position, the relay RI258 was re-
stored to normal and, at its contacts 1251 and
1283, it disconnects the dialing circuit including
the conductors C1196 and C!i87 from the tip and
ring elements of the call plug Pi272; and, at its
contacts 1252 and 1254, it reconnects the upper
winding of the relay R1228 and the winding of
the relay R1212 {o the tip and ring elements of
the plug PI1279. 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 PI273 by the selector
815 has been disconnected from these conduc-
tors, and the conductors have been extended, by
way of the trunk line 8!8, to the combhination
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 Pi272 and. consequentiy, no circuit
is completed for operating the relays RI210 and
R1228 in the cord circuit 888, - In other words,
the connection which is now completed between
the operator at the switchboard 1882 and the
combination connector 828 hag been dried to pre-
vent operation of the Telays RI21§ and RI220
at this fime.

As a further result of the restoration of the
dial relay R 1258, at its contacts 1251, it completes
a circuit from ground, hy way cof the contacts
1632, 12(3 and (257 for operating the slow-to-
operate relay RI268. At its contacts {26, the
relay Ri%63 prevents the supervisory circuit, in-
cluding the conductors Cii82 and CIi03 of the
operator telephone circuit, from being bridged
across the tip and ring elements of the call plug
1270 at this time; and at its contacts (283, it
opens a point in the previously traced circuit for
bridging the upper winding of the relay R1228
and the winding of the relay R{210 across the tip
and ring elements of the call plug Pi270. As
g further result of the operation of the relay
R1288, at its contacts 1282 ang 1264, it connects
the windings of the reiay R%%0 to the tip and
ring elements of the call plug Pi210, which may
be fraced from ground, by way of the upper wind-
ing of the relay R923, the contacts 912, 1262,
{181, 1261 and 1252, to the tip element of the

plug P1279, and from battery by way of the lower °

winding of the relay R928, the contacts 913, 1264,
1183, 1243 and (258 to the ring element of the
plug P127%8,

When the dial D485 is actuated off-normal in
order to transmit the next digit of the called
subscriber number, the relays R{4€8, R1470 and
RA475 operate in the manner previously described
and the dial relay Ri258 is again operated to re-
connect the disling circuit including the condue-
tors CH188 and Cii87 to the tip and ring ele-
ments of the call plug Pi276. At ifs contacts
1957, the relay RI258 opens the circuit of the
relay RE%Z68 which now restores to normal and,
at its contacts 12682 and 1284, it opens points in
the circuits including the windings of the relay
R929. It will be undersiood that after the relay
R1258 restores to normal at the termination of
the digit dialed, the impulsing circuit including
the conductors C{ 188 and C1187 is disconnected

from the call plug P1278; the relay Ri280 is ¢

again operated, and the windings of the relay
R328 are again comnected to the tip and ring
elernents of the call plug Pi278. The previously
described cycle of operation of the relays Ri460,
RI4T3, RI4T5, Ri250 and Ri289 is repeated each
time the operator at the switchboard 1808 actu-
ates the dial D1{£85.

Accordingly, it will be understood that when
the operator at the switchboard 1080 actuates the
dial D485 in accordance with the final two digifs
of the calied subscriber number, the combination
connector 325 positions its wipers into engage-
ment with its associated bank contacts terminat-
ing the line £26 of the called subscriber at the
substation A%, The combination connector 82%
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 1805 mo-
mentarily operates the toll ring key K428, In
response to the momentary operation of the toll
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ring key K 1428, a circuit is completed from bat-
tery, by way of the resistance 1428, the contacts
1421 of the key Ki428, the conductor Ci{{8, the
contacts 1126’, the winding of the relay Rii48,
and the winding of the relay Ri{5%, to ground.
The relays Ri{48 and R{{3) remain operated
over the above described circuit but the circuit
including the conductor Cf{iii, the contacts
142§’ the conductor Ci265, the sleeve elements
of the call plug P1219 and the jack Ji18, and
the winding of the relay R788, to battery, is
opened. The relay R150 restores to normal and,
at its contacts 151, it removes ground potential
from the conductor C733, thereby to contrel the
combination connector 823 to initiate the auto-
matic ringing of the called subscriber at the sub-
station A3. Since the toll ring key K 1428 is only
momentarily operated the above traced holding
circuit for the relays Rii{48 and R{150, including
the contacts 1421 of the key K 1428, is transferred
to the contacts 1422 and the winding of the relay
R153, to battery, whereupon the relay R158 again
operates and applies ground potential to the con-
ductor C783. During the period of time the ring-
ing current is transmitted by the connector 8%5
to the called line of the substation A3 a ring-
back tone signal is transmitted to the operator
at the switchboard 1080 and to the toll operator
in the main exchange 29.

Attention is directed to the fact that the op-
erator at the switchboard 1060 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 hoard 380 may at any time converse with the
operator at the switchboard 1889 fo inform her
to release the connection. It will be assumed,
however, that the subscriber at the substation
A3 responds by removing his receiver from the
switchhook of the associated telephone instru-
ment, whereupon the combination conneclor 8§28
is controlled to terminate the ringing signal and
to connect battery and ground potentials to the
conductors CT181 and C182, respectively. Baitery
potential applied to the conductor CI81 is ex-
tended by way of the tip elements of the jack
J110 and the plug P1218, the contacts 292, {241,
1181, 1262 and 912, and the winding of the relay
R928, to ground; and ground potential applied
to the conductor CT182 is extended by way of the
contacts 142, the ring elements of the jack J116
and the plug P1278, the contacts {254, 1243, 1183,
1264 and 913, and the lower winding of the relay
RE§28, to battery. The relay R820 operates in re-
sponse to the above traced circult and, at its
contacts 921, it completes a circuit for bridging
the winding of the relay R968 and the resistance
932 across the tip and ring elements of the plug
P80,

In response to the above mentioned circult
for bridging the relay R986 and the resistance §82
across the tip and ring elements of the plug
P90, a circuit, including the windings of the re-
lays RE57 and R570, is completed from ground,
by way of the relay R551, the winding 588 of the
repeating coil 880, the contacts 583, §74 and 124,
the conductor C'785, the tip elements of the jack
Ji68 and the plug P230, the contacts 852 of the
key K§0t, the resistance 8382, the contacts 821, the
winding of the relay R808, the contacts 804 of the
key K801, the ring elements of the vlug P§63 and
the jack J789, the conductor C758, the contacts
722, 612, 641 and 581, the winding 884 of the re-
peating coil 588, the winding of the relay n578,
and the contacts 525, to battery. The relay RS9
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in the cord circuit 508 operates and the relays
R557 and RB716 in the toll transmission trunk
circuif 600 remain cperated over the above traced
circuit. The relay R8086, at its contacts 897, pro-
vides a holding circuit for the relay RSI8.

Referring again to the operation of the relay
R928, it will be noted that, at its contacts 925,
it completes an operating circuit for the switch-
ing relay R910 and, at its contacts §23, it opens
a point in the incomplete operating circuit for the
relay R1030. The relay R219, upon operating, at
its contacts 915, completes an operating circuit
including the lower winding of the relay R$4§:
and, at its contacts 911 to 914, inclusive, it dis-
connects the windings of the relay R929 from the
tip and ring elements of the call plug P1279 and
substitutes in place thereof a circuit including
the tip and ring elements of the plug P9, As
a further result of the operttion of the relay
R0, at its contacts 918, it extinguishes the call
lamp LI271. The relay R$48, 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 {808 restores the talk
key KIi188 to normal. As a further result of
the operation of the relay R940, at its contacts
941, it disconnects the left-hand winding of the
relay R840 from the tip and ring elements of the
plug PO86; and, at its contacts 942, it bridges the
ring-down relay R930, including the condenser
888, across the tip and ring elements of the plug
P800 in order to provide recall facilitates where-
by the operator at the toll board 380 may recall
the operator at the switchboard 10060 in the event
the latter operator has disassociated her tele-
phone circuit from the cord circuit 200. At its
contacts §44, the relay R840 prepares a point in
the circuit for flashing the answer lamp L8919
in the event the toll operator recalls the operator
at the switchboard {0¢8.

As has been mentioned above, the relay R820
restores to normal upon the operation of the
switching relay R8!0 and, at its contacts 921, it
removes the resistance 932 from the bridging cir-
cuit including the tip and ring elements of the
plug P980; at its contacts 922, it opens the in-
itial energizing circuit of the switching relay
R840, which relay is now held in its operated
position from ground at the contacts 987; and,
at its contacts 928, it prepares s point in the
incomplete circuit for operating the recall relay
Ri630.

As a result of disconnecting the left-hand
winding of the relay R{020 from the tip and ring
elements of the plug P900, the circuit through
its right-hand winding, although maintained, is
insufiicient to retain the relay in its operated
position. The relay R1020 now restores to nor-
mal and, at its contacts 1022, prepares a further
point in the incomplete circuit of the answer
lamp L8{8.

The operator at the switchboard 1008 may now
retire from the connection by restoring the key
K{i§d to normal, whereupon the relay R112§
restores to normal to disassociate the conductors
of the operator telephone circuit of Fig. 14 from
the cord circuit 968. It is to be noted that upen
restoring, the relay RI128, at its contacts 1121,
completes a circuit which may be traced from
ground, by way of the contacts §72, {121 and
943, 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 1128, inclusive, the relay RI1120
transfers the sleeve conductor C915 from the
operator telephone circuit to the windings of
the relays R880 and RAH75 in series, in order to
maintain the circuit for these relays; and, at
its contacts 1120’ to £122’, inclusive, it trans-
fers the sleeve conductor CI265 from the oper-
ator telephone circuit to the relays R1140 and
RI{186 in order to maintain these relays in their
operated positions.

When the called subscriber at the substation
A3 has answered the call, the operator at the toll
board 308 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 R557
and RBT6 in the toil transmission trunk circuit
608, and transmission current for the calling end
of the connection is supplied either from the
toll selector 338 or the cord circuit 361 at the
toll board 349. It should be noted that the talk-
ing circuit extending through the cord cireuit
980 extends from the tip and ring elements of
the plug P883, the contacts 202 and 904, the
winding of the relay R888, the contacts 911 and
814, 1262 and 264, §18f and (183, 1241 and
1243, 1252 and 254, and the tip and ring ele-
ments of the call plug P!278. 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 R510
and ground applied to conductor Ci82 by the
connector §25.

Disconnect 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!1 and
C182. Referring to the cord circuit 800, the re-
versal in the potentials applied to the above
menticned conductors short-circuits the relay
R906 which now restores to normal and, at its
contacts 907, opens the holding circuit for relay
RE18. The relay R510 restores to normal and,
ab its contacts 912 and 8$i3, reconnects the relay
R32) across the tip and ring elements of the
call plug Pi270, but since the potentials applied
to the conductors CT8! and C782 have been re-
versed by the connector 8§25, the relay R920 does
not operate at this time. As a further result of
the restoration of the relay R916, at its contacts
815 it opens the initial operating circuit includ-
ing the lower winding of the relay R940, but the
latter relay remains in its operateq position over
2 holding circuit including its upper winding.
At its contacts 918, the relay R810 prepares a
point in the incomplete circuit of the recall re-
lay R1838 and, at its contacts 818, it completes
the previously traced circuit for illuminating the
call lamp L127(. As a further result of the res-
toration of the relay R8I0, at its contacts 911
and 814, it disconnects the call plug PI270 from
the answer plug P§08.

In respense to the reversal in the potentials
applied to conductors Ci&f and C782 the relay
R570 also restores to normal and, at its contacts
§7i, opens the circuit for the supervisory con-
trol relay RE(8, which also restores to normal.
At ibs contacts 8§i3, the relay R610 reapplies
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ground potential upon the conductor C5671 from
the contacts 863 of the relay R668; and, at its
contacts 614, it removes the short-circuit from
around the high resistance upper winding of the
relay R548 in order to transmit disconnect super-
vision to the operator at the toll board 388.

Recalling the branch exchange operaior

In order to describe the recall facilities for
&habling the toll operator to recall the operator
at the switchboard 1666, 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 {€90.
In order to recall the operator at the switchboard
{000 the operator at the toll board 380 causes
ground potential to be removed from the con-
ductor C4&38, whereupon the relay R4{0 restores
to normal. At its contacts 4!, the relay R410
reapplies resistance battery potential to the con-
ductor C487 whereupon the relay R470 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 R518,
whereupon an energizing circuit, including the
upper winding of the relay RBi8, causes the relay
to operate and close its contacts 5if. In re-
sponse to the closing of the contacts §if, the
relay R620 operates and, at its contacts 622, opens
the circuit for the lower winding of the relay
R720. The relay R720 now restores to normal
whereUpon, at its contacts 725, it opens a point
in the incompleie circuit for its lower winding;
at its contacts 7122 and 724, it disconnects the
right-hand windings of the repeating coil 589
from the tip and ring conductors C18% and C786;
and, at its contacts 121 and 7283, it completes a
circuit for ftransmitfing ringing generator over
the tip and ring conductors C783 and C186 to
signal the operator at the switchboard (080,

The operator at the toll board 3800 may now
reapply ground potential to the conductor C488
and. again operate the ring control relay R41§
in the toll trunk circuit 408. Upon operating,
the relay R410, at its contacts 41t and 412, dis-
connects the resistance battery potential and
connects direct ground potential to the conductor
C481. When ground potential is applied to the
conductor C481, the circuit including the upper
winding of the relay R47), is shunted and an
energizing circuit is now completed for its lower
winding in order to maintain the relay RA4T0
in its operated position. Application of ground
potential to the conductor C483 completes an
energizing circuit for the lower winding of the
relay R510 and, since the relay is also energized
over a circuit including its upper winding, the
relay R510 now restores to normal in the man-
ner previously described. Upon restoring, the
relay R510, at its contacts 51!, again opens the
circuit of relay R623, which relay now restores
to normal and again prepares the holding cir-
cuit for the lower winding of the relay R720.

Referring again to the restoration of the relay
R120, it will be noted that the circuit for signal-
ing the operator at the switchhoard 1080 may be
fraced from the generator conductor GEN., by
way of the upper winding of the relay R720, the
contacts 181 and 121, the conductor C786, the
ving elements of the jack J169 and the plug P90,
the contacts 984 of the key K881, the:contacts
942, the condenser 933, the winding of the ring-
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down relay R930, the contacts 902 of the key
K901, the tip elements of the plug P900 and the
jack JT60, the conductor C785, and the contacts
123, to ground. Transmission of the ringing
generator current over the above traced circuit
causes the relay R830 fo operate and, at its con-
tacts 931, it completes a circuit from ground, by
way of the contacts 931, {288, and 1148, and the
winding of the answer recall relay RI04D, to
battery. The relay RI046 operates over the
above traced circuit and, at its contacts 1841,
completes a locking circuit for itself, which is
independent of the ground at the contacts 9831,
over a circuit which may be traced from ground,
by way of the contacts of the dial-through key
K825, the contacts 1123’, 1944, 1256 and 1146,
and the winding of the relay Ri048, to battery.
As a further result of the operation of the relay
RI1848, at its contacts (042, it completes a cir-
cuit from the intermittently grounded con-
ductor Ci344, by way of the contacts 1042, 944,
859 and 975, and the answer lamp L3819, to bat-
tery. The answer lamp 1919 is intermittently il-
luminated as & result of the above traced flash-
ing ecircuit to indicate to the operator at the
switchboard 1008 that the operator at the toll
board 300 desires to recommunicate with her.

In order to reconnect her telephone circuit to
the cord circuit 986, the operator at the switch-
board 1808 actuates the talk key K!id8 to re-
operate the relay Ri126. The relay Ri{28, upon
operating, performs the same functions as have
been described ‘hereinbefore and, in addition
thereto, at its conbacts 1123’, it opens the pre-
viously traced holding circuit for the relay R{040;
and, at its contacts 1121, it opens a point in the
previously traced holding circuit for the upper
winding of the relay R948. The relay R840, upon
restoring to normal, at its contacts 941 bridges
the left-hand winding of the relay Ri820 across
the tip. and ring elements of the plug P808 in
order to terminate the transmission of ringing
current by the relay R720; and at its contacts
944, it interrupts the flashing circuit .in order
to extinguish the flashing condition of the lamp
1.918. However, at its contacts %45, the relay
RY40 completes a circuit from ground by way
of the contacts (148, 974, 1022, 945, 959 and
875 for steadily illuminating the answer lamp
1.919. As a further result of the restoration of
the relay R840, at its contacts 942, it disconnects
the ring-down relay R930 from the tip and ring
elements of the plug P300.

When the left-hand winding of the relay R10820
is bridged across the tip and ring elements of the
plug P890, 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 RI826. The relay RI0Z0, upon operating,
at its contacts 1622, opens g point in the previously
traced circuit of the answer lamp L8{9 in order
to extinguish the same. When the above men-
tioned: direct current circuit is completed for the
upper winding of the relay R728, the relay oper-
ates and, at its contacts 725, completes a holding
circuit for its lower winding, which may be traced

“from ground, by way of the contacts 883, 622,

613 and 585, the conductor CB567, the contacts
674’ and 725, and the lower winding of the relay
R7248, to battery. As g further result of the op-
eration of the relay R720, at its contacts 123 and
721, it disconnects ground and the ringing gen-
erator current from the conductors C185 and
C1786, respectively; and, at its contacts 724 and
122, it reconnects the tip and ring conductors
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C1785 and C786 to the right-hand windings of the
repeating coil 550 and the windings of the relays
RE8T and RS78 fo ground and battery, respec-
tively.

When the above traced circuit is established
in series with the left-hand winding of the relay
R1028 in the cord circuit 8306, the relay R510
operates and, at its contacts 574, it completes an
operating circuit for the relay R618. The relay
RE16 again operates, substituting ground poten-
tial at the contacts 612, for the ground potential
at the contacts 683, in order to maintain the re-
lay Ri%0 in its operated condition and, at its
contacts 61, it shunts the high resistance upper
winding of the relay R340 in order to give answer
supervision to the operator at the toll board 360.
When the operator at the toll board 2380 receives
the answer supervision, she may communicate
with the operator at the switchboard 1069 and in-
form her to resignal the subscriber at the sub-
station A2 in the same manner as that which
has been previously described when the branch
exchange operator initially signaled the sub-
scriber at the substation AS3.

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 880 desired to recall the operator at the
switchboard {860 in order to be reconnected to
the subscriber at the substation AS. In the fol-
lowing description it will be assumed that the
subscriber at the substation AS has replaced his
receiver and has again removed it in order to
signal the operator at the toll board 368. 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 conductors C78§ and C782. As a result
thereof, the relay R936 in the cord circuit %68
and the relays R578 and R557 in the toll trans-
mission trunk circuit 688 restored to normal.
Restoration of the relay R886 caused the relay
RY18 to restore to normal and illuminate the call
lamp Li27{. As a further result of the restora-
tion of the relay R918, the relay R820 was again
bridged across the tip and ring elements of the
call plug Pi278 but was not energized over this
circuit because the reversal of the battery and
ground potentials to the conductors C781 and
C182 prevented the relay from operating. When
the relay R370 in the toll transmission trunk
circuit 608 restored to normal, the relay R8i0
also restored to normal and removed the shunt
circuit from around the high resistance upper
winding of the relay R8540 and transmitted dis-
connect supervision to the operator at the toll
board 389,

When the called subscriber at the substation
A3 again removes his receiver from the switch-
hook of his associated telephone instrument, the
connector 825 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 R928 which operates and,
at its contacts 922, completes a circuit for the
relay R818, At its contacts 921, the relay R920
completes a circuit for bridging the winding of
the relay R296 and the resistance 832 across the
tip and ring elements of the plug P%E8 in order
to reoperate the relays R557 and R5T0 in the toll
transmission trunk circuit 600, As a result of
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this operation, the relay R610 is again operated
to place a shunt circuit around the high resist-
ance upper winding of the relay R548 in order to
signal the operator at the toll board 380 that the
called subscriber at the substation A2 desires to
communicate with her. The relay R348 also op-
erates in series with the relays R357 and R578
and, at its contacts 987, combpletes a holding
circuit for the relay R24{8, The relay R9{0, upon
operating, at its contacts 81%, completes an ener-

izing circuit for the lower winding of the relsy
R9&8, but this relay has not restored at this time
due to the leocking circuit including its upper
winding. At its contacts 918, the relay R9E§
openg the circuit for illuminating the call lamp
Li271 and, at its contacts %1 to 914, inclusive, it
disconnects the relay R328 from the tip and ring
elements of the call plug Pi273 and connects the
tip and ring elements of the answer plug P48 in
series with the winding of the relay R$06, to the
tip and ring elements of the call plug Pi278, The
relay R826, upon restoring to normal, at its con-
tacts 921, removes the resistance 832 from the
above mentioned bridging circuit and, at its con-
tacts 922, it opens a point in the multiple circuit
for the relay R918. When the operator at the
toll board 350 receives g 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 308 disconnect
supervision. Accordingly, it will also be assumed
that the originating subscriber in the distant
cffice has also replaced his receiver and that
disconnect supervision has been transmitted to
the operator at the toll board 288. When the
toll operator receives disconnect supervision from
both ends of the connection she may release the
connection by withdrawing the plugs P302 and
P304 of the cord circuit 381 from the jacks
J383 and J385, 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 R&40 to normal. As a further
result of the withdrawal of the plug P2384 from
the jack J385, ground potential is also removed
from the conductor Cé&88. 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
C486 and C484, the relays R410 and R459 restore
{0 normal. '

The relay RA458, uron restoring to normal, at
its contacts 48!, prepares a circuit for applying
ground potential to the conductor C487T; at its
contacts 453, it removes ground potential from
the conductor C488, thereby opening the circuit
for the upper winding of the relay R240; 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 41l,
464 and 456, and the winding of the release relay
R428, to battery The relay RE&483 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 R478 remains in its operated position over
3, circuit including its lower winding, the con-
ductor CA4§3, the lower winding of the control
relay RBi10 to resistance battery potential con-
nected to the.conductor C530. - The relay RE10
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 R416 from the
conductor C486 and, at its contacts 444, it applies
ground potential to the conductor C486. In re-
sponse fo the operation of the release relay R420,
at its contacts 422 and 424, it applies ground
potential to the. conductors C484 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
Li271 to indicate to the operator at.the switch-
board 1088 that the called subscriber has dis-~
connected. The operator at the switchboard 1000
may now remove the answer plug P3%08 and the
call plug Pi278 from the jacks J768 and J770,
respectively. As a result of the removal of the
plug P886 from the jack Ji68 the previously
traced circuit including the windings of the re-
lays R958 and R8%0 and the relay R130 is opened,

whereupon the relay R978 restores to normal..

Although the relay R850 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 R8718 restores to normal, at
its contacts 872, it opens the energizing circuit
for the right-hand winding of the relay RS20
and it opens the locking circuit for the: upper
winding of the relay R948. The relays R840 and
Ri028 also restore to normal. When the plug
Pi270 is withdrawn from the jack Ji110, the relays
Ril40 and R!115¢ are restored to normal. The
relay RI188, upon restoring to normal, at its
contacts {185, opens the circuit for the control
relay RI130. The relay R1438, upon restoring
to normal, at its contacts 1132, opens the circuit
for the relay Ri260, which also restores to nor-
mal. When the relay R{140 restores to normal,
at its contacts {147, it extinguishes the call
lamp Li271. The cord circuit 869 has now been
restored to normal and it may be utilized by the
operator at the switchboard 1880 in extending
other connections,

As a result of the removal of the plug PS00
from the jack J768, the previously traced circuit
for the relay R738 is opened and the relay re-
stores to normal. Upon restoring to normal,
the relay R138, at its contacts 181, opens a point
in the incomplete circuit for the upper winding
of the relay R720; at its contacts 132, it opens
a point in the incomplete circuit of the call lamp
L772; and, at its contacts 733 and 7134, it again
prepares . peints in the incomplete circuits for
the windings of the relay R710.

As a result of the removal of the plug PI279
from the jack J1718, the circuit for the ring con-
trol relay R158 is opened and the relay restores to
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normal. “ Upon restoring to normal, the relay
RT50, at its contacts 754, removes ground poten-
tial from the conductor C783 extending to the se-
lector 815. As a further result of the removal of
the plug Pi210 from the jack J710; the jack
springs T1{ are opened and the relay RT4§ re-
stores to normal. Upon restoring to normal, the
relay R740, at its contacts 743, removes ground
potential from the conductor C7184 extending to
the selector 8!5; at its contacts 742, it opens a
point in the circuit of the conductor C782; and,
at its contacts 141, it prepares a point in the in-
complete circuit for the call lamp L1772, As g re-
sult of the removal of ground potential from the
conductors C183 and Ci84, the selector 815 and
the combination connector §25 restore to normal
in a well known manner.

Attention is now directed to the fact that when
the operator at the toll board 389 disconnected,
the toll selector 338 restored to normal, thereby
opening the circuit of the relay R548. Upon re-
storing to normal the relay R548, at its contacts
544, opens the circuit for the relay R849. The
relay R648 now restores to normal and, at its con-
tacts 642, it opens the circuit of the hold relay
R658; and, at its contacts 8483, it completes a cir-
cuit for the relay R630. The relay R638 now op~-
erates and, at its contacts §31, completes g lock~
ing ecircuit for itself including ground at the con-
tacts 663; and, at its contacts €33, it completes 2
multiple circuit for the relay R520.

The slow-to-release hold relay R&58 now re-
stores to normal and, at its contacts 85!, opens
the circuit for the hold relay R660. The relay
RGEGO is of the slow-to-release type and subse-
quently restores to normal.. Upon restoring to
normal, the relay R§66, at its contacts 683, re-
moves the holding ground potential for main-
taining the relays RETH, RB38 and ®R728 in their
operated positions. Consequently, the above
mentioned relays also restore to normal.

When the relay R8639 restores to normal, at its
contacts 683, it opens a point in the multiple cir-
cuit for the relay RB20; at its contacts 631, it
opens a point in the incomplete holding circuit
for itself; and, at its contacts 682, it preparés a
point in the incomplete operating circuit for the
relay R588.

When the relay R8710 restores to normal, at its
contacts §74’, it opens the circuit for the relay
R520; at its contacts 878, it removes resistance
battery potential from the conductor C530; and,
at its contacts 875, it prepares a peint in the cir-
cuit for applying ground potential to the conduc-
tor C539. As a further result of the restoration
of the relay RB610, at its contacts 67 to 674, 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 R729,
at its contacts 72§ :tc 724, inclusive, it disconnects
the tip and ring conductors C785 and C788 from
the talking conductors of the trunk circuit 898 in-~
cluding the right-hand windings of the repeating
coil 5%0; and it prepares points in the circuits for
transmitting ringing current over the above men-
tioned tip and ring conductors. As g result of
the above described restoration of the relays R§28
and RE70, the relay R520 now restores to normal
and, at its contacts &21 to §24, inclusive, discon-
nects the left~-hand windings of the repeating coil
588 from the conductors C481 and C482 and con-
nects the windings of the relay R640 to the above
mentioned conductors. = At ifs contacts 525, the
relay R520 disconnects battery potential from the
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answer relay R519; 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 R4T0 restores
to normal. As a result of the restoration of the
relay RAT9, at its contacts 471, it opens the pre-
viously fraced circuit for the relay R428. The
relay R428 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 421 and 423, it prepares
points in the circuits for the relays R450 and R464.
The toll trunk circuit 460 and the toll transmis-
sion trunk circuit 868 have now been restored to
normal and may again be utilized by the operator
at the toll board 380 in extending further toll
calls to the branch exchange 56.

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 man-
ual substation M in the branch exchange 50, it
will be assumed that the operator at the toll
board 388 has answered a toll call received over
the toll line 319 and that she has extended the
call to the manual operator at the switchhoard

§889 by dialing the digit “6” in the previously de- *

scribed manner. It will also be assumed that the
manual operator at the switchboard {648 has
answered the connection by inserting the plug
P§89 into the jack J180 and has ascertained that
the call is to be extended to the manual sub-
scriber at the substation M. The operation of
the toll trunk circuit 408, the toll transmission
trunk circuit 680, and the answer end of the cord
circuit 980 is the same as has been described in
connection with the extension of a toll call via
the branch exchange operator tc the automatic
subscriber at the substation A3.

Before extending the connection to the called
subscriber at the substation M, the operator at
the switchboard {820 may restore the talk key
K188 in order to disconnect her operator tele-
phone circuit from the cord circuit 968. The op-
erator may now test the line of the substation M
by placing the tip of the plug PI1270 against the
sleeve element of the jack J888 (Fig. 13) termi-
nating the line 638 of the substaticn M. If the
called line is busy, a ground potential is applied
to the sleeve element of the jack J380 from an-
other cordg circuit involved in the connection
establishied between the substation M and some
cther line. Consequently, when the tip of the
plug Pi278 is placed into engagement with the
slesve element of the jack J889, the ground po-
tential thereon wiil be extended by way of the
tip element of the plug Pi278, the contacts 1252,
1241, 484, 1151 and (444, the conductor CIi01,
the resistance 1483, and the winding 1432 of the
induction coil {4306, to battery. As a result of the
above traced circuit, a click is produced in the
receiver {482 of the operator headset 18480 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 83§ 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{27¢ into the jack J886 and, as a result
thereof, a circuit is completed for operating the
relays Ri 150 and R11£8 of the cord circuit 980, in
series with the relay R860 of the line circuit. 840,
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individual to the line 838 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 Ri{50 gnd R{{£8, the con-
tacts 1122, the conductor Ci268, the sleevs ele-
ments of the call plug P{272 and the jack J580,
and the winding of the relay R869, to battery.

The relay Rii58, upon operating over the ahove
traced circuit, ocbens points in the circuits includ-
ing the tip and ring conduectors of the cord cir-
cuit; at its contacts {189’, it opens a point in the
incomplete circuit for the relay R1238; at its con-
tacts 1185 and {187, it prepares separate onerat~
ing and holding circuits for the control relay
Ri{30; and, at its contacts (§58, it completes a
circuit for energizing the lower polarizing wind-
ing of the relay RI228. The last mentioneg cir-
cuit merely prepares the relay R{220 for quick
operation when a circuit ineluding its upper wind-
ing is subsequently completed. At its contacts
1156, the relay R{150 completes a circuit for the
upper winding of the relay RI1228 and the wind-
ing of the relay Ri2i0, which may be traced from
the tip element of the call plug P1279, by way of
the contacts 1262, 1241, {181 and £253, the upper
winding of the relay Ri228, the winding of the
relay R1210, the contacts (156, 1123, 1243 and
{254, and the ring element of the call plug P1270.
At its contacts {158, the relay Ri158 prepares a
poing in the circuit for controlling the ring relay
Ri240.

The relay Ri 146, upon cperating over the pre-
viously traced circuit, interrupts, at its contacts
1143 and 1145, a point in the incomplete circuit of
the relay RI1686. Attention is directed to the fact
that the relay R1980, although bridged across the
talking conductors of the cord circuit through the
contacts {152 and 153, cannot operate at the
present time because it is disconnected from the
answering end of the cord circuit at the contacts
551 and 854. At its contacts {41, the relay R1140
disconnects the busy test circuii including the
conductor C1{81; at its contacts 1146, it prepares
8 point in the incomplete circuit for the answer
recall relay RI648; and, at its contacts {147, it
completes a circuit for illuminating the call lamp
L{271, which may be traced from ground, by way
of the contacts §{8, 868, (164 and (147, ang the
call lamp L1271, to battery. As a further result of
the operation of the relay Ri {22, at its contacts
1148, it prepares another point in the incomplete
circuit for the relay Ri248; and, at its contacts
1149, a point is closed in the incemplete operat-
ing circuit for the relay R1230.

As a result of the above described operations
of the relays RI{40 and RI1159, the cord cireuit
966 is now in condition to be controlled by the
operator to signal the wanted subscriber 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
M, the cutoff reley R860 operated. When the
relay RE60 operates, at its contacts 861 and 862,
battery and greund potentials are removed from
the conductors of the line 83§.

Since the connection has now been extended
to the called subscriber at the substation M, the
operator at the switchboard (060 mey now
momentarily actuate the ring start key 21215
individual tc the seclected cord circuit 989, in
order to signal the called subscriber. As g result
of the momentary operaticn of the ring start key
K218, a circuit is completed from ground, by
way of the contacts {148, 914 ang (021, the con-
tacts of the key K215, the contacts 1153, and



41
the winding of the relay R1248; to battery. The
relay RI240 operates over this clrcult and, at its
contacts 1246, completes a holding circuit for
itself, which may be traced from ground by way
of the contacts 1148, 974, 102{, {187 and 1246,
and the winding of the relay R1248, to batlery.
It will be noted that the holding circuit is in-
dependent of the contacts of the ring start key
K215 and, therefore, the relay remains in its
ocperated position after the key has been re-
stored to normal. As a further result of the
operation of the relay R1248, at its contacts
1242 and 1244, 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 R1183, the
contacts 1244 and 1254, the ring elements of
the plug PI12718 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 830, the tip
elements of the jack J882 and the plug PI279,
the contacts 1252 and {242, to the grounded
terminal of the interrupter generator. 'A ring-
back tone signal is transmitied to the toll oper-
ator by way of the condensers {247 and (248,
818 and 977, the contacts 962 and 904, and the
tip and ring elements of the plug P800 and the
jack JT808, to the right-hand windings of the
repeating coil 550, whereat the tone is repeated
to the operator at the toll board 368. The ring-
back tone signal indicates to the toll operator
that the called subscriber is now being signaled.

Called subscriber answers

When the called subscriber at the substation
M responds to the signal by removing his receiver,
a direct current bridge is connected across the
line 839 in order to operate the ring cutoff relay
RI180. When the direct current bridge is con-
nected across the line 838, the relay RI180 oper-
ates and, at its contacts {188, completes a hold-
ing circuit, including its lower winding, from
ground at the contacts 1148. As a further re-
sult of the operation of the relay RI189, at its
contacts {487, it opens the holding circuit for
the ringing relay R{i240 which now restores to
normal and, at its contacts 1242 and 1244, it
disconnects the ringing generator GEN. from the
called subscriber line 838. At its contacts (182
and 1184, the relay R{188 giso prepares circuits
for connecting the answer relay R928 to the
called line 888; and, at its contacts 1i8f and
i183, it disconnects the previously traced cir-
cuit including the upper winding of the relay
R{228 and the winding of the relay RI210 from
the tip and ring elements of the call plug PI270,
As a result of the restoration of the ringing
relay R1240, at its contacts 1241 and (243, it
connects the windings of the answer relay R920
to the tip and ring conduciors of the called line
836; and, at its contacts 1245, it completes &
circuit for operating the recall relay Ri030.

. Bince the answer relay R828 is now connected
to the cailled 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
R928, the contacts 912, 952, {182, 1244 and 1252,
the tip elements of the call plug Pi27§ and the
jack J888, -the tip conductor of the line 820,
the direct current bridge circuit at the called sub-
station M, the ring conductor -of the line 838,
the ring elements of the jack J828 and the call
plug ‘Pi270, the contacts 1254, 1243, {184, 955
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and 913, and the lower winding of the relay
R920, to battery.

At its contacts 921, the relay R820 places a
bridge circuit across the tip and ring elements
of the plug P980 which includes the relay R986,
the contacts 921, and the resistance 932,-in order
to maintain the answer relay RET0 and the relay
R55T in the toll transmission trunk circuit 688
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 R10630.
The circuit for the latter relay was completed
upon the restoration of the ring relay R{240
over g circuit which may be fraced from ground
by way of the contacts 872, {i21, 1185, 1245,
516, 923, 954 and 973, and the Wmdlng of the
relay Rl030 to battery Since the relay is of
the slow-to-operate type, the above traced cir-
cuit is opened, at the contacts 928, before the
relay has had sufficient time to operate its as-
sociated contacts 1031 and {0232, At its con-
tacts 922, the relay R820 also completes an
operating circuit for the switching relay R918.

When the series relay R986 is bridged across
the tip and ring elements of the plug P%26, a
cireuit is completed therefor which may be traced
from ground and battery applied to the tip and
ring elements of the plug P90, by way of the
windings of the relays R557 and RE10 in the
toll transmigsion trunk circuit 628. The relay
RS05 operates over this circuit and, ab its con-
tacts 901, completes a multiple circuit for the
relay R918.

When the relay R910 operates over the previ-
ously described. circuit, at its contacts 911 and
914, it extends ground and battery potential, ap-
plied to the tip and ring elements of the answer
plug P980, by way of the contacts 902 and 904
of the key K901, the winding of R9085, the con-
tacts. 911 and 9{4, 852 and 955, 1182 and 1184,
1241 and 1243, and 1252 and 1254, the tip and
ring elements of the plug P1218 and the jack
Jesn, and the conductors of the line 829, includ-
ing the loop circuit at the substation M.

As g result of the above described circuit, the
relays R510, R557 and R906 are maintained en-
ergized over a loop circuit including the called
manual substation M, As a further result of
the operation of the relay R910, at its contacts
812 and 813, it disconnects the windings of the
relay R920 from the above mentioned loop cir-
The relay R320 now restores to normal
and, at its contacts 821, 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 RE8I6. The relay
R91{0 now remains-in its energized position due
to the circuit completed at the contacts 297 upon
the operation of the relay R886. As a further
result of the operation of the relay R810, at its
contacts 9i6, it open a further point in the in-
complete circuit for the relay Ri830, and, at its
contacts 918, it opens the circuit for illuminat-
ing the call lamp Li2Ti, At its contacts 915, the
relay R340 also completes a circuit for the lower
winding of the relay R340, 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, 1421 and 943, and the upper
winding of the relay R949, to battery

As ‘a. further result of the operation of the
relay R949, at its contacts 942, it bridges the
ring-down relay R930, in series with the con-

-denser 8§33, across the tip and ring elements of
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the answer plug P880, to prepare the cord cir-
cuit 200 for recall signals transmitted by the op-
erator at the toll board 388. At its contacts 941,
the relay R840 also disconnects the left-hand
winding of the shunt field relay Ri820 from
across the tip and ring elements of the plug P583
and, at its contacts 944, it prepares a flashing
circuit for the answer lamp L8{2. Since the re-
lay R1020 is now only energized over its right-
hand polarizing winding, the relay restcres to
normal; and, at its contacts (822, it prepares &
further point in the circuit for the answer lainp
Lofg.

The connection between the operator at the
toll board 200 and the called manual subscriber
at the substation M is now completed and con-
versation may nhow take place. When the gper-
ator at the toll board 250 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 subseriber 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 R557 and RBT8 in the toll
transmission trunk circuit 888.

Called subscriber releases

When the conversation between the distant
subscriber and the subscriber at the substation
M has been completed, the subseriber 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 Ioop circuit including
the relay R888 of the cord circuit 808 and the
relays R857 and R578 in the toll transmissicn
trunk circuit 688, whereupon these relays restore
to normal. When the relay R886 in the cord
circuit 880 restores to normal, at its contacts
907, it opens the civcuit for the relay R918. The
relay R910 now restores to normal and, at its
contacts 8fi and 914, it disconnects the tip and
ring elements of the plug P98 from the tip and
ring elements of the plug Pi278; and, at its con-
tacts 82 and 843, it reconnects the answer re-
lay R928 to the tip and ring conductors extend-
ing to the plug P1278 in order to provide recall
facilities for the subscriber at the substation M.
As a further result of the restoration of the re-
lay R8I0, at its contacts 915, it opens the cir-
cuit for the lower winding of the relay R848;
and, at its contacts 9i5, it completes an operat-
ing circuit for the recall relay R{£39, which may
be traced from ground, by way of the contacts
g7z, 1124, 1188, (245, 918, 628, 864 and 973, and
the winding of the slow-to-operate recall relay
Ri838, to battery. As a further result of the
restoration of the relay R818, at its contacts 8i8,
it completes a circuit for illuminating the call
lamp Li271, which may be traced from ground,
by way of the contacts 8!8, §88, {164 and {147,
and the call lamp L!27%!, to battery, in order to
indicate to the operator at the switchboarq (288
that the called subscriber at the substation M
has disconnected. When the relay Ri830 oper-
ates over the previously traced circuit, at its
‘contacts 1831, it completes a locking circuit for
itself from ground, by way of the contacts 972,
(i21, 1031 and 972, and the winding of the re-
lay Ri030, to battery; and, at its contacts {032,
it prepares a circuit for flashing the call lamp
L{271 in the event the subscriber at the sub-
station M should recall the operator at the
switchboard 839 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-
ment, the loop circuit including the relays RE57,
RE79 and R%05 was interrupted, thereby releas-
ing the above mentioned relays. When the relay
RBT§ restored to normal, at its contacts §%!, it
opened the circuit for the relay R${2 which also
restored to normal. At its contacts 641, the relay
REi8 removes the shunt circuit from around the
high resistance upper winding of the relay R548,
whereupon disconnect supervision is given to the
onerator at the toll board 284, Other operations
rerformed as a result of the restoration of the
relay RG18 are the same ag have heen previously
described. The operator ai the toll board 230
and the operator at the switchboard {382 may
withdraw the plugs of the cord circuits at their
respective positions from the associated jacks in
order o release the connection between the call-
ing subscriber in the distant exchange and the
called subscriber at the substation M.

Called subscriber recalls the toll operator

Before describing the opesrations which take
place when the operator at the switchboard 1638
remoeves the plugs P388 and P{276 from their re-
spective jacks JT€0 and J889, the operations which
take place when the subscriber at the substa-
tien M desires to recall the toll operator at the
switchboard 369 will now be described. When
the receiver is again removed by the subscriber
al the substation M, after it has been momen-
tarily replaced upon the telephone instrument,
a circuit described hereinbefore is again com-
pleted for reoperating the answer relay R320 in
the cord circuit 928. The relay R828, upon op-
erating, at its contacts 922, causes the relay R819
to reoperate and again bridge the called sub-
scriber line 838 across the tip and ring conduc-
tors terminating in the plug P%85. As g result
of the above cperation, the relays R557 and R5T2
in the toll transmission trunk circuit 882, and the
relay RE88 in the cord circuit 838, are reoperated.
The relay R%18, upon recperating, at its contacts
947 completes a circuit for fiashing the call lamp
Li27% and, at its contacts #i5, reenergizes the
lower winding of the reiay R848. The relay R958,
upon reoperating, ai its contacts 847, completes
a holding circuit for the relay R&{d. The relay
R%28 restores when the relay R518 operates and,
at its contacts §22, it opens the original cperating
circuit for the relay R8i%. Ia the toll transmis-
sion trunk circuit 852, the recperation of the re-
lay R5%3 causes the relay REif to reoperate and
again shunt the high resistance upper winding of
the relay R840, When the high resistance up-
per winding.of the relay RG48 is again excluded
from the circuit exiending by way of the conduc-
tors C481 and C432 to the toll board 38%, the op~
erator thereat receives a signal to indicate that
the called subscriber ai the substation M desires
to communicate with her. Upon noting the above
described recall signal the toll operator recon-
nects her telephone circuit to the connection and
converses with the subscriber at the substation
M. When the operator at the switchhoard 1498
receives & flashing signal on the lamp L27! she
reoperates the talk key 188 in order to associ-
ate her telephone circuit with the cord circuit
988. The operator may now listen in to the con-
versation between the toll operator and the sub-
scriber at substation M in order to determine
whether it will be necessary for her to perform
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any operation- in connection with the toll call.
When the relay R1128 operates under control of
the key K148 in addition to performing the op-
erations previously described, at its contacts 1121,
it opens the holding circuit for relay RI0838 which
now restores to normal snd extinguishes the lamp
L4271,

Recglling the branch exchange operator

If the operator at the toll board 382 desires to
be reconnected to the operator at the branch
exchange switchboard (868, after the called sub-
seriber has answered or has disconnected, she
may do so by controlling the toll transmission cir-
cuit 680, in g previously described manner, to
transmit ringing current over the tip and ring
elements of the jack J768 and the associated plug
P308, under the control of the relay R120. When
ringing current is transmitted to the cord circuit
880, from the toll transmission trunk circuit 528,
the ring-down relay RE830 responds and, at its
contacts 831, operates the relay R1240 over a cir-
cuit which may be traced from ground, by way
of contacts 93, 1I58, and {146, and the winding
of relay RI644, to battery. Relay RI840 oper-
ates over this eircuit and, at its contacts 1042,
completes a circuit for intermittently illuminat-
ing the answer lamp L8198 to indicate to the op-
erator at the switchboard 1883 that the toll op-
erator desires to ecrnmunicate with her.

The operator at the switchhoard {886 may now
communicate with the toll operator by actuating
the talk key 1188, thersby to associate her tele-
phone circuit (Fig. 14) with the cord circuit 8¢5,

in the same manner as has been previously de-

scribed, 'The relays R948, Ri038 and R{1048 re-
store to norrmal, the former relay controlling the
toll transmission trunk circuit 888 to ferminate
the automatic ringing signal transmitted to the
cord circuit 858, and the latter relay: terminating
the flashing condition of the answer lamp L9818,

Recalling the subscriber at substation M

In order to describe the manner in which the
operator at the switchboard {688 resignals a
called subscriber, it will be assumed that the sub-
scriber at the substation M has disconnected and
that the toll operator hag recalled the operator
 ab the switchboard {888, 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
M. In order to resignal the called subscriber,
the operator-at the switchboard 1800 restores her
talking key Ei180 and momentarily withdraws
the call plug Pi2¥8 from the jack J888. - Momen-
tary withdrawal of the plug Pi270 from the jack
J880 momentarily deenergizes the relays Ri148,
R!158 and R860. Restoration of therelay RI1148,
at its contacts {148, opens the locking ecircuit
for the relay R1I188, which also restores to nor-
mal. The relays R1i40, RIi{50 and R860 are
reoperated upon the re-insertion of the call plug
Pi279 in the jack J28288. The relays RI1140 and
R 158, upon recperating, perform the same func-
tions that have been previously described and,
in particular, at the contacts 1148, the relay
RI148 again prepares 2 point in the locking: cir-
cuit for the lower winding of the relay Ri1890.
To resignal the subscriber at the substation M,
the operator momentarily actuates the ring start
key K215, whereupon the ring relay RI1240 is
operated and locked in ifs operated position by
way of the contacts 246, As a further result
of the operation. of the relay R{240, at its con-
tacts 1242 and i244 it connects ringing generator
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GEN., by way of the upper winding of the relay
RI180 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 839, the
relay RI180 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 3980 through to the called subscriber
at the substation M.

Releasing the conmnection

It will be recalled that when the toll operator
and the operator at the switchboard 100¢ 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 PI1218 is removed from the jack J880, the
relay R860 of the called subscriber line circuit
840 is restored to normal to prepare the line 838
for additional calls. In the cord circuit 988 the
withdrawal of the call plug Pi278 from the jack
J888 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
P00 from the jack J188, the various relays con-
trolled over the answer end of the cord circuit
800 are also restored to normal in the same man-
ner as has been previously described. In the
toll transmission trunk circuit 666 the withdrawal
of the plug P00 from the jack J160 causes the
various relays therein to restore to normal and
prepares the relay R4710 in the toll trunk circuit
488, so that the toll frunk circuit may be restored
to normal when the toll operator withdraws the
cord circuit 301 from the jack J385. Restoration
of the toll selector 330 and the toll trunk eircuit
%00 has been previously described and need not
be repeated.

Guarding o defective “toll transmission trunk
circuit

In the event that the toll transmission trunk
circuit 886 is found to be defective, the attendant
in the branch exchange 58 may control the main
exchange toll trunk circuit 462 and thereby place
2 busy marking thereon in order to prevent its
seizure hy the selectors,; such as 338, having ac-
cess thereto. In order to prevent seizure of the
tell trunk circuit 4808 the busy key K515 is ac-
tuated to open its contacts 516 and to close its
contacts 517, whereupon resistance battery po-
tential is substituted for the ground potential
normally applied te the conductor C538. When
resistance battery potential is aprlied to the con-
ductor C532 an energizing circuit is completed
for the lower winding of relay R478 and the upper
and lower windings of relay R5{0 which may be
traced from ground, by way of contacts 45f and
441, conductor C487, the lower winding of relay
R478, the conductor C483, and the lower winding
of relay R518, to resistance battery applied to
the conductor C8530. A circuit for the upper
winding of the relay REI0 may be traced from .
ground, by way of the resistance 514, and the
upper winding of relay R518, to resistance battery
applied to the conductor C538, Since the upper
and lower windings of the relay R5{8 oppose each
other the relay R5{€ remains in its restored posi-
tion.

Referring to the relay RA479, 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 .C48T and the resistance: 472,

Relay R4T8 mow opérates and,: at:its contacts
471, completes a:circuit which may, be,traced
from ground,:by ‘way of contacts 41H;
486, and the winding of. relay R428, .to battery.
Relay R4AZ06 operates over the abové-traced cirs
cuit and, at its contacts 422 and’ 424, applies a
busy marking.ground potential to the:inductors

C484 and C485 in order to prevent'the selectors,,;

such as 330, from selecting the. toll trunk cxrcuit
486 and the aSSOClated toll transmlssmn trunk
circuit 686, o P i

When' the Iahln in tha defecLNe toll' ‘ansmis-
gion tilink direuit G867 has been- cleai
kev KE(8 is restored to nornial.: t&t its contacts

588 and 51T the Key K515 subsh tutes urovnd P
fan’rlal for thﬂ 1e51stan¢e Lautely pote
phod to conauftor 438
1'elay RATH to zegﬁme to normal;
the relay RATE, 4% its contacts 4?5,
éuit for relay PZ!EG wWhich relay als
no1rna1

(‘b

from’ the’ coqduc’cors C884-and C48% ahd, at its
contacts 4%4 a”ld dda “it" reconnécts battery no-
tential through the 1e1ays ‘R458 and R46%, to the
conductors C484 and C465, respectively, in order
to prepaie the toll trunk circyit 468. for subse-~
quent seizure by a toll selector.

While one embodunent of the invention has
heen discloséd,' it will be understood that various
modifications 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-
changss, a trunk line interconnecting said ex-
charniges for -V;Jen'wmg conzections from said
main exchauge to subscriber lines in said branch

wehange, an sutomatic switch, an operator po-
sition, & toll selector in said main exchange re-
spounsive to a first or a second digit for selecting
said trunk line, switching means in said branch
xchange cperated when said trunk line is se-
lected in response to said first digit for extending
said conuneciion to said switch, means in said
main exchange for thereafier controlling said
switch to extend said connection to a branch
nxch nge subscriber line, said switching means
neraterd when said truak line is selected in re-
Sﬂfmce to said second digit for extending said

11"10&011 to said operator position and for
said switch as the one to be used by
ator at said position, and means includ-
operator position for thereafier control-
ai ri switch to extend said connection to 2
wranch exchange subscriber line.

2. In a telephone system, a trunk iine inclug-
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 g first or a second path,
a relay in s2id trunk cireuit, means for contrel-
ling said relay over said control conductor in one
manner in the event a connection is extended
aver said first path to-said trunk line thereby to
exfend s=aid connection to said operator position,
means cherated in the event a connection is ex-
tended over said second path te said trunk line
for extending the said connection to said switch
and for cperating said switch to comblete the
said conneciion to a called line, and means for
controlling said relay over said control conductor
in another manner to signal said called line.

P

: 4647 and ,, in

the busy -

CB3§ and thereby ‘causes the.
Upon restoilnv
pens. the* cir-

A its uantacts ‘§22 and 424 the relay'
RAZG rembves the busy maiking ground. potential - ator
-95 tion to said trunk circuit over either one of said

*natmg said lme )
line, g switch- hav—

“for.extending ‘a
hne O"./'El a ﬁlst 01 a

nulolling sa1d trunk c1rcu1t
Hecti mn to’ sam swm,n means

e 92 relay control]ed over
‘ﬂOr'for' signaling ‘said line

L In a,'te’lephone system a first and a second
0 erator posnmn' a trunk line comprising talk-
"mg conduct01s and a-control conductor, a first
trunk clrcmt acceéssible to said first operator
noswtlon over two paths, means including said
‘first; operator position for extending a connec-

paths, a second trunk circuit, subscriber lines,
means in said second trunk circuit confrolled
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-
seriber lines depending upon the path over which
said connection is extended to said first trunk
circuit, and means in said second trunk cireuit
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 3 second
operator position, a trunk line comprising talking
conduciors and a control conductor, g 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 ftrunk circuit, subscriber lines, means in said
second trunk circuit controlled over said trunk
line in response to said connection for extending
the sald 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 overated over said control conductor for op-
erating said position signaling means or said sub-
seriber line signaling means.

6. In a telephone system, an operatcr 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 oulgeing trunk eircuit, g 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 thereef, and means in said
incoming trunk circuif operated in the event the
control over said control conductor is exercised
upecne the seizure of said incoming trunk circuit
for extending said connection to said operator
pesition or for extending said connection to said
switeh 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 g 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 conducter terminating
in said trunk circuit, a first path extending from
said ‘trunk eircuit: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 g 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, 2 . trunk circuit, a
trunk line. including ‘talking conductors -and a

control conductor terminating in said trunk eir- :

cuit, a first path extending from said trunk cir-
cuit; a second path extending from said trunk cir-
cuit, means in said frunk circuit automatically
operated over said talking conductors responsive
to a connection received over said trunk line for
-normally extending said connection over said see-
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 eircuit
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-
change to said operator position or to saxd switch
train.

12. In g telephonesystem, an operator posmon
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, contro]l 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 2 telephone system, a first operator
position, a trunk circuit, g 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-.
jon for extending’ - connection .to said trunk
circuit, means in said trunk circuit selectively
controlied over said connection for: routing said
connection to sald first branch line or fo 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’ oberator 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 g telephone system, a-first operator posi-
tion, a trunk circuit, a second operator position,
a first branch line interconnecting said frunk 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 controiled 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, g 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
mrcmt 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 meansat. said second

operator position for answering a.connection ex-
tended ‘over said first branch line and for further
extending - gaid connection over said ~second
branch line to said switch.

16. In a telephone system, a trunk circuit, a
first operator position, a second operator posxtlon
a called line, a switch train, means for extending
a connection from said first operator position to
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sai@ trunk circuit, means in said trunk circuit
selectively controllable from szid frst 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 even{ the said con-
nection is extended to said switch train for con-
trolling said switch train to complete the said
connection beitween 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 com-
plete the said connection between said first oper-
ator rosition and said called line including said
second operator position. ,

17. In a telephone systemn; a trunk circuit, a
first operator position, g second operator posi-
tion, a called line, 2 switch train, means for ex-
tending g connection from said first operator
position to said trunk circuit, means in said trunk
circuit selectively controliable 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 second operator position in the event
said connection is extended thereto for contrecl-
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, g 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 secend 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 or
said called line, means controlled over said talk-
ing conductor for controlling said switching
means to complete the said connection to the
selected destination, means thereafier controlled
over said control conductor for signaling said
second operator position or said calied line, de-
pending upon the destinaticn of said cennection,
and 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 frunk circuit, a_trunk line including talk-
ing conductors and a control conductor termi-
nating in said trunk circuit, a frst path extend~
ing from said trunk circuit tc said position, auto-
madtic 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 exiending said connec-
tion over said second paih, control means in-
cluded in said trunk circuit cperated over said
control conducior when a connection is received
over said truniz 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 means controilable
by said control means after a connection has
been extended for operating the said signal
means corresponding to the destination of said
conhection, -

22. In a telephone system, 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 pcsition, an automatic
switch, a subscriber line accessible to said switch,
means controlled over two cenductors of said
trunk line for extending & connection from said
main exchange to said operator position or to
said switch, means for signaling said operator
vosition or for controliing 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 telephene system, an operator position,
g trunk line including a pair of talking conduc-
tors and a2 control conductor, means for extend-
ing g connection to said trunk line, 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-

srvision over said talking conductors, and means
in said trunk circuit controlled over said control
conhductor 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 contrel conductor, means for extend-
ing a connection to said trunk line, a trunk cir-
cuit, g 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 szid position, and g relay
operated in response to the operator at the said
position answering said recall for terminating the
transmission of said ringing current.

25. In g telephone system, an operator position,
g trunk line including a pair of talking conduc-
tors and a confrol 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 cperated over
said control conductor in response to the exten-
sion of 5 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-
seriber via said trunk circuit, means in said trunk
circuit operated in response to said called sub-
seriber disconnecting from- the said. connection
for transmitting disconnect supervision over said
talking conductors, means operated over said-con-
trol conductor for transmitting a recall signal 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 g 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 sdid 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 ecir-
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 ¢onnected to said ex-
ternal circuit thereby to shunt said first winding
and to permit operation of said relay over the
energizing circuit for its secohd winding,
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