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11 Claims.

This invention relates to telephone systems
and has for its object to facilitate the handling
of calls requiring the services of an operator.

In general, it has been found desirable where
‘only a few operators are needed at individual
offices to place these operators at a centralized
point where they may- serve a number of such
offices. Heretofore, in order to do this it has
been necessary to carry the talking circuit

through the centralized office thereby introdue- !

ing sources of trouble.

In accordance with the present invention the
talking circuits are freed of these sources of dif-
ficulty since instead -of carrying the talking cir-
cuits through the centralized office, the functions
-of the registering equipment or senders have been
divided into two parts, one performed at the
switching office and the other performed at the
“centralized office, the two parts of the sender
being permanently connected by a. set of four
conductors.

In accordance with the present invention where
the incoming trunks or junctors have access to
more than one office, means is provided to in-

form the calling operator that the office desig-

nation is required. The B operator is also pro-
.vided with means for indicating to the sender
to which of the offices the call is directed and
-the sender is provided with means for comkining
these indications into an office indication to the
‘marker.

More specifically, during the connection of the
incoming junctor and the terminating sender, a
group circuit in the link control circuit sets up
an indication in the terminating sender which
shows whether the calling junctor has access to
one or more than one office and in the former
‘case gives the identity of the office. If the junc-
tor serves a plurality of offices, the terminating
sender passes this information to the centralized
-sender which, in turn, modifies the operation of
the tone generation at the operator’s position to
‘inform the originating operator that the office
identity should be given. The B operator re-
‘ceiving this information gives a discriminating
‘indication to the centralized sender which passes
‘this ‘information to the terminating sender by
modifying one of the numerical selections. The
terminating sender in turn combines the infor-
mation received from the group circuit and that
from the centralized sender to-control the marker
- to make selections in the proper office.
~ If the sender does not receive a complete des-
ignation it transmits-a special reorder designa-

20

30

35

tion to the marker ‘to cause the transmission of
a reorder signal ‘to the originating operator.

These and other features of the invention will
be more apparent from a -consideration of the
following description in connection with the
drawings in'which:

Fig. 1 shows in diagrammatic form an origi-
nating office, 4 plurality -of incoming junctors,
terminating switches and a plurality of called
lines. 'In addition, it shows a part of the sender

1link; :

Figs. 2,3, 4, 5 and 7 show parts of v;the sender

‘at the terminating -office, Figs. 2 and 5 showing

the .connection <control relays, Fig. 3 showing the
pulsing and counting relays, and Pigs. 4 and 7
showing a-cress-bar type register;

Fig. 6 shows the operator’s position at the cen-
tralized office;

Fig. 8 shows a part of the marker;

Figs. 9, 10 and 11 show the recorder and posi-
tion finder circuit located at the centralized of-
fice, Fig. 9 showing the position finder, Fig. 10
showing the steering relays and the counting re-
lays, Fig. 11 showing the register relays; and

Pig. 12 shows the manner in which Figs. 1 to
11 should be grranged.

For a complete showing -of the terminating
marker, reference is hereby made to Patent No.
2,232,371, -granted to J. W. Dehn et al., Feb. 18,
1941, while for a more complete discussion of
the ‘trunking -arrangement serving a plurality of
offices reference is made to the application -of
Hersey et al., Serial No. 335,241, filed May 15,
1940.

Briefly the operation of the present circuit is

" :as follows: When a call originates at a manual

40
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‘55

“junctor.

operator’s position :in the originating office 100,
the subscriber ‘gives the wanted number to the
A operator at that office. The A operator then
selects -an idle one of the incoming junctors 101
to 182 leading to the wanted office and -inserts
the plug .of her cord in the jack leading to that
The selection of the junctor causesthe
sender -connector 410 to test for and .connect
with the terminating end of an idle B sender
hereinafter to be ccalled the terminating sender.
When the terminating :sender has been seized it
establishes a talking connection through to the
cenfralized .end of the sender which will be known
as the centralized sender. The position finder
‘then hunis for and seizes an idle B operator’s
position. A tone signal is then transmitted from
the B position to the A position and the A op-

-erator repeats the wanted number to the B .op-

-erator. The B operator ‘then sefs up the num-~
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ber on her key-set 646 controlling thereby the
registers 1110, 1120, 1130 and 1140 of Fig. 11.
When the registration has been completed the
B operator’s position is released and the number
is transmitted by means of revertive pulses to the
terminating sender where it is recorded on the
cross-bar register of Figs. 4 and 7. The number
is then transferred to the terminating marker
of Pig. 8 which selects the wanted line, sets up
and tests a connection between the incoming
junctor and the wanted line and then releases
the sender which will, in turn, release the
marker,

In the present disclosure it has been assumed
that incoming junctors {0} and (02 from orig-
inating office 180 have access to the incoming
and line switches shown at 86 and through them
to lines 107 and 109 in office A. Incoming junc-
tors 103 and 184 represent a group of incoming
junctors from an originating office 150 which

‘has access both to the lines of office A and to lines

of office B which are not shown,  Incoming junc-
tors are arranged in groups and are connected
with senders by means of the sender link {10. In
the link control circuit each junctor of a group
operates a group start relay- such as relay 112
or |19 which brings about the connection of the
link circuit to the group of junctors by the group
relay 113 or 120 and the selection of a group
of senders including an idle sender by the sender
group relay such as relay {14. When these con-

-nections have been established an indication of

the office at which the junctor terminates is pre-
pared by the grounding of one of the conductors

{§5, 116 or 1i71. This indication becomes effec- .

tive when the individual junctor and sender have

.been connected. According to the cross-connec-

tion as shown, the grounding of conductor 117
indicates a junctor terminating in office A, the

grounding of conductor 1{i6 indicates a junctor
terminating in office B, while the grounding of

conductor {15 indicates a junctor having access
to either office A or office B. .

"Call to office A
Assume that the A operator at the originating

-office in the extension of a call to a subscriber
‘at office A has selected the incoming junctor

{81, This junctor operates group start relay 112

which in turn brings about the operation of junc-

tor group relay 113 and sender group relay {14
and the operation of the switches of the link
118. Relay i3 grounds conductor i1 which is
extended by the operation of sender group relay
114, to conductor 118 leading to the sender.
When the switches of link 1i0 are ready for

_operation the link control circuit connects ground

to conductor {ii operating relay 580 in the se-
lected sender. Relay 580 extends its operating
ground over its inner upper front contact, con-
ductor 581, inner upper back contact of relay 208,
conductor 20f to the winding of relay 582 and
battery. With relays 580 and 532 operated, a
number of registrations are made in the sender.
Relay 580 also prepares a number of other cir-
cuits over which the link control circuit pre-
pares and tests the connection between the send-
er and the incoming junctor.

The identity of the office which is served by
the incoming junctor 101 is recorded by the ex-
tension of conductor 118 over the outer upper
front contact of relay 509 to the winding of re-

-lay 208 and battery.

The identity of the frame on which the in-

~goming junctor is located is recorded by ground-

10
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ing oneé of conductors 506 or 50T and one of the
upper ten conductors leading to armatures of re-
lay 502. Assuming that the frame on which the
incoming junctor 181 is located is frame 14, con~
ductors 586 and 5063 will be grounded. In addi-
tion, since the frame is an even-numbered frame,
ground will be connected to conductor 512 leading
to the lowest armature of relay 502. The ground-
ing of conductor 506 completes a circuit over
the third upper front contact of relay 538, con-
ductor 508, through cable 565 to the winding of
relay 301 and battery. Relay 301 extends its
operating ground to conductor 302, operating re~
lay 508.

The grounding of conductor 503 completes a
circuit over the inner upper front contact of relay
502, conductor 504, through the cable 585 to the
winding of select magnet 704, winding of relay
790 and battery. Relay 790 is marginal and does
not operate unless, due to some difficulty, an at-
tempt is made to operate more than one select
magnet. Magnet 104 extends its operating ground
over conductor 1981 to the winding of relay 380
and battery. Relay 300 operates and extends
ground from conductor 302, over its outer upper
front contact to the normal contacts and wind-
ing of relay 202, resistance 203 and battery. Re-
lay 202 operates, locking directly to conductor

302, and preparing a circuit for relay 204 from

hattery through resistance 205, winding of relay
%84, front contact of relay 202 to conductor 302.
However, relay 202 does not operate, being shunt-
ed by the operating circuit for relay 202 which
extends over the upper back contact of relay 204
to resistance 205.

The grounding of conductor 512 completes a
circuit over the lowermost front contact of relay
%62 to the winding of relay 513 and battery. Re-
lay 543 reverses the direction of current flow over
the contacts of stepping relay 5{4. Wear on the
contact of relay 5i4 is reduced by having the
current flow reversed for approximately half of
the calls. This is accomplished by carrying the

.stepping circuit over the contacts of relay 53

and operating that relay only for calls over junc-
tors appearing on even-numbered frames.
When relays 508 and 502 having been operated,

the link control circuit tests the holding circuit

between the sender and the link switches by oper-
ating the switches over a ciréuit including con-
ductor 811, second lower front contact of relay
500, and conductor 207. If this circuit is com-
plete, the control circuit then grounds conductor
510, completing a circuit which tests whether the
frame tens registration has been made, extending
over the inner lower front contact of relay 500,
front contact of relay 509, which was operated
by the frame tens relay, lower winding of relay
206 to battery. Relay 206 at its third lower front
contact connects ground to conductor 382 to
provide a holding circuit for relays 30{, 202,
etc. Relay 206 at its inner upper front con-
tact connects ground to conductor 218, marking
the sender busy to the link control circuit.

In response to this ground the link control cir-
cuit tests, to determine if one and only one frame
registration has been made and if an office regis-
tration has been made, by connecting ground to
conductor 219. The grounding of conductor 210
completes a circuit over the second lower front
contact of relay 206, outer upper front contact
of relay 208, outer upper back contact of relays
211 and 212, outer upper front contact of relay
2032, conductor 192, back contact of relay 790,
conductor 303, back contact of frame tens relay
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304, conductor 209 through cable 505, to the
winding of relay 200 and battery. Relay 200
1ocks over its inner lower front contact and con-
ductor 218 to ground at the third upper front
‘contact of relay 206 and provides a locking cir=
“cuit for relay 206 which extends from battery
through the lower winding and inner lower front
contact of relay 266, conductor 213, lower normal
contacts of relay ‘515, upper normal contacts of
relay 516, conductor 517 to ground at the third
upper front contact of relay 208. At its inner
upper back contact relay 200 opens the circuit
of relay 502 thereby opening the frame registra-
tion conductors. Relay 208 also connects ground

on conductor 213 over its outermost lower con- -

tact to conductor 287 to provide a holding circuit
for the link switches and extends the same
ground over its fourth lower front contact and the
third lower front contact of relay 508 to con-
ductor 518 as a release signal to the link control
circuit. The link control circuit responds to
ground on conductor 518 by opening the circuib
of relay 500 which now releases.

The sender now remains connected with the

junctor by means of conductors 214 to 217 and
519 which extend over the link switches to the
incoming junctor, the link switches being held
as above described by ground on conductor 207
which extends to the hold magnets of the link
switches. Relay 206 connects ground to. con-
ductor 219 to provide locking circuits for relays
200, 208, 211, 212 and 513, and both relays 200

and 266 provide other holding grounds as will

appear hereinafter.

.Upon grounding conductor 547, relay 200 also
closes & circuit over the inner upper back contact
of relay 224, conductor 524, outer upper back con-
tact of relay 528, conductor 2231 to the winding
of relay 230 and battery. Relay 230 signals the
centralized sender over the four conductors which
‘connect the terminating sender with the cen-
tralized sender. To do so, it connects polarized
relay 225 between the right windings of repeat-
ing coil 226 which is, in turn, connected by con-
ductors 227 and 228 through cable 229 to repeat-
ing coil 918 in the centralized sender. At the
same time, relay 230 prepares the fundamental
circuit for receiving the designation from. the
centralized sender by connecting conductor 232
over the inner upper contact of relay 230, inner
upper back contact of relay 211, conductor 234
to the winding of relay 318 and battery, which is
connected in parallel with battery through re-
sistance 811 and with battery through resistance
309 over the left back contact of relay 308.
Conduector 232 is connected over the middle upper
contact of relay 230, outer lower back contact
of relay 211, conductor 235 to the winding of
relay 58 and ground, relay 514 being shunted
by ground at the inner right back contact of relay
308. The function of the centralized sender in
response to this signal will be described herein-
after.

One of the circuits closed by relay 200 is a lock-
ing circuit for select magnet T84 and relay 300
which extends over the inner upper and lower
front contacts of relay 300, conductor 3085, back
contact of relay 220, conductor 222 to ground at
the inner upper front contact of relay 208, A
parallel circuit extends over the middle right
back contact of relay 308, conductor 301, inner
upper back contact of relay 520 to conductor 222.

When relay 202 was operated as previously de-

10

20

25

‘30

40

60

70

“scribed, it connected the hold magnet 410 of the - -

frame vertical on the register switch over the

75

-upper back contact of magnet 411, conductor 420,
lower front - ‘contact of relay 202, lower back con-
tact of relay 204 to the windings of differential
relay 220. The upper winding of relay 220 ex-
tends to battery and, as soon as relay 200 oper-
ates, the lower winding is extended over con-
ductor 221 to ground at the second upper front
contact of relay 200. The windings of relay 220
are so proportioned that the relay will not oper-

‘ate with the current which flows through the two

windings in series or with the hold magnet con~
nected to the two windings. However, the hold
magnet 410 does operate, as soon as conductor
221 is grounded, closing ‘the cross-point 171 pre-
pared by select magnet 704, and locks over its
inner upper front contact to grounded conductor
362. The extension of this locking ground to
the windings of relay 220 shunts the lower wind-
ing thereof and operates the relay under the in-~
fluence of its upper winding. The operation of
relay 228 opens one branch of the locking circuit
of select magnet 104 and relay 300.

When relay 502 released, a circuit was closed
from battery through resistance 521, back con-
tact of relay 562, winding of polarized relay 522
to conductor 518 leading to the junctor circuit.
When relay 200 operates, grounded conductor
'5{7 is connected over the upper back contact of
relay 523, third lower front contact of relay 200,
through resistance 539, back contact of relay 502
to the winding of relay 522 in shunt of battery
through resistance 521. As a result of this con-
nection, a relay in the junctor operates and locks
and the locking ground for the junector relay, ex-
tending back over conductor 519, causes. current
to flow through relay 522 in the operating direc-
tion. Relay 522 in operating closes a circuit
from grounded conductor 517, right contact of
relay 522 to the winding of relay 523 and battery.
Relay 528 operates and locks directly to con-
ductor 517. The operation of relay 206 also con-
nects battery through resistance 223, outer upper
back contact of relay 224, outer lower front con-
tact of relay 206, to conductor 216, operating a

‘relay in the junctor which puts the talking cir-

cuit into condition for communication between
the A and B operators. . ’

The connection of relay 225 across the con-
ductors 221 and 228 closes a circuit in the cen-
tralized sender from battery through the lower
winding of relay 912, outer lower back contact
of relay 9ii, lower left winding of repeating coil
919 to conductor 227, through the relay 2235 and
repeating coil 226, conductor 228, lower right
winding of repeating coil {8, inner lower front
contact of relay 911, upper winding of relay 812
to ground. Relay 812 operates and closes an
obvious circuit for relay 943.

The operation of relay 9138 starts the position
finder hunting for an idle operator’s position by
closing a circuit from battery through the wind-
ing of relay 914, upper back contact of relays 915

~and 816, conductor 920 to ground at the middle

lower front contact of relay 913. Relay 914 closes
a circuit from battery through the lower winding .
of relay 916, middle lower front contact of relay
914, upper winding of relay 9i§ to grounded
conductor 920 to prepare the relay for quick
operation. It also closes a circuit from grounded
conductor 920, upper winding of relay 81§, inner
lower front contact of relay §14, middie winding
of relay 818, upper back contact of relay 817, in-
ner upper contact of relay 918, to brush 996 of
position finder 860.. At its outer front contact
relay 914 closes a circuit from battery through
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the winding of relay 908, back contact of step-
ping -magnet 987, inner lower back contact of
relay 918, outer front contact of relay 944, lower
back contact of relay 916, upper outer contact
of relay 9i8, upper normal contacts of relay 915
to grounded conductor 920. Relay $08 operates
in this circuit and at its left contact closes a cir-
cuit from battery through the winding of magnet
907 to the operating circuit of relay 908. Magnet
807 operates, opening the circuit of relay 908,
which releases in turn releasing magnet 967 to
step the brushes of position finder 990. The re-
lease of magnet 887 recloses the circuit of relay
968 and the same cycle is repeated until an idle
positicn is found.

‘When a position such as the position of Fig. 6
is occupied, the insertion of the plugs of the oper-
ator’s headset 685 in the position jack 686 closes
a circuit from battery through the right winding
of relay 684, through the plug and jack connec-
tion and the transmitter of the headset to ground
through the left winding of relay 604. Relay 604
operates, connecting hattery over its inner left
contact, conductor 612, left normal contacts of
key 663, left back contact of relay 602, resistance
601 to conductor 609. As soon as brush 906 en-
counters the terminal to which conductor 608
is attached, relay 946 operates, opening the cir-
cuit of relay 968 and magnet 987 and bringing
the position finder to rest. It is apparent that,
if the position finder is resting on an idle posi-
tion, relay 916 will immediately operate and the
position finder will not advance.

Relay 916 locks in a circuit from battery on
conductor 699, brush 906, inner back contact of
relay 918, outer upper contact of relay 211, mid-
dle winding and upper front contact of relay 916
to grounded conductor 928. Relay §16 releases
relay 8!4 and when relay 914 closes its back con-
tact, a circuit is completed from battery through
the winding of relay ${9, resistance 921, back
contact of relay 914, lower front contact of relay
916, outer contact of relay 918, normal contacts
of relay 915 to grounded conductor 820. Relay

919 operates, closing a circuit from battery .

through the winding of relay 915, inner lower
front contact of relay §19, outer upper back con-
tact of relay $!8, upper normal contacts of relay
815 to grounded conductor 920. Relay 915 locks
over its upper alternate contacts to conductor
920 and closes a holding circuit for relay 919
under the control of relay 9¢8. In addition, relay
819 closes a circuit from battery through the
winding and normal contacts of relay 811, mid-
dle lower front contact of relay 919, brush 905,
conductor 922, left back contact of relay 687 to
the winding of relay 608 and ground. Relay
817 is marginal and does not operate but relay
608 operates. Relay 608 closes a circuit from bat-
tery over the inner left front contact of relay
604, conductor 612, contact of relay 608 through
lamp 639 to ground through interrupter 610 to
warn the operator that her position has been
seized. Relay 915 closes a circuit from battery
through the winding of relay 923, lower front
contact of relay 915, outer upper back contact
of relay 1000, outer upper back contact of relay
91t to ground over conductor 9280. Relay 923
connects the outer ends of the upper windings of
repeating coil 910, over brushes 901 and 982, con-
ductors 927 and 928 to the position circuit. The
inner end of the upper right winding of coil 910
extends through the upper windings of polarized
relays 924 and 925, inner upper back contact of
relay 811 to ground over the outer lower back
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contact of relay (000 and through resistance
1001. The inner end of the upper left winding of
coil 910 extends through the lower windings of
relays 924 and 925 to battery over the outer lower
front contact of relay 913 through resistance 926.

In the position circuit conductor 927 extends
through the windings of relay 6i{ to conductor
928. Therefore, relay 61t operates and at its
right contact extends conductor 928 over the
outer right back confact of relay 613 to the sec-
ondary winding of tone coil 614. Conductor 927
extends through condenser 615 over the outer left
back contact of relay 6!3 to the other side of the
secondary winding of tone coil 614, Relay 611
at its left contact closes a circuit from battery
on conductor 612 to the winding of relay 628 and
ground. Relay 629 operates and closes a circuit
from tone source 616, inner left front contact
of relay 629, left back contact of relay 817, right
back contact of relay 6!8, primary winding of
tone coil 614 to ground at the inner right back
contact of relay 613, thereby transmitting a tone
over the conductors 927 and 9828, brushes 961 and
502, through repeating coil 810, conductors 227
and 228, through repeating coil 226, contacts of

‘relay 206, conductors 214 and 215 and thence to

the position of the A operator. The operator of
Fig. 6 may also hear the tone through condensers
620 and 621,

Relay 629 also closes an obvious circuit for
relay @07 and completes a circuit for relay 619
which may be traced from battery through the
winding of relay 619, right back contact of relay
617, conductor 622, outer left contact of relay
629, to ground at the outer right front contact
of relay 604. Relay 607 disconnects conductor
922 from the winding of relay 698 permitting
relay 608 to release and disconnect battery from
lamp 608. With relays 628 and 607 operated, a
circuit is closed from battery through the wind-
ing of relay 618, right front contact of relay 607,

inner left back contact of relay 613, to grounded

conductor 622, Relay 68 is slow to operate and,
after an interval, opens the circuit through the
primary winding of tone coil 614, thereby inter-
rupting the tone. Relay 618 closes a circuit from
battery through the left winding of relay 602,
left front contact of relay 618 to ground on con-
ductor 622. Relay 682 locks through its right
winding and .inner right front contact to ground
at the outer right contact of relay 629 and ex-
tends its operating ground to the winding of
relay 623. In addition, relay 602 reconnects lamp
609 over the outer left front contact of relay
602, left normal contacts of key 683 to battery on
conductor 612. Relay 623 operates and recloses
the primary circuit of tone coil 614 which now

_extends over the right front contact of relay 618

and the outer left front contact of relay 623
instead of over the back contact of relay 618, A
second tone is therefore transmitted to the A
operator. Relay 623 also closes a circuit from
ground on conductor 622, inner contact of relay
623 through the winding of relay 617 and bat-
tery. Relay 617 is alsc slow to operate and after
an interval again opens the primary circuit of
the tone coil to interrupt the second impuise of
tone. In addition, relay 617 closes a circuit from
ground on conductor 622, right front contact of
relay 617, left back contact of relay 624 to the
winding of relay 613 and battery. Relay 613
operates, locks over its left alternate contacts
to ground on conductor 622, short-circuits con-
densers 620 and 621 and connects ground over its
right alternate contacts to lamp 609 in shunt
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of interrupter 648 whereby lamp 609 glows stead-
ily to inform. the aperator that she has been con-
nected to the A eperator’s position.

‘The A operator then passes the wanted number
to the B operator and the B operator operates
the. keys of her key-set te record the number
given. Assuming that the ealled number is 3674
the B operator will operate keys 633, 636, 631
and 634 in succession.

During the transmzssmn of the tone and pre-
vious. to the operation of the key-set, the sender
and the key pulsing circuits are prepared for
operation. by the establishment of three register-
ing circuits. The operation of relay 802, as pre-
viously described, disconnects battery from con-
ductor 609 thereby releasing relay $16 which in
turn releases relay 919. With relay 919 released,
the first registering conductor 922 is disconnected
from relay 94T and connected over the middle
back contact of relay 819, outer right front con-
taet of relay 923, conductor 929, winding of relay
£103, normal.contact of relay lll]l right winding
of relay 1192, lower normal contacts of relay 1135,
upper winding of units register relay 1143, lower
winding of units register relay 1142 to ground.
The release of relay 819 also extends the second
registering conductor 830 from brush 984, middle
right contaet of relay 923, outer back contact of
relay 949, conductor 932 through the winding of
relay 1180 and thenee to-ground as traced from
the winding of relay (103. The third registering
conductor 931 extends from brush 883, inner
right front contact of relay 923, conductor 833,
through the left winding of relay 1102 but the
eireuit: is incomplete - at this time.

In the position circuit, conductor 822 extends
over the left front contact of relay 601, conduc-
tor 661, through resistances 625 and 626, inner
left contact of relay-821,.conductor 628, left.front
contact of relay 641 to battery on conductor 612,
while: conductor 930 extends over the outer right
front contact of relay 602, conductor 662, through
resistances 849 and 65&, outer leit contact of
relay 621 to battery over conduetor 628 as traced.
Conductor 931 extends threugh the winding of
relay 641, left- back contact of relay 642, right
back: contact of relay 643 to ground over key 644.

Relay 1100 -and 1103, as well as relay 1102 and
thie units register relays, operate in the circuits
above traced. - Relays 1H08-and 1103 eclose a eir-
euit from ground: at the inner upper front con-
tact. .of relay 943, conducter 934, frent contact
of relay I+88, front contact of relay 193, through
the lower -winding of relay 11081 and- battery.

Relay 181 operates in this circuit, opening the s:

circuit of relay ' #182 and the. register relays
which release.: It also- closes a holding. circuit
for itself -from- battery in the position circuit,
through' the windings of relays {108 ang 103 as
traced, alternate contacts and upper winding of
relay H81, conductor 835 to ground at the second
upper: front contact of relay 813.: Relay 11061 also
closes & eircuit from ground on conductor -934,
upper front contact of relay 1164, windings of
relays 1136 and tit5 to battery. Relays H1{5
and IS onerate, relays 1416 clesing at its left
contact a locking circuit for the two relays to
ground on- conductor 934. At its right contact
relay #1156 also closes a circuit frem grounded
- eonduetor-924 to the windings of relays {126 and
i-135 and battery. Relays 125 and 1126 operate,
relay -1 28 elosing a loeking eircuit foi itself and
an operating circuit. for relays 1136 and 4135,
Relay 4136 locks relays.-1435 -and 118§ te con-
ductor- 934 -and operates relay 1146 through re-

20
* through the winding. of relay 627,

25

5
sistance 11471, Relay I'MG. also~10f‘ks to con-
ductor.934. - .

With relay l|35 operated a 01rcu1t is. closed
from battery through resistance 148, upper back.
contact of relay 1145 through the upper winding
of relay 1114, upper. alternate contacts of relays
L1185, 1125 and ‘1135, left winding of relay 102
to conductor 933, completing the third register-
ing circuit which was previously traced.to con-

_ductor 933 and operating relay 64( in the posi-

tion circuit, ‘Relays 64t and (102 operate in this.
circuit but relay 1102 is. ineffective at this time.
Relay 641 closes a locking circuit for itself over:
its.outer left contact to ground on conductor 6§22

~and extends this ground over its inner left con-

tact to the winding of relay 642 and battery on
conductor §28. Relay 642 locks over its left front
contact and right back contact of relay 643 to
ground on key 644, opens the operating circuit
for relay.64i and closes a circuit from battery’
inner right
front contact of. relay. 642 to grounded: conductor
622. Relay 52T disconnects battery from con-
ductors 930 and 922 thereby releasing relays 1100,
(103 and #I61 in the register circuit. "The release

-of relay (161 connects ground from conductor

834 over the inner upper back.contact. of relay
1181 to conductor 1150, thereby completing a cir-
cuit over the right front contact of relay (146

. to the winding of relay 145 and battery. Relay

" 1145 locks to conductor {159, disconnects batiery,

+
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from conductor 833 and extends that conductor
to. ground. at the. outer upper back contact, of.
relay 1101,

The operatlon of relay 1145 releases relay 4t

: which now. extends conductor 931 through the

left winding of relay 645, back contact of relay
641, outer right front contact of relay 642, con-
ductor 663 to. the key-set through resistances §48
and 647. ‘When relay 8{1 operated connecting
battery to conductor 628, it lighted lamp 648 in a.
circuit to ground at the’outer right contact of
reélay 621. Relay 641 closes.a temporary over-
lapping 'c‘ircuit for lamp 648, When relay 627 is
operated and relay 641 releases lamp 648 is ‘ex-
tingtished, indicating that the'sender is ready to
receive the designation. " -

The sender and position clrcults are now ready
for registration. When the operator depresses
key 633, battery.is ‘connected from conductor 628

" over the lower. contact ‘of key 633 through low

66

933, relay 114 operates..

resistance 648 to conductor 662 and over the
upper contact of key 633 through low resistance
646 to conductor 683. Conductors. 662 and 683
extend as -previously traced to conductors 932
and 933, respectively.  Conductor 932 extends
through the winding of relay 1130, normal con-
tacts of relay. 1181, right winding of relay 1102,
lower. alternate contacts of relays 1135, . 1125 and
{115, upper winding. of relay [113, lower winding
of relay 1112 to:ground, while conductor 933 ex-
tends through the left winding of relay 102, up-
peér alternate contacts of, relays 1135, 125 and
1115, upper winding of relay 1114, outer upper
front contact of relay 1145, to ground at the outer
upper back contact of relay {{01. Relays 1100
and 1102 operate. Since only low resistance, 649
was included in.the circuit over conductor 832,
marginal relay {13 operates in that circuit as
well as relay (112, and since only low resistance
846 -was. 1ncluded in the eircuit over conductor
The operation of relay
1100 closes. a circuit from grounded conductor
934, front contact. of relay.[190, lower back con-
tact of relay (191, upper front contacts of relays
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1135 and 1125, inner lower front contact of relay
1115, winding of relay {11l and battery. Relays
(161, 1112, 1113 and 1114 lock to conductor t150.
Relays {11l and 1112 close obvious circuits for
relays {118 and {119,

The operation of relay 1102 closes a circuit
from grounded conductor 1150, front contact of
relay 1102, outer lower front contacts of relays
1135 and 1125, inner upper front contact and
winding of relay {{15 to battery. This circuit is
in shunt of relay 116 and causes that relay to
release but holds relay (115 operated until the
key is released at the key-set, when relay {15
also releases transferring the registering circuits
to the hundreds register 1120.

The operation of key 636 to record the hun-
dreds digit connects battery through resistance
625 to conductor 661 and battery through re-
sistances 647 and 645 to conductor €63, Con-
ductor 661 extends as previously traced to con-
ductor 929, through the winding of relay 1183,
normal contacts of relay 1101, right winding of
relay 1102, lower alternate contacts of relays
1135 and 1125, lower normal contacts of relay
{115, upper winding of relay (123, lower winding
of relay 122 to ground. Since only a low re-
sistance is included in this circuit, relays 1122
and 1123 both operate, locking to conductor {159.
Conductor 633 extends as previously traced to the
upper alternate contacts of relay f125 and over
the upper normal contacts of relay ({15 to the
lower winding of relay (124 and ground. Since
high resistance 647 was included in this circuit,
relay (124 does not operate. Relay 1102 in oper-

ating closes a circuit from ground on conductor 3

1150, front contact of relay 1102, outer lower
front contacts of relays I135 and (125, inner
upper back contact of relay 15, to the winding
of relay 1125 and battery. Relay (126 is shunt-~
ed by this circuit and releases, relay 1125 being
held operated until the key is released at the
key-set when relay 1125 also releases, trans-
ferring the registering circuits to the tens reg-
ister 1130,

The operation of key 637 for the tens digit
connects high resistance battery to both con-
ductors 681 and 663, resulting in the operation of
relays 1193, 1192 and (132 in a manner similar
to that described for previous registrations.
Register relay 1132 locks to grounded conductor
1150. Relay 1192 now shunts relay {136 and
holds relay [135°which releases when the key is
released, to transfer the registration circuits to
the units register {140,

The operation of key 634 to record the units
digit connects low resistance battery ‘to con-
ductor 663 and high resistance battery to con-
ductor 662 thereby operating relays (100, 1102,
1144, 1142 and 1141, The operation of relay 1102
completes a circuit from grounded conductor
1150, front contact of relay 1162 over the lower
back contact of relay 1135, to battery through
resistance 1147 thereby releasing relay f{146.
With relay (146 released, as soon as relay 102
closes its back contact at the end of the pulse,
a circuit is closed from grounded conductor [158,
back contact of relay 1102, outer lower front
contact of relay 145, right back contact of re-
lay 1148, conductor 1151, upper back contact of
relay 1083 through the winding of relay 1800 and
battery. Relay 1800 locks over its outer upper

front. contact to grounded conductor 934 and

prepares for the transfer of the designation from
the centralized sender to the terminating sender.
Relay 1009 operated, disconnects ground from
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the windings of relays 924 and 925 thereby open-
ing the circuit of relay 611 which releases, dis-
connecting battery from conductor 628 and
releasing relays 642 and 629. With relay 629
released relays 607 and 682 also release and
ground is disconnected from conductor 622 there-
by releasing relay 6¢3. The release of relay 602
restores the connection of battery through re-
sistance 69! to conductor 600 thereby placing
the position ecircuit in condition to be selected
in connection with another call, In addition, re-
lay 1889 opens the circuit of relay 923 discon-
necting the position finder from the centralized
sender circuits.

Relay (000 in operating also disconnects the
conductors 232 and 233 from the winding of re-
lay 1092 and completes the fundamental circuit
for transferring the designation to the terminat-
ing sender. This circuit was prepared when
relay 813 operated by the operation of relays
1805 and 1885, Relay 1005 operates in a circuit
from battery through its winding, back contact
of relay 1045, outer upper back contact of relay
1028, conductor 836 to ground at the inner lower
front contact of relay 813. With relay 1005 oper-
ated, the circuit of relay 1006 extends from bat-
tery through the winding of that relay, lower
front contact of relay 1005, inner upper back
contact of relay. 1028 to ground over conductor
838. Relay 1605 locks over the inner upper back
contact of relay 1028 to grounded conductor 936
independent of relay 1005. ‘Therefore, when
relay 1099 operates, a circuit is closed in the cen-
tralized sender from conductor 232, lower front
contact of relay 1009, lower back contact of relay
1003, back contact of relay 1027, lower back con-
tact of relay 1028, outer upper front contact of
relay 1086, winding of stepping relay 1004, inner
upper back contact of relay (003, inner upper
front contact of relay 1000 to conductor 233.

The closure of the fundamental circuit in the
centralized sender causes the operation of relay
310 in the terminating sender. Relay 310 closes
a circuit from battery through the winding of
relay 308, middle upper front contact of relay
300, which has been held operated following the
registration of the frame designation, outer right
back contact of relay 386 to ground at the front
contact of relay 310. Relay 308 locks to the
front contact of relay 310 independent of relay
306 and closes an obvious circuit for relay 306
which locks to ground over the outer lower front
contact of relay 300.. The operation of relay
306 opens the second locking circuit for relay
380 and that relay releases, leaving relay 306
dependent upon relays 308 and 310.

With relays 336 and 308 operated, ground is
disconnected from conductor 235 permitting the
stepping relay 514 to operate. Relay 514 closes
a circuit from ground over the outer upper front
contact of relay 513, front contact of relay 514,
lower front contact of relay 513 to the winding
of relay 530 and battery. Relay 530 closes a
circuit from ground over its lower contact, nor-
mal contacts of jack 531, conductor 532, left back
contact of relay 312, winding of relay 313 to bat-
tery. Relay 313 closes a holding circuit from
battery through its winding, right winding of
relay 2312, back contact of relay 314, left con-
tact of relay 313 to ground at the outer right
front contact of relay 308, but relay 312 does not
operate, being shunted by the operating circuit
of relay 3{3. :

Relay 538 at its upper front contact connects
ground to conductor 224 thereby holding relay
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310 operated and shunting the windings of the
stepping relays 54 and 1094 causing these relays
to release. The release of relay 514 opens the
circuit of relay 530 and that reldy in turn re-
leases, This alternate operation and release of
relays 514 and 530 generates revertive pulses
which are counted by both senders.

At the terminating seridér the operation of -

relays 388 and 398 connects ground fo the right
armatures of relay 312. When relay 530 releases
after the first revertive pulse, relay 312 operateés
in the holding circuit of relay 3{3 and closes a
circuit from ground at the inner left front eoh-
tact of relay 308, right front contact of relay 312,
left back contact of relays 324 and 322; right bdck
contacts of reldys 323 and 325 to the winding of
relay 321 and battery. Relay 82t operates and
locks over its inner right frent contact, normal
contacts of relays 322, 323, 324 and 325, outer
right front contact of relay 306 to ground éver
conductor 2087. A parallel locking circuit ex-
tends from the contact of relay 325 over the up~
per norimal contacts of relay 300 fo grounded
conductor 22f. The next operation of relay 530;
grounding conductor 532 closes a cireuit over the
left front contact and left winding of relay 312
through the right winding of relay 3{4 snd bat-
~ tery. Relay 3i{4 opens the operating circuit of
relay 343 and that relay releases. When relay
530 releases, relays 3i4 and 312 also release. A
circuit is then closed from ground over the right
back contact of relay 312, inner left front contact
of relay 321 t0 the winding of relay 322 and bat-
tery.. Relay 322 locks over the chain circuit pre=
viously traced, opening the locking circuit for
relay 321 which releases. Subsequent operations
of relay 530 cause relays 343, 3#4 and 2 to op-
erate as above described so that for éach odd
pulse ground is closed to the counting relays-over
the front contact of relay 312 and for eachr eveén
pulse ground is connected to the counting relays
over the back contact of relay 3¢2. The third,
fourth, fifth and sixth pulses opérate relays 323,
324, 325 and 328, respectively. Relay 325 locks
ever the back contdct of relay 32{, therefore re-
inaining operated when relay 328 is operated.
Relay 326 locks through its right winding and in~
ner right front contact over the outer right front
contact of relay 308 to conductor 807 independerit
of the other counting relays and therefore re~
maining operated during any subseqguent pulses.
The seventh, eighth, riinth and tenth pulses oper-
ate relays 321, 322, 323 and 324, respectively, re=
lay 321 reledsing relay 3285.

The regular terminating sender is arranged to
receive the wanted number from the originating
sender in the form .of three selections known as
incoming brush, incoming group and final brush
selections, which are translated from the thou-
sands and hundreds digits of the wanted number,;
followed by final tens and final units selectiohs
corresponding directly to the tens and uaits dig-
its of the wanted number. Therefore, in: order
to provide for the simple modification of termi-
nating senders to work with a centralized B
operator’s equipment or vice versa, the termi-
.natirig end of the present sender is likewise
equipped with a cross-bar register having five
verticals for receiving five selections and trans-
lating them into a -nurerical demgnatlon for
transmission to the marker.

Tn the centralized end of the sender the five
selections are controlled by the steering relays
1630 to 1639. When relay §13 operated ground-
ing conductor 934, a ‘circuit was closed over the
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middle upper back contact of relay 1000 through
the windings of relays 1030 and 1631 in series to
battery, relay 1030 closing a locking circuit
thiough' the windings of relays [030-and 1031,
front contact of relay (830, upper back contact
of relay #9033 to grounded. conductor 934, inde-
petident of relay 1008.

With relays 630 and #03f operated, the oper-
ation of relay {884, by the establishment of the
fungamental circuit, closes a eircuit from ground
over the upper back contact of relay (007, front

' contact of relay 1804, lower back contact of relay
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1807, back contacts of relays 1026 and {021, in-
ner upper front contact of relay 1031, conductor
1688, middle upper front contact of relay Fii4,
outer upper front contact of relay (113, lower
front contacts of relays 14t$ and 1118, conductor
§452, upper front contact of relay {085, winding
of relay 10ti to battery. Relay #0f} locks
through the winding of relay 1821 to ground at
the lowermost eontact of relay 1006, but relay
t621 does not operate, being shunted by the oper=
ating circuit for relay 10ft. When relay 530 op-
erates, shunting the stepping relays of the two
senders, relay 1004 releases, permitting relay (821
to eperate. When relay 530 releases permitting
relay 1864 to reoperate, the counting relay cir-
cuit extends; as above traced, to the upper arma-
ture of relay 1021 and thence over the front con-
tact of relay 1921, upper back contacts of relays
1038, 1036 and- I032 to the winding of relay 1046
and ba,ttery Relay - 1810 operates, lockmg
through the windings of relays 1627 and 1020 in
parallel to ground at the outer lower front con-
tact of relay 1805. When relay 1004 is-shunted
and releases for the second time, relays (62F and
1028 operate in this lecking circuit. The oper-
ation of relay 1027 opens the fundamental eir-
cuit, releasing relays 310, 544 and 084, and
bringing the selection to an end.

Relay 1620 closes a -circuit from ground at its
contact over the lower back contacts of relays
1039, 1837, 1035 and 1833, lower front contact of
rel&y 1031 to the winding of relay 1032 and bat-
tery: Relay 10832 closes a locking cirewit-for it-
self through the winding of relay 1033, outer
lower front contact of relay 1032, upper back con-
tact: of relay 35 to grounded conducter 934.
Relay- 1832 also closes g circuit from grounded
conductor 834, outer upper front contact of relay
{021, inner lower contact of relay 1932 to the
Wmdlng of relay {838 and battery. Relay (028

- further opens the fundamental eireuit and dis-

connects grounded conductor 936 from the op-

 erating and locking circuits of relay 1665 caus-

ing that relay to- release and open the fundamen-
tal circuit at an additional point. Relay (028
also opens the operating cireuit of relay 1085 and
that relay releases. The release of relay 108§
opens the locking circuit of the counting relays
and these relays release.  The release of relay

1620 permits relay 1083 to operate in the locking
cireuit of relay 1032 and open the locking circuit
of relays 1630 and 1031 so that these relays re-
legse: - The release of relay 1931 opens the cir-
cuit-of relay 1028 and that relay releases, restor-
ing theé cireuits of relays 1085 and 1996 which
now reoperate. With relay $808 reoperated the
fundamental circuit is reclosed and the central-
ized sende? i§ ready to transmit the next selec-
tion. .

- At the terminating serider the two revertive
pulses which satisfy the centralized sender cause
the operation of relays 321 and 322 leaving reldy
322 operated. and locked whén the fundamental
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circuit was opened. The release of relay 310 in
turn releases relays 388 and 398. With relay 306
released, a circuit is closed from ground at the
lower back contact of relay 534, conductor 535,
lower nermal contacts of relay 300, right back
contact of relay 326, first left back contact of
relay 396, outer left front contact of relay 322,
conductor 33(, winding of select magnet 701,
winding of relay 790 and battery. Magnet 701
prepares the cross-points at the No. 1 level of the
register switch and extends its cperating ground
to the winding of relay 3080 as previously de-
scribed. Relay 2309 locks over the back confacts
of relays 228 aind 306 as before, thereby also
locking the select magnet 161. At its outer up-
per front contact relay 300 connects ground on
conductor -252 over the upper front contact of
relay 204 to resistance 203 and battery in shunt
of the winding of relay 282 which therecupon re-
leases. Relay 284 is held operated over the nor-
mal contact of relay 202 after that relay releases.
With relay 202 released and relay 284 operated,
the windings of relay 229 are connected over the
lower front contact of relay 284, lower back con-

tact of relay 202, conductor 238, outer upper con- o

tact of hold magnet 410, upper back contact of
hold magnet #12, to the winding of magnet 411
and battery. Magnet 411 closes cross-point 772
and locks over its inner upper front contact, con-

ductor 421, through cable 422 to ground at the 3

fourth upper front contact of relay 206. The
closure of this locking circuit extends ground
back to the upper winding of relay 220 causing
that relay to operate opening one locking circuit
for relay 390.

When the fundamental circuit is reclosed at
the centralized office, relays 310, 308 and 306 re-
operate and relay 340 releases, in turn releasing
relay 204, The remaining selections are per-
formed in essentially the same manner, relay 300
operating relays 292 and 204 on alternate selec-
tions and releasing them on the following selec-
tions.

Sinee the thousands and hundreds digits have
been translated into incoming brush, incoming
group and final brush selections, with relays 1032
and (033 operated to control incoming group
selection, the counting relay circuit extends as
previously traced to the armature of relay 1821,
over the back contact of that relay, inner upper
front contact of relay 1233, conductor {840, inner
upper front contact of relay (113, inner upper
front contact of relay {114, lower back contact of
relay (124, back contact of relay 1323, winding

of relay 1%!3 and battery. For this selection,

when relays 1041 and 1021 are operated, after
three revertive pulses the counting relay circuit
extends over the front contact of relay 1021, up-
per back contacts of relay 1038 and 1036, upper
front contact of relay (632, lower back contact
of relay 949, winding of relay 1810 to battery.
At the end of the selection, the fundamental cir-
cuit is broken as above, resulting in the operation
of steering relays {035 and 1934 and the release
of relays 1032 and i933. In the terminating
sender the four revertive pulses leave relay 324
operated, resulting in the operation - of select
magnet 793 and hold magnet 412, closing cross-
point 773.

With relays 1834 and (235 cperated, the selec-
tion is controlled by the hundreds register 1120
alone and the counting relay circuit may be
traced over the back contact of relay (021 over
the inner upper front contact of relay 1035, up-
per front contact of relay 1123, outer upper front
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contact of relay 4122, upper back contact of relay
1121, conductor {152, upper front contact of re-
lay 1885, winding of relay 1841 and battery. Two
pulses satisfy the centralized sender resulting in
the closure of cross-point 774 at the terminating
sender.

The final tens selection takes place with relays
1636 and 1037 operated. In this case, the count-
ing relay circuit extends as traced to the back
contact of relay 1821, inner upper front contact
of relay 190371, back contact of relay {33, lower
front contact of relay 1152, lower back contact of
relay (131, back contact of relay {022 to :the
winding of relay 1812 and battery. The first two
pulses permit relays 1322 and 1021 to operate,
whereupon the counting relay circuit is trans-
ferred over the front contact of relay 1821, upper
back contact of relay (838, outer upper front con-
tact of relay 103§, upper back contact of relay
1134 to the winding of relay 18{6 and hattery.
The third pulse permits relay (020 to operate,
which transfers the counting relay circuit to the
winding of relay 1015 which operates when the
stepping relay reoperates. Relay (015 in operat-
ing releases relay 1005, As a result of the fourth,
fifth, sixth and seventh pulses, relays 1025, 1024,
1022 and 1022 operate. With relay 1822 operated,
the counting relay eircuit is extended over the
front contact of relay 1022, back contact of relay
1805 to the winding of relay 1010 so that eight
pulses satisfy the sender. As outlined previously,
eight revertive pulses operate relays 321 to 328,
leaving relay 326 operated, followed by relays 321
and 322, relay 322 remaining operated at the end
of the eighth pulse. Therefore, when relay 395
releases following the opening of the fundamen-
tal circuit, the select magnet circuit extends from
grounded conductor 535, lower normal contacts
of relay 380, outer right front contact of relay
328, outer left back contact of relay 386, inner
right front contact of relay 322, conductor 332,
winding of select magnet 40T and battery. With
select magnet 437 operated, the operation of hold
magnet 444 closes cross-point 475.

The final units selection takes place in g man-
ner similar to the selections above described and
results in the closure of cross-point 116, After
final units selection has been transmitted relays
1010, 1029 and 1027 are operated as above, open-
ing the fundamental circuit. Since no circuit
exists for relay 1028, there is no means for re-
closing the fundamental circuit and it remains
open until the centralized sender is released.

In the terminating sender when hold magnet
%15 operates after the registration of the final
units selection, ground is connected to conductor
23% in shunt of the winding of stepping relay
514 to prevent any false pulses by that relay.
Magnet 415 also closes a circuit from ground
over its inner lower front contact, conductor 424,
winding of relay 520 and battery. Relay 520
opens the circuit of relay 230 which opens the
four conductors leading to the centralized sender.
Opening the connections between conductors 2217
and 228 releases relay 912 which in turn releases
relay 913 removing the locking grounds from the
various circuits and restoring the centralized
sender to normal. .

Relay 520 also opens the locking circuit for
relay 309 previously controlled by relay 366 per-
mitting relay 380 to release, in turn releasing
relay 204, In addition, relay 520 closes a circuit
from ‘battery over the lower normal contacts of
relay 516, upper normal contacts of relay 5(5,
outer lower front contact of relay 523, front con-
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tact -of relay 520, outer upper front contact of
relay 200, to conductor 241 which extends through
cable 536 to the marker connector 820 indicated
at the left of Fig. 8. When the: connector is
operated the cross-bar register is connected to
the marker and the recorded number transmitted
thereto, the register translating the selections
back into a numerical designation.

. With' cross-points 712, 113, 114, 415, 116 and
111 closed, the following conductors are grounded
directly by cross-peoinis which are supplied with
ground over conductor 423 and the back contact
of:relay 162; thousands conductors 712, T{i; hun-
dreds conductors 12, 722; tens conductors 132
and 134; units conductor 743 and frame con-
ductor 153. - Frame tens conductor 764 is grounded
over the upper front contact of relay 381.

The marker connects ground through the
marker connector 800 to conductors 801, 802, §63
and 804, It will be observed that ground over
one of these cenductors is connected by the cross-
points to each of the conductors which do- not
receive ground over conductor 423. For example,
thousands conductors 711 and 742 are grounded
by cross-points 713 and 772, respectively. The
remaining thousands conductors 743 and T14 are
grounded by cross-point 172 from ground sup-
plied over conductor 883. The office identification
conductor 250 is grounded over the lower front
contact of relay 208 and conductor 802. Reorder
conductor 544 is grounded over the upper back
contact of relay 534 and conductor 892.

Therefore ground is connected either directly
or indirectly to all of the registering conductors
connecting the sender with the marker. As a
resulf, all of the register relays in the marker
are operated to close a chain circuit (not shown)
as a check for faults in the connections between
the sender and marker. If the chain circuit is

closed, ground is removed from conductors 8§01

to 834 and the registration remaining in the
marker is used to select, test and establish a con-
nection with the wanted line, During these oper-
ations the marker is connected directly with the
incoming junctor under the ‘control of a -circuit
completed over conductor 217.

In the selection of the wanted line the marker
combines the thousands and hundreds registra-
tions to operaté a relay representing a block of
five hundred numbers. A number of such relays
are indicated by relays 819 to 813. Where the
incoming junctor serves more than one office
these numbers may occur in either office and the
marker must discriminate between the offices.
With conductor 253 grounded over conductor 892,

relay 885 is released following the establishment’

of the chain circuit and operates relay 8846 over
its ‘back contact. With relay 806 operated, the
circuit of the 5989-block relay closed by the thou-
sands and hundreds registers represented by re-
lays 807 and 888, respectively, extends over front
contacts of relay 806 to relays 810 and 811 which
are individual to the A office.

When ths marker has completed its function, it
connects ground to ¢onductor 637 closing a cir-
cuit over the lower back contact of relay 538 to
the winding of release relay 516 and battery.
Relay 816 disconnects battery from: the marker
connector 888 thereby releasing both the con-
nector and the marker.. In addition, relay 518
locks over its cuter upper and lower front con-
tacts to grounded conductor 517 under the control
of relay 288 and connects ground to conductor
218 to hold the sender busy until released. The
operation of relay 516 disconnects ground from
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conductor 213 and the locking circuit -of relay
206 but that relay, as well as the hold magnets
of the link switches, remains operated until
ground is removed from conductor 213 by the
marker conhector.. When this occurs relay 208
and the link switches releage, followed by rélay
208. With relays 206 and. 200 released the hold--
ing eircuits for the various relays of the sender
are opened and. the sender is restored to normal.

Call over a junctor terminating at office B

The operation, if the junctor were incoming to
ofiice B, would be essentially the same as above
described except that conductor 116 is grounded,
operating relay 242 in the terminating sender.
With relay 212 operated the office identification
conductor 258 leading to the marker is grounded
directly, over the lower front contact of relay
212. In the marker the direct grounding of con-
ductor 258 holds relay 805. operated, resulting
in the operation of relay 889.and the extension-
of the operating circuit for the 580-block’ relays
to relays 812 and 813 individual to the B office.

Call over a junctor terminating at both office A
" and office. B ’

Assuming that the connection has been.éx-
tended over incoming junctor (04 belonging to
the group of junctors which have access to more
than one office, relay 119 will be operated, in
turn operating. group relay (20. If the same
group of senders is seized, sender group.relay
{14 will also' be operated. . The operation of re-
lay 128 connects ground to conductor 115 over
the contact of relay {14 to conductor 12{. When
the sender is seized and relay 530 operated, this
ground is extended over the fourth lower front
contact of relay 580 to conductor 248, winding
of relay 2f{ and battery, .Relay 21! locks to
conductor 219 when relay 286 operates. The
operating circuit of relay 208 which extends as
previously traced to the upper back contact of
relay 212 now in.completed over the upper back
contact of relay 242, outer upper front contact
of relay 211, upper. back contact of relay 2088,
second lower front contact of relay 296 to con-
ductor 21490. A

When relay. 230 operates connecting the ter-
minating sender “with the .centralized sender,
conductor 232 is connected over the inner upper
front contact of relay.230, inner lower front
contact of relay 21, conductor 235 to the winding
of relay 514 and ground, while conductor 233
is connected .over the middle upper front con-
tact of relay 238, middle upper front contact of
relay 211, conductor 234 to the winding of relay
319 and battery. Batlery and ground are, there-
fore, reversed on the fundamental circuit con-
necting thé ftwo senders. In the centralized
sender the current flowing through the winding
of polarized relay $602 is in a direction to operate
that relay which in turn operates relay  1083.
Relay 1883 locks over its inner upper front con-
tact to grounded conductor 836. Relay (803 re-
verses the direction of current flow through the
stepping relay 1084 to compensate for the reversal
at the ferminating sender. During the interval
between the operation of relay 923 and the re-
lease of relay 949, relay 1003 also connects ground
over its outer lower front contact, outer lower
front contact of relay 919, middle right front
contact of relay 823, brush 884, conductor 939,
right back contact of relay 692 to the left wind-
ing of relay 624 and battery. Relay 624 locks
in a circuit from battery through its right wind-
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ing and inner right front contact to ground at
the outer right front contact of relay 629 and
closes the circuit of lamp 655 to indicate that the
incoming call requires an office indication.
When relay 629 operates, the primary circuit
of the tone coil extends from source 616, inner
left front contact of relay 628, left back contact
of relay 611, outer right front contact of relay
624, primary winding of coil 614 to ground at the
inner right back contact of relay 613. As before,
relay 629 operates relay 607 in turn operating re-
lay 618 but the tone circuit is held closed over
the contacts of relays 624 and 619 in shunt of the
contact of relay 618. Relay 618 operates relay
602 which in turn operates relay 623. Relay 623
operates relay 617 which opens the circuit of re-
lay 619. Relay 5§19 releases after an interval and
opens the circuit of the tone coil and stops the
tone. With relay 602 operated, the previously
traced circuit of relay 6i3 is open, but the re-
lease of relay 618 closes a substitute circuit over
the back contact of relay 619 and the front con-
tact of relay 611 to conductor 622. Therefore
the A and B operators hear a single prolonged

tone to inform them that the office designation ¢;

is to be given.

When the operator receives the office name,
she operates either key 651 or 652 according to
the identity of the wanted office. Key 881 cor-
responding to office A connects battery over con-
ductor 612 through resistance 653, through the
two windings of relay 611 in parallel to conduc-
tors 927 and 928. These conductors are con-
nected as previously traced through the windings

of polarized relays 924 and 925. With battery z

connected to conductors 927 and 928, relay 925
operates closing a circuit from ground on con-
ductor 1159, contact of relay 925, lower back con-
tact of relay 94! to the winding of relay 942 and
battery. Relay 942 in operating locks over its
outer upper front contact through the winding of
relay 941 to ground over conductor 150, With
relay 1003 operated, relay 1000 cannot operate
until the office registration has been made since

the circuit of relay 1000 now extends from bat- 45

tery through the winding of that relay, outer
upper front contact of relay 1003, upper back
contact of relay 940 and the inner upper front
contact of relay 942 to ground over conductor
1151 as before.

If key 652 corresponding to office B, is oper-
ated, it connects ground through resistance 654
to conductors 927 and 928, and relay 924 operates,
in turn operating relay 940. Relay 940 also locks
through the winding of relay 94{ and closes the
operating ecircuit for relay 1000. In addition,
during incoming group selection, the counting
relay circuit is modified by the operation of relay
840. With relay 940 operated, incoming group
selection takes place as previously described until
relay 1021 is operated. When relay 1021 oper-
ates, the circuit extends over the front contact
of relay 1821, upper back contacts of relays 1028
and 1036, upper front contact of relay 1032, lower
front contact of relay 940 to the winding of relay
1016 and battery. Five additional pulses permit
the operation of relays 1026, 1025, 1924, 1023 and
1022 in the locking circuits of relays 1015, 1045,
1014, 1013 and 1012, respectively. As previously
described, the operation of relay 1015 releases
relay 1005 and relay 1022 directs the counting re-
lay circuit over the back contact of relay 1005 to
the winding of relay 1010, It will, therefore, ap-
pear that the effect of operating relay 940 is to
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add five pulses to the train of pulses required by
the incoming group registration.

In the terminating sender, the pulse receiving
arrangement functions as described, one of the
digits 5 to 8 being recorded on the incoming
group vertical of the register switch. In order
to inform the marker of the identity of the
wanted office, with relay 21 operated, conductor
250 over which marker transfer relay 805 is con-
trolled may be connected either o direct ground
or to conductor 802 depending upon the regis-
tration on the incoming group vertical. The cir-
cuit may be traced from conductor 250 over the
outer lower front contact of relay 211, conductor
251 to the vertical conductor 161 of the incoming
group vertical of the register. Over any one of
the lower four cross-points, which correspond to
normal registration, for example, cross-point
113, conductor 7161 is connected to conductor
802. Over the fifth and tenth cross-points, the
circuit is open since no such registration is to be
expected, while over the lower four cross-points
of Fig. 4 conductor 161 is connected over conduc-
tor 423 to ground at the lower back contact of
relay 7162.

Trouble timing

Tn the terminating sender when relay 200 op-
erates, it connects ground over its second lower
front contact to conductor 252 thereby grounding
the cam spring of interrupter 253. When inter-
rupter 253 closes its left contact it extends ground
through the left winding of relay 254 to battery,
operating relay 254 which Jlocks through ifs
right winding and right front contact to conduc-
tor 252. With relay 254 operated the closure
of the right contact of interrupter 253 completes
a, circuit from ground over the interrupter con-
tact, left contact of relay 254, winding of relay
224 to battery. Relay 224 locks over its outer
iower front contact to conductor 252, lights lamp
255 and connects ground to conductor 256 fo
sound an alarm. At its outer upper contact re-
lay 224 disconnects battery from conductor 216
to release the junctor. At its inner upper back
contact relay 224 opens the circuit of relay 230
thereby releasing the centralized sender. With
relay 224 operated, the next closure of the left
contact of interrupter 253 completes a circuit
from ground on that contact, over the middle
lower front contact of relay 224, upper winding
of trouble release relay 515. Relay 515 locks
through its upper winding and over its upper con-
tact to grounded conductor 51T and disconnects

. battery from conductor 24{ extending to the

marker connector 800 thereby releasing the con-
nector and the marker. In addition, relay 515
opens the locking circuit of relay 206, which re-
leases when the marker connector releases, in
turn releasing relay 5(5. In general, the trouble
release relay functions to release the sender
in the same manner as release relay 516. How-
ever, if it is desired to prevent the release of the
sender, in order to examine it after a trouble

. has caused it to time out, a plug 541 may be in-

" serted in hold jack 542. In this case when relay

515 operates, a circuit is completed from battery
through the upper winding of relay 208, conduc-~
tor 257, ring and sleeve of jack 542 connected
together by plug 541, lower alternate contacts
of relay 515, upper normal contacts of relay 516
to grounded conductor 517. The marker is re-
leased, but the sender remains busy until re-
leased by the removal of plug 541 from jack 542.

The timing operation, above described, be-
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comes effective if the operation of the sender
fails to progress properly at any stage following
the operation of relay 260. If no frame tens
registration is made, relay 589 cannot operate and
relay 208 fails to operate, while if both frame
tens relays operate, two select magnets operate

for frame registration or the office register relays:

operate incorrectly, relay 200 cahnot operate
and the timing arrangement associated with the
link control circuit functions. '

Position troubles

If the operalor before completing the regis-
tration realizes that she has operated the wrong
key, she may release the partial registration and
make a new registration by operating key 644.
The operation of key 644 opens the locking cir-
cuit of relay 642 and that relay releases, in turn
releasing relay 621. The release of relay 627
again connects battery to conductors 661 and
662, thereby operating relays 1180 and {103
which in turn operate relay 1101, The operation
of relay (18i disconnects ground from conductor
1150 releasing all of the register relays. As before,
relay 1101 reoperates the transfer relays (115,
1148, 1125, 1126, etec., preparing the registers for
reoperation. Since the office register relays 940
and 942 lock to conductor 1150 they are also re-
leased and must be reoperated by the operation
of one of the office identification keys 651 and 652.

If the operator starts to operate her key-set
before the sender is ready to receive the registra-
tion, the operation of any one of the keys con-
nects battery through resistance 646 alone or
in series with resistance 647, over the outer right
front contacts of relays 642 and 641 through the
left winding of relay 643 to ground. Relay 643
locks in a circuit from battery on conductor 628,
right winding and right front contact of relay
843 to ground over key 644 and connects ground
through interrupter 670 to lamp 648 causing that
lamp to flash as a warning to the operator. The
operation of key 644 releases relay 643 and re-
stores the sender to condition for registration
as above described. i

Reorder

If the position circuit is not released by the
completion of the registration, the operator may
disconnect by operating position disconnect key
683. Af its left contact key 603 disconnects bat-
tery from conductor 6808 thereby opening the
circuit of relay 916 to cause the sender to release
the position. If relay 611 had not operated so
that relays 629 and 697 also are not operated and
indicating that relays. 916 and 918 are still oper-
ated, key 683 connects ground over its outer right
contact to the left back contact of relay 607,
conductor 922, brush 905, middle lower front
contact of relay 919 through the normal con-
tacts and winding of relay 911, causing that re-
lay to operate. Relay 917 locks through the wind-
ing of relay 911 to grounded conductor 928, and
disconnects relay 916 from brush 906 to release
the position. Relay 811 reverses the connection
of battery and ground through relay 92 to con-
ductors 227 and 228 thereby operating relay 225
in the terminating sender.
circuit from grounded conductor 221, contact of
relay 225, conductor 333, winding of relay 534
and battery. .

If relay 61 fails to release, holding relay 613
operated, ground is connected over the inner
right operated contact of key €03, outer right
front contact of relay 613, through the right

Relay 225 closes a.
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front contact of relay €11 to conductor 928, and
through the windings of relay 6{1 to conductor
827, brushes 981 and 962, left front contacts of
relay 923, upper windings of repeating coil 910,
windings of relays 924 and 925, to battery and
ground as previously traced. Relay %24 oper-
ates in this circuit. If an office registration has
been made so that relay 941 is operated, a cir-
cuit is completed from grounded conductor 1158,
contact of relay 924, lower front contact of relay
841 to the normal contacts and winding of relay
917 and battery. If no office registration has
béen made, the operator closes key 603 twice. In
that case, sinee relay 84! is not operated, for

. the first operation of kéy 603 the circuit extends

over the inner lower back contact of relay 941
to the winding of relay 940 which locks through
the winding of relay 941 as previously déscribed.
On the second operation of key 603, relay 917 is
operated as above, in turn operating relay 8il.
Relay 9i7 is also operated if both office relays
840 and 942 are operated, the circuit extending
from ground over the lower front contact of
relay 942, inner lower front contact of relay 948

- to the normal contacts and winding of relay 917

and battery, causing the operation of relay 534
as above described. -

When relay 534 is operated it locks over its
inner lower front contact to grounded conductor
22{ and connects ground over its outer lower:
front contact in shunt of the winding of relay
Bl4 to stop further pulsing. At its lower back
contact, relay 534 disconnecéts ground from con-
ductor 535 to prevent any further registrations.

. At its inner upper front contact relay 534 con-

nects ground over conductor 543 through the
windings of telays 752  and 763 to battery. At
its upper back contact relay 534 disconnects con-
ductor 802 from the reorder conductor 544 lead--
ing to the marker and connects direct ground
thereto over its outer upper front contact. With
relays 762 and 7163 operated, ground is discon-
nected from the cross-bar register and connected
over the outer lower front contact of relay 162,

3. outer upper front contact of relay 163, conductor

424, to the winding of relay 520 and battery.
Relay 5206 summons the marker which receives
a reorder signal over conductor 544. With re-
lays 162 and 183 operated, ground supplied by
the marker to conductor 804 is connected over
four contacts of relay 762 to the units registra-
tion conductors and over contacts of relay 763
to part of the thousands registration conductors.
Ground on conductor 803 is connected over con=

. tacts of relay 762 to the tens registration con-

ductors and over contacts of relay 163 to the
remaining thousands registration conductors and
ground on conductor 892 is connected to the hun-
dreds registration conductors. Ground on con-
ductor 88! serves to check the frame registra-
tions, etc., as on an ordinary call. Therefore,
with relays 762 and 163 operated, the humerical
registration is canceled and temporary circuits
are completed for the register relays of the
marker to permit that circuit to function. As
far as the sender i§ concerned the completion
of the ccnnection is the same as for a regulai
call.

Relay 534 is also operated if trouble in the cen-
tralized sender prevents the opening of the
fundamental circuit. It will be remembered

- that, at the end of ten pulses, relay 328 was op-

erated and locked and relay 324 was operated.
If a subsequent pulse is received, a . circuit ‘is
closed from ground over the right front contact
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of relay 312, inner left front contact of relay
324, inner left front contact of relay 225, con-
ductor 323 to the winding of relay 534 and bat-
tery.

In addition, relay 534 is operated if a regis-
tration is received which is inconsistent with the
selection being made. There being but five pos-
sible registrations corresponding to the five
brushes on an incoming selector, four incoming
groups and five possible registrations correspond-
ing to the five brushes on a final selector, any
higher registration is an erroneous one. In the
case of the incoming group selection, an addi-
tional five pulses may be received to identify the
B office. Therefore, only the registration of
5 or 10 pulses is clearly in error. From inspection
it will be seen that the right contacts of the
cross-points corresponding to such incorrect reg-
istrations have been connected to ground so that
the closure of one of these cross-points connects
ground to conductor 833 operating relay 534.

If the call is abandoned by the A operator,
ground is removed from conductor 59 by the
incoming junctor. Relay 522 closes its left con-
tact thereby closing a circuit from ground on
conductor 547, left contact of relay 9522, inner
lower front contact of relay 523, winding of re-
lay 538 and battery. Relay 538 is slow to oper-
ate to prevent improper release. When it closes
its contact it completes a circuit from grounded
conductor 252, lower back contact of relay 324,
front contact of relay 538 to the winding of relay
516 and battery. Relay 516 proceeds to release
the sender as previously described.

Both the marker and the link circuit can
release the sender in case of trouble, the marker
by grounding conductor 545 which operates
trouble release relay 545 and the link by ground-
ing conductor 546, which, prior to the release
of relay 580, operates release relay 548.

What is claimed is:

1. In a telephone system, a unitary register
sender comprising an operator controlled reg-
istering device and a full mechanical registering
device permanently connected over a plurality of
conductors, and means for transferring regis-
trations from said operator controlled device to
said full mechanical registering device.

2. In a telephone system, a first office, auto-
matic switching equipment at said office, a sec-
ond office, an cperator’s position at said second
office, a single register sender including regis-
tering means in each of said offices, means for
setting up registrations on one of said registering
means under the control of said operator’s po-
sition, means for transferring the registrations
from said one registering means to the other
registering means, and means under the con-
trol of said other registering means to control
said automatic switching equipment.

3. In a telephone system, a plurality of of-
fices, trunks having access to said offices in com-
mon, a sender common to said offices, means to
connect said sender to one of said trunks, an
operator’s position, means to connect said sender
with said operator’s position by means of a
talking circuit and a plurality of registering cir-
cuits, means for recording the wanted line des-
jgnation over said registering circuits, an
means for simultaneously transmitting a dis-
criminatory signal over said talking circuit in-
dicative of the office in which said line is lo-
cated.

4. In a telephone system, first operators’ po-
sitions, a second operator’s position, trunk cir-
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cuits terminating in individual cffices, trunk cir-
cuits terminating in a plurality of offices, means
at a first operator’s position for seizing one of
said trunks, registering equipment and switch
control equipment commen to said irunks,
means responsive to the seizure of a trunk ter-
minating in an individual office for recording
the identity of the office in said registering equip-
ment, means for varying the operation of said
switeh control equipment in accordance with
said record, means responsive to the seizure of
a trunk terminating at a plurality of offices for
establishing a special record in said registering
equipment, means responsive to said special rec-
ord for transmitting a distinctive signal to said
operators’ positions, means under the control of
said second operator for setting up a secondary
record of the identity of the office requested by
said first operator, and means under the joint
control of said special record and said secondary
record to determine the operation of said switch
control equipment.

5. In a telephone system, a first operator’s po-
sition, 'a trunk circuit appearing at said opera-
tor’s position and terminating in a plurality of
offices, a full mechanical registering device as-
sociable with said trunk circuit, an operator con-
trolled registering device permanently connect-
ed with said full mechanical registering device
over two pairs of conductors, a second opera-
tor’s position, means to connect said first oper-
ator’s position with said second operator’s posi-
tion over said trunk circuit, said full mechani-
cal registering device, one pair of said conduc-
tors and said operator controlled registering de-
vice, means responsive to the seizure of said
trunk circuit to indicate to said full mechanical
registering device that said trunk terminates in
a plurality of offices, means to transmit said in-
dication to said operator controlled sender over
said other pair of conductors, means under the
control of said second operator to transmit a
signal characteristic of the wanted office over
said other pair of conductors, and means under
the joint control of said indication and said sig-
nal for controlling the establishment of a con-
nection between said trunk and the wanted line.

6. In a telephone system, a sender, a marker,
registers in said sender and said marker, a plu-
rality of circuits connecting said sender registers
and said marker registers, means for transfer-
ring a telephone designation from said sender
to said marker by connecting ground under the
control of said sender registers to a plurality of
said circuits, means controlled from said marker
for connecting ground to the remainder of said
circuits, means in said marker responsive to the
egrounding of all of said circuits, operator con-
trolled means for setting said sender registers,
reorder means in said sender operated if said
operator controlled means fail to function, and
means under the control of said sender reorder
means to transmit a reorder signal to said
marker and to connect ground to all of said
conductors independent of said registers.

7. In a telephone system, a sender, a marker,
registers in said sender and said marker, a plu-
rality of circuits connecting said sender reg-
isters and said marker registers, means for
transferring a telephone designation from said
sender to said marker by connecting ground
under the control of said sender registers to a
plurality of said circuits, means controlled from
said marker for connecting ground to the re-
mainder of said circuits, means in said marker
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fespohsive to the grounding of all of said cir-
cuits, operator controlled means for setting said
sender register, reorder means in said sender
operated if said operator controlled means fail
to function, and means under the conirol of
said sender reorder means to disable said send-
er registers, to transmit a reorder signal to said
marker and to connect ground to all of said
conductors under the control of said marker.

8. In a telephone system, a first office, auto-
matic switching equipment at said office, a sec-
ond office, operators’ positions at said second of-
fice, a registering device in said first office com-
mon to said automatic switching equipment, a
registering device in said second office individual
to the registering device in said first office and
common to said operators’ positions, and means
controlled from said operator’s position for suc-
cessively registering a telephone designation on
said registering devices and controlling said
switching equipment.

9. In a telephone system, a plurality of of-
fices, trunks having access to said offices in com-
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mon, a sender common to said offices, means to -

connect said sender to one of said trunks, means
to indicate to said sender that said trunk is com-
mon to said offices, operator controlled means to
record the numerical designation of a wanted
line and a discriminatory signal indicative of
the office in which said line is located, and
means under the joint control of said trunk in-
dication and said discriminatory signal to alter
said numerical designation.

25

30

13

10. In & telephoné system, & plurality of of-
fices, automatic switching equipment at said of-
fices, a central office, means for operating said
automatic switching equipment under the con-
trol of said central office comprising register
senders, each sender having one registering de-
vice in one of said plurality of offices and a
second registering device in said central office,
means for setting up a registration on said sec-
ond registering device, means for transferring
said registration from said second registering
device to said one registering device and means
to control said automatic switching equipment
from said one registering device.

11. In s telephone system, a plurality of of-
fices, automatic switching equipment at said of-
fices, a central office, operators’ positions at said
central office and means for operating said auto-
matic switching equipment under the control
of said operators’ positions comprising register
senders, each sender having one registering de-
vice in one of said plurality of offices and a sec-
ond registering device in said central -office,
means for setting up a registration on said sec-
ond registering device under the control of one
of said operators’ positions, means for trans-
ferring said registration from said second reg-
istering device to said one registering device and
means to control said automatic switching
equipment from said one registering device.
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