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(CL 178-—2)

19’ Claims.

This ‘invention relates to teletypewriter ex-
change systems and particularly to those sys-
tems characterized by the provision of one or
more unattended automatic switching centers
for establishing communication circuits between
a central office and a plurality of subscriber sta-
tions, the telegraph lines of which terminate in
the automatic switching center.

Teletypewriter exchange systems of the type
in which an automatic switching center is in-
terposed between a group of subscriber stations
and a central office are frequently identified as
“satellite office” systems or “concentrator unit”
system. They have especial wutility under the
circumstance that the traffic between a central
office and a plurality of subscriber stations in a
relatively remote area may be handled over s
considerably smaller humber of communication
circuits than the number of subscriber stations
in ‘the area. Accordingly, an unattended auto-
matic switching or “satellite” center is located
in the general area of the subscriber stations,
the lines of the subscriber stations terminate in

the automatic switching center, and a number:

of trunk circuits sufficient to accommodate av-
erage peak loads of traffic interconnect the auto-
matic switching center and a central office.  The
subscriber station lines have access to the trunk
circuits and vice versa through the automatic
switching mechanism of the unattended switch-
ing center,

Systems of the above described type with ref-
erence to which the present invention repre-
sents a modification and improvement, are

shown in Patent 2,228,279, granted January 14, .

1941 to C. W. Lucek, Patent 2,340,599, granted
February 1, 1944 to P. S. Kinkead et al.,, and
Patent 2,358,666 granted February 6, 1945 to J.
A. Rrecek, and the disclosures of these patents
are incorporated herein by reference as part of
the present specification.

The systems shown in the Lucek, Kinkead et
al. and Krecek patents are predicated upon a
traffic situation in which a very large percentage
of the traffic passing through the automatic
switching center involves intercommunication
between any subscriber station served by - that
automsatic switching center and a subscriber sta-
tion located in a distant area and served directly
or indirectly by the central office, so as to he
reachable only through that office. In accord-
ance with this premise the systems shown in
the patents above-identified have no provision
for direct intercommunication between two sub-
scriber stations served by an unattended auto-
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matic switching center through that center, anad
such intercommunication may be had only by
the completion of a communication channel
from a calling subscriber station through the
automatic switching center and over one of the
trunk circuits to the central office, the comple-
tion of a. communication circuit from the central
office over .another of the trunk circuits and
through the automatic switching center to the
called subscriber station, and the interconnec-
tion of the two trunk .circuits at the ecentral
office.

It is an object of . the present invention to pro-
vide in a “satellite office” type of teletypewriter
switching system, switching mechanism by means
of ‘which any subscriber station served by that
center may have direct access to the line of any
other subscriber station served by that center
as well as access to any trunk circuits extending
to a central office.

It is a further object of the invention to pro-
vide message storage mechanism and switching
means for automatically associating the message
storage mechanism with a calling subscriber’s
line or with a trunk. circuit over which a mes-
sage is to be transmitted from the central office,
when the called subscriber’s line is busy, so that
from the standpoint of the calling station, where-
ever located, message transmission proceeds as
if the connection had actually been extended
through. to the called subsecriber’s line, and the
storage message is retransmitted to the called
subscriber’s line when that line becomes idle.

According to the present invention, there hava
heen added to the automatic switching center
of the type shown in the patents identified above,
communication cireuits somewhat in the naturse
of trunk circuits, but located wholly within the
automatic switching office, and adapted to in-
terconnect the lines of two subscriber stations
served by the automatic switching office, and
these circuits will hereinafter be referred to as
line junctors. Any subscriber station served by
the automatic switching center has access to ths
line junctors in addition to having access to the
trunk circuits as disclosed in the patents. A
line junctor may be seized in responss to the
placing of ‘a call for any other subscriber sta-
tion served by the ‘automatic switching center,
to establish a communication path between the
calling subscriber station and the called sub-
scriber station in the event that the latter sta-
ion is idle. In the event that the called sub-
scriber station is busy, the line junector estab-
lishes a communication path between the calling
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subscriber station and an idle one of a plurality
of overflow lines contained wholly within the
automatic switching center and terminating in
s reperforator. Upon the completion of the
communication path to the called subscriber sta-
tion or toc an overflow line, & signal is transmit-
ted to the calling subscriber guthorizing him to
proceed with message transmission. At the con-
clusion of the message fransmission, the calling
subseriber transmits 2 disconnect or end of
message signal which is effective to restore the
line junetor ecircuit to normal condition, thereby
disconnecting the calling subscriber’s line from
the eslled subscriber’s line or from the overflow
line as the case may be. o

In the case of the storing of the message by
the reperforator of an overflow line, the tape
containing the message is placed in a transmit-
ter from which a communication path may be
extended by a patching cord to a jack associ-
ated with the called subscriber’s line. When the
called subscriber’s line becomes idle, this con-
nection is made, the called subscriber is rung
to start the receiving apparatus and render it
receptive to the message, and the transmitter
is started. 'Thereafter, the message is trans-
mitted to the called subscriber station and at the
end of the message a disconnect sighal perfo-
rated in the tape as a part of the message stor-
ing operation shuts down the called subscriber
station, and this operation causes a disconnect
indicator to be activated at the switching cen-
ter. Thereupon the attendant removes the cord
connection.

As is disclosed in the patents above identified,
a call from the central office to a subscriber sta-
tion served by the autoraatic switching center ar-
rives at the antomatic switching center over one
of the trunk circuits and causes a director cireuit
to operate the link circuit to connect the trunk
cireuit to the called subseriber’s line. In accord-
ance with the present invention, when the di-
rector circuit seeks to connect the trunk circuit
through the link cireuit to a subscriber’s line
that is busy, the director causes the trunk cir-
cuit to be connected instead to an idle one of
the overflow lines which terminate in reperfo-
rators. Therenpon, a sicnal is returned to the
central - office authorizing the transmission of
the message to becin and the message will be
racorded in the form of perforated tape. The
disconnect sirnal transmitted from the central
office at the end of the message will cause the
trimk cirenit to be disconnected from the over-
flow line and to be restored to normal and there-
after the retransmission of the stored message
to the called subscriber station-is. handled in
the manner hereinbefore deseribed.

In the case of a call from one subscriber to
another served by the automatic switching sta-
tion, the seizure of a line junctor by the calling
station. is substantially the equivalent of an in-
coming call on a trunk circuit, the director cir-
cuit heing caused to operate the link cireuit to
connect the seized line junctor to the called sub-
scriber’s line. If the director circuit finds thatb
the called svbscriter’s line is busy, it connects
the line junetor to an overflow line and the call
proceeds as hereinbefore described.

For a complete understanding of the inven-
tion reference may be had to the following de~
tailed description to be interpreted in the light
of the accompanying drawings comprising 23
sheets, the first of which contains Figs. 1 and
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24 and the remainder of which contain single
figures.

Fig. 1 shows a local subscriber station circuit
for an attended station arranged for keyboard
transmission only; -

Tig. 2 shows a local subscriber station circuit
arranged for operation on an unattended basis,
and provided with keyboard and tape transmit-
ters;

Fig. 3 shows a toll subscriber station circuif;

Fig. 4 shows a toll subscriber’s line termination
circuit;

Pig. 5 shows a subscriber’s line eircuit which
will operate with either a local subscriber sta~-
tion circuit or a toll subscriber line termination
circuit;

Fig. 6 shows a subscriber’s line sequence cir-
cuit;

Fig. 7 shows a link eircuit for interconnecting
subseriber’s line circuits and trunk circuits;

Tig. 8 shows a link ecircuit for interconnecting
two subscriber stations under the control of and
through a line junctor;

Fig. 9 shows a line junctor circuit;

Fig. 10 shows a line junctor sequence circuit;

Figs. 11 and 13 show the automatic switching
station termination of an automatic signaling
operator office trunk circuit extending to a dis-
tant central office.

_Fig. 12 shows a trunk sequence circuit;

Tig. 14 shows an all-trunks busy and all-junec-
tors busy circuit;

Figs. 15, 16, 17, 18 and 19 show a director
circuit;

Figs. 20 and 21 show a miscellaneous alarm
circuit;

Fig. 22 shows line circuits for an overflow
line system;

Fig. 23 shows overflow line terminations and
transmitters for retransmitting messages re-
ceived in storage.

Tig. 24 is a block diagram showing how Figs. 1
to 23, inclusive, may be placed to form a com-
plete circuit diagram.

The numbering of the various pieces of appa-
ratus and parts of the ecircuit shown on the
various figures has been kept to a rigid plan.
Thus all numerals on Fig. 2, for instance, are
numerals between 200 and 299, the hundreds
numeral designating the figure of the drawing
and the other two digits being the reference
designation for the particular element in that
figure. - Likewise, for example, all of the numer-
als in Fig. 18 lie between 1800 and 1899, and thus
begin with the numeral 18 designating the figure.

Manual transmitting local subscriber station
initiates call

In Pig. 1 the conductors 181 and 162 designate
the two sides of a subscriber’s loop by which
the local subscriber station of Fig. 1 is connect-
ed to the automatic switching center. Conduc-
tor 18] extends through the winding of a relay
103 to the upper armature of a relay (04, which
is deenergized when the station is shut down,
s0 that the circuit is extended through the up-
per back contact of relay 104, conductor 108,
condenser 187 and winding of alternating cur-
rent relay i88 to the other line conductor i02.
Tine conductor 102 extends through a winding
of the selector magnet 189 of a teletypewriter
printer, keyhoard transmitting contacts I{f, re-
sistor 112 shunted by normally closed break key
i13 and variable resistance 114 to the upper
front contact of relay 104, The selector mag-
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net: {09 represents and: Will’: hereinafter: be: re=

ferred to: as: the: teletypewriter: printer angd: this:

priter: may- be. of: the: type shown: in: Patent
1,904,164,. granted: April- 18, 1933 to: S:. Morton:
eb-al. Keyboard:controlled transmitting contacts:
represented by the: contacts ({1 are also: dis-
closed it this patent and the: disclosure: of" the:
patent: is. incorporated: herein by- reference: as:
part.of the: present: specification.

The: station. may- be: activated. in: preparation
for the: transmission of: a: message: by: the closure:
of" key 467 which completes & circuit: from:
ground: through. the: lower make contacts: over-
conductor: 11 and winding of relay: I8 to
grounded: battery 119. Relay 118 completes: a:
holding: circuit from battery 19 through: its
winding and. front. contact and: lower- armature,
conductorr 121, manually' operable: normally-
closed emergency stop: contacts: 22 and: normail-
ly: closed’ contacts' 123 wirich may be: opened by
the signal'responsive operation: of signal respon-
sive:element (24 forming & part of teletypewriter
i89: It will be.apparent: that it is only neces=.
sary to holdl key: {16 closed momentarily until:
relay 148 operates and locks.

At its: upper armature: and' front contact, re-
lay: 8" completes: a. circuit from battery- 149
through: conductor 126 to operating motor: 127
of teletypewriter 109 and: to relay- (08:. At its
upper armature and back contact, the relay [04
disconnects condenser 1071 and relay 108 from
bridging relation to:line eonductors 104 and. 102
and- establishes a- terminating loop for conduc-
tors. 194 and: 102' through relay 103, variable. re-
sistor 14, resistor 112 shunted by break key 13,
keyboard transmitter {11 and teletypewriter 109.

At its: inner. lower armature, the relay 104
completes a circuit from hattery 149. through. a
slaw-aperate: relay 128 the. delay in: the- opera-
tionr of which: may be provided. by a dash-pot
mechanism 129, inner lower armature-and. front
contact of relay. 194, back contact and: armature:
of: relay- 103, conductor i34, to ground. through.
the: lower: front contact and. armature. of relay:
I18; conductor- 124; contacts 122 and. 123. Re-
lay- 128;does: not become. energized. over: this. cir-.
cuit: at: this: time- because relay 103 operates on.
line: current through the loop completed by re~
lay- 104: and- interrupts the:energizing circuit of:

relay- (28 before-that relay has had. time.to op- 50

erate:. The line current which operates relay
193 flows. fiom: a. source; hereinafter to. be. iden~
tified-atr the automatic switeching station; as.soon.
as relay 184 substitutes the direct current path
including: printer- 109, tramsmitter L1, break.
key 1143: and resistor {14 fer the- direct. current:
blocking path including condenser 107 and. al-.
ternating current relay 108. For a reason which.
will be: set forth hereinafier, two. different. meth-.
ods: of’ placing a call are contemplated, one- in-
volving:merely the: momentary: operation of key
18, the:other involving the operation. of key 116
with break: key 13 held open. In. the- former:
case; full line: current flows upon the operation
of ‘relay- {04; and inr the latter case reduced. cur--
rent flows: as: a: result. of removal; of the- shunt
around. resistor 112, Either value of current. is
sufficient: to' operate relay- 103.

With relay I8 operated from key If6.as pre-
vieusly- described: and Key 116 not yet released;
a circuit is traced from: battery: i-19: through the-
upper armature and front contact of relay (18
downwardly along conductor {26, through con--
ductors 133, 134 and 136, winding of relay- (3T,
conductor (38 and: upper- make- contacts of key

5.

20

25

30:

40:

45

GO

65

TO:

755

- to' the other line conductor-204.

S .

LiG:tesground.  Relay (31 cperates and connects.
gromnd through: its lower: front contact and
armature.to:the right hand terminal of its. wind-
ing; in: substitution: for: the: ground. supplied over
conductor (38:from key: I16.50 that; relay (3T will
he: held: operated: after - key- 116 is: released.

Motor: 12T: is: provided. with centrifugzally op-
erable: make: contacts - 139 for completing: the
circuit of an: answer-back magnet {4i- An: an=-
swer: back: is. required: only. when the station is to
he:started on:an: unattended basis under remote
control: for: the: purpese: of receiving a message,
and: aceordingly the: upper armature: and back
contact; of relay 13T are.interposed between the
centrifugally controlled: contacts 139 and: mag-
net; (44, so: that, when: the. station is started. on:
an: attended: basis. by operation of key- 116 for
the.purpese: of transmitting a message; relay 1371
will: disable. the circuit: of answer-back magnet:
14l hefore the: circuit of that magnet can. be.
completed: by the:centrifugally operable contacts
139, and: answer=back magnet (4] will not- be:
operated.

The: operations: thus: far described, responsive:
to; operation: of key I18; represent the initiation
of a call by the attendant at the local subscriber
station: shown: in- Fig. 1- and no: further opera-
tion: isy necessary until- the automatic switching
center-to-which line conductors 101 and (02 ex-
tend: responds: to: the initiation of the call, in
the:manner-which: will be described hereinafter.
By way of: summary; the-condition: of the station
is- assumed: to be that relays: 103, 104, 118, and
137 are operated, and motor 121 running.

Tape transmitting. local subscriber station
initiates- call

Fig. 2 shows an alternative form of Jocal sub-
scriber station: which differs from that of Fig. 1
in- several respects;, an important one-of which.
being that the station is provided with a tape
transmitter- as well as a keyhoard transmitter.

Referring: now- to Fig: 2, the conductors 203
and- 204 designate the two sides of a subscriber’s
loop by whieh the subscriber station of Fig. 2 is
connected’ to the automatic switching center:
Conductor-203°extends through the upper. arma-
ture and'back contact of a relay 206 and through
the-winding of a relay 207 to the upper armature
of & relay 208 which is deenergized when the
station- is- shut' down, so that the circuit iy ex-
tended' through' the  upper back- contact of relay
208; conductor- 209;. condenser 211, winding of
alternating- current relay 212 and conductor 213
Line conductor
204 extends through the winding of the selector
magnet 214 of x teletypewriter printer which
may be similar to- that designated by the ref-
erence numeral’ 109 in Fig. 1, keyboard. trans-
mitting- contacts 216 which may be similar to
the keyboard transmitter (11 in Fig: 1, resister
2T shunted’ by normally closed break key 218,
stop segment; brushes-and collector ring of a tape
transmitter- 219’ and variable resistor 221 to the.
upper: front. contact' of relay 208. Tape trans-
mitter-219 may be of the type shown in Patent.
2,055,567, granted September 29, 1936 to E. T
Watson, and' the disclosure of this patent is in-
corporated in by reference to the same extent as
if’ inclided’ in' its entirety.

The station may be activated in preparation
for the-transmission of a message by the closure:
of'key 222. At the upper contacts ground is con-
nected: over conductor 223 through the winding
of relay: 224: tos conduetor 227 to. which grounded:
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battery 228 is connected. Relay 224 becomes
operated over this circuit. At the upper arma-
ture and front contact of relay 224 a holding
circuit is completed from the upper terminal
of the relay through conductor 228, normally
closed emergency stop contacts 231 which are
manually cperable, normally closed contacts 232
which may ke opened by the signal responsive
operation of signal responsive element 233 form-
ing part of teletypewriter 214, conductor 234 out-
er upper armature and back contact of relay 236
and middle lower back contact and armature of
relay 237 to ground.. At the lower armature
and front contact of relay 224 a circuit is com-
pleted from battery 228 through, the relay arma-~
ture and front contact just mentioned, conduc-
tor 238 and the rightwardly extending portion
of conductor 258 and motor 241 to ground, start-
ing the motor which is provided for driving the
distributor 218 through friction clutch 242, gear-~
ing 243 and shaft 244. The same battery con-
nection is extended leftwardly through conductor
389 and through ccnductors 245, 246, 247 and
motor 208 to ground, thus starting motor 200
which is provided for driving teletypewriter print-
er 214 and keyboard transmitter 216.

ey 222 also connects ground through its lower
pair of contacts, conductor 248, winding of relay
235 and conductors 249 and 227 to battery 228
thus causing relay. 238 to be operated. At its
outer upper armature the relay 236 transfers the
holding circuit for relay 224 from the ground
connection supplied through the middle lower
armature and back contact of relay 237 to ground
on the front contact which the outer upper arma-
ture of relay 236 now engages. At ifs upper arma-
ture the relay 235 disables the energizing circuit
for relay 29% to prevent the energization of that
relay over a circuit traced from ground on the
upper armature of relay 25! through conductor
252, the winding of relay 208, conductor 283, in-
ner upper armaiure and back contact of relay
238, conductor 284, and cenirifugally operated
contacts 2586 which close when motor 208 comes
up to operating speed, to battery 268. At its in-
ner lower armature relay 235 constitutes for the
zround connection supplied from key 222 through
conduetor 248 the ground connection supplied
over conductor 228 and through the upper front
contact and armature of relay 224, conductor
252 angd the innermost lower armature of relay
238, thus establishing & holding circuit for that
relay. At its middle lower armature relay 226
disables the energizing circuit for relay 25{. At
its outer lowsr armature relay 235 prepares an
energizing eireuit for a relay 281, the path being
traced from the lower terminal of that relay
through conductor 282, the front contact and
outer lower armature of relay 235 and conductor
253 to the front contact associated with the outer
lower armature of relay 298.

At the time that relay 224 counnected battery
228 over conductors 239 and 245 to conductor 246
this connection was extended from conductor 245
through conductor 264, the back contact and
outermost upper armature.of relay 237, conductor
286 and winding of relay 228 to ground thus oper-
ating the relay 288. At its upper armature the
relay 288 closes a dirvect eurrent loop between line
conductors 283 snd 284, opening the circuit of
alternating current relay 2i2. With the direct
current loop completed, relay 287 operates on
current supplied over the line conductors from
the automatic switching center. As in the case
of the station shown in Fig 1, a call may be
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initiated at the station shown in Fig. 2 without
or with break key 231 operated. In the latter
case, reduced line current will flow when relay
298 operates, due to the presence in the circuit
of resistor 217 when break key 218 is open, but
either value of current is sufficient to operate
relay 207. Relay 208 seeks to complete an ener-
gizing circuit for slow-operate relay 267, the cir-
cuit peing traced from battery 228 through con-
ductors 227 and 299, winding of the relay 267,
conductor 288 the inner lower armature and front
contact of relay 298, the back contact and arma-
ture of relay 287, and conductor 268 to the upper
armature of relay 224, which is grounded over
a circuit previously traced. owever, relay 207
operates immediately after relay 208, and pre-
vents the completion of this circuit. Relay 208
also prepares an energizing circuit for relay 261,
which is traced from the make contacts of relay
2§1, prevented from operating by relay 207, con-
ductor 263, outermost lower armature and front
contact of relay 238, conductor 262, winding of
relay 261, conductors 239 and 238, front contact
and lower armature of relay 224, conductor 2217
o battery 228. With the station shown in Pig. 2
in the condition thus far described, namely, with
the motors running and relays 208, 224 and 238
energized, the station awaits the response of the
satellite office station to the call thus initiated.

Toll subscriber station initiated a call

The cireuit of & toll subscriber station is shown
in Fig. 3. A single line conductor 388 extends
from the toll subscriber station to the automatic
switching eenter and with the toll subscriber sta-
tion in the shut-down condition the line conduc-
tor 385 iz terminated in a path through the nor-
mally closed recall key 306, springs { and 2 of
4 local test key 807, conductor 388, upper arma-
ture and back contact of a relay 303, condenser
ait{ and ringer 312 to ground and in parallel
therewith through condenser 313 and alternating
current relay 314 to ground. A call is initiated
by the momentary operation of call key 316 which

5 completes a circuit from ground through the

Jower make contacts of the key, conductor 317
and winding of relay 318 to ground battery 318.
At its lower armature and front contact relay
318 establishes a holding circuit from ground
through the normally closed selectively operable
stop contacts 321 and normally closed manually
operable emergency stop contacts 322. Al its
upper armature and front contact the relay 318
connects battery 318 to a conductor 823. A path

5 extends from conductor 323 through motor 324

to ground so that the motor is set in operation.
Motor 324 is employed for driving a keyboard
transmitter 326 and a teletypewriter printer rep-
resented by selector magnet 327. A path also
extends from conductor 323 through the winding
of relay 389 to ground so that this relay operates.

At the upper armature of relay 309, conductor
308, which is the extension of line conductor 385
is disconnected from ringer 312 and alternating
current relay 314 and is connected through the
operating winding of biased polar relay 328, the
operating winding of biased polar receiving relay
829, interference suppressor coils 23 and 332,
armature and marking contact of biased polar
transmitting relay 333, interference suppressor
coil 324 to the negative terminal of direct current
power supply 338. The positive terminal of the
power supply 338 is connected through interfer-
ence suppressor coil 331, the marking contact and
armature of biased polar transmitting relay 338
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4nd ‘interference suppressor «coil 339 to ground.
From the junction-of interference suppressor coils
331 and 332 a branching path is traced through
selector magnet :327 of the teletypewriter printer,
which may be-of the same type as:that shown in
Pigs. .1 and 2, varistor 341 shunted by condenser
842, interference.suppressor coil 343, marking con-
tact and armature .of receiving relay 329, inter-
ference ‘suppressor .coil 344 :and springs ‘5 and 4
of local test key 307 to ground. From.this it will
be ‘apparent that -if line -conductor 885 is con-
nected at the automatic switching center to
ground or to battery.or other direct current power
supply in series aiding relation to the power sup-
ply :at the subscriber :station, to .catse marking
current to flow ‘over line conductor 395 to ground

5
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at the left hand terminsl of coil 339, the arma- .

ture of recéiving relay 329 will be operated ‘to
marking and selector magnet 327 will be ener-
gized, ‘the wvaristor ‘344 being so connected ‘as to
present low .impedance to current in-:one direc-
tion, which is the marking condition, and to pre-
sent high impedance to -current in ths opposite
direction, which is the spacingcondition.

At its inner lower ‘armature and front contact

20

25

the relay 203 prepares @ path from battery :319

ihrough the winding:of relay 346, which hasa slow
operate characteristic by virtue of -dash-pot 341,
conductor 348, inner lower armature :and front
contact-of relay 308 to'the armature of relay 328.
Relay 328 has no circuit-connection to its marking
contact, .but only to its spacing contact. With
relay 309 :operated, marking current flows in the
line and operates relay 328 to marking, thus pre-
venting the completion, by the inner lower arma-
ture and front.contact of relay 389, of the operat-
ing circuit of slow-operate relay 348.

A further cireuit completed by relay 348 .is
traced from-battery 319 through the ‘upper arma.-
ture :and front contact of the relay, downwardly
irom the front-contact along conductor 323, con-
duetors 353 and 354, winding -of relay 358, -con~
ductor 355 and upper make-contacts .of key 316 to
ground, operating relay -855. At-its upper arma-
ture relay 386 disables the energizing circuit for
answer-back magnet 3§57 so that that magnet will
not be operated when centrifugally cperated con-
tacts 358 close as motor 324 comes up to-speed.
At its lower armature and front.contact the relay
356 supplies a ground .connection for holding it-
self operated after key 316 is released. The sta-
tion is now in condition for the transmission of
messages. into the automatic switching center,
with relays 309,-318, and 356 energized and relays
328 and 329 operated to marking.

A call may be placed from the station sShown
in ‘Pig. 3 in :either 'of two ways, namely, with
break ‘key 351 closed or open. The break key ‘is
included in a eircuit traced from the positive ter-
minal of power source 336 through conductor 362,
transmitting contacts 326, break contacts of key
381, conductor ‘363, springs 8 and ‘9 of ‘test key
381, conductors 284 and 386, operating windings
of transmitting relays 338 and 333 to the negative
terminal of power source 336, With 'this circuit
closed, the relays will 'be operated to marking and
impress a marking potential upon line conductor
365 when relay 369 operates. If break key 381 is
open when key 346 is aperated, this cireuit will e
open, the transmitting relays will be operated to
spacing by -current through their biasing wind-
ings from power source 33§, and upon the opera-~
tion -of relay 309, a spacing potential will be im-
pressed on line.conductor 305. :
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‘Toll .subscriber’s Zz'ne circuit responds ‘to call

Line conductor 885 is ‘extended ‘through Fig. 2
as-conductor 205 and into Fig. 4 as:conductor 405
where a path is traced through the armature and
hack -contact.of relay 486, the cperating winding
of repeating . relay 407, -operating winding of
signal repeating relay 408, retardation. coil 409
:and associated resistors 4141, winding .of relay 442,
upper :armature ‘and back contact of slow release
relay {413 and winding of relay 414 to ground,
Relay 414 is polarized and.is so connected that it
«daoes net-operate onmarking current from the toll
subseriber -station, but does operate on spacing
current. - Relay 412 operates upon the completion
of the line circuit-at the toll subscriber station for
the fiow -of current over line conductor 305 re-
gardless.ofthe polarity of that-current: Relay 412

-completes a circuit traced from ground on the

armature of relay 407 through the marking con-
tact, conductor 416, ‘winding :of alternating cur-
rent relay 4i1, armature and front contact of
relay -412, conductors 418 and 419, resistors 421
and-422 o battery 423. Relay 41 1, being analter-
nating -current relay, will also energize on direct
current -and -accordingly aperates, completing a
cireuit from -ground -through its ‘armature and
iront contact, the armature and right-hand con-
tact of relay 414, assuming that the station in Fig,
3 Impresses ‘marking :potential on line 368, and
the winding of:relay 413 to'battery 424, thus oper-
ating-relay-413. At its upper armature the relay
#i3 interrupts. the cireuit through the winding of
relay 444 -and transfers the line circuit extending
to the toll subscriber station to the armature -of
repeating relay 426 -which -engages the grotunded
marking contact. The flow of marking current in
the line is maintained since ‘the ground on the
marking contact :of relay 426 is substituted for
the groundon thewinding of relay 4:i4.

At its Jower armature.and front -contact relay
413 completes: a -circuit from -ground “through
conductor 427 and the winding of relay 428 to
battery 429.- At its armature f .and back contact
the relay 428 interrupts a conductive path from
-conductor 431 of ‘the telegraph transmission cir-
cuit to an alternating -current relay 432, the
function :of which is to respond to ringing cut-
rent. At armatures 2.and 3 a signal transmis-
sion termination for conductor 431 is estab-
lished ‘through ‘the armature 2 and front con-
tact, operating winding of repeating relay 426,
front contact and armature 3 .of relay 428, con-
ductor 433 and armature and marking contact
of repeating relay 408 to ground. The-engage-
ment of .armature § with its {front contact per-
forms a ‘useful function only when relay 484 is
operated.  'This relay is operable from the left-
hand contact of relay. 41§ as will be described
later.. Armature 5 of relay 428 .connects .a con-
denser 436 and. resistor 437 in series therewith
across the make.contacts of Trelay.412 to provide a
storage path for current to energize alternating
current relay 417 if the relay 412 releases ‘while
relay 407. operates between marking -and spac-
Iing contacts.in response to signals received from
the toll subscriber station in Fig. 3. At arma-
ture 6.and-the.front contact of relay 428 battery
423 is connected through resistors 422 and 438
to- the lower terminal of the ‘winding -of alter-
nating - current relay 4i1 and to the marking
contact of repesting relay 401. With relay-401
engaging ‘the marking .contact current flows
frem battery 423 through. resistor 422 and di-
vides, some-flowing through resistor -438, arma-
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ture. 6 and front contact of relay 428 and con-
ductor 415 to ground on the armature of relay
407 through the marking contact and the re-
mainder flowing through resistor 421, conductors
419 and 418, the armature and front contact of
relay 412 and the winding of alternating cur-
rent relay 417 to conductor 416 and thence to
ground through the marking contact-and arma-
ture of relay 461. When relay 497 is on the
spacing contact current flows from battery 423
through resistor 422 and then divides, a portion
flowing through resistor 421 and conductor 419
to eround through the spacing contact and arma-
ture of relay 407 and the remainder flowing
through resistor 438 and conductor 416, wind-
ing of alternating current relay 417 in the op-

15

posite direction from that previously traced,

armature and front contact of relay 412 to
conductors 418 and 419 to ground through the

spacing contact and armature of relay 407. If ¢

relay 412 should release while relay 497 continues
to respond to signals, the condenser 436 and re-
sistor 437 provides a storage path for charging
and discharging the condenser through the wind-

ing of relay 417 to produce an alternating cur- ¢

rent through the winding of the relay and there-~
by maintain it energized so as to maintain relay
413 operated.

Armature T of relay 428 removes a biasing cur-

rent from the biasing windings of relays 407 and 3

4063 and places the biasing windings under the
control of repeating relay 42§ to hold the arma-
tures of relays 407 and 488 on marking so that
those relays will not follow signals repeated by
relay 426 towards the toll subscriber station and
revertively transmit them toward their point of
origin, 7 o
The condition of the toll subscriber’s line cir-
cuit in response to the initiation of the call by
the toll subscriber is that relays 407, 468 and
428 are in the marking condition, relays 412, 413,
411 and 428 are operated, relay 418 -is operated
to- its right-hand contact, battery 428 is con-
nected to line conductor 438 through resistors
422 and 441 and the front contact and armature
4 of relay 428, and the armature of repeating
relay 403 is connected to line conductor 431
through armatures 2 and 3 of relay 428 and the
operating winding of repeating relay 426.

‘Subscriber’s line circuit responds to initiation
- of call -

it will be noted that line conductors {01 and
102 of Fig. 1 extend through Fig. 2 as conductors
201 and 262, through Fig. 4 as conductors 40{
and 402 and into Fig. 5 as conductors 881 and 502.
Similarly line conductors 203 and 204 of Fig. 2
extend through Fig. 4 as conductors 403 and 404
and into Fig. 5 as conductors 503 and 504. Line
conductors 421 and 439 of Fig. 4 extend into Fig.
5 as conductors 531 and 539. Each pair of line
conductors is connected to a subscriber’s line cir-
cuit one of which has been shown in detail in
Fig. 5 and two have merely been indicated. The
subscriber’s line circuit for the line conductors
584 and 382 is contained within the dotted rec-
tangle 506, the subscriber’s line circuit for line
conductors 503 and 504 is indicated by the rec-
tangle 5087 and the subscriber’s line circuit for the
line conductors 531 and 539 is designated by the
reference numeral 598. The subscriber’s line
circuits are alike for local and toll subscriber sta-
tions. -The line conductors: ‘of local subscriber
stations connect directly to a subscriber’s line
circuit whereas in the case of a toll subscriber
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station the toll subscriber’s line termination cir-
cuit, such as the one shown in Fig. 4, intervenes.

Conductor 581 is connected through the upper
pair of normally closed contacts of a jack 5ili
to conductor {2 which is one of a group .of con-
ductors represented by the dot-and-dash line
5{5 in Fig. 5, Ti5 in Fig. 7, 815 in Fig. 8, from
which the corresponding conductor 812 emerges
and terminates at the front contact associated
with the ocuter armature of a hold magnet 801
of a link circuit. 'The front contact is part of a
make-before-break arrangement and the fixed
contact associated therewith is connected to con-
ductor 813 which, as one of the conductors of
group 815-7{5-515, emerges in Fig. 5 as conduc-
tor 513, which extends through the operating
winding of a biased polar relay 5¢{4 to the front
contact associated with the inner lower arma-
ture of a relay 516, at this time released, and also
extends through the operating winding of a
biased polar relay 517 to ground. Line conductor
582 from the local subscriber station of Fig. 1
is connected through the upper pair of normally
closed contacts of a jack 518 to a conductor 519
which as anocther conductor of group 515-115-
815, emerges in Fig. 8 as conductor 819 and ter-
minates at the inner armature of hold magnet
80{. The back contact which is engaged by the
inner armature of relay 88( is connected to con-
ductor 8§21 which, as still another conductor of
the group 815-115-515, emerges in Fig. 5 as con-
ductor 53! where it is connected through the
front contact and fixed contact of a make-hefore-
break combination of contacts associated with the
lower armature of a relay 522 and through re-
sistor 523 to battery 524. Since the initiation-of
the call from the subscriber station of Fig. 1'in-
volves the interconnection of -the two line con-
ductors of that station, the two paths just traced,
one terminating at ground on the operating
winding of relay 517 and the other terminating
at battery ‘524, are interconnected to form  a
single conductive circuit from battery 524 to
ground including the operating windings of re-
lays 5{4 and 517. )

Relay 514 is a marginal relay adjusted so that
it will not operate unless the current flowing
through it exceeds a predetermined minimum.
The determination of whether or not marginal
relay 544 shall be operated is made at the sta-
tion initiating the call. As previously described
the subscriber has alternative modes of initiating
a call, one involving operation of the start key
116 -only and ‘the other involving operation of
start key 1i8 with break key (13 operated. In
the first case both the relays 314 and 5i7 will
be operated and in the second case only the relay
517 will be operated because the current passed
by resistor 142 in Fig. 1 is insufficient to operate
relay 5i4. - :

It will be assumed that the call has been
initiated without operating break key {43 and
that relays 514 and 817 cperate. Relay 5{T com=
pletes a circuit from ground through its arma-
ture and left-hand contact, conductor 526, the
armature and front contact of relay §i4 because
this relay is assumed tc have operated, conductor
527 and winding of relay 522 to batbery 528, and
relay 528 operates. Relay 8§28 completes a cir-
cuit from ground through-its culer armature and -
front contact, conductor £32, outer upper arma-
ture and back contact of -a relay 533, conductor
524, lamp 538 and conductor 837 to a conductor
538 which is common to all of the subscriber’s
line circuits. From the conductor 5238; a con-
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ductor 541 extends through Pig. 7 as conductor:

141, through Fig. 8 as conductor 841, through
Fig. 9 as conductor 941 and into Fig. 10 as con-
ductor 194{ and winding of a relay 109{ to battery
it82. Relay (601 is part of a sequence master
centrel circuit and upon being operated com-
pletes the energizing cireuit of relay 1003. Re-
lay 1003 completes the circuit of a lamp 1004
and also the circuit of buzzer {906 if the key
{807 is closed. Lamp 084, and buzzer (00§ if
key (807 is closed, serve as alarms to indicate
the initiation of a call and are necessary in
the event that seme trouble condition is inter-
fering with automatic operation of the system
and necessitates manual or semi-automatic op-
eration. Lamp 536, which operates in the same
circuit as relay 180{, indicates the particular sub-
scriber’s line circuit involved in the initiated call
and jacks 8if and EI8 afford terminations of
the line extending to the subscriber station by
means of which a connection to that line may
be made with patching cords.

Subscriber’s line seguence circuit and junctor
sequence circuit respond

At the inner armature of relay 528 a circuit
is completed from ground through the upper
armature and back contact of relay 522, con-
ductor 542 and conductor 642 in Fig. 6 to the
winding of a slow-release start relay 881 of a
subscriber’s line sequence circuit. - At its outer
upper armature relay 68t connects ground over
conductor 662 and conductor 8%4 which extends
to the director circuit for performing a fune-
tion to be described.hereinafter. At its inner
upper- armature the relay 881 compleies a cir-
cuit which is traced from battery 683, winding of
relay 694, front contact and inner upper arma-
ture of relay 601, and chain ecircuit through back
contacts and the lower as well as the inner upper
armatures of a relay 897 associated with sub-
scriber’s line -circuit 587 in Pig. 5, and of a
relay 608 associated with subscriber’s line circuit
508 of Fig. 5, conductor 611 and back contact
and inner lower armature of relay 12 to ground.
Relay 664 becomes operated over this circuit and
provides a holding circuit for itself from ground
through the armature 3 and front contact of the
relay, front contact and lower armature, and
inner upper armature and front contact of relay
681 to the winding of relay 604. Relay 684 will
thus be held energized as long as relay 601 re-
meains operated even though relay 62 becomes
operated as will presently be described.

Relay 604 completes a cireuit, from battery 663
through its armature & and front contact, con-
ductor 513, winding of relay 6i4, conductor 6i6,
and break contacts controlled by the upper arma-
ture of a relay 617 to ground, thus opverating relay
614." At its lower armature and front contact
the relay 614 completes a conductive path which

will be traced from the right-hand terminal of’

the winding of relay 6{8 through the front con=
tact and lower armature of relay 614, chain cir-
cuit-through back contacts and armatures of a
relay 621 corresponding to relay 64 but associc
ated with the sequence. circuit for another group
of subscribers’ lines, back contacts and arma-
tures of a relay 622 which corresponds - to relays
614 and 62(, conductors 624 which extends
through Fig. 8 as conductor 824, and into Pig. 12
as conductor {224, through the back contact and
outer lower armature of a relay 1284 in a trunk
sequence ecircuit, cuter lower armature and.back
contact of a-corresponding relay 1203 in the se-
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quence circuit for another trunk, outer lower
armature and back contact of a relay 1206 corre~
sponding to relay 1281, conductor {226 which
extends through Fig. 8 as conductor 826, through
Tig. 9 as conductor 926 and into Fig. 10 as con-
ductor 1026, armature 7 and back contact of 2
relay 1888 of a junctor sequence circuit, arma-
ture 7 and back contact of a relay i8i{ corre-
sponding to relay i803 and associated with the
sequence circuit of another line junetor, arma-
ture T and back contact of a relay 1842 corre-
sponding to. relays (608 and i8i{, armature 71
and back contact of a relay §018 corresponding
to relays (808, t61t and 183, conductor 18117,
conductor i027 which extends through g, 17
as conductor §721, through Fig. 15 as conductor
1527, through Fig. 16 as conductor 1627, and into
Fig. 20, which comprises a miscellanesus alarm
circuit, outer lower armature and back contact
of a relay 2681, conductor 2082 and back contact
and upper armature of a relay 2833 to ground.

Turning again o Fig. § a path is traced fromm
the left-hand terminal of relay §ig over conduc-
‘tor 628 which extends through Pig. 8 as ‘con-
ductor 828, through Fig. 9 as conducior 828, into
Fig. 10 as conductor 1028, lowermost pair of con-
tacts of a key (88, arranged as break contacts,
conductor 1629 which extends through Fig. 17
as conducter 172§, through Fig. 15 as conductor
1529, through Fig. 16-as conductor {529 and into
the miscellansous slarm cireuit of Fig. 20 ag
conductor 262§, through the armature and back
contact of a relay 2884, to battery 2888.

The two paths just traced, one terminating at
ground and the other at battery, being inter-
connected through the lower armature and front
contact of relay 614, and including the winding
of relay 618 form an operating circuit for thai
relay and the relay operates.. A helding cireuit
for relay 618 is completed. from ground through
the inner upper armature and front contact of
relay €14 and the inner lower artature and front
contact of relay $18 to the right-hand terminai
of the latter relay.

At its outer lower armature and front contact
relay 618 completes a circuit from battery 631
through the winding of relay 8i2 to ground
through the break contacts operable by the upper
armature of relay 6i7: Relay 612 operates over
this circuit,

At the upper armature and front contact of ré-
lay 618 the battery connection availablie on con-
ductor 628 from battery 2005 in Fig, 20, as pre-
viously described, is extended over conductor 633
and through the armature 5 and froni contact
of relay §04 and conductor €43, conductor 543 in
Fig. 5,-outer lower armature and back contact
of relay 533 because this relay is not energized,
conductor 545, which extends through ¥ig. 7 as
conductor 748, through Fig. 8§ as conductor 845,
through Fig. 9 as conductor 845 and into Fig, 10
as‘conductor $0486, through the winding of relay
1019 to ground, thus operating this relay. The
operations initiated by this relay will be described
later.

With relay 612 operated the ground on its inner
lower armature is disconnected from conductor
6{1. This ground was: included in the energizing
circuit for relay 604, but since the lajter relay
provided its . own - holding - eircuit to  ground
through its armature § and front contact, the
energization of relay 612 has not resulted in the
release of relay 694, From the inrer upper - arme-
ture-of relay 612, & conductive path is ‘traced:
through- conductors 634, 834, (234, 1534, 1634,
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inner lower armature of relay 200f. From the
inner upper front contact of relay 642 a path is
traced through conductor 638, armature 2 ‘and
front contact of relay 604, eonductor 641 which
extends into Fig. 5 as conduetor 547 from which
parallel branches extend. One branch includes
conductor 549, conductor group: ¥15 of -Fig. 5,
group 115 of Fig. 7, group 845 of Fig. 8, conductor
849, winding of hold magnet 831 to battery. ‘The

other branch extends through the break contacts.

of jacks 511 and 518, conductors 554, 151, 85t
8514, and 1551 to the outer right-hand front con-
tact of relay (581, -Accordingly, the path through
this branch is incomplete and although the path
through the other braneh includes the winding of
hald magnet 801 there is no closed circuit through
the path because ground is withleld at the inner
lower armature of relay 2091.

From the outer upper armature of relay 612 a
conductive path is traced through conductors
€37, 837, 1237 of Fig. 12, conductor {437 of Fig. 14
to the upper armatures of relays 1461 and {424,
These armatures have no back contaets and the
relays are assumed to be released -at this time-so
that the path is not extended to the grounded
front contact of either armature. From the
outer upper front contact of relay 812 a condue-
tive path is traced through conductor 538, arma-
ture | and front contact of relay 604, conductor
652, conductor 552 of Fig. 5 and winding of relay
516 to battery 509. Due to the fact that ground
connection is withheld at the upper front con-
tact of relays 149§ and 1402, the circuit ‘of relay
5{6 is not completed. At its outer lower arma-
ture and front contact relay 6i2 completes a
conductive path frorm battery §28 through the
winding of relay 811, the specified armature and
front contact of relay 612, conductors €44, ‘844,
(244, (584, 1644, and 2044, upper -armature and
back contact of relay 2811, conductor 2043, con-
ductor 1645 of Fig. 16, conductor 1846 of Fig. 15
and conductor (248 of Fig, 12 o the middle lower
armatures of relays 1218, 1228, and 1229 which,
having no back contacts, and the relays being
released, terminate the path. A branching path
from conductor 2044 in Fig. 20 is traced through
conductor 2612, the lower armatureandback.con-
tact of relay 2013 and conductor 2014 which ex-
tends into Fig. 21 as conductor 2114 to the front
contact associated with the outer upper arma-
ture of g relay 218t. As this relayis assumed 1o
be deenergized the path terminates at this point,
and, accordingly, the relay &1, through the wind-
ing of which the path was traced,-does not:become
energized. All possible paths ‘established by re-
lay 612, when operated have now been traced ahd
the only one which is found to have resulted in
the completion of a circuit is the path traced
through the winding of relay #048.

At its left-hand armature relay 4943 completes

the energizing eircuits of relays {024, 4922 and-

1823, Relay 1821 through ‘its front .cotitact and

jiiner right-hand armature and ‘through the

right-hand armature and front contact of relay
{818 completes the circuit of telay 1024 which
operates.
front contact relay 1024 completes a holding cir-
cuit for relay 1621. -At-its right-hand armature

relay 1024 completes a circuit from battery 1031

through the right-hand armature: and front con-
tact, conductors. 1032, 932, 832, 1232, 1532, and
2032, and winding of relay 2016 to .ground thus
operating this relay. At its.inner left-hand
armature and front contact relay 1024-completes

At its outer left-hand synmiature and.
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5, circutt from ground through the front contact
and inner right-hand armature of relay 1021,
right-hand armature and front contact of relay
{019, front contact-and inner left-hand armature
of relay 1924, conductor 1933, middle armature
and back. contact of relay 1034, conductor 103§,
cornductor 935 of Fig. 9 and winding of relay 901
to battery 862, and relay 981 becomes operated.

Relay 501 completes a holding circuit for itself
from ground through ifs inner upper armature
and.front contact, conductor 831, conductor 1031,
armature | and back contact of relay 1534, con-
duictors 1038 and §38, inner lower armature and
front contact and winding of relay 801 to battery
902. At its outer lower armature the relay 804
prepares an energizing circuit for relay 1034 in a
path. traced from battery {088, winding of relay
1634, conductor 1042, conductor 942, outer lower
armature and front contact of relay §82, con-
ductors §43 and (043, back contact and left-hand
armature of a relay (049, conductor 104T to the
back contact associated with the left-hand arma-
ture of relay 1818, As this relay is energized at
this time and its left-hand armature is engaging
the front contact, the relay (034 does not op-
erate. The relay 881 also completes the ener-
gizing circuit for a relay 923 in a cireuit traced
from ground through the outer upper armature
snd front contact of relay 904, conductor 804,
conductor 808, and winding of relay 993 to bat-
tery 907.

At its armature § and front contact the relay
§03 completes the ffiament circuit of a vacuum’
tube 808 which has a condenser charging circuit
associated with its comtrol grid, but the con-
denser is at this time held discharged by a ground
connection supplied through the inner lower ar-
mature and back contact of a relay 988, so that
tube 688 does not yet become conductive.. At its
armature | and front contact relay 9983 connects
telegraph battery 811 to the marking contacts
of repeating relays 812 and 813, This battery is
also connected through the biasing winding of
each of the repeating relays 9i2 and 913 and
through the armature and spacing contact of
the other to ground, thereby energizing the bias-
ing windings. At its armature 2 and front con-
tact relay §63 connects ground over conductor
925 snd winding of sleeve relay 920 to sleeve
conductor 944 which, tegether with tip conduec-
tor §16, ring conductor SiT and select magnet
conductor 918, extend into Fig. 8 by way of
dot-and-dash limes 922 and -822. In Fig. 8 this
group of conductors is represented by sleeve
conductor 8i4, tip conductor 816, ring conduc-
tor 817 and select magnet conductor 8i8 of a
link circuit.

At its armature 3 and. front contact relay
903 completes a circuit from ground over con-
ductor 919, the outer armature and back con-
tact of sleeve Telay 928 and winding of select
magnet control relay 921 to battery 9238, and the-
relay 921 operates. With relay 921 operated, bat-
tery 928 is connected. over conductors 918 and
2i8 and through the winding of select magnet
883 to ground and this magnet operates and
in turn completes a circuit from ground through

_its armature and front contact and through con-

ductor 884 common to the front contacts of
all of the link circuit select magnets in Figs. 7
and 8, conductors 805, {205, (505, 1605, 2005
and winding of slow-operating relay 2001 to bat-
tery 2607, and relay 2001 operates after a delay,

_ for-a purpose which will be described later. With.

75

select magnet 803 -operated a plurality of sets of
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cross bar switch contacts 842, 843, 893, 894, 895,
and 841, are prepared for operation. The selec-
tion and operation of a particular set of cross
bar switch contacts will depend upon the op-
eration of one of several hold magnets, such as
the magnet 801.

At its armature 4, the relay 803 extends a
ground connection over conductor 924, winding
of a sleeve relay 950 fo a sleeve conductor £29
which is associated with tip conductor 931, ring
conductor 8{¢ and select magnet conductor 933
which, as a group are represented by dot-and-
dash line 939 and in Fig. 8 by dot-and-dash line
839, the conductors appearing in Fig. § as 829,
831, 810 and 833, respectively.

At its armature § and front contact relay 903
completes a circuit from ground over conductor
921, the outer lower armature and back con-
tact of relay 938, conductors 944, 1044, and wind-
ing of relay 1008 to batiery 1048, and the relay
{0608 operates.

At its armature { and back contact the relay
1008 interrupts a conductive path which is traced
from ground on the spacing contact of repeat-

ing relay 913 through the armature of that re- ..

Iay and the operating winding of repeating re-
lay 812, conductors 947, 548 and 949, inner up-
per armature and back contact of a relay 952,
inner lower armature and back contact of relay

930, conductors 853 and 1053, back contact and .

armature | of relay (008, conductors 1054 and
954 and resistor 956 to ground, this path rep-
resenting a holding path for the junctor re<
peater comprising relays 812 and 913. Armature

2 of relay i008 extends a ground connection -

over conductors 1057 and 957 to the outer arma-
ture of relay 921. As this armature hag no front
contact .and relay 921 is energized at this time
under the control of relay 903, the circuit ex-
tending from the back contact through con-
ductor 958 and winding of relay 959 to battery
881 is not completed. At the armature 3 and
front contact of relay 1008 a conductive path
is extended from the operating winding of re~-

peater relay 812 through conductors 947, 962, .

1062, armature 3.and front contact of relay 1008,
conductors 1083, 1163, 1553, and 1502, outer left-
hand armature and back contact of relay 1503,
conductors 1584 and 1704, operating winding of

a relay 1701, conductors 1764 and (064, arma- .

ture § and front contact of relay 1808, conduc-
tors 1068, 865, 1566, 1506, back contact and outer
right-hand armature of relay I 507, conductors
1508 ‘and {708, left-hand armature and back

contact of relay (702, conductors 1703 and 1903 .

to the armature of a relay 1901. Since the relay
1981 is not yet operated this eireuit is only pre-
pared -through the armatures 3 and 5 of relay
1008 but is not completed. - Armature § of relay
1808 connects ground over conductor 1 067, con-

~ductors (7€7, 1706, 1707 and 19071 and through

the ‘winding of relay 1902 to battery 1905 thus
operating relay 1802. At armature and: front
contact of relay 1008 ground is connected over

conductor 1088, conductor 1768 and through re~:

sistor 1708 to one terminal of condenser 1711,
The other terminal of .condenser 171 is con-
nected by conductor i71i2 ‘to the outer right-
hand armature of relay {113, A conductive path
is also traced from conductor. {712 and the outer
right-hand armature of relay 11i3 over con-
ductors 1714 and 1914. to. the grid- of vacuum
tube 1804 and also through resistor 1906 and
- conductors 1808, 1816 and ‘1116 to the positive
terminal of battery (7171.- This circuit is com-
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pleted in preparation for the charging of con-
denser 1711, but the back contact which the
outer right-hand armature  of relay (113 en-
gages is connected to ground so that the con-
denser cannct charge until this relay becomes
energized,

Before proceeding with the desgeription of op-
erations resulting from the energization of relay
£882 a further operation initiated by the relay
983 will be considered. - This is the operation of
slow . operating relay 2001 resulting from  ener-
gization of relay 921 by relay 903 ang energiza-
tion of select magnet 803 by relay 921, Relay
2881 attracts. itg armatures, and at its inner
lower armature it connects ground over con-
ductors 2934, 1634, 1534, (234, 834, 634, inner
upper armature and front contact of relay 612,
conductor €38, armature 2 and front contact
of relay BG4, conductors 647, 541, 548, conductor
groups 515, 715 and &%, conductor 849 and wind-
ing of link circuit hold magnet 801 to battery
852, operating magnet 80i. 'The operation of
the other armature of relay 2001 has no sig-

-nificance at this time, although it may be noted

that the energizing circuit of relay 618 is in-
terrupted at the outer lower armature of relay
2081, but relay 618 remains operated through
its locking cirenit.

At its inner armature, magnet 801 disconnects
conductor 8{% from conductor 821 and connects
conductor 819 to cross batr switch conductor 836.
At its outer armature it disconnects conductor
€12 from conductor 813 and connects conductor
812 to cross bar switch conductor 873. Conduc-
tors 8i2 and 819 have previously been traced
through the subscriber’s line circuit (Fig. 5) to
the subscriber’s line conductors 501 and 502, re-
spectively, and thus these line conductors have
now. been extended to cross bar switch conduc-
tors 836 and 813, respectively. - Magnet 89§ also
closes cross bar switch contacts 8§94 prepared for
closure by Select magnet 803, and thereby ex-
tends the paths from conductors 836, 873 and 848
over conductors 816, 817 and 8i4, respectively,
and over conductors 916, 917 and 914, respec-
tively, through the operating winding of repeat-
ing relay 913, to the armature of repeating relay
912, in the case ‘of conductor 916, through the
winding of relay 915 to ground in the case of
conductor 917 and through the winding. of sleeve
relay 920, conductor 925 angd armature 2 and
front contact of relay 903.to ground in the case
of conductor 914,

With Hold magnet 801 operated: and conduc-
tors 513 and 521 -disconnected from .conductors
512 and 5i9 respectively,  the previously traced
circuit through the operating winding of relay
517 is -interrupted, and thig relay restores: its
armature to'the right<hand contact.. Also the
relay ‘514 is released; These relays in turn re-
lease relay 528, The latter relay -extinguishes
lamp 536 and releases relay 601, Relay 601 re-

“leases relay:604 which releases relay 514, - Relay

614 releases relay 648 which in turn releases relay
612. Thus the subscriber’s line sequence. circuit
and subscriber’s: group sequence -circuit are re~
stored-to normal.

With relays 604 and 618 released the original
energizing. ciréuit for Hold magnet 801 is inter-
rupted.. However, with cross bar switch contacts
894 closed, a holding circuit for magnet -801 is

“traced from the magnet through conductors 848,

814 and 914, winding of relay 920, conductor. 925
and armature 2 and front contact of relay 903 to
ground. * As soon as relay 604.releases current
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flows in the circuit. just traced to maintain Hold
magnet 801 operated and to operate relay 920.
Relay 920 prepares a holding path for relay {634,
traced. from ground through the front contact
and inner armature of relay 926, conductors 868
and 1069, to the front contact associated with
armature 3 of relay 1034. Relay 920 also inter-
- rupts the energizing circuit for relay 821 which
releases, and in turn releases Select magnet 893
"of the cross bar switch. The Select magnet 803
need not remain energized after Hold magnet
801 operates, as the latter holds contacts 834
closed. Magnet 833 in turn releases relay 2001,
which does not result in the release of Hold mag-
net 801 because this magnet is held by relay 583
as described above.

‘With relay 618 released as stated above relay
1015 releases. Relays 1821, 1022 and {623 do not
release at this time because they are held by relay
{024 which in turn is held by relay 801 through
armatures and back contacts of relay 1854, At
itsleft-hand armature and back contact the relay
1348 completes a circuit from ground over con-
ductors 1841, left-hand armature and back con-
tact of relay 1040, conductors 1043 and 843, front

- econtact and outer lower armature of relay 981,
conductors 982 and 1942 and winding of relay
1034 to battery 1039 and relay 1634 operates and
jocks through its armature 8 and over the circuit
prepared as-described in the preceding paragraph.

At the time of eperation o0i cross bar switch
contacts 894 the subscriber’s line conductors were
extended through these cross bar switch contacts
to conductors 816 and 817 and thence to conduc-
tors 915 and §17, which extend through the op-
erating winding of repeater relay 813 to the arma-
ture of repeater relay 912 which has battery on
its marking contact and through the winding of
relay 915 to ground, respectively. Since the line
conductors became interconnected at the sub-
scriber’s station by the operation of relay (84
the circuit of relay 9i5 is completed and this
relay operates and connects ground over conduc-
tor 906 to hold relay 963 operated when its origi-
nal energizing circuit shall be interrupted.

When relay 1034 operates as hereinbefore men-
tioned it interrupts the holding circuit for relay
961 . at its armature | and back contact. At its
armature 2 it interrupts the original energizing
eircuit for relay 901 and transfers the path over
which relay 861 was energized to the correspond-
ing armature of relay 048 of the next sequence
. eircuit associated with another line junctor such
as that represented by the rectangle $34 in Fig. 8.
.Relay 1034 does not change the condition of relay
1008 and this relay remains energized, but relay
901 releases, and relay 1024 also releases, in turn

‘ releasing relays 1021, 1622, 1023 and 2916.

With relay 921 released as hereinbefore men-

" tioned “a circuit is traced from ground on the

_armature 2 of relay 1008 through the front con-
tact, conductors 1057.and 997, cuter lower arma-

- ture and back contact of relay 821, conductor 958
and winding of relay 959 to battery 96{. Relay
959 operates and in turn connects battery over
conductors ‘933 ~and 833 to Select magnet 856

~which reoperates relay 2001 (which is slow to

.operate) and also prepares for selective operation

_the cross bar switch contacts 851, 858, 859, 860,

861 and 863. These operations occur in prepara-
tion for extending a connection through the link

_eircuit to the called subscriber station under the

-.control of the director.
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20 _
Director circuit prepares to route
subscriber’s call

In the director circuit the relay (882, operated
by relay 1608, completes the circuit of the fila-
ment of vacuum tube 1884 from ground on the
front contact of its ouber right hand armature
through Tesistors 1811 and 1812 and conductors
1913, 1968, 181§ and LTI§ to battery 11t7. At its
inner left-hand armature it compistes the circuit
of relay 1941 from battery 1818 through the
winding of relay (81, conductor 1819, the noted
drmature and front contact of relay 1932, con-
ductors 1621 and £121 and back contact and in-
ner left-hand armature of relay 173 to ground.
At its middle left-hand armature and front con-
tact the relay 1882 connects ground over -con-
ducters 1822 and (722 toseveral branching paths.
One of these paths is traced through the biasing
winding of relay 1781 to battery 1723 to bias the
relay 1784 to spacing. Another of these paths
is traced through the armature and back contact
of relay 1724, conductor i726, back contact and
right-hand armature of relay 1731, conductors
{732 and 1832, normally closed contacts 180t of
director transmitter 1802 and winding of start
magnet (863 of the transmitter to battery 1894,
thus completing the energizing circuit of -this
magnet. Ancther path is traced over conduc-
tors 1133 and i8283 and through a potential

divider comprising resistors 1806, 1807 and i808

to battery 1808. This provides the proper Po-
tentials for the operating and biasing windings
of relay i8i1 and by way of conductor 1816 for
the operating windings of relays 1812, 1813, 1814,
{816 and 1817 which are controlled by the code
contacts of transmitter 1882 as will be described
later. Another path is traced through the op-

-erating winding of relay 1134, back contact and

outer left-hand armature of relay 1743 to the
armature of relay 1781. Relay 17384 operates
only when relay 1181 completes its circuit to bat-
tery on the marking contact in advance of the
operation of relay 1T13. At this time the circuit
of the operating winding of relay i78f is not
complete, its armature engages the spacing con-
tact through the influence of the biasing wind-
ing and-relay 1134 does not become operated.
Returning again to consideration of relay 862
a -circuit is completed from ground through its
outer left-hand armature and the winding of
relay 1923 to battery. Relay 1823 connects

ground through its outer right-hand armature

and front contact and through conductors 1528,
1723 and 1828 to the armatures of relays 812,
1813, 1814, 1816 and 1817. It connects batiery
1924 through its left-hand armature and front
contact and through conductors 1938, 1736 and
1836, driving motor (818 for transmitier 1882,
and current limiting resistor 1819, which is short-
circuited by governor contacts 1821 while motor
(818 is coming up to speed, to ground. At the
inner right~hand armature of relay 1923 a hold-
ing cireuit is traced through conductors 1953,
{153, 1553, inner right-hand armature and back
contact of relay 1567, conductors 1554, 1264, 854,
654 and 602, and the outer upper armature and

“front contact of relay 601 to ground. The pur-

pose of this holding path is to prevent the re-
lease of relay 923 and the consequent decelera-

- tion or stopping of motor 1818 if it had been

in operation in connection with the routing of

another call at the time the subscriber’s se-

guence circuit comprising relays 661 and 694 .op-
erated in preparation for.the routing of a call-
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-from the subscriber’s line circuit in Fig.'5. 'This
description is proceeding upon the basis that the
director was not in operation at the time the
Subscriber’s line circuit in: Fig. 5 responded to
the placing of the eall and, accordingly, the
Dreparation at the outer upper armature and
front contact of relay 81 of a holding circuit
for relay 1923 had no effect upon that relay.

The operation of relay {917 resulted from the
operation of relay 1902 as previously set forth.
The former relay at its outer left-hand armagture
completes a circuit from ground over conductors
1831 and 1731, and the winding of relay (782
to battery thus operating relay (782. At its in-
ner left-hand armature and front contact relay
1817 connects the sensitive relay 1712 in parallel
with the governor contacts (821 of motor {818 in
a circuit traced from ground through the wind-
ing of relay 1718, conductors {738 and 1938, the

noted armature and front contact of relay 1917, =

conductors 1639, 1729 and 18238, and resistor 1822
to the junction of resistor 1813 and the battery
path through the motor. . Relay (7i8 cannot
operate until motor 1818 comes up to speed and

opens the governor contacts, thereby removing ¢

the short-circuit across resistor 1819,

At its right-hand armature the relay {317 in-
terrupts a path traced from the upper. spring of
“stop contacts 1823 over conductors 1844, {141 and

1941, armature and back contact of relay 1817, s

conductors 1942, 1742 and 1842 and lower wind-
ing of relay 1811 to battery 1848, thus preventing
stop contacts 1823 from operating relay i841§ to
marking as distributor 1892 operates while motor

1818 is coming up to speed. At the same armature 3

the relay 1917 extends a path fiom conductor
1941 through the front contact of .the right-
hand armature of relay {8i7, conductors 1845 and
1745 to the armature of sensitive relay 1718.

With relay 1702 operated under the control

of relay (911, conductor 1708 is disconnected
from conductor 1703 and is connected through
conductor 1730, operating winding of relay 1744,
conductors 1745 and 1740 to the inner right-hand
armature of relay 1713 through which it will re~
ceive ground connection from conductor 1732
"when relay (713 operates. At its inner right-
hand armature relay 1702 prepares a path from
ground over conductor 1747 to lamp 1748. At
its outer right-hand armature the relay completes
the operating circuit for relay 1749 which op-~
erates.

Relay 1743 completes a circuit from ground
through the outer right-hand armature and front
contact of relay 1702 and through its own outer
left-hand armature and front contact, conduc-
tors 1762 and 1552, back contact and right-hand
armature of relay 1589, conductors 1523, 15633 and
2033, and winding of relay 2036 to battery 2285,

Relay (749 also completes a circuit from ground .

“through its outer right-hand armature and front
‘eontact, conductor 1751, outer left-hand arma-
ture and back contact of relay 1731, conductors
I156. and 1556, outer right-hand armature and
back contact of relay 1503, conductors {537, 16271
2037, and winding of relay 2038 to battery. Re-
lays 2036 and 2038 operate over these circuits
and the. function performed thereby will he de-
scribed later. Relay 1749 alsc prepares. a hold-
ing circuit which is traced through its inner right
hand armature and front contact to the front
contact for the inner right-hand armature of
relay 1118. ‘ ‘ o ‘
When motor. 1818 has come up to speed the
v governor: controlled. contacts {821 open; remov-

[
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ing the short-circuit around resistor 1819 and
bermitting sensitive relay 1118 to operate over a
circuit previously traced.” Relay {118 completes a
bath which is traced from battery 1723 over con-
ductor 1151, left-hand winding. of relay 1724,
armature and front contact of relay 1118, conduc-
tors 1745 and 1945, front contact and right-hand
armature of relay 1917, conductors 1944, 1141
and 1841 to the upper contact spring of stop con-
tacts 1823 of transmitter 1802. Due to the fact
that the start magnet of the transmitter is ener-
gized, the transmitting cams are being driven
and the contacts 1823 closed once per revolution,
extending the path over conductors | 833, 1133,
1122 and 1922 and the middle left-hand arma-
ture and front contact of relay (802 to ground
and relay 1724 operates.  This relay in turn in-
terrupts at its armature and back contact the
energizing circuit of the start magnet of trang~
mitter (802, permitting the transmitter to stop
upon completion of the eycle then in progress,
and completes the ecircuit of its holding winding,
and of the operating winding of relay 1713, to
battery 1723.

At its outer left~-hand armature and back con-
tact relay 1713 interrupts a path from the arma-=
ture of relay 1161 to the operating winding of
relay 1734 and at the front contact it connects
the armature of relay (101 to conductor 1126
which is included in a path extending over con-
ductors 1732 and 1832 to the code contacts of
transmitter (892 and throush contacts 1801 to
start magnet 1883. At its inner left-hand arma-
ture the relay 17113 interrupts the energizing cir-
cuit of relay 1917, completes a, holding circuit for
relay 1749 and prepares a holding circuit for
relay {144. In addition, it extends a ground con-
nection over conductor 1158 to a plurality of paths
including one through the left-hand armature
and back contact of relay {7159, conductors (16(
and 1861 fo the armature of relay 1811, At its
inner. right-hand -armature. and front contact
relay 1713 connects ground from conductor {122
over conductors 1746 and. (145, operating wind-
ing of relay 1144, conductor 1730 to the left-hand
front contact of relay 1702.

As previously mentioned relay {7i3 releases
relay 1917.  The latter relay releases relays 1702
and IT18. However, relays 18171 and 7102 have
slow-release characteristics, and before relay 1702
releases the ground connection traced to its left-
hand front contact will have been extended
through the armature, conductors 1708 and 1508,
outer right-hand armature and back: contact of
relay 1587, conductors 1586, 1566,:956 and 1066,
armature 5 and front contact of relay {008, con-
ductors 1064 and 1784, operating winding of relay
1101, conductors 1704 and- i584, outer left-hand
armature and back contact of relay 1503, conduc-
tors 1502, 1663, 1763 and 1863, front contact and

- armature 3. of relay 1098, conductors. 1062 and

862 and the operating. winding of relsy 912 to
the armature of relay 213. The completion of the
above circuit establishes a communication path
between the director and the calling subscriber
station through the junctor repeater comprising
relays 812 and 918. In this path relay {761 oper-
ates to marking and relay {144 operates.  The
operation of relay 1781 to marking does not cause
the completion of the circuit of relay 1734 be-
cause the energizing circuit of that relay is now
interrupted at the outer left-hand armafire and
back contact of relay 1713. Finally the relay 1113
at:’its ‘oufer right-hand armature. disconnects .
ground from conductors 712 and 1714 to permit
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condenser |11 [ to charge and raise the potential
of the grid of tube 1804. The time required to
render tube 1864 conductive is approximately 3%
seconds.
In addition to. releasing velay 1702, relay {841
also. opens the operating circuit of relay 1124,
“which remains operated through its holding cir-
cuit.. Tt releases relay 1118 through which relay
1128 was operated. In addition, relay (811 re-
gualifies, at its right-hand armature and back
contact, s circuit through conductors 1942, 1742
and 1842 which was previously disabled, for the

_operating winding of relay 1811.
Relay 1182 upon releasing interrupts the com-
 munication path to the junector eircuit (Fig. 9)
thereby causing the junctor repeater to transmit
a spacing signal of about three seconds duration
to the ealling subscriber station and causing relay
1101 to operate to spacing. The path entering the
director from the junstor is extended through the
left-hand armature and back contact of relay
1102 and through conductors 1783 and (903 to
the armature of relay 1984, At its inner right-
hand armature the relay 1702 interrupts a pre-
viously prepared circuit for lamp 1748 and com-~
pletes @ circuit through armatures and front con-
“tacts of relays (148 and (744 and over conductor
1762 for lamp (166, This path is traced through
a front contact of relay 1744 because this relay

became operated in series with relay {101 prior s

to the release of relay 1702 and locked through
its right-hand armature and front contact and
the inher left-hand armature and front contact
of relay {Ti3. Relay (182 also interrupts. the

operating circuit of relay {148 which remains ;

operated by a holding circuit in parallel with
-that of relay 1744.

Director ready signal is transmitted

The spacing signal transmitted to the calling
subscriber station (Fig. 1) causes relay 183 to
release, whereupon the slow operate relay i28
operates and completes the circuit of lamp {32.

" The lighting of the lamp is a signal to the sub-

seriber that the director is ready to respond to 4

eall directing signals;, which are the signals iden-
tifying the called station. )
Tn the  director, when condenser 17i1 has
" charged sufficiently (timed out), tube 1904 be-
comes, conductive and operates relay t801. This
relay replaces the spacing signal transmitted to
the subscriber station by a marking signal, the
. reestablished circuit, in so far as the director is
concerned, being traced from ground through the
middle left-hand armature and front eontact of
relay 1902, conductors 1922 and 1122, front con-
tact and inner right-hand armature of relay 1FHi3,
conductors 1748, {146 and 1948, break contacts of
“relay 1989, conductor 1931, front contact and
- armature of relay 1§81, and conductors {993 and
{703 to the back contact and armature of relay
1702. 'The transmission.of the marking signal
will result-in the reenergization of. relay 103 at
"'the calling subscriber station and extinguishment
“of lamp 132, and in the reoperation of relay 1701
to marking in the director. )
" Puring the time in which motor 1218 was cora-
ing up te speed and distributor #8862 was being
operated due to the energized condition of start
magnet 1882, the five code contaets of the dis-
tributor were closed in successien aid connected
ground from conductor 722 through the arma-
ture and back contact of relay {724, condugtor
1726, the right-hand armature and back contact
of relay (731, conductors 1732 and 832 and the
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code contacts-of the distributor to the lower ot
operating windings of relays 1842, 1813, 844,
{816 and 1841. This represents a spacing condi-
tion and operates the armatures of the five re-
lays to their spacing contacts where.they lock in
2 path traced from ground through the outer
right-hand armature and front contact ef relay
1922, conductors 1828, 1728 and 1828, the arma-
tures, spacing contacts and upper windings of
the relays, conductor 1824 and winding of relay
1826 to battery 1827. This operates.the armature
of relay 1828 away from its single contact. It
should be noted that.relay 1844 is connected dif-
ferently to relay {826 than are the relays 1842,
{813, t2i6 and 1§17, in that the middle ox mark-
ing locking winding is connected to .conductor
£824 which extends. to relay {826, the upper or
spacing winding being connectsed directly: 10, bat-
tery. Thus the circuit controlled by relay 826
which will be described hereinafter will be
opened at the armature and single contact there-
of while the distributor is operated by the motor
as it comes up to speed. With relay {7113 oper-
ated, and when relay 118{ has been restored fo
the marking condition at the end of the director
ready signal, the cireuit including conductor 1832
is extended to the armature of relay 1781 which
in the marking condition connects battery 1123

tion to battery i824 connected to the gtart mag-
net (8083 of the distributer causes the start mag-
net to be deencrgized and the distributer to be
stopped. Relays 1812, 1813, {814, 1816 and 1817,
however, remain locked in their spacing cendition
and relay 1825 remains operated away from its
ieft-hand contact. )

Director receives call directing signals

The director now awaits reception of the call
directing codes from the calling subscriber’s. sta-
tion. The calling subscriber transmits these
codes by operating transmitter £4{. In order for
the director to recognize the received codes as
being call directing codes, it is necessary that
the calling codes of the called station be preceded
by the figure shift code.. This code comprises a
series of five impulses of which the first two are
marking, the third is spacing and the last two are
marking. The significant impulses -of the code
are, of course, preceded by a start impulse of
spacing nature and are followed by a stop im-
pulse of marking nature. The junctor repeater
relay 943 receives the signals from the calling
subseriber station and repeats them to the diree-
tor where they. are received by receiving relay
{78l. In response to the start impulse of spacing
nature the armature of relay #7100 operates to
spacing which is connected to ground, and thus
completes the energizing circuit. for start mag-
net 1883 of the distributor through contacts (881,
Accordingly, the distributor cams are set-in op-
eration through their driving clutch. The motor
speed and the code contacts of distributor 1802
are so adjusted that the cams close the contacts
in succession as the impulses are received by re-
lay 1781, In response to the first significant im-
pulse of marking nature, relay 1761 connects bat-
tery 1123 through the path including conductor
1832 and through the first pair of code contacts
of distributor 1882 and the operating winding of
relay {812 to the junction of resistors 1898 and
1867 comprising a potentiometber associated with
battery 1829 and relay {812 operates to the mark-
ing condition, connecting ground from cenductor
1828 through its armature and marking contact
and conductor 1829 and through relay 1831 fo
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battery and in parallel with relay 1831 through
relay 1834 to battery. Relay 1812 locks in the
marking condition through its middle winding
and relays 1831 and 1834 operate. In response o
the second impulse which is also of marking na-
ture relay {8(3 is operated to marking from the
marking contact of relay 1781 through the sec-
ond pair of code contacts.of the distributor, lock-
ing to marking through the middle winding and
completing the circuit of relay (238 over con-
ductor 1837 and in parallel with relay 1838 the
circuit of relay 1853. The third impulse of the
code is of spacing nature so that relay {84 re-
mains in its spacing condition and does not op-

erate relay 1844 to which its marking contast is .

connected by conductor i848. The fourth and
fifth impulses are of marking nature and accord-
ingly relays 1816 and i817 operate to marking,
completing the circuits of relays (857 and 1858,
respectively, over conductors 1849 and {851, re-
spectively.

As the armature of relay 1817 leaveg its spacing
contact ground is disconnected from conductor
1824 and thus from the winding of relay {226.

The interruption of current through relay 1826 .

permits its hiasing spring to operate the arma-
ture to the left-hand contact, rreparing a circuit
for relay 1933 traced from batbtery through the
winding of that relay, conductors {874, 1774, 1874,
contact and armature of relay 1828, conductors
1873, {713, 1973, back contact and left-hand
armature of relay 1832, conductors (87 4, 177
and 1871 to the marking contact of relay 1831,
The five code impulses having been received, re-
lays 1812, (813, 1816 and (8iT are in a marking
condition, relay 1814 is in the spacing condition,
relays 183, 1834, 1838, 1859, 857 and {859 nre
operated.

During the reception of the stop impuise stop
contacts 1823 close momentarily and complete a
circuit from battery 1869 through resistor {888,
the operating or lower winding of relay 1814, con-
ductors 1842, 1742 and 1942, back contact and
right-hand armature of reiay i8i 1, conductors
1941, 1741 and 1841, contacts 1823 and conductors

{833, 1733 and 1722 and 1922 to ground. Relay *

1811 operates its armature to the marking con-
tact and completes a circuit from ground through
the inner left-hand armature and front contact
of relay 1713, conductor 1788, left-hand armature
and back contact of relay 1759, conductors 176!
and {861, armature and marking contact of relay
1811, and over the path traced in the preceding
paragraph through the winding of relay 1933,
which operates. A condenser (847 having one
terminal connected to conductor 1842 and the
other teriminal connected through a resistor to
ground delays the release of the armature of re-
lay 1311 to its spacing contact when step con-
tact 1823 opens.

Relays 831, 1834, {338, 1859, 1844, {857 and
1858 represent a fan circuit the apex of which
is the armature of relay (858. The fan cireuit
is 50 wired that it doés not complete a path from
the apex point to a selectable conductor in re-
sponse to the figures shift code combination and
accordingly no selection is made.

Relay 1933, operated by relay 1811 throush
the armature and contact of relay 1828, estab-
lishes a holding circuit through its front con-
tact and left-hand armature, conductors 1917,
{171 and {758, and the front contact and inner
left~hand armature of relay (7i3 to ground.
When condenser 1847 becomes charged and the
current in the operating winding of relay 1811
decreases, permitting the current in the biasing
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winding to operate the armature to spacing, a
circuit is completed from ground over a path
previously traced including conductor 1861 and
thence through the armature and spacing con-
tact of relay 1811 and conductors {878, 1718 and
1918, right-hand armature and front contact of
relay 1923, right-hand armature and back con-
tact of relay 1534 and winding of relay 1932 to
hattery, whereby relay 1932 operates. Relay 1932
establishes a holding ecircuit in parallel with
that of relay 1933. At its left-hand armature
and back contact it transfers the path extending
from the marking contact of relay 1811 from the
original energizing circuit of relay 1933 to a
path extending from the front contact through
conductors 1879 and 17179, inner left-hand arma-
ture and back contact of relay 1716 and thence
through branching paths, one extending through
concductors 1781 and 1981 to the operating wind-
ing of relay 1934 and th= other extending through
the armature and back contact of relay. 17182,
outer right-hand armature and back contact of
relay 1758, conductor (7183, back contact and
outer-left-hand armature of relay 1784, conduc-
tors 1786 and 1986, break contacts of relay 1940
and conductors (987, 1187 and 1887 to the arma-
ture of relay 1858, this armature being the apex
of the fan circuit. Relay 1934 does not operate
at this time hecause the armature of relay 1811
has returned to the spacing contact. )

After transmitting the figures shift code com-
bination, the calling subscriber transmits the
code combination for the first digit of the called
subseriber’s number. . The code combinations for
the ten digits, the letters which these code com-
binations also represent and the conditions which
they impart to relays 1812, 1813, 1814, 1816.and
1817 are indicated in the following table in which
the letter M represents marking and the letter S
represents spacing.

Character Relay Condition

Lower | Upper

Case Case R1812 | R1813 | R1814 | R1816 R1817
P 0 S M M S M
Q 1 M M M <) M
w 2 M M 8 IS) M
E 3 M 8 5] S 8
R 4 S M 8 M S
T 5 S S S S M
Y 6 M 8 M 8 M
U 7 M M M S S
I 8 S M M 8 S
0 9 S S 8 M M

Let it be assumed that the station called is

the station in Fig. 2 and that the number of this
station is 44. The first digit will accordingly
ke represented by the code combination SMSMS
as indicated in the table. Relay 1812 will be
operated from marking to spacing, relay (813
will remain in the marking condition, relay 1814
will remain in the spacing condition, relay (816
will remain in the marking condition and relay
£817 will be operated to spacing.  With the code
responsive relays set in accordance with the code
combination for the digit 4 the fan circuit relays
which will be operated will be the relays 1838,
{859 and 1857. As soon as the first code impulse
of spacing nature is received and registered,
which in case of the particular code combination
under consideration in the first significant im-
pulse, relay 1826 will be operated away from its
left-hand contact because relay 1826 is so con-
nected to the relays 1812, 1813, 1814, 1816 and
{217 that the only code combination which per-
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mits the armature of relay 1825 to be released to

its left-hand contact is the figure shift code com-
bination. After the reception of the last signifi-
cant impulse of the code combination a stop im-
pulse is received, contacts 1823 close momen-
tarily and operate relay #811 to ifs marking con-
tact. A circuitis accordingly traced from ground
over the path including cenductor 1881, armature
and marking contact of relay 1811, conductors
1874, 1171 and 1971, left-hand armature and
front contact of relay 1932, conductors {978,
1719, inner left-hand armature and back con-
tact of relay 1176 where the path branches, one
extending threugh conductors {781 and 1981 to
the operating winding of relay 1934 which op-
erates and locks through its holding winding
and left-hand front contact and armature in
parallel with the relays {982 and {933. The
other path is traced through the armature and

back contact of velay {782, back contact and 2

outer right-hand armature of relay 1759, con-
ductor 1783, back contact and outer left-hand
armature of relay (784, -conductors {7186 and
1986, break contacts of relay {940, conductors
19817, 1787, and 1887 to the armature of relay
1858. Relay 1838 is not energized and the path
is extended through its back contact to the left-
hand armsature of relay 1857. This relay is op-
erated so the path is extended through its left-
hand front contact to the inner right-hand arma-~
ture of relay (844. This relay is unoperated so
the path is extended through its back contact to
the inner-left-hand armature of relay {838. Re-
lay 1838 is operated so the path is extended
through. its front contact to the outer right-hand
grmature of relay 1834. This relay is unoperated
so the path is extended through conductors {848,
1648 and 1548, outer left-hand armature and
back contact of relay 1547, conductors 1549 and
1649, back contact and innermost armature of
relay 1601, winding of relay 1602 and back con-
tact and right-hand armature of relay 1603 to
battery. Relay 1602 operates and locks in a cir-
cuit from battery through its holding winding,
right-hand armature and front contact, winding
of relay 1603, conductors (61f and {511, outer
right-hand armature and back contact of relay
{512 and conductors (588, 1188 and 1758, and
inner left-hand front contact and armature of
relay 17113 to ground. Thus as the immediate
result of reception of the code combination rep-
resenting the digit 4, relay (€02 has been se-
lected and operated, relay 1603 has been operated
under the control of selected relay 1602 and relay
1934 has been operated as a result of recepiion
of ‘the stop impulses of the code combination.
Relay 1602 completes a circuit traced from bat-
tery through the windings of relay 1694 and 1685
in parallel, conductor 1696, front contact and left-
hand armature of relay 1602, conductors 1643 and
1513, inner right-hand armature and back contact
of Telay 1512, conductors €582 and 1788, back
contact and right-hand armature of relay (791,
conductors - 1792 and 1882, front contact and
right-hand armature of relay (934, now operated
under the control of relay 1811, front centact and
right-hand armature of relay {833 and conductors
1978, 1118 and 1878 to the spacing contact of re-
lay {814. TUpon the operation of the armature
of relay 1841 to its marking contact due to clos-
ure of contacts 1823, followed by release of the
armature due to the charging of condenser 1841,
the path just traced is completed over conductor
1861 to ground, and relays {604 and 1805 operate.
A branching path is traced from conductor {783
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through the winding of relay $116 to battery and:
this relay operates along with relays (604 and
1605.

clay 1603, at its left-hand armature, inter-
rupts the original energizing circuit for relay 1862
and completes the energizing circuits of relays
1601 and 1697. Relay 1801 disconnects relay 1602
and other similar relays from the fan circuit paths.
representing the digits 0, 1, 2, 3 and 4, -of which
conductor 1649 is the end of the fan circuit path
representing the digit 4, and relay 1607 discon-
nects the fan circuit conductors representing the
digits 5, 6, 7, 8 and 9 from relays corresponding to
the relay 1662. At its right-hand armature the

_relay 1683 prepares a circuit which will be de-

scribed later.

Relay 1116, having operated, locks to ground in
a circuit through its front contact and outer left-
hand armature, conductor 1758 and thefront-.con-
tact and inner left-hand armature of relay 1713.
At its inner left-hand armature it transfers the
path of the marking contact of relay 811 from
the operating winding of relay 1224 and from:
the apex of the fan circuit represented by con-
ductor 1887 to the winding of relay {191. At its
right-hand armature it completes a circuit from
ground ‘through the lower break contacts of key
{193, inner left-hand armature and back contact
of relay 1784, conductor 1794, the noted armature
and contact of relay 1176 and conductors {17196
and 1898 which causes the immediate reoperation
of relays 1021, 1822 and 1023, to assure that relay
{834 remains operated even though relay 940
should release.

The code combination for the second digit -of
the called subscriber’s number is the same as the
first since the number has been assumed to be'd4.
Accordingly, no change occurs in the condition
of code responsive relays 4812, 1813, 1814, 1816
and 81T and no change occurs in the fan eircuit
relays, the relays (838, §859 and 1857, remaining
energized. When the stop impulse following the
code combination is received and stop contacts
1823 close, the armature -of relay {811 is again

- operated to marking, connecting ground on its

armature over conductors 187(, {771, 18T, the
left-hand armature and front contact of relay
{932, conductors 1978, 4179 and the inner left-
hand armature and front contact of relay {716
and winding of relay 1781 to battery. Relay 1191
operates and locks through its inner left-hand
armature and front contact, conductor 1758 and
the inner left-hand armature and front contact of
relay 1118 to ground. At its outer left-hand

- armature -and front contact, the relay 1791 con-

neects battery 1717 to the right-hand terminal of
the operating winding of receiving relay (T04.
This terminal is the one which is connected
through to the operating winding of relay 912
in the junctor repeater and accordingly relay 1101
will be held in the marking condition and unre-
sponsive to any further signals transmitted from
the calling subscriber. At its right-hand arma-
ture the relay 1791 transfers the path of the spac-
ing contact of relay (&1 from the energizing cir-
cuit of relays (715 and (€084 and 1665, which are
now held through the outer left-hand armature
and pack contact cf relay {776, to the winding of
relay {782.

When the armature of relay (811 releases to
its spacing contact it completes the circuit of re-
lay 17182, over conductors 1878, 1118, 1878, make
contacts of relays 1933 and 834 operated, con-
ductor 1992, {792, make contacts of relay (791
operated, to the relay (7182, which operates. At
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its single armature the relay (782 completes a
bath from battery through the winding of relay
17191, conductors 1198 and 1998, winding of mar-
ginal relay 1943, conductors 1998 and | 152, the
front contact and armature of relay 1782, back
contact and outer right-hand armature of relay
1158, conductor 1183, back contact and outer left-
hand armature of relay 784, conductors 1786 and
1986, break contacts of relay 1940, conductors
1987, 1787 and 1887 through the fan circuit path
which is the same as that previously traced be-
cause the fan circuit relays are assumed to re~-
main unchanged, conductors 1848, 1648, 1548,
outer left~-hand armature and back contact. of
relay 1541, conductors 1549 and 1649, outer right-
hand armature and front contact of relay 1604
because this relay is locked in the operated con-
dition, conductors 1664, 1564, 964, 864, 764 and 564
which extends into the line terminating circuit
507 for the subscriber station in Fig. 2 and.cor-
responds to conductor 551. The connection of
battery through the relays 1797 and 19843 to the
conductor extending to the called subscriber’s line
circuit is made for the purpose of determining by
means of the two relays whether the called sub-
scriber’s line is busy or out of order. . If the called
subscriber’s line is busy there will be a direct
ground on conductor 564 and both of the relays
1797 and 1943 will operate. If the line is out of
order there will be a'ground on the conductor
through a resistance of the order of 1900 ohms
and relay 17187 will operate but relay 19428 will not
operate. It will be assumed for the present that
neither of these conditions exists and that neither
of the relays 1797 and 1943 operates.

Relay 1182 also completes a circuit from
grounded conductor 1758 through the auxiliary
make contacts of relay 1782 and winding of
relay 1705 to battery. Relay 1705 has slow-oper-
ate and slow-release characteristics and is in
the process of being operated while the busy and
out-of-order tests are being made. When relay
1705 operates it connects ground from conductor
1758 through its armature and front contact
and through the armature and back contact of
relay 1797 and winding of relay (759 to battery,
and the relay 1759 operates. At the left-hand
armature of relay 1759 ground is disconnected
from conductors 1761 and (861 extending to the
armature of relay 1811 and g holding circuit for
relay 1159 is established. At the outer right-
hand armature of relay {159 the apex of the fan
circuit is disconnected from the windings of
relays 1797 and 1943 and is connected instead
through conductors (T10 and 171 5, winding of
relay 1120, conductors 1725 and 1525, back con-
tact and inner left-hand armature of relay 1503,
conductors 1514 and 1614, right-hand armature
and front contact of relay 1603 to conductor 1612,
which is connected to conductor i634. From
this point a path is traced into Fig. 20 through
conductors 1634 and 2034 to the inner lower front
contact of relay 2001 and through the associated
armature of that relay to ground, relay 200f being
operated because Select magnet 85§ of the link
circuit is operated. At the opposite end of the
fan circuit conductor 564 is connected to con-
ductor 583 in the same manner that conductor
651 is connected to conductor 549 and a path is
traced through conductor 553, conductor groups
520, 720 and 820, conductor 825 and winding of
Hold magnet 862 to battery. A circuit is thus
completed through relay 1720 and Hold magnet
862 to ground on the inner lower armature of
relay 200f. Relay 1720 has g high resistance
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winding and passes insufficient current to oper-
ate Hold magnet 862 so that for the time being
this magnet remains unoperated.

When the ground connection was removed from
the armature of relay 18({ by the left-hand ar-
mature of relay {759 the circuit of relay 1182
was inferrupted. This relay has a slow-release
characteristic and when it does releage it inter~
rupts the energizing circuit for relay 1705 which
also has a slow-release characteristic. The in-
itial effect of the release of relay (105 is to in-
terrupt the original energizing circuit for the
relay 17159, but as this relay had established a
holding cireuit it remains operated. One other
operation performed by the relay 1759 when it
operated was the preparation of an energizing
circuit for the relay. 1944 traceq from battery
through the winding of the relay, conductors
1935 and 1135, the inner right-hand armature
and front contact of relay (759, conductor 1150,
back contact and right-hand armature of relay
1155, conductor 1760 to the back contact of relay
1720, The circuit of relay 1944 is not completed
because relay 1726 operates in the path previous-
ly traced through the fan circuit and including
the winding of Hold magnet 8§62 which did not
operate due to the high resistance of the winding
of relay 1720. Relay 1720 prepares a path for
the operation of relay 1755 traced from battery
through the winding of the relay, conductor 1765,
the front contact and armature of relay 1720,
conductor 1779 to the back contact of relay (105.
Upon the release of relay 1705 by relay 17182 the
circuit of relay i155 is completed and this relay
operates. At its right-hand armature it inter-
rupts the circuit prepared by relay 1159 for relay
(944, At its left-hand armature it completes a
holding ecircuit from grounded conducter 17158
through conductor 1188. At its make contacts
controlled by the left-hand armature the relay
1185 short-circuits the winding of relay 1720,
causing this relay to release and permitting Hold
magnet 862 of the link circuit to operate.

Connection to called subscriber is established

Magnet 862 operates prepared contacts 861 to
connect conductors 829, 831 and 810 to conduc-
tors 8719, 866 and 867, respectively. Magnet 862
also operates its armatures to connect conductor
866 to conductor 868 and to connect conductor
867 to conductor 869, at the same time discon-
necting conductor 868 from conductor 871 and
conductor 889 from conductor 8712. Conductors
868 and 869 extend through conductor groun
820-720-620 to conductors 568 and 589 that are
connected in subscriber’s line termination cireuit
507 to line conductors 563 and 564 in the same
manner that conductors 5i{2 and 5i9 are con-
nected to line conductors 58f and 582. Tn this
way paths have been extended from conductors
831 and 910 in the junctor circuit through the
link circuit and through the suscriber’s line eir-
cuit and line conductors 583 and 594 to the line
conductors 203 and 284 at the station in Fig, 2.
The conductors 203 and 264 are connected for
alternating current through condenser 21{ and
alternating current relay 212 but will not pass
direct current. Accordingly, relay 952 in Fig. 9
which' is connected to conductor 918 does not
operate at this time. With conductor 879 con-
nected - to - conductor. 829 a holding circuit for
Hold magnet 862 is completed through these con-
ductors and conductor 929, winding of relay 930
and conductor 824 to ground on the inner lower
armature of relay 903. Relay 930 operates and




2,654,797

completes a circuit from ground through its upper
armature and front contact, lower armature and
back contact of relay 952, conductor 981, winding
of relay 999 and armature and back contact of
relay 968 to battery. Relay 909 operates and
connects source 913 of alternating ringing cur-
rent to-conductor 83! which extends to the called
subseriber’s station of Fig. 2, and connects ground
through its outer lower armature and front con-
tact and conductor 914 to the other conductor
010 which extends to the called subscriber’s sta-
tion. At its inner lower armature and back
contact the relay 909 disconnects ground from
the grid of tube 988 and permits condenser 916 to
charge from battery 937 through resistor §18.

In addition to completing the operating circuit
for relay 999 the relay 926 at its inner lower
armature completes a eircuitfromground through
resistor £56, the noted armature and front con-
tact of relay 926, the inner upper armature and
back contact of relay 852, and conductors 948, 948
and 947 to the operating winding of repeating re-
lay 912 for holding that relay in the marking
condition, and at its outer lower armature
and back contact interrupts the energizing cir-
cuit for relay 1868, thus releasing that relay. The
operations resulting from the release of relay
1008 ‘will be described hereinafter but is should
be noted at this point that the relay 1838 in re-
leasing its armature 8 disconnects the ground
supplied over conductor 1083 from the director
cireuit to the front contact associated with that
armature and extended over conductors 1062,
962 and 947 to the operating winding of relay §12.
In view of this the necessity for supplying a hold-
ing connection for relay 912 through the inner
lower armature and front contact of relay 926
will be apparent.

Ringing current is supplied continuously over

the line conductor until condenser $76 has be- ¢

come sufficiently charged to render tube 908 con-
ducting. When this occurs relay 968 included in
the plate circuit of tube 908 operates and inter-
rupts the circuit of relay 809 which releases, re-
connecting conductor 931 to conductor 948,
grounding the grid of tube 908 and disconnecting
ground from conductor 974 which represented a
short-circuit around relay 952.

Called subscriber station responds to ringing

Before tube 908 has timed out and operated
relay 958 alternating current relay 212 in Fig. 2
should have operated in response to the ringing
current. This relay completes a circuit from
ground through its armature and front contact,
conductors 297 and 298, winding of relay 261,
conductor 289 and battery 228 thus operating
relay 267. Relay 267, which is slow-to-operate
because of its dash-pot, connects ground through
its make contact and through the outer lower
armature and back contact of relay 208, conduc-
tor 268 and winding of relay 224 to battery, thus
operating the relay 224. Relay 224 locks in a
circuit from battery 228, winding and upper front
contact and armature of relay 224, conductor 229,
key 221, contacts 232, conductor 234, outer upper
armature and back contact of relay 236 and
middle lower armature and back contact of re-
lay 237 to ground. Relay 224 starts motor 200
and operates relay 288 over eircuits traced in the
detailed description of Fig. 2. With relay 208
operated the line conductors are interconnected
directly and alternating current relay 212 is cut
out. The alternating ringing current flows in
the line conductors interconnected at the called
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subseriber’s station until relay 868 associated with:
the junctor circuit (Fig. 9) -operates and releases:
relay 989. Thereupon conductor 931 is recon-
nected to conductor 848, ground is disconnected
from conductor 974 and line current flows to
energize relay §52. The holding ground connec-
tion is still applied through resistor 996 and con-
ductor 949 to conductor 548 but since this holding
ground is not a direct ground connection but in-
cludes resistor 956 the potential applied over the
line conductor to relay 952 is sufficient to operate
this relay.

At its outer upper armature and front contact
relay 952 applies a supplemental ground connec-
tion in parallel with that supplied by relay 91§
for holding relay ‘903 operated. At its inner
upper armature and back contact the relay 952
disconnects the holding ground from conductor
948, thereby placing the junctor repeater solely
under the control of the subscriber stations which
have been interconnected through the junctor
and the link circuit. At its lower armature the
relay 952 disconnects ground from conductor 967
thereby preventing the reenergization of relay 908
which remains released and holds tube 908 non--
conducting.

Concurrently with the final conditioning of the
junetor circuit for intercommunication between
the two subscriber stations as described in the
foregoing paragraph, motor 200 in Fig. 2 is com~
ing up to speed. When the motor reaches op-
erating speed its centrifugally operated contacts
256 close and complete the circuit of relay 206
from battery 258 over conductor 254, the inner
upper armature and back contact of relay 236,
conductor 253, the winding of relay 206, conduc-
tor 252, and the back contact and upper arma-
ture of relay 251 to ground. Relay 206 operates
and opens the line circuit at its upper armature
and back contact, thus causing the transmission
of a spacing signal to the calling subscriber
through the junctorrepeater. Atitslower arma-
ture the relay 206 interrupts a conductive path
from negative battery 210 through the back con-
tact and outer lower armature of relay 237, back
contact and lower armature of relay 206, con-
ductor 215 to the grid of vacuum tube 220. There-
upon condenser 225 connected in series with re-
sistor 230 between the negative terminal of bat-
tery 282 and the grid of tube 220 begins to charge
through resistors 230 and 235 to ground. An in-
terval of three seconds is required for raising the
potential of the grid of tube 220 sufficiently to
render the tube conductive and operate relay 240
included in the plate circuit. Relay 240 upon
being operated completes a circuit from ground
through its upper armature and front contact,
conductor 226, the middle lower armature and
back contact of relay 236, the winding of relay
251 and conductor 249 to battery 228. Relay 251
operates and locks to ground supplied through
the upper armature and front contact of relay
224. Relay 251 interrupts the energizing circuit
of relay 206 at its upper armature and back con-
tact, thereby releasing that relay which recloses
the line and terminates the transmission of the
spacing signal to the calling station. Relay 206
also reconnects battery 218 to the grid of tube 220
which cuts off that tube and thereby releases relay
240. The spacing signal of three seconds dura-
tion transmitted under the control of relay 206
represents an answer-back signal to signify to the
calling station that the called station is in opera-
tion and ready to receive and transmit from and
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to the calling station over the circuit which has
heen established through the junctor repeater.

Director circuit is released for use on another
call

There remains for consideration in connection
with the estelblishrent of the call the restoration
of the director circuit to normal. Mention has
been made previously of the fact that relay 925
associated with the junctor cireuit releases relay
1008 of the junctor sequence :circuit. At its
armature 2 and front contact relay 1088 inter-
rupts the energizing circuit of relay 958. Relay
959 releases Select magnet 856 which is not re-
quired to remain energized after Hold magnet
862 operates hecause, as previously stated, the
Hold magnet maintains closed the contacts which
it found prepared for closure and closed, in the
case of magnet 862 the contacts 861. Relay 856
releases relay 2081 which is no longer required
for holding magnet 862 energized because that
magnet is held in series with relay 926. At the
armature 3 and front contact of relay {008 bat-
tery 8{i of the junctor repeater has been dis-
connected from conductor 1063.and therefore,
from the operating winding of receiving relay
1101 of the direstor so that the armature of this
relay is operated by the biasing winding to
spacing. This circuit is further interrupted at
the armature 5 and front contact of relay 1698.
At the armature 4 and front contact of relay
1008 ground is disconnected from the operating
circuit of relay {902 which releases. Relay 1992
in turn interrupts the filament circuit of tube
1804, and relay (301 releases. Relay 1902 also
releases relay 1923 and relays 1724 and 1713
Relay 1718 releases relays 1144, (149, 1159, 1791,
{776, 1785, 1603 and 1692, Relay 1713 also re-
leases relays 1922, (933 and (934, Relay (716
releases relays 1821, 1622 and 1023, Relay (603
releases relays 1684 and 1507, Relay 15602 re-
leases relays 1804 and 1605. Relay 1923 reledses
those of the fan circuit relays that were oper-
ated, and opens the circuit of motor 1818, Of
the relays at the switeching station heretofore
described as having been operated; all have been
released except the relays- 2036, 2038, 903, 910,
915, 928, 852 and 1934. Hold magnets 861 and
862 are alse held operated. The function of
relays 2038 and 2838 will be described hereinafter.
‘The others hold the established connection be-
tween the two subscriber stations until a discon-
nect signal is received.

Operation of miscellaneous alerm circuit

As stated in the description of operation of the
sequence: master | control circuit shown  in  the
lower portion of Fig. 10 the operation of relay
1324 causes the operation:of relay 2016. At its
outer upper armature the relay 20{6 prepares a
holding circuit for relay 2492, At its inner upper
armature 1t completes the c¢ircuit of common
start relay 2693, At its inner-lower armature it
completes the circult of Jamp 2021, which lights.

Relay. 2003, at its .upper armature, removes
ground from a circuit traced through conductor
2002, back contacts of relay “2001, conductors
2027, 1627, 1527,-1727,1027, 1211, chain  circuit
through back contacts and armatures. 7 of. relays
1008, 1011, i013 and 1016, conductors 1026, 926,
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826, 1226, chain circuit through back. contacts -

and outer lower armatures of relays 1206, 1203
-and 1200 in the trunk seguence circuit,  'con-
ductors. 1224, 824, 624 and  the chain circuit
~through the back contacts and armatures of
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relays 623 and 621 to the armatures of relay 614.
The path just traced is part of the circuit over
which relay 618 became energized, and the re~
moval of the ground connection prevents other
subscribers’ sequence circuits in Fig. 6 from af-
tempting: to complete another call.

At its lower armature the relay 2003 completes
a path from a ground supply interrupter 2609,
which supplies impulses at the rate of one im-
pulse per second, over conductor 2008, the make
contacts of relay 2003, conductors 2010 and 2116
to velay-2i94, which operates and releases once
per second.  Relay 2104 operates three sets of
counting relays 2108 and 2107, 2111 and 22,
and 2116 and 2{i1. -The counting relays time
the intervals during which the subscriber se~
quence circuit and the sequence master control
circuit operate to cause the seizure of a junctor
circuit, and as the operation of the miscellaneous
alarm circuit in this respect is fully described in
Patents 2,228,279 and 2,340,589, it will not be
repeated here. Upon the release of relay 1024 by
relay 1034, as hereinbefore described, the former
releases relay 2016." Relay 2003, which was ener-
gized by relay 2016, may not release, because, in .
the operation of that part of the timing eircuit
comprising relays 2406, 2407, 2014 ang 2142, the
relay 2017 operates, and in turn operates relay
2101, which provides a ground connection that
will hold relay 2003 operated after relay 2016
releases. )

In the description of the preparation of the
director circuit to route the call, it was stated
that among the operations performed by relay
1149 are the energization of relay 2088 and relay
2036.  These 'relays cause the miscellaneous
alarm circuit to time the interval during which
the director circuit performs its functions, and
if the director circuit fails to function properly,
the director locks in'a “stuck” condition and an
alarm is given. The operation is described in
the patents referred to in the preceding para-
graph.

Called subscriber line tests busy

The operation of the system under the cir-
cumstance that a called subscriber’s line is busy
will now be described. As previously deseribed a
busy condition at the station shown in Fig. 2 is
represented by a direct ground connection at the
subscriber’s ‘line circuit 507 on. the conductor
564, and this ground is extended over a circuit
previously traced to cause the operation of relays

419%T-and 1943, - With relay 1943 operated ground

on its inner right-hand front contact is extended
through the inner right-hand armature, con-
ductor 1947 and' winding of busy relay 1940 to
battery, and relay 1940 operates. over this eir-
cuit. At its outer right-hand armature the relay
1943 completes a path from ground to the inner
armature of relay {948, which is unoperated, pre-
paring’a circuit for lamp 1951. - At its inner left-
hand ‘armature the relay (843 disconnects con-

“ductors extending to ‘the operating winding of

relay- 1909, to the front contact assoeiated with
the inner. right-hand armature of relay- 1944, and
to:one of the front contacts of relay 1049, from
the conductor 1980 which extends into Fig. 17 as
conductor 1780 and terminates at the front con-

‘tact of relay 1791, The front contact with which

the inner. left-hand armature of relay {943 is
engageable is connected to the outer armature of

.relay 1948 which has its contdact connected to

conductor, 1880, so that if and when relay 1948

.operates, as ‘will ‘be described hereinafter, the
75

el'gements including - ‘the ' operating winding " of -
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relay 1908, the front contact of the inner arma-
ture of relay 1844, and the noted contact of relay
1949 will be reconnected to conductor 1980. The
relays 1909, {944, and 1949 are part of a system
for generating busy signals and out-of-order
signals as will be described hereinafter. The
outer left-hand armature of relay 1943 is ar-
ranged to remove a short-circuit from a resistor
associated with the busy signal generator. Relay
1197 which is operated in series with relay 1943
removes relay 1759 from control by relay 1705
and extends a conductive path from the front
contact of relay (105 over conductor 1730 to
conductor {980.

With relay 1940 operated it establishes a hold-
ing circuit from ground through the front con-
tact and inner right-hand armature of relay 1902,
which is energized, and through its own inner

" right-hand armature and front contact.
same ground connection is extended through the
outer right-hand armature and front contact
of relay 1940 and through the winding of relay
{948 to battery thus completing the energizing
circuit of the latter relay. Relay 1948 has a slow
operate characteristic and does not at once oper-
ate. At its left-hand armature, front contact and
break contact operable in make before break
manner the relay 1940 disconnects the previously
traced busy and out-of-order test circuit, includ-
ing the windings of relays 1797 and 1943, from
conductor 1987 which represents the apex of the
director fan circuit path established to select the
called subscriber’s line circuit, found to be busy,
and connects the busy test circuit to conductor
{975 from which a path is traced through con-
ductors 1715, 1515, 915, 815, T15, into Fig. 22
through conductor 2215 to the inner lower arma-
ture of a relay 2201,

Fig. 22 represents the line terminating circuits
of a plurality of overflow or busy intercept lines
local to the automatic switching center. The
purpose of these overflow lines is to receive and
store, in the form of perforated tape, messages
directed to subscriber stations which are busy at
the time the director seeks to establish connec-
tion to them. The messages thus stored are re-
transmitted by means of the perforated tape to
the proper called subscriber station when that
station becomes idle. The overflow lines are in
the nature of unattended receiving only telegraph
stations comprising a printing reperforator as
the receiving element, adapted to be started auto-
matically in response to ringing current trans-
mitted by the director in a manner similar to the
starting of an unattended subscriber station and
provided with control relay circuits for seizure by
the director on a line hunting basis.

The line over which signals are transmitted to
the first reperforator comprises conductors desig-
nated by the reference numerals 2202 and 2203
which terminate at the tip springs of jacks 2204
and 2206 respectively. The normal or break con-
tact for the tip spring of jack 2204 is connected
by conductor 223{ to the upper front contact of
a relay 2207. A conductor 2230 is connected to
the upper armature of relay 220T1." The break

- contact associated with the tip spring of jack
2206 is connected to a conductor 2235. One of a
pair of break contacts controlled by the ring con-
tact spring of jack 2204 is connected to a con-
ductor 2240 and the other contact of the pair is
connected by conductor 2208 to the back contact

associated with the inner lower armature of relay

2201. One terminal of relay 2207 is connected to
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pattery and the other terminal is connected o a
conductor 2250,

The conductors 2230, 2235, 2240 and 2250 have
been brought together into a group and the group
is indicated by dot and dash line 2245 which
extends through Fig. 7 and into Fig. 8 and is
identified by the reference numerals 145 and 845.
The group is expanded in Fig. 8 into the four
conductors 830, 835, 840 and 850 which corre-
spond to the conductors 2230, 2235, 2240 and 2259,
Conductor 830 is one of the vertical conductors
of the cross-bar switeh or link circuit. Con-
ductor 835 is connected to the outer front con-
tact of Hold magnet 852 and the associated arma-
ture of the Hold magnet is connected to vertical
conductor 853 of the cross-bar switch. One
terminal of Hold magnet 852 is connected to
grounded battery and the other terminal is con-
nected to vertical cross-bar switch conductor 855
to which conductor 840 is also connected. Con-
ductor 850 is connected to the inner front con-
tact of Hold magnet 852, and the inner armature
is grounded.

TUpon the assumption that the first overflow
jine is idle neither of the relays 2201 and 2207
is operated, and when the cireuit of the out-of-
order and busy relays (797 and 1943 is transferred
by relay 1940 from fan circuit apex conductor
1981 to conductor (915 the circuit is extended
over a path previously traced to the inner lower
armature of relay 2201 and through its back con-
tact, conductor 2209, break contacts controlled
by the ring contact spring of jack 2204 and con-
ductors 2240 and 840 to conductor 855 which has
only a battery connection through the winding
of Hold magnet 852 because none of the cross-bar
switch contacts controlled by this Hold magnet
is as yet operated. There being no circuit to
ground to hold the relays {787 and {843 operated
these relays release. The connection of the call-
ing subscriber to the overflow line follows the
previously described procedure of connecting the
calling subscriber to the called subscriber’s line
when that line is idle. Relay {7105 operates, and
the relay (797, having been released or upon re-
leasing, completes the circuit of relay 1759 which
operates. This relay disconnects the path includ-
ing conductors 1783 and 1786 from the circuit of
relays 1797 and 1943 and connects it instead
through the winding of relay 1720, the back con-
tact and inner left-hand armature of relay 1503
and the right-hand armature and front contact
of relay 1603 from which the path is traced
through conductors 1612, 1634, 2034 to the inner
lower front contact of relay 200( and through the
armature of the relay to ground, relay 2001 being
operated because the Select magnet 856 of the
link circuit is operated as previously described for
the purpose of exfending a connection to the
called subscriber station primarily or to an idle
overflow line circuit secondarily. A circuif has
thus been completed from battery through to
Hold magnet 852 and the winding of relay 1720
to ground. - Because relay 1720 has a high re-
sistance winding as previously stated, it passes
insufficient current to operate the Hold magnet,
this magnet remains unoperated but relay 1720
operates.

There follows the release of relay 1182 by re-
lay (7159, the release of relay 1765 by relay 1182,
the operation of relay 17155 in a circuit prepared
by relay (720 and the short-circuiting of the

" gperating winding of relay 1728 by relay i7185
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thus permitting sufficient current to flow to op-
erate Hold magnet 852. All of the cross-bar
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switch contacts that are engageable with con-
ductors 829, 818 and 83{ having been prepared
for operation by Select magnet 853 the contacts
857 are among those prepared and are operated
by Hold magnet 8§52, thereby connecting con-
ductors 829, 819 and 83 to conductors 855, 853
and 830 respectively. The ground connection
supplied from the junctor circuit in Fig. 9
through the winding of relay 839 to conductor
829 is exfended to conductor 855 to hold the
magnet 852 operated after the original operating
ground connection supplied by the director over
a previously traced path including conductors
2034, 1634 and (5(2 shall be removed.

The outer armature of Hold magnet 852 con-
nects conductor 853 to conductor 835, thereby ex-
tending one side of the communication path
through conductor 835, conductor 2235 and closed
contacts of jack 2205 to conductor 2282. ‘A% the
inner armature of Hold magnet 852 ground . is
extended over conductors 850 and 2250 to op-
erate relay 2287. This relay operates and at its
upper armature it exfends the other side of the
communication path, represented by conductors
830, 2239, and 223( and closed contacts of ‘jack
2284 to conductor 2202,

With relay ‘2287 operated a circuit is traced
from grounded battery through the winding of
relay 2201, front contact and lower armature of
relay 22817, the front contact now being disen-
gaged from the fixed contact, front contact and
break contact associated with the upper arma-
ture of relay 2281 and conductors 2265, 165, 885,
1266, 1585, 1665 and 2065, inner upper armature
and front contact of relay 2881 to ground. Re-
lay 2021 is operated because Select magnet 858§
is operated and relay 2281 operates.. Relay 220{
establishes its holding ecircuit to ground through
its upper armature and front contact and the
lower armature and front contact of relay 2201,
this ground connection being supplied in make-
before-break manner in. substitution for the
ground connection supplied over conductor 2265.
At its inner lower armature relay 2261 transfers
conductor 2215, over which the first overflow line
was seized by the director, from conductor 2209
aver which a circuit has ‘previously been traced
'to the Hold magnet 852 of the first overflow line,
to conductor 22{1 which extends to the inner
lower armature of relay 2212, which corresponds
to relay 2281 and is associated with another over-
flow line.  The back contact associated with the
Inner lower armature of relay 22{2 is connected
by conductor 2243 through the break contacts as-
sociated with the ring contact spring:of jack 2214
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and conductor 2280 which corresponds.to con-

ductor 2249 and is one of the group represented
by the dot and dash lines 2274, 114, and 874, and
is connected to conductor 888 which is connected
to Hold magnet 889 and vertical cross-bar switch
conductor 878 corresponding to- conductor 855.
Conductor 2211 has a dotted section indicating
that other sequential connections for other over-
flow lines may intervene between the relays 2201
and 2212, in each case the seguence connection
xtending from the front contact associated with
the inner lower armature of the relay correspond-
ing to the relays 2201 and 22{2 to the innerlower
- armature of the corresponding relay associated
with the next overflow line in the sequence.
-this it will be apparent that as each overflow line
becomes busy it transfers the control eircuit from

BFrom:

the director to the next overfiow line in the se- -

gquence and, disregarding the doited section of
conductor 2211, that the control would have been

75

‘condenser - 2304 -and relay 2309.
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extended from the director over conductor 2215
to Hold magnet 890 had the first overflow line
heen busy.

The front contact associated with the outer
lower armature of relay 2201 is connected by con-
ductors 2210, 170, 810, 270, 1579, 1670 and 2079
to the outer upper front contact of relay 2001,
the armature of which is grounded, and the outer
lower armature of relay 2201 is connected to the
break contact associated with the lower front
contact of relay 2207. The purpose of this con-
nection will be described later in connection with
the disconnection of the calling subscriber from
the overflow line.

Upon the operation of Hold magnet 852 the
junector ecircuit of Fig. 9 operates to transmit
ringing current to the overflow line in the same
manner as that deseribed under the circumstance
that the called subscriber’s line was idle and
the desired connection was established to that
line. From the standpoint of operation’ of the
system the junctor circuit and the director cir-
cuit do not distinguish between establishment of
the connection to. a called subscriber and estab-
lishment of a connection to an overfiow line, and
the overflow line is rung in the same manner.

Overfiow line responds to ringing current

Overflow line terminating circuits are shown
in Fig. 23, one being shown in detail and the other
two being merely indicated. Iine- conductors
2202 and 2283 extend into Fig. 23 as conductors
2802 and 2383, conductor 2302 being connected to
one terminal of a condenser 2304 and to one ter-
minal of the selector magnet 2388 of a print-
ing reperforator represented by the dotted line
rectangle 2387 within which certain elements of
the printing = reperforator have been shown
schematically, among them the selector magnet
2308, Conductor 2303 terminates at the arma-
ture of a relay 2308. The terminating apparatus
for line conductors 2362 and 2382 may bhe con-
sidered as a telegraph station somewhat com-
parable with a subscriber station, which receives
messages routed through the automatic switch-
ing apparatus of the system and which is pro-

vided with a transmitter arranged to retransmit

received messages, but not on a basis of routing

of the retransmitted message through the auto-

matic switching apparatus.

Printing reperforator 2307 may be of the type
shown in Patent 2,255,794 granted September 16,
1941 to R. A. Lake. ' In accordance with the-dis-
closure of that patent the reperforator is ar-

ranged o receive telegraph signals and reesrd
‘them in the form of perforations in a tape suit-

able for. controlling g fape transmitter, and con-
currently with. the recording of each code com-

‘bination to print on the tape the character repre-
60 sented by that code combination so-that the tape

‘contains in addition to the message in the form

of -perforated code combinations; the same mes:

sage in legible form. 'The disclosure of the Lake

patent is incorporated herein by referehce s pait

of the present specification.

An alternating current relay 2309 is connected

in series with condenser 2304 to the back contact
-of relay 2308. In.the idle condition of the over-
flow line, relay 2308 is deenergized so that direct

current ‘cannot -flow in ‘the line conductors 2302
and 2303 but alternating current will flow through
The ring-
ing current is alternating in character; whether
of sinusoidal or square wave form and it oper=
ates relay 2309 which, through its single arma-
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ture and front contact, completes the circuit of
relay 2311. Relay 2811 is a retarded relay re-
quiring an interval of the order of two seconds
to become operated and upon operating it com-
pletes the circuit of relay 23i2 which operates.
At its left-hand armature the relay 2312 estab-
lishes a locking circuit to ground through an
emergency stop key 2343 and through normally
closed contacts 2314. Contacts 223(4 are oper-
able by a selectable element 2316 of printing
reperforator 2307 when the code combination is
received to which that selectable element is re-
sponsive. At its right-hand armature and front
contact the relay 2312 completes the energizing
circuit for relay 2808, completes the circuit of
driving motor 2317 for the printing reperforator,
and prepares an operating circuit for relay 23148,
which circuit is open at contacts 2319 operable
by selectable element 2321 of the printing reper-

forator 2307. Relay 2312, through its right-hand ¢

armature also prepares an energizing circuit for
answer back magnet 2322, which circuit opens at
the centrifugally operated contacts 2323 of mo-
tor 231T.

With relay 2308 operated the alternating cur-
rent relay 2309 is disconnected from line con~
ductor 2303 and conductors 2302 and 2323 are
connected in a closed loop which includes the
selector magnet 2306 of printing reperforator
2307. During the transmission of the ringing
current the vacuum tube 808 in Fig. 9 is timing
out as previously described and upon operating
it cuts off the ringing current, and with a loop
established at the overflow station the relay 852
operates and as previously described causes the
director circuit to be restored to normal condition
and the junetor sequence circuit in Fig. 10 to he
released for use in completing another call. The
junector circuit is conditioned for message trans-
mission over the path established from calling
subscriber to the overflow station.

Concurrently with the conditioning of the
junctor circuit and the release of the other ap-
paratus the motor 2317 is coming up to speed
and upon the closure of centrifugally operated
contacts 2323 the circuit of answer back magnet
2322 is completed. This magnet actuates a trans-
mitting mechanism associated with the reperfo-
rator 2307 to transmit a code combination indica-
tive of or identifying the overflow line. This
code combination is transmitted to the calling
subseriber station and informs the attendant at
that station, by the recording of a character
which the code combination represents, that the
called subscriber station is busy but that the
overflow line is prepared to receive a message for
subsequent retransmission to the called sub-
seriber.

“The selectable element 2321 associated with
contacts 2319 is responsive to the code combina-
tion which is transmitted under the control of
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answer back magnet 2322 and operates momen- -

tarily in response to this code combination to
close the contacts 2319 for a short interval. Con-
tacts 2319 complete the prepared circuit for re-
lay 2318 which operates, interrupting, at its left-
hand armature and back contact, the energizing
circuit for answer back magnet 2322, which re-
leases, and completing at its armature and right-
hand contact a holding circuit to maintain relay
2318 operated. )

The overflow station is now prepared to re-
ceive the message intended for the called sub-
scriber, and awaits that message. If the calling
subscriber desires to interchange information on

65

70
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a two-way basis with the called subscriber in
the manner of a telephone conversation, it may
not be satisfactory to him to be connected to
an overflow line and merely transmit his message
into that line for storage and subsequent re-
transmission. If this is the case he may trans-
mit a disconnect signal which will, in a manner to
be described hereinafter, restore his station
equipment, his line circuit and line sequence cir-
cuit, the junctor eircuit and junctor sequence cir-
cuit and the overflow line circuit and station to
normal. If on the other hand the calling sub-
seriber is satisfied to transmit his message for
storage and subsequent retransmission he may
proceed to do so. In this event he should pre-
cede the message by the calling code identifying
the called subscriber station. It will be remem-
bered that he has already transmitted this code
but it has been absorbed in operating the direc~
tor circuit and is not recorded anywhere at the
switching center. In order that the attendant
at the switching center may subsequently initiate
the transmission of the message to the called
subscriber station when that station becomes idle
it is necessary for the called subscriber station
identification to appear on the tape 2326 which
reperforator 2307 perforates and prints. The
required called subscriber station identification
will appear on the tape if the calling subscriber

-transmits it after he has learned through the

answer back signal that he is connected to an
overflow line and preceding the transmission of
his message.

The previous description of the release of the
director circuit related to a call completed to
a called subscriber and under this circumstance
the operations that result from a busy indication
did not occur. As previously described, the re-
lease of relay §902 occurs as one of the steps
in the release of the director circuit. Since the
holding circuit for the relay 1940 is completed
through an armature and front contact of relay
1902 the relay 1940 releases when relay 1902
releases. Relay 1940, upon releasing, re-estab-
lishes the connection from the apex of the fan
circuit to the outer right-hand armature of relay
{169 in preparation for the busy test on the next
call, and also prevents the operation of slow oper~
ate relay 1948.

Operation when called subscriber’s line and all
overflow lines test busy

The operation of the system will now be de-
scribed upon the premise that the called sub-
scriber line is busy and the last overfiow line,
which has no relays corresponding to the relays
2201 and 2207 is also busy. The conductor ex-
tending from the inner lower front contact of
the sequence relay correspongding to relays 2281
and 2212, associated with the penultimate over-
flow line is connected directly to the break con-
tacts associated with the ring contact spring of
the jack 2216 associated with the last overflow
line, and a conductive path is extended through
the break contacts, conductor 2281, conductor
groups 2282, 7182, and 882, and conductor 831 to
the Hold magnet 883 of the link circuit allo-
cated to the last overflow line. If all of the
overflow lines are busy, as assumed, the overflow
line seizing conductor of the director, which is
identified by the reference numeral 1975 and
which enters Fig. 22 as conductor 2275 will he
extended directly to the link circuit ¥old mag-
net 883 for the last overflow line and the link
circuit vertical conductor. Due to the fact that
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the last overflow line is also assumed to be busy,
there will be a direct ground connection on the
last-mentioned vertical conductor of the link
circuit and this ground connection will prevent
the release of relays 1797 and 1943 when relay
(940 makes the transfer from the testing of
the called subscriber line cireuit to the testing of
the overflow lines for an idle one of those lines.
Accordingly, relay 1759 will not operate and when
relay (795 operates a ground connection on its
armature will be extended through the armature
and front contact of relay (197 and through
conductors 1780 and (980 to the outer front
contact of relay 1948, 'The operating character-
istics of relay 1948, which is operated through
relay 1940 from ground on the inner right hand
front contact of relay 1902, are such that it
cannot operate within the interval of time re-
quired for an idle overflow line, if there is one,
to be seized, a connection established _thereto
from the calling subscriber, and relays 1902 and
1940 released, hut it does operate if no such con-
nection is established. At its inner armature
and front contact, relay 1948 completes a circuit
from ground through the outer right-hand arma-
ture and contact of relay 1943 for an alarm de-
vice which has been indicated as a lamp desig-
nated by reference numeral 1951 but which might
be a buzzer or gong to indicate to an attendant
the unavailability of an overflow line to serve a
calling subscriber. At its outer armature, the
relay 1948 reestablishes a path from  conductor
1980 through the noted armature and front
contact of relay 1948 and through the front
contact and inner left-hand armature of relay
1843 and conductor 1952 for operating relay
1808 to start the transmission of busy signals
to the calling subscriber.

At its right-hand armature and front con-
tact, relay 1909 completes a circuit from ground
on the armature of biased polar relay 1956
through the marking contact, conductor I 951,
back contact and inner left-hand armature of
relay 1958, conductor 1959, right-hand arma-
ture and front contact of relay. 1909 which in-
terrupts the circuit through the break contacts
in make-before-break manner, conductor 1931,
front contact and armature of relay 1901, which
was operated by vacuum tube 1994 as described
in the section entitled “Director Ready Signal
Is Transmitted,” from which a path has previ-
ously been traced to the operating winding of
repeater relay 912 in the junctor circuit of Fig.
9. Since the calling subseriber station is con-
nected to the other side of the junctor repeater,
relay 1956 is enabled to transmit signals to
the calling subscriber station. At the inner left-
hand armature of relay 1908, ground is connected
to the operating winding of relay 1956 and to
the armature of relay 1961 and also through re-
sistor 1962 and the inner right-hand armature
and back contact of relay 1958 to battery. The
circuit of the operating winding of relay 1956 is
completed through resistor 1965 and in parallel
therewith through the back contact and left-
hand armature of relay 1944 and resistor 1963
to battery. The circuit of the biasing winding of
relay 1956 extends from ground through that
winding, condenser 1966 and resistor 1961 to
hattery with a connection from the junction of
condenser 1966 and resistor (967 through the
outer left-hand armature ‘and back contact of
relay 1958 to the right hand contact of relay
1961 for discharging the condenser to ground
through the armature of relay 1961. The circuit
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of the operating winding of relay 1961 extends
from battery through that winding, resistor 1968,
conductor 1969, resistor 1972, now having  the
short-circuit comprising the outer left-hand
armature and back contact of relay 1943 re-
moved because this relay is energized, conductor
1982, back contact and outer right-hand arma-
ture of relay 1944 short-circuiting resistor 1983,
outer right-hand armature and back contact of
relay 1958 short-circuiting resistor 1984, resistors
1386 and 1962 to the armature of relay 1961, so
that the circuit is completed to ground when
relay 1909 is energized. The biasing circuit of
relay {861 extends from ground through con-
denser 1988 and resistor 1989 to battery, with a
connection from the battery side of the relay
winding to the left-hand contact of the relay so
that the condenser will be discharged to ground
when the armature of relay 1961 moves to its
left-hand contact. As part of the potential di-
vider network associated with the circuit of the
operating winding of relay (861, there is & con-
nection from battery through the inner right~
hand armature and back contact of relay 1958
to -the junction of resistors 1942 and 1836, a
connection : from  battery through the outer
right-hand armature of relay 1958 to the outer
right-hand armature of relay 1944, and a perma.~
nent connection from battery to the junction of
resistors 1984 and [896.

The relays 1856 and 1961 comprise an oscil-
latory system for transmitting signals to the
calling subscriber and relay 1956 is the trans-
mitting relay. With the grounded armature of
relay 1958 on the marking contact, a marking
signal is transmitted. With the armature of
relay ‘1861 engaging its right-hand contact, as
shown and prior to the connection of ground
to its armature by relay 1909, condenser 1988 is
charged. - With the connection of ground to the
left-hand terminal of resistor 1862, due to the
operation of relay 109, a change of potential in
the potential divider network occurs, causing the
armature of relay 1961 to move to its left-hand
contact. The same ground connection applied
to the operating winding of relay . {956 operates
the armature to the marking contact if it is not
already engaging that contact.

With the armature of relay 1961 moved to its
left-hand contact, the current through the oper-
ating winding is reversed, tending to return the
armature to the right-hand contact. The. re-
turn of the armature is delayed by the discharg-
ing of condenser 1988 to ground through the bias-
ing winding, and the return of the armature is
delayed for an interval of about 55 milliseconds.
As soon as the armature reaches its right-hand
contact, current through the operating winding
is again reversed, and a charging circuit for con-
denser 1988 is established. Condenser (988 de-
lays the reoperation of the armature to the left-
hand contact for an interval of about 55 milli~
seconds. In this way the armature of relay (981
is moved back and forth between its contacts at
intervals of approximately 55 milliseconds.
When relay 1961 operates its armature to the
right-hand contact the first time, it provides a
circuit: for discharging condenser 1966 associ-
ated with the biasing winding of relay 1958, the
path being traced from the junetion of condenser
1966 and resistor 1967 through the outer left-
hand armature and back contact of relay [958
and the armature and right-hand contact of
relay 1961 to ground. The discharging current
causes the armature of relay 1956 to move away
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from its marking contact for an interval of about
22 mllllseconds Accordmgly, a spacmg 51gnal
of this duratron is transmitted to the calling
subscrlber station, after which a markmg srgnal
1s transmltted when the armature of relay 1958
is restored to the marklng contact by its operat-
ing winding. The recemng teletypewriter at the
calling subscr1ber station interpréts the spacing
signal as the start 1mpulse of a telegraph s1gnal
combmatlon
““The armature of relay (961 remains on its
right-hand contact for 33 milliseconds after the
end of the spacing 'signal transmltted by relay
1956 and operates to its left- hand contact where
it remains for 55 mllhseconds before returning
to the right- hand contact and again causing relay
1956 to transmit another spacing signal of 22
milliseconds duratron The interval between the
end of the first spacing signal and the beginning
of the second totals 88 milliseconds, which iS
equal to 4 telegraph signal 1mpulses at a com-
monly used transmitting speed of sixty words
per minute. Thus the teletypewriter at the call-
ing subscriber’s station receives, following the
signal interpreted as a start impulse, four suc-
cessive marking impulses and a spacing impulse.
Following the second spacing signal, the mark-
ing condition is maintained for another interval
of 88 milliseconds which the receiving teletype-
writer interprets as a prolonged stop or rest sig-
nal. Thereafter the sequence is repeated. The
telegraph code combination comprising four sue-
cessive marking impulses followed by a spacing
impulse represents the letter “K” and accord-
ingly this letter is printed repetitiously as a sig-
nal to the calling subscriber that the called sub-
scriber station and all overflow lines are busy.
The calling subscriber should then disconnect, in
a manner which will be described hereinafter,
and again place the call after an interval.
Another condition that may exist to prevent
a calling subscriber from reaching a called sub-
scrlbed is that the station or line of the latter
may be out of order. When a line has been re-
ported out of order, an attendant at the switeh-
ing stat1on connects ground through a resistance
of the order of 1900 ohms to the conductor of
the line termmatmn clrcult over Whmh the busy
and ouf-of-order. ‘tests are made by the dlrector
Accordmgly when the relays 1943 and I191 are
connected to the hne termmatlon c1rcu1t of the
called subscrrber to make’ this test, ‘relay l943
bemg margmal does ‘not operate Thus the re-
sistor l912 remaxns short- 01rcu1ted Th1s changes
the t1m1ng of relay 1961 so that it pulses at about
11 cycles per second its armature engaging the
right and left-hand contacts alternately for in-
tervals of about 44 mllhseconds The operation
of relays 1956 and 1961 is the same as that prevr-
ously descnbed except that intervals of about 66
milliseconds intervene the end of each spacrng
signal and the begmmng of the next spacing sig-
nal transm1tted by the relay 1958. The receiving
teletypewrlter at the calhng subscrlber station
thus receives spacmg for about 22 milliseconds,
Whrch it interprets as a start s1gna1 markrng for
about 66 m1lhseconds WhJCh it 1nterprets as im-
pulses 1,2 and 3 of g code combmatlonj spacing
for about 22 mllhseconds which it interprets as
impulse 4 of a. code combmatlon and marking
for about 66 milliseconds which it interprets as
impulse 5 of a code combination of about 22
milliseconds duration followed by a stop. impulse
of about 44 milliseconds. Thereafter the receiv=-
ing teletypewriter. repeats. this interpretation as
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relay 1961 continues to oscillate and to control
relay 1956 Th1s combmatron represents the let-
ter “Q” and the teletypewnter records thrs letter
repet1t10usly, Wh1c_h_ is the out-of- order s1gnal to
the calhng subscriber and should cause him to
dlsconnect It is to be noted that because relay
1943 is not operated when the out-of-order con-
dition 1s detected relay 9490 is not brought into
operat1on to route the call to an overflow line.
It is considered preferable to notify the calhng
subscrlber of the out-of-order condition of the
called subscmbers line in this manner and to
prevent the stormg of the message in an over-
flow line, because the callmg subseriber thus dees
not receive the false impression that the message
will be retransmltted promptly to the called sub-
scr1ber, which the eallrng subscrlber might as-
sume were the message permitted to go into stor-
age in an overﬂow line withoeut notlﬁcatlon to
the callmg subscrlber of the out-of- order condi-
tion of the called subseriber’s line. Still another
condltron that may prevent the completion of a
call is that the calling subseriber may transmit
an una551gned or non-numerlcal code. When
this oceurs the czrcurt system does not complete,
in cooperatlon with relay 1782, an energizing cir-
cuit -for busy and out- of-order test relays (943
and 17971 because there is no subscriber’s line
termination circuit corresponding to the unas-
signed number, from which busy test ground or
out-of-order ground eonnection could be ob-
tained. Similarly when relay 1759 operates, it
seeks to connect relay 1720 in a previously traced
cireuit from ground on an armature of relay 200t
through to & Hold magnet battery in the link
circuit. This path remains incomplete because
there is no Hold magnet connection correspond-
ing to the unassigned or non-numerical code.
Accordingly, relay 1720 does not operate. There-
after when relay 1705 releases, it completes a
cireuit, prepared by relay 1753, for energizing
relay 1944 instead of the circuit for relay 1155,
At its left-hand armature, relay 1944 removes
resistor 1963 from parallel connection to re=-
sistor 1965. This changes the timing of relay
1956 so that upon operation of the armature of
this relay away from its marking contact, an in-
terval of about 44 milliseconds, equal to two tele-
graph signal impulses, will elapse before the
armature returns to its marking contact. At its
inner right-hand armature and front contaet,
the relay 1944 ecompletes the energizing circuit
of relay 1908, which in twrn initiates vibratery
operation of relay (961, At its outer right-hand
armature the relay 1944 removes a short circuit
from resistor 1983 thereby reducing the vibratory
frequenecy of relay 1961 to about 6 cycles per see-
ond. At this frequency the armature of relay
1961 will engage its two. contacts alternately for
an interval of the order of 88 milliseconds, which
is equal to four telegraph impulses at the speed
of sixty words per minute. In onhe complete cycle
of relay 1961, oeccupying an interval of about. 176
milliseconds, relay (956 will operate to spacing
for about 44 milliseconds and return to marking
where it will remain for the balance of the eycle
of relay 1961, approximately 132 milliseconds.
The teletypewriter at a calling station interprets
this operation as a start impulse of spaeing na-
ture of about. 22 milliseconds duration, a first
code impulse of spacing nature of about 22 milli-
seconds duration, second, third, fourth and fifth
code impulses of marking nature, each of 22 mil-
liseconds duration totaling 88 milliseconds and a
stop impulse of 44 milliseconds duration. This
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code combination represents the letter V and
the teletypewriter will repetitiously print this
letter. The calling subseriber is informed by
the printing of the letter “V” that he has trans-
mitted an unassigned or non-numerical code and
he should disconnect, ascertain the correct num-
ber and again place the call, transmitting the cor-
rect code.

Additional relays 1949, 1970, 1976 and (980,
cooperate through relay 1500 with the alarm eir-
cuit in the performance of certain timing and
alarm functions in connection with the produc-
tion of busy, out-of-order and unassigned code
signals. For a description of these functions ref-
erence may.be had to Patent 2,489,916 granted
November 29, 1949 to C. W. Lucek, and the de-
seription is omitted from the present specifica-
tion.

Referring now to Fig. 1, and with reference to
the transmission to the calling subscriber . sta-
tion of signals representing the letter “K” in-
dicative of the busy condition of the called sub-
scriber station and all overflow lines, it will be
noted that the calling subscriber station is pro-
vided with contacts 151 which are closable mo-
mentarily by the selectable element 152 that is
selectable in response to the code combination
representing the letter “K.” Thus, in addition
to printing this letter the teletypewriter will also
close contacts 151 momentarily for each busy
code combination received. Contacts 151 close
a circuit from battery 119 through the upper
armature and front contact of relay 118, con-
ductor 133, contacts 151, conductor 153, back con-

tact and upper armature of relay 154, conductor :

156 and winding of relay 157 to ground. Relay
{57 operates and locks through its upper arma-
ture and front contact independently of contacts
I51. At its lower armature the relay (57 com-
‘bletes the circuit -of lamp 158 which lights to
provide a visual indication of reception of the
busy signal. In order that relay 157 shall not be
operated in response to the signal for the letter
“K” received as part of a message, and thereby
avoid operation of lamp 158 under those circum-
stances, contacts 159 operable by the selectable
element 161 responsive to the carriage return sig-
nal are provided. Upon the momentary closure
of contacts 159 battery 119 is connected over
conductor 133, the contacts 159 and conductor
162 and the winding of relay 154 to ground there-
by causing the operation of this relay. At its
lower armature and front contact relay 154 locks
to battery 119 independently of contacts 159 and
at its upper armature and back contact the cir-
cuit of relay 157 is interrupted so that that relay
.cannot be operated in response to “K” signals.

Calling subscriber disconnects

Upon the reception of “K” denoting that the
-called subscriber’s line and all over-flow lines
-are busy, or upon the reception of “Q” denoting
that the called subseriber’s line is out of order
:0r upon. the reception of “V” denoting -unas-
:signed or non-numerical code transmitted as a
station call, or at the conclusion of message
transmission the calling’ subseriber, assumed to
“have been the station in Fig. 1, disconnects by
transmitting the upper case or figure shift code
combination followed by the code combination
for the letter H. This sequence of codes repre-
sents the message end or disconnect signal, and
results in.the selection of selectable element 124
of the teletypewriter, which momentarily opens
contacts 123,  These contacts interrupt the hold-
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ing circuit for relay 118 thereby reledsing that
relay. Relay 118 disconnects battery 119 from
conductor -133, thereby releasing relay 157, if
that relay has been operated, releasing relay 154
if that relay has been operated, and releasing
relay 131. Battery 119 is also disconnected from
conductor 126 thereby opening the circuit of mo=
tor 127 and releasing relay 104. With relay 104
released the direct current loop at the subscriber
station is interrupted and the alternating cur-
rent loop through condenser 107 and relay 108
is reestablished, thus rendering the station again
responsive to ringing current. With the direct
current loop interrupted relay 103 releases and
thus the station is restored to the initial condi-
tion.

At the called subscriber station, assumed to
have been the station in Fig. 2, the reception of
the stop or disconnect code combinations, com-
prising the upper case code and the letter “H”
code, results in the operation of selectable ele-
ment 233 to open the contacts 232 momentarily.
Contacts 232 interrupt the holding circuit for re-
lay 224 which releases, thereby opening the cir-
cuit of motors 24! and 200 and relay 208. The
locking circuit of relay 251 also extends through
contacts 232 so that relay 251 is released along
with relay 224 when contacts 232 are opened
momentarily. Relay 208 in releasing interrupts
the direct current loop through the station shown
in Fig. 2 and reestablishes the alternating cur-
rent loop through relay 2{2 and condenser 211
to render the station responsive only to ringing
current. In this way the called subscriber sta-
tion is restored to normal.

With the calling and called subscriber stations
restored to normal and the direct current loops
at ‘both stations interrupted, current through
the operating windings- of repeater relays - 912
and 913 in Fig. 9 and through the relays 815 and
952 to ground is interrupted and the relays 915
and 852 release. 'These two relays in turn re-
lease relay 993. Relay 903 releases relays 920
and 838 and also the Hold magnets 801 and 862
which were held energized in series with the re-
lays 829 and §39, respectively. Relay 928 releases
relay 1434 in the junctor sequence circuit thus
restoring the junctor sequence circuit to normal.
The release of Hold magnet 801 in the link cir-
cuit causes conductors 812 and 813 to be recon-
nected and conductors 819 and 821 to be recon-
nected whereby the line conductors 50{ and 502
of the calling subscriber are reconnected to their
broper terminating points in the line termina-
tion ecircuit of Fig. 5, the conductor 53¢ being
connected through the operating windings of re-
lays 514 and 517 to ground, the conductor 502
being reconnected to battery 524. Similarly the
release of Hold magnet 862 results in the resstab-
lishment of the proger idle line termination for
the line conductors 5863 and 584 of the subscriber
station shown in Fig. 2. In this way the appara-
tus at the switching station has been restored to
normal condition awaiting further calis.

In the case of a disconnect involving .an over-
flow line, the selectable element 2316 responds to
the disconnect signal transmitted by the sub-
scriber and momentarily opens contacts 2314 in-
terrupting the holding circuit for relay 2312,
which releases. Relay 23{2 shuts down motor
2317 and reléases relays 2318 and 2393, the for-
mer. preparing the circuit of answer-back mag-
net 2322 and the latter opening the line conduc-
tor. loop: and reconnecting condenser 2394 and
relay 2309 across the line conductors 2302 and
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2308, ‘With the line conductors opeén circnited
at the condenser, relay 952 releases, in turn re-
leasing relay 903 which releases relay 938, the
latter relay releasing Hold magnet 852. The hold
magnet disconnects ground from the path includ-
ing conductors 850 and 2250, thereby releasing
relay 2201. Relay 2201 interrupts the holding
circuit. for relay 2201, which releases, providing
there is no ground connection on a path previ-
ously traced from the outer upper front contact
of relay 2001, beginning with conductor 2070 and
ending with conductor 2218, from which an ex-
tension of the path is traced through the front
contact and outer lower armature of relay 2281
to the break contact of relay 2207. If relay 2004
is in the operated condition at the time of re-
lease of relay 2207, the holding circuit of relay
2201 will be extended, by reclosure of the break
contacts of relay 2281, to ground on the outer
upper armature of relay 20201 before the holding
ground connection supplied through the upper
armature of relay 2291 is interrupted at the lower
armature of relay 22817.

By way of explanation of the transfer of the
holding eirewit for relay 2201, it should be re-
membered that relay 2201 is operated whenever
one of the Select magnets is in the energized
condition in preparation for the operation of a
Hold magnet. It may happen that a Select mag-
net is energized as a step toward establishing a
connection to one of the overflow lines. - An over-
flow line is. seized over a series of conductors. in-
cluding conductor 2215, which is connected. to a
path through break contacts of jack 2204 when
relay 2201 is released, and which is connected
instead to a path through conductor 221l and
break contacts of jack 2214 when relay 2204 is
operated. In order to prevent interference with
the seizure of an overflow line, relay 228i is pre-
vented from releasing until relay 208{ releases,
which eccurs upon the release of any Select mag-
net that was operated, such release resulting from
aperation of a. Hold magnet or abandonment of
the call by a calling subscriber.

Answer-back by « station responding to a call on
an unattended basis

A station circuit of the type shown in Fig. 1 is
provided with an answer-back feature the func-
tion of which is to transmit signals identifying
the station when it responds to a call on an un-
attended basis. Assuming that another station
associated with the switching center placed a
call to be routed to the station shown in Fig. 1
and that the director has connected the. calling
station to the station shown in Fig. I and is trans-~
mitting ringing current, the relay {08 will op-
erate in response to the alternating ringing cur-
rent and complete the circuit of slow-operating
relay 128. Relay 128 operates about two sacends
after the operation of relay 188 and completes
the circuit of relay 18 through the ouber lower
armature and back. contact of relay 194 and con-
ductor (3i. Relay {18 operates relay i84 to
complete the direct current loop termination for
the lines 10! and 162 and starts metor t27. Be-
cause of the fact that the operation of key 116
was not involved in the energization of relay L8
relay 137 does not operate as & result of the
operation of relay (18. Accordingly when motor
121 comes up to speed and closes its centrifugal
contacts 139 the cireuit of an answer-back mag-
net 141 is completed irom ground through the
upper armature and back contact of relay 137,

_the winding of magnet 144 and conductors 134,:

10

20

25

30

35

40

50

55

60

85

70

76

48

133 and front contact and upper armature of
relay 118 to battery 119. The identifying code
of the called station is transmitted in the same
manner as that of the overflow line as previously
described, snd upon being received by the call-
ing station the code serves to inform the ealling
subscriber that the connection has been -com-
pleted to the desired station, and that the sta-
tion is prepared to receive a message.

Tronsmission of message from overflow line

The message transmitted over the overfiow line
comprising conductors 2382 and 2383 to reper-
forator 23071 is perforated in tape 2326. Reper-
forator 2367 has associated therewith a tape
transmitter 232% which may be similar to the
tape transmitter 249 in Fig. 2. One terminal of
the tape transmitter 2331 is connected through
resistor 2332 to battery 2333 and the other ter-
minal is -connected through break contacts of

key 2334 to the tip contact spring of jack 2335,

The ring contact spring of jack 2336 is connect-
able through make contacts of the jack and re-
sistor 2337 to ground when a plug is inserted
into jack 2336. A companion jaeck 2338 has its
tip contact spring connected through the upper
winding of relay 2339 to ground, and ground is
connectable through make contacts of jack 2338
to the armature of relay 2338 when a plug is
inserted inte the jack. The lower or biasing
winding of relay 233¢ has one terminal connected
to ground and the other terminal connected
through a resistor 234i to battery 2333. The
make contact of relay 2339 is conneeted through
the winding of a slow release relay 2342 to bat-
tery 2343. The back contact of relay 2342 is
connected through disconnect lamp 2344 to bat-
tery 2343 and the armature of the relay is con~
nected to the armature of the relay 2338.

The line termination circuit for each subscrib-
er’s line is provided with a lamp for indicating
when the subscriber’s line and the  subscriber
station associated therewith are busy. In the
case of the line termination circuit -shown in
detail in Fig. 5, the busy lamp is. designated. by
the reference numeral 556 and has one termi-
nal connected to battery 5571 and the other ter-
minal connected to conductor 558 which extends
into Fig. 7 as conductor 158 and conneects -to
conductor 709 extending into Fig. 8 as conductor
809 and grouped with conductors 836, 813 and
848 which serve the subscriber’s line terminsa-
tion circuit shown in detail in Fig. 5. Conductors
709 and 809 have connected thereto one cross
par switch contact for each of the sets of con-
tacts such. as those designated 894 and. 860.ar-
ranged. vertically above Hold magnet. 804 serv-
ing the subscriber line termination shown in
the upper part of Fig, 5. Associated with each
group-of horizontal cross bar switch conductors
is: & grounded conductor such as the: conductors
811 and 818.  When Hold magnet 80f operates
any set of contacts under its control and.pre-
pared by one of the Select magnets, ground: is
connected over the conductors: 158 and 558 to
light lamp 556 and indicate visually that the
subscriber’s line termination circuit. is busy.

An attendant at the switehing station, seeing
the tape- 2326 accumulating between reperfora-
tor 2307 and transmitter 2331 ascertaing theiden~
tity of -the -called subscriber station from the
tape 2326 and waits for the busy lamp asso-
ciated. with the line ecircuit of the called sub-
scriber station to he extinguished. It will ‘be
assumed -that the message: is intended for the
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subscriber station in Fig. 1, which has the line
termination circuit shown in detail in the upper
portion of Fig. 5, and that the station becomes
idle, which will be indicated by extinguishment
of lamp 556. The attendant then connects &
patching cord from jack 2336 to jack 518 and
another patching cord from jack 2338 to jack
5t1. Having done this, the attendant operates
key 2334 to the left to connect a source of ring-
ing current 23%4 through the tip contact spring
of jack 2336, the patching cord, the tip contact
spring of jack §18, line conductors 502, 402, and
102, alternating-current relay 108 and return-
ing through line conductors 101, 201, 401, 501,
tip contact spring of jack 511, patching cord,
tip contact spring of jack 2338 and winding of
relay 2339 to ground. It should be noted that
upon connection of the patching cord between
jack 2336 and jack 518, a connection was.estab-
lished from ground through resistor 2337, the
make contacts and ring contact spring of jack
2336, the patching cord, and the ring contact
spring of jack 518 to conductor 551. - Conductor
551 is included in a previously traced path in-
cluding conductors 15t, 851, 951 and 1551 and
terminating at the front contact associated with
the outer right-hand. armature of relay 1501.
The ground connection supplied through resis-
tor 2337, which has a low value, is a busy-indi-
cating ground and will cause the registration of
a busy signal if the director attempts to seize
the line extending to the subsecriber station in
Fig. 1 while the patching cord is up. . The man-
ner in which the busy test is made by the direc~
tor was hereinbefore described with respect to
the busy test path comprising conductors 564,
164, 864, 964, 1554 and (664. Tt should also be
noted that with the insertion of g patching plug
into jack 2338 ground was connected through
the make contacts, conductor 2352, the arma-
ture and back contact of relay 2342 and lamp
2344 to battery 2346, thereby lighting the lamp
2344,

Relay 108 in Fig. 1 responds to the ringing
current and sets the station in operation to re-
ceive the message, in the manner hereinbefore
described. This includes the interconnection of
the line conductors at the station in Fig. 1 to
establish a closed loop and the transmission from
the called subseriber station of an answer back
signal to indicate, as previously described, the
identity of the station to which connection has
been made, and that the station is in condition
“to receive.

Prior to the establishment of the closed loop
at the called subscriber station, a circuit from
hattery 2333 through resistor 2341 and the lower
winding of relay 2329 to ground holds the arma-
ture of the relay away from its make contacts.
Upon the establishment of the closed loop at
the called subscriber station a circuit is estab-
lished from battery 2333 through resistor 2332,
through transmitter 2331 which is at rest, right-
‘hand contact and swinger of key 2334, tip con-
tact spring of jack 2336, patching cord, line con-
ductors . cutgoing to and . returning from the
called subscriber station in Fig. 1, patching cord,
tip contact spring of jack 2338 and upper wind-
ing of relay 2339 to ground. The upper winding
.of relay 2339 dominates the armature and oper-
ates it to its make contacts, thereby completing
the circuit of relay 2342 from ground through
the make contacts of jack 2338 and the armature
of relay 2338 to battery 2343. Relay 2342 oper-
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ates and opens the circuit of lamp 2344 which
becomes extinguished. This indicates to the
attendant that the line circuit loop at the called
station has been closed, and after waiting a few
seconds for the motor at the called station to
come up to speed and for the answer-back signal
to be transmitted, the only indication of which
will ‘be the chattering of relay 2339, the attend-
ant starts transmitter 2331 by closing a manually
operable switch to complete the circuit of its
start magnet (not shown).

The transmission of the message contained
in tape 2326 then proceeds automatically.
Transmitter 2331 may be provided with the well-
known taut-tape mechanism for suspending op-
eration of the transmitter if tape 2326 becomes
taut. At the end of the message the discon-
nect code combinations, namely the upper case
code- and- letter “H” code combination, which
were transmitted by the calling subscriber and
perforated in tape 232§ are transmitted to the
called subscriber station. This station responds
to the disconnect code in the manner previously
described to shut down the station, open the
closed. line conductor loop thereat and recon-
nect in the line circuit condenser 211 snd alter-
nating-current relay 212. Thus the circuit of
the upper winding of relay 2339 is interrupted
and the lower winding of the relay operates the
armature to the left to open the circuit of re-
lay 2342. Relay 2342 is of the slow release type,
since its cireuit is controlled by relay 2338 which
is included in the transmission circuit and will
therefore follow signals, and it is desirable that
relay 2342 shall not follow signals. Relay 2342
is sufficiently slow that it will not release on
response of relay 2339 to any continucus spac-~
ing condition normally occurring ‘in code signal
transmission but will release :in response to. a
continuous spacing condition exceeding a pre~
determined interval such as, for example, the
interval of two or three code combinations.
This relay releases after its delay interval and
reestablishes the circuit of lamp 2344 which lights
and remains lighted. This is a signal to the
attendant that the transmission of the niessage
to the called subscriber station has been com-
pleted, whereupon the attendant removes the
patching cords from jacks 2326 and 2338, thereby
disconnecting transmitter 2331 from the line ex-
tending to the called subscriber station, and ex-
tinguishing lamp 2344.

,Sighdlz‘ng called subscriber that line junctors are
busy

As previously stated the relay 1034 operates
as a part of the seizure of a line junctor by a
calling subscriber, and remains operated until
Through' its arma-
ture 4 and front contact it extends a ground
connection to the front contact associated with
the armature 4 of relay 1049. Also with relays
1021, 1019 and 1024 operated and relay 1034 also
operated a path is traced from ground through
the front contact and inner right-hand arma-
ture of relay 1021, right-hand armature and
front contact of relay 1019, front contact and
inner left-hand armature of relay 1024, con-
ductor 1033, armature 2 and front contact of
relay 1024 to the armature 2 of relay (049. If
the line junctor 924 should be seized, relay 1049
will be operated and locked; and these ground
connections will be transferred to the lower front
contact and the armature 2 of the next relay

-corresponding to relays 1034 and (048 and if
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511 the line jumetors are in use all such relays
will be operated and these ground connections
will be extended to conductors {080: and I08F.
These ground connections are: extended over
conductors 980 and 98¢, respectively; (580 and
{58, 1686 and 1681 to conduetors 1489 and 1481,
respectively, the former being connected to the
operating winding of relay K01 and the latter
being connected to the operating winding of re~
Tay 1402, Relay 1402 operates and at its lower
armature it connects interrupter (403, which
supplies ground connection at the rate of one
impulse per second, to- a register 1404 which
registers the number of seconds that all of the
line junctor circuits are busy. The relay 1402
also connects ground to the winding of relay
{466, causing the operation of that relay. The
circuits controlled by relay 1406 and the oper-
ations performed thereby are similar te circuits
and operations described in Patent 2,340;599 un-~
der the heading “All-Trunks-Busy-Circuit” and
the detailed description will not be repeated in
the present specification. The function of the
eircuit is to generate and transmit “letters’™ sig-
nals as an indication that all of the line junctors
are busy and these will be transmitied when and
as long as any calling subscriber establishes a
closed line circuit loop at his station. When-
ever a line junctor becomes idle the circuit is
arranged to suspend the transmission of “let-
ters” signals and to transmit instead to the
waiting subscriber & signal indicating that at
least one junctor circuit has become idle.

In Patent 2,340,599- the signal which- replaces
the all-trunks-busy signal and indicates the
availability of a trunk is disclosed as being the
signal for the letter “K,” and as & junetor-avail-
able signal to follow the all-junctors-busy sig-
nal in the present disclosure the signal for the
letter “K” or for some other letter may be- used.
Tt will be remembered that when, as hereinbe-
fore described, a called subscriber’s line is busy
and all overflow lines are busy, the director cir-
cuit generates “K” signals and transmits them
to the calling subscriber. The junctor-available
signal and the all-overflow-lines-busy signal are
readily distinguishable by the calling subseriber,
although the same signal may be used. When
a subscriber places & call, and all junctors are
busy, the first and only response of the switch-
ing office, as far as the subscriber is aware; is
the all-junctors-busy signal ¢letters) whieh will
change to the junctor-available signal K
when a junctor becomes available. On the other
hand, a calling subscriber receives “K” signals
denoting that all overflow lines are busy only
after the seizure of a line junctor and director,
the transmission to him of a director-ready sig-
nal and- the transmission by him of the calling
codes for the called: subscriber’s station.

The ground connection on conductor 1480
causes relay 1401 to.operate. This ground con-
nection is extended through the lower armature
and front contact of relay (461 and through the
windings of relay (4t and register magnet: 1412,
Relay 1411 in operating supplements this ground
connection by the ground-through its own arma-
ture and front contact, thus assuring the op-
eration of register magnet t412. The register
magnet 1412 locks to the ground supplied through
the lower armature of relay 1401 and short-
circuits relay (411 which releases. Register
magnet 1412 will remain operated until relay
1801 is released by removal of the ground con-
nection from conductor §480; thus assuring that
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the: register will operate but once -for each
grounding of that conductor. In this: manner
the number of attempts. to seize a line junctor
during’ an interval im which they are all busy
will be counted. This arrangement is more fully
deseribed im. Patent 2,340,599 under the heading
«“Counting Subscribers” Calls During an All-
Trunks-busy Period”.

At its upper armature the relay 1461 connects
eround over a. path: traced during the description
of operation of the: subscriber sequence circuit,
comprising: conduetors. 1437, 1231, 837, 631, the
outer upper armature and front contact of relay
612, conductor £38, armature 1 and front contact
of relay 604; conductars 652 and $52, and winding
of relay 516 te: battery 508. Relay 516 operates.
At its inmer lower armature and front contact
the relay: 516 short-eircuits the upper winding
of relay 51T which disengages its armature from
jts: left-hand contact thereby disconnecting
ground fram: the energizing circuif of relay 528,
traced through the armature and front contact
of relay 514, but as: its outer lower armature and
front: contact the relay 516 supplies a ground
connection: to hold relay 528 operated. Af its
inner upper armature and front contact the
relay 56 completes the energizing circuit of re-
lay 522, which operates, and both relays lock to
ground supplied. through the inner upper arma-
ture and front contact of relay 528. At its outer
upper. armature and front contact the relay 516
completes a. circuit from battery through the
lower winding: of relay 514; the noted armature
and. front cantaet of relay 516, the middle upper
armature and back contact of relay 533 to con-
ductor 562 from which a: eonnection is indicated
tg conductor 1462. The lower winding of relay
544 is energized over this circuit to hold the relay
eperated independently of the upper winding.

The relay 522, at its lower armature substi-
tutes, for the line terminating battery 524, a line
terminating circuit. comprising eonductor 563,
561 and 1461 to the armature of relay 1416 which
is. operable: to. produce: letters signals as previous-
1y described. These signals, when produced, will
bhe transmitted aver conductors {461, 561, inner
lower armature and. back contact of relay 533,
conductor 563, the lower armature and front
contact of relay 522, conductors 521, 821, break
eontacts. of hold magnet 884 in Fig. 8, which is
unoperated because: there is no idle junctor to
which. the. subscriber can be connected, conduc-
tors 819, 519 and out to the subscriber station
over conductor 501, the return path being over
conductor 502, conductors 512 and 812, break
contacts of hold. magnet 801, conductors 813
and 5(3, upper winding of relay 514 and front
contact and inner lower armature of relay 516
to ground. It should be noted that when relay

522 was operated by relay 516. it interrupted, at

its upper armature and back contact, the en-
ergizing circuit for relay 601, which restores the
sequence circuit to normal, so that it may re-
spond to a call by another subscriber. The all-
junctors-busy signal will be transmitted to any
calling subscriber who seeks to obtain the serv-
ices of a junctor, but the switching center also
has trunks extending to a manual switching of-
fice, as will be described hereinafter, and the re-
lease of the: sequence circuit permits the same
or-other subseribers to seek access to g trunk cir-
cuit. If the ealling subscriber, upon receiving
the all-junctors-busy signal, disconnects, he will
open: the elosed loop interconnecting the line
conductors: &t his station, thereby interrupting
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the circult through the upper winding of relay
514. In the operation of the all-junctors-busy
circuit shown in Fig. 14 there are intervals dur-
ing which a direct ground connection is applied
over conductors. {462 and 562 to energize the low~
er winding of relay 514 and other intervals dur-
ing which ground connection is applied to this
circuit through a high resistance path which
passes insufficient current to hold relay 514 op-
erated. When the-direct ground connection. is
removed relay %14 releases and interrupts the
energizing circuit of relay §28, which releases, in
turn releasing relays 522 and 516 which it has
been holding operated, thereby restoring the cir-
cuit shown in Fig. 5to normal. From this it fol-
lows that when g calling subscriber encounters
an all-junctors-busy. condition, his line ecircuit
becomes locked up in a condition in which he has
lost aceess to the sequence eircuit. The sub-
sequent transmission to that subscriber of ‘the
signal  indicating that a junctor has become
available does not change the locked up condi-
tion nor automatically give the subscriber access
to the available junctor circuit. He must dis-
connect by restoring his own station circuit and
his line terminating circuit (Fiz. 5) to normal,
such as by operating switch 122 in Fig. 1, or
switch 231 in ¥Fig. 2, or switch 322 in Fig. 3, or by
sending, by means of his keyboard transmitter,
the end-of-message code combinations which
will cause the operation of selectable member {24
in Fig. 1, or member 233 in Fig. 2, or member 350
in Fig. 3. S

As previously described the station shown in
Fig. 2 is equipped with 3 tape transmitter 219 in
addition to the keyboard transmitter 2(§. The
station is so arranged that a perforated tape con-
taining one or more messages directed to differ-
ent stations may be placed in the transmitter,
whereupon the station may be set in operation
by the momentary closure of key 222 and with
the calling codes for the station to which the
messages are to be transmitted preceding the
messages in the tape, the hereinbefore described
switching mechanism at the switching center
will be operated in response to these calling codes
to connect the station shown in Fig. 2 to the sev-
eral called stations without manual transmission
of the calling codes and without further atten-
tion to the tape transmitter. As breviously stated
the operation of key 222 results in the operation
and locking of relays 224 and 236, the energiza-
tion of relay 288 and the starting of motors 241
and 200. Switch 278 should be closed because

slgnals are to be transmitted by tape trans- ,

mitter 218. With relay 288 operated the line is
terminated in a direct current loop through re-
lay 207 which operates on line current from the
subscriber’s line termination cireuit 597 in the
manner previously described with respeet to the
station shown in Fig. 1 and the line termination
circuit shown in detail in Fig. 5. The apparatus
at the switching station operates in the manner
previously described to connect the line con-
ductors from the station shown in Fig. 2 to a
line junctor such as that shown in Fig. 9 through
the link circuit shown in Fig. 8, and starts the
director. The director returns s spaeing signal
of three seconds duration as a director ready sig-
nal which csuses the release of relay 281. This
relay upon releasing completes a circuit from
hattery 228 through conductor 28§ the winding
of dashpot-controlled slow-operate relay 267,
conductor 298, the inner lower armature and
Iront contact of relay 208, the armatire and
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back contact of relay 207, conductor 268, the
upper armature and front contact of relay 224,
conductor 229, closed contacts 231 and 232, con-
ductor 234 and outer upper armature and front
contact of relay 236 to ground. Relay 267 op-
erates after about two seconds of the spacing
signal received from the director and completes
a circuit from ground through its make contact;
the outer lower armature and front contact of
relay 208, conductor 263, the outer lower arma-
ture and front contact of relay 236, conductor
262, and winding of relay 261 to conductor 239
which is receiving connection from battery 228
through the lower armature and front contact
of relay 224. Relay 261 operates over this cir-
cuit and locks through its lower armature and
front contact and the back contact and lower
armature of relay 27i, conductor 272 and the
inner lower armature and back contact of relay
237 to ground. - At its upper armature the relay
261 completes a circuit from ground over con~
ductor 1213, the front contact and armature of
relay 261, switch 216, conductor 271, clutch mag-
net 278 of tape transmitter 219, conductor 218,
and conductor 281 to battery 282. Clutch mag-
net 78 becomes energized over this circuit and
starts tape transmitter distributor 219. The re-
leasing time of slow-release relay 207 plus the
operating time of relay 267 should be such that
relay 267 closes its make contacts just before
the end of the director ready signal so that the
director will' have completed the transmission
of the director ready signal and restored the
communication circuit to marking condition be-
fore tape transmitter 219 is started.

The first code combination perforated in the
tape should ke the upper case or figures combi-
nation since, as previously described, the direc-
tor must receive this code combination before
the station identification codes in order to place
it in condition to select the called subscriber’s
line termination circuit. The teletypewriter 214
'at the station shown in Fig. 2 has a selectable
member 296 selectable in response to the upper
case or figures code combination for momentarily
Upon the closure of these
contacts in response to the transmission of this

‘code - combination a circuit is completed from
battery through the winding of relay 253, con-

ductor 255, contacts 284, conductor 258, back
contact and lower armature of relay 282, con-

‘ductor- 274, front contact and upper armature

of relay 26i and conductor 273 to ground and
relay 280 operates. At its upper armature and

‘front contact the relay 250 locks to the same
-ground through the back contact and lower
‘armature of relay 292.

At its lower armature
the relay 258 prepares an energizing: circuit for
relay 287.

Tape transmitter~distributor 218 is provided

"with contacts 289 closable momentarily once in
‘each revolution of shaft 244 by cam 22§ car-
‘ried by the shaft. One of the contacts 289 is
‘connected by conductor 288 to the lower front

contact of relay 250 and the other ig connected
by conductor 265 to the inner lower armature
Since relay 250 did not become

ures or upper case code combination the mo-
mentary closure of contacts 289 during the

-transmission of that code combination completed

no circuits because the ¢ircuit was open at the
lower armature of relay 250. Transmitter-dis-

“tributor 219 next transmits the code combina-~

tion representing the first digit of the number
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identifying the called. subscriber’s station and
during the transmission of this code combination
contacts 288 close momentarily completing a cir-
cuit from battery *hrough the winding of relay
281, back contact and upper armature of relay
284, lower armature and front contact of relay
258, conductor 288, contacts 289, conductor 2865,
inner lower armature and back contact of relay
284, conductors 286 and 274, upper armature
and front contaet of relay 261, conductor 213 to
ground and relay 287 operates over this circuit.
At its lower armature and front contact relay
2817 extends a path from the ground terminal of
its winding through the winding of relay 284 to
conductor 285 from which relay 287 is receiving
a direet ground connection through contacts
289. As soon as these contacts open, the direct
ground connection to the ground terminal of the
winding of relay 281 is interrupted but relay 287
remains held through its lower armature and
front contact and the winding of relay 284 to
conductor 288, relay 284 becoming energized in
this circuit.

At its inner lower armature relay 284 discon-
nects conductor 285 from conductor 288 which
is receiving ground through the upper armature
and front contact of relay 261 and connects con-
ductor 265 instead to battery. At its outer lower
armature relay 284 connects the back contact
assaciated with the upper armature of relay
281, which is now disengaged from ifs back con-
tact, through conductor 283 and the winding of
relay 271 to the upper armature of relay 251
which is receiving ground connection through ifs
front contact and conductor 213. Thus the re-
lay 284 prepares an energizing circuit for relay
271 but this circuit is interrupted at the upper
armature and back contact of relay 287. t its
inner lower armature and front contact and at
its upper armature and front contact the relay
284 prepares for itself an alternate holding cir-
cuit which is closable through the contacts 289
and is in short-circuiting relation to the wind-
ing of relay 281.

Upon the closure of contacts 283 momentarily
during the transmission of the code combination
representing the second digit of the calling code
of the called station the alternate holding cir-
cuit for relay 284 is completed from battery
through the front contact and inner lower
armature of relay £84, conductor 263, contacis
239, conductor 288, front contact and lower
armature of relay 258, upper armature, front
contact and winding of relay 284, conductors
286 and 274, upper armature and front con-
tact of relay 261 and conductor 273 to.ground.
From the front contact associated with the up-
per armature of relay 284 the battery connection
is also supplied through the front contact and
lower armature of relay 287 to the lower or ground
terminal of the winding of relay 281 and this con-
nection opposes the battery connected to the up-
per terminal of the winding of relay 287 and stops
the flow of current through this winding so that
relay 281 releases. With relay 287 released the
prepared circuit for relay 271 is completed and
this relay eperates. Relay 271, through its upper
armature and front contact completes the ener-
gizing circuit of relay 292 which locks through its
upper armature and front contact and the mid-
dle upper armature and back contact of relay 231.
At its lawer armature and back contact relay 292
interrupts. the holding circuit for relay 250 which
releases and also. interrupts the energizing circuit
for relay 250 so that this. circuit cannot be re-
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established by the operation of contacts 294 in
response to the upper case or figures code com-
bination transmitted as part of a message. At its
lower armature and back contact the relay 271 in-
terrupts the holding circuit for relay 261, and the
latter relay releases, disconnecting ground from
conductors 274 and 277, thereby interrupting the
circuit of magnet 2718 of tape transmitter-dis-
tributor 219 so that the transmitter will stop after
the transmission of the second digit of the calling
code, and also releasing relay 284 which in turn
releases relay 271. The relay 267 released follow-
ing the reenergization of relay 287 at the end of
the three-second spacing signal representing the
director ready condition so that at the conclusion
of transmission of the station calling codes only
the relays 208, 224, 236 and 292 remain energized.

Only a station equipped with the equivalent of
relay 206 and its timing circuit comprising elec-
tron tube 2206 and relay 2490 is capable of respond-
ing on an unattended start basis to a call from a
tape transmitting station. The reason for this
is that the tape transmitter at the calling station,
having been stopped at the end of transmission of
the calling code of the called station, is to be re-
started for transmission of the message under
the control of a spacing signal of three-seconds
duration transmitted from the called station as
an indication that this station has been started
and is ready to receive the message. In the pre-
ceding description of the establishment of a call
from the station shown in Fig. 1 to the station
shown in Fig. 2 the manner in which the station
shown in Fig. 2 returns a three-second spacing
signal as an indication of the proper starting of
the station in response to its calling code has
been described. It will be assumed that the sta-
tion called from the tape transmitter 219 is so
equipped and returns a three-second spacing sig-
nal to the station shown in Fig, 2. In response
to the spacing signal of three-seconds. duration
relay 207 releases and completes the operating
circuit for relay 251 in the same manner that it
released in response to. the director ready signal
which was also a spacing signal of three-seconds
duration. Relay 267 again completes the circuit
of relay 261 which locks through the back con-
tact and lower armature of relay 274 because this
relay has been released and the back contact and
inner lower armature of relay 237 to ground. Re-
lay 261 again completes the circuit of the clutch
magnet 278 from ground through conductor 213,
the front contact and upper armature of relay 261,
switch 2786, conductor 277, the winding of cluteh
magnet 278, conductor 219, and conductor 281 to
battery 282. Tape transmitter 2i9 starts and
proceeds to transmit the message contained in
the perforated tape. Relay 207 has become re-
energized at the end of the three-second spacing
signal and releases relay 267. The relays which
remain energized during the transmission of the
message are relays 224, 236, 208, 2017, 261 ang 292.
Relay 207, being slow release, does not release
giuring the spacing signals normally encountered
in message transmission. With relay 292 locked
the energizing circuit of relay 258 is interrupted
and this relay does not respond to operation of
contacts 294 responsive to the figures or shift code
combination transmitted as part of the message.
Therefore the circuit controlled by cam operated
contacts 289 associated with the transmitter re-
main open at the lower front contact of relay 250
and these cam controlled contacts do not com-
plete a circuit during the transmission of the
message.
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- If it should happen that the called subscriber’s
line is busy when the director seeks to complete
the call initiated by transmitter 219 the call will
be routed to an overflow line in the manner pre-
viously described. Since the overflow lines are
provided with means previously described for re-
turning to the calling station the three-second
spacing signal indicative of the readiness of the
line to receive the message, tape transmitter 219
will be restarted in response to reception of this
signal and will proceed to transmit the message
just as it would if the called line had not been

busy and the called station had responded.
‘When the perforated tape contains message di-
rected to various stations each message should
be terminated by the figures or upper case com-
bination followed by the code combination for the
letter “J” with the exception of the final mes-
sage in the tape which should be terminated by
the previously described disconnect combination
comprising the figures or shift signal and the sig-
nal for the letter “H.” Assume that the tape
contains more than one message and that at the
end of the first message the shift code combina-
tion is transmitted followed by the code combi-
nation for the letter “J.” In response to the shift
signal teletypewriter 214 conditions selectable
member 278 to be operated and in response to the
“J” code combination the selectable member 270
is selected and operated and momentarily closes
contacts 275. Contacts 215 complete a circuit
from battery 228 through conductor 2217, the
lower armature and front contact of relay 224,
conductors 238, 238, 245 and 246, contacts 215,
conductor 288 and winding of relay 237 to ground
and relay 2371 operates. At its outer upper
armature and back contact the relay 237 inter-
rupts the energizing circuit of relay 208 which
releases and interrupts the direet current loop
through the station, thereby transmitting a dis-
connect signal of spacing nature into the switch-
ing center. At its upper middle armature the re-
lay 237 interrupts the holding circuit for relay 292
which releases. At its inner upper armature relay
237 locks in a circuit including the lower arma-
ture and back contact of relay 280. At its inner
lower armature the relay 2371 interrupts the hold-
ing circuit for relay 261 which releases, thereby
opening the circuit of clutch magnet 278 for tape
transmitter 219 which stops. The disengage-
ment of the middle lower armature of relay 237
from its back contact produces no useful result
at this time because the conductive path extend-
ing from that back contact is open at the back
contact and outer upper armature of relay 236.
At its outer lower armature relay 237 disconnects
negative battery 210 from the grid of tube 220
and this grid begins to charge through resistor
235 to ground which is positive with respect to
the polarity applied to the other terminal of con-
denser 223 from battery 282. When the grid of
tube 2%0 has become sufficiently positive to render
the tube conductive current flows from ground
through the winding of relay 240, the anode-
cathode discharge path of tube 220 to battery 282.
Relay 240 operates and at its lower armature and
back contact releases the relay 237 which re-
stores to their previous conditions the circuits
controlled by its several armatures. No opera-
tion is performed as the result of the engagement
of the upper armature of relay 240 with its
grounded front.contact because the path extend-
ing from the armature is open at the back contact
associated with the middle lower armature of
relay 236 which has remained energized, With
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relay 237 released relay 208 is reoperated to ré-
establish the closed direct current loop between
the line conductors at the station and the switch~
ing office recognizes this as the placing of an-
other call and causes a line junctor and the di-
rector to be seized and to return a director ready
signal to the calling station shown in Fig. 2. As
a further result of the release of relay 237 con-
denser 225 discharges and relay 240 releases. In
response to the director ready signal relay 207
is again released and operates the relay 267 which
in turn operates relay 261 and tape transmitter
219 is restarted to transmit the figures code com-
bination and the numerical codes identifying the
station to which the next message is addressed.

At the station which received the message, as-
suining that it was a station identical with the
station shown in Fig. 2, only the relays corre-
sponding to relays 208 and 224 are in the ener-
gized condition during the reception of the mes-
sage. Upon reception of the shift and letter code
“J” signals at the end of the message the con-
tacts corresponding to the contacts 275 close mo-
mentarily and operate a relay corresponding to
the relay 281. At its outer upper armature it
releases the relay corresponding to the relay 208
thereby opening the direct current loop at the
station and transmitting its own disconnect sig-
nal to the switching center. Since the relay cor-
responding to relay 292 is not operated no useful
operation is performed by the middle upper
armature. The inner upper armature seeks to
complete a holding circuit through the lower
armature and back contact of the relay corre-
sponding to relay 240 as in the case of the calling
station. However, the completion of this hold-
ing circuit is an idle operation because such hold-
ing circuit requires a battery connection supplied
by the relay corresponding to 224, the holding
cireuit of which is interrupted at the middle lower
armature and back contact of the relay corre~
sponding to relay 231. Sihce the relay corre-
sponding to relay 236 did not become operated,
the holding circuit for the relay corresponding
to relay 224 was not transferred to the ground
on the front contact associated with the outer
upper armature of relay 236, but remained ex-
tended to ground through the middle lower arma-
ture and back contact of the relay corresponding
to relay 231, With the latter relay operated the
holding circuit for the relay corresponding to re-
lay 224 is interrupated and this relay releases,
thereby disconnecting battery from the teletype-
writer operating motor corresponding to motor
200 and from the prepared holding circuit for
the relay corresponding to relay 237 so that this
relay releases upon the reopening of the contacts
corresponding to contacts 2715. ' In this way the
called station has been restored to normal and
has transmitted its own disconnect signal which,
in cooperation with the disconnect signal trans-
mitted from the calling station, releases the junc-
tor circuit in the manner hereinbefore described.

At the end of the last message in the tape the
upper case and letter “H” code combination are
transmitted as the disconnect signal and at the
calling station this code combination results in
the release of relays 224, 208, 2365, 261 and 292
and the stopping of motors 241 and 200, thereby
restoring the station to normal and at the called
station will resuit in the release of the relays cor-
responding to relays 208 and 224 thereby re-
storing that station to normal.

In the initiation of a call from any one. sub-
seriber’s station served by the switching center
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to any other subseriber’s station served by that
cénter the complete calhng code of the called
station comprlsmg the shift code and the sta-
tion call numer1ca1 codes should be transmltted
twice. In the case of the transmission of the
calhng code by keyboard transmitter the second
transmission of the station calling code should
await reception of the three-second spacing sig-
nal indicating readiness of the ealled station or
in case that station is busy, of an overflow line
to receive the message. In the case of trans-
mission by tape the two sets of station calling
codes should be perforated in the tape one fol-
lowing the other. Under these mrcumstances
the second oceurrence of the calhng code in the
tape is transm1tted following reception of the
three-second spacing signal as a result of the
automatic restarting of the tape transmitter.
The reason for the dual transmission of the sta-
tion calling code is that the first set of station
calling codes is used by the director for estab-
lishing a connection between the calling siub-
scriber.and the called subscriber through: a junc~
tor. circuit and the link ecircuit. In the event
that the called subscriber’s line is busy the di-
rector makes connection instead to an idle over-
flow line but in either case the first set of calling
codes. is. used by the director and no record of
these codes. is made. The second. set of station
calling codes, being transmitted. after the con-
nection has been magde either to the called sub-
scriber’s station or to an idle overflow line, is
transmitted through the. established connection
in the same manner as the following message
and is recorded by the teletypewriter at the
called subscriber station or is recorded in. the
form of perforations in a storage tape by the
reperforator which is the receiving instrumen-
tality of the overflow line, and if a printing re-
perforator is used for this purpose not only are
the, sigl__lals corresponding. to the calling codes
perforated in the tape buf the digits represented
by, those. codes are printed upon the tape. Ac-
cordmgly the message stored in the overflow
1 the form of perforated tape includes the
a e_d information enabling the attendant to
m1t the message to the subscriber for whom
1ntended when, that subscrlbers line he-
com S 1d1e Under the c1rcumstance that the
age. is routed 1nto an ovelﬂow line by -the
dlrector faﬂure of the calhng subscrlber to trans-
m1t the second set of statlon calling codes will
result m ‘the stormg of a message: lackmg the
necessary d1rect10ns to the attendant to enable
him. to effect the. retransm1551on of the message
to, ‘the intended subscrlber

In the event that at the time of operation of
relay 208 as 2, result of the momentary operation
of kéy. 222 ‘and consequent operation of -relay
224 or at the time of reoperation of relay 208
as. a, result of the. sequence of operations com-
prising clostire of contacts 278, operation -and
locklng of relay 231, operatlon of relay 249.and
1elease of relay 237, no line junctor is availgble
at the smtchmg office, the all- junctors-busy cir-
cuit will generate and transmit to the subseriber
statlon the all- junctors-busy signal, When a
junctor becomes available the signal will be
supplanted by the junctor-available signal which,
as stated. before, may be the “K” signal or some
other 51gna1 These signals will cause the tele-
typewrlter to operate under the control of selec-
tor magnet 214, and distributor 219 will not be
started because no d1rector ready signal will. be
received. The attendant will note.the receptlon
of the signals and the failure of the distributor
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to start, and will dlsconnect and restart which
may be accomplished by operating key 231 and
then operating key 222.

Transmission. of break signals

As previously stated break key {13 in Fig. 1
forms a short-circuit around resistor 112 and
break key 218 in Fig. 2 forms a short-circuit
arotind resistor 217. When either break key is
operated it does not open the direct eurrent loop
at the station as does the release of relay [§11
or relay 208 but merely inserts its asseciated
resistor into that loop, thereby decreasing the
line current. This eurrent is insufficient to hold
g receiving relay, such as the repeater relays
912 and 813, on its marking contact, se that the
response of a line relay to operation of the break
key is the same as the response. to a normal
spacing eondition of no current.

Resistors 1i2 and 21T serve itwo purposes.
They permit sufficient current to fiow when their
associated: break keys are open to hold relays
9i5 and 952 in the juncfor circuit operated,
thereby preventing release of these relays which
would: result in release of the junctor and Hnk
circuits, thereby effecting a disconnect. In: this
way mark, break, space and disconneet signals
are represented by full-current, low-current and
no-current conditions, the normal space and the
disconnect signals. differing in duration, and the
relays. 915 and 852 are slow-release relays so
that they will net release on no-current spacing
signals normally eccurring in message trans-
mission and will not; release on the three-second
spacing - signal used as the director ready and
go-ahead signals but will release on a. steady
spacing condition exceeding three seconds.

Subscriber initiates a call to Ge transmilted:

over- a trunk

The second function of resistors. {i2 and 241
is, t0. enaple. the subseriber stations served by
the . sw1tch1ng. center. to- beecome. eonnected to-a
trunk. eircuit, extending to- & manual central
office.instead, of to a. junctor for connection to
another- subscriber. station served by the auto-
matie switching center. In the Luecek Paient
2,228,279, the. Kinkead-Lucek PRatent 2,340 598
and, the Krecek_ Patent: 2,368,666 hereinbefore
identified, a feature is disclosed; which is de-
scribed as first and second choice of outlet for
a subscriber station. In accordance with this
feature trunks. extend from: the switching center
to two different manual central office stations.
A, subscribér, upon placing a cail by starting his
station into..opéeration, may start it in two dif-
ferent ways which will result in the connection
of his station on a selective basis to a trunk .in
one or the other of tWo groups extending to the
) n thepresent, system there is but a single. set
of trunks extending to one manual central office
and there are in addition the junctor circuits. by
means of which. one. subscriber station may coms
municate directly- with another subscriber sta-
tion. The feature of first and second choice is
included in the present system and enables a.sub-
scriber to choose.to be connected to a trunk ex-
tending to the manual central office or to.choose
to be connected. to.a junctor for ultimate con-
nection to another subscriber station served by
the switching station.
. The starting of the stations shown. in Figs. 1
and 2 for the purpose.of seizing a.junctor circuif
‘has been described previously as involving merely
the momentary operation of keys 116 and 222
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ab the respective stations. It has been set forth
that the closure of the direet current loops at
the subscriber stations resulting from this opera-~
tion causes marginal relay 514 in the subscriber’s
line termination circuit of Fig. 5 to operate along
with relay 81T and that with relays 514 and 517
operated relay 528 will be operated. The proce-
dure to be followed at the subseriber stations in
Figs. 1 and 2 for the purpose of seizing a trunk
circuit extending to the manual central office is
to operate break keys 113 and 218 at the respec-
tive stations and to hold them operated during
and for a short interval after the momentary
operation of keys 116 and 222 at the respective
stations. The operation of keys (16 and 222
causes the closure of the direct current loops at
the stations as previously described but with the
break keys operated the short-circuits around re-
sistors 112 and 217 are removed and these resis-
tors are included in the loop circuits, so that
reduced line current flows, as in the case of a
break signal. 'This reduced current is insufficient
to operate marginal relay 514 in the line termina-
tion circuit but is sufficient to operate relay 517.
Accordingly with relay 514 unoperated relay 517
completes g circuit from ground through its arm-
ature and left-hand contact, conductor 526, the
lower armature and back contact of relay 5i4
and the winding of relay 533 which, operates.

The situation is somewhat different in the case
of a call made from the toll subscriber station

shown in Fig. 3. The break key 361 has no re-

sistor associated with it, as is the case in the
local subscriber station. However, in order to
seize a trunk for connecting the toll subsecriber
station to the manual central office, break key
361 is operated in conjunction with start key 316
in conformity with the practice at local stations.
Due to the fact that the transmission between
the toll subscriber station and the switching cen-
ter is polar the closure of the station circuit to
the flow of direct current resulting from the
operation of start key 316 with break key 36i
operated results in the transmission of a siznal
of the same current characteristic as ordinary
spacing signals. At the toll subscriber’s line cir-
cuit in Fig. 4, the spacing signal causes the arma-
ture of relay 414 to operate to its left-hand con-
tact whereas the armature of relay 414 remains
on its right-hand contact when the station in
Fig. 3 is started in the marking condition. With
relay 414 thus operated, the relay 417, upon being
operated by relay 412, completes the cireuit of
relay 434 instead of the circuit of relay 413. Since
relay 413 does not operate relay 428 does not
operate. Whereas in accordance with the previ-
ously described operation of the circuit shown
in Fig. 4 the relay 428, upon operating, connects
battery 423 to line conductor 439 through resis-
tors 422 and 441, the relay 434, operating in lieu
of relay 428, connects battery 423 to line con-
ductor 439 through resistors 422, 441 and 482.
The added resistor 462 limits the current which
will flow in line conductors 439 and 539 to a
value such that the relay in the line termination
circuit 5§08 corresponding to the relay 514 will not
operate. “With the relay corresponding to the
relay 814 unoperated, the relay corresponding to
relay 528 will not be operated but the relay corre-
sponding to relay 8§33 will be operated. From
this it will be apparent that the operation of the
subscriber’s line termination circuit in Fig. 5 for
selective junctor or trunk seizure is the same for
local and toll subscriber stations. Upon the re-
lease of the break key in Fig. 3 the spacing con-
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dition fransmitted to the switching center is
changed to a marking condition and the arma-
ture of relay 414 is reoperated to its right-hand
contact thereby releasing relay 434 and operating
relay 413 which in turn operates relay 428. In
this way the subscriber’s line ecircuit is placed
in condition for the transmission of signals be-
tween the toll subscriber station and the switch-
ing center. Relay 434 has a slow-release char-
acteristic so that it will not cut off the current
in line conductors 439 and 539 before relay 428
operates and raises the current to the full mark-
ing value.

Relay 533 operates to. cause the seizure of a
trunk circuit instead of a line junetor circuit.
At its armature i it completes a ecircuit from
ground supplied through interrupter 564, con-
ductor 534, lamp 536, conductor 537 and thence
over a path previously traced, including conduc-
tors 541, 141, 841, 941 and 1041 angd winding of
relay 1001 to battery 1002. This causes lamp 536
to flash, indicating that the seizure of a trunk
circuit is in progress, and also causes buzzer 1006
to be operated intermittently under the control
of relay {001. At its armature 2 the relay 533
transfers the energizing circuit for the lower
winding of relay 5(4 from conductor 562 and
conductor 1462 to conductors 572 and 1472, the
latter corresponding to conductor 1462 and being
associated with an all-trunks-busy cireuit repre-
sented diagrammatically in the lower part of
Fig. 14 and being identical with that portion of
the detailed circuits of Pig. 14 lying to the right
of the dot-and-dash line. At its armature 3 and
front contact the relay 533 establishes g, holding
circuit for itself from ground supplied through
the armature and left-hand contact of relay 517.
At its armature 4 the conductive path extending
to the lower armature of relay 522 is transferred
from conductors 561 and 1461 of the all-junctors-
busy circuit to conductors 571 and 1471 of the
all-trunks-busy circuit. - At its armature 5 the
relay 533 disconnects, from the circuit completed
through the upper armature and front contact of
relay 618, the winding of relay 1019 and sub-
stitutes the winding. of relay 1040. As soon as
the subscriber at the calling station recloses the
break key, full line current flows, causing the
operation of relay 514. This does not disturb
relay 533 because it remains locked to the ground
supplied through the armature and left-hand
contact of relay 5171. As in the previous descrip-
tion of the-operation of the circuit in Fig. 5 the
relay 514, at its armature and front contact com-
pletes the cireuit of relay 528 which operates
and in turn operates relay €61 which operates.
Upon the operation of relay 6§18 the relay 1040
operates.. It completes a circuit from ground
through the left-hand armature of relay 1018
and its own left-hand armature and front con-
tact to conductor 1898, causing the operation of
relays 1021, 1622 and 10238. Relay 1021 at its
inner right-hand armature and front contact
connects & ground through the right-hand arma-
ture and front contact and through the winding
of relay 1091 which operates. Relay 1091 provides
a ground connection for locking relays 1021, 1022
and 1023. At its left~-hand armature and front
contact the relay {091 completes a circuit traced
over conductors 1032, 932, 832, 1232, 1532, 1632
and 2032 to operate relay 2016. At its inner right-
hand armature the relay 1091 completes 2 circuit
from the ground which was supplied to energize
the relay, the circuit being extended over con-
ductors (092, 992, 882 and 1292, the inner lower
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srmhatire and back contact of relay 1211, con=
dudtors 1212 and 1112 and winding ‘of relay 1104
to battery. Pigs. 11 and 13 ‘compiise the ter-
mination at the switching ‘office 6f a tWo-way
frunk to a manual switehing office. The relay
1108 is @ starb relay and corresponds with the
relay 991 in the line junctor circuit shown in
Fiz. 9. Its function is ‘to initiate a series of
operations which will tesult in the connection
of the calling subscriber’s line termination cir-
cuit in Fig. 5 through $he vertical linhk -circuit
conductors 235, 873 and 848 in Fig. 8 and their
extensions 736, 113 and 748 in Fig. 7, through
the uppéeriost set of contacts associated with
those conductors and the uppermost Hotizontal
conductors of the 1ink eifeuit to the trunk eircuit
shown in Figs. 11 and 13. In addition to relay
1211 the relays 1213, 1201, 1214, 1216, 1217 and
1218 comprise a set of relays allocated to the
trunk eircuit Shown in Figs. 11 and 13 and eoh-
tained in b trunk sequence éircuit shown in Fig.
19, 'The function of the trunk sequence circuit
1s similar to that of the junctor sequence cireuit
in Fig. 10, namely to permit the establishment
of connéctions to trunks one at a time. The
establishment of a-connection from a calling stib-
seriber to a trunk cireuit is fully described in the
hereinbefore identified Paténts 2,340,599 and
9,366,666 and will not be repeated here.

When the connection of a calling subscriber
t6 a trunk circuit has been eompleted, the relays
1021, 1022, (823, 1044 and 1091 are released and
are avaﬂable for participation in theé establish-
went of ahother connection. Relays 1211 and
1213 remain operated for the duration of the con-
neetion and it will be noted that relay 12t1, at
its inher lower armatiire, disconnects conductor
1292, over which g ground connection was sup-
plied for the operation of relay 1184, from con-
ductor 1212, and the lower artmature and front
contact of relay 1213 extend a connection froin
eonductor 1292 to the inner lower armature of
relay 1221 and to the lower armature of relay
282, which relays are contained in the seduence
eireuit for the next trunk and have functions
corresponding to those of relays 1211 and {213
regpectively. Similarly the relays 1221 and 1222,
when operated, extend the path of condtictor
{992 to the inner lower armature of relay 1223
and the lower armiature of relay 1221. When
these relays are operated the path of conduetor
1292 is extended over conductors 1293 and {403
and winding of relay 1421 to battery. When all
of the trunks are busy the relays 12§41, 1213, 1224,
1222, 1223 and 1227 will e operated and upon
the operation of relay 1081 in response to an
effort by a calling subscriber to seize a frunk
circuit the ground applied to conductor 1092 will
be extended over conductor 1493 to operate relay
1421. Relay i421 has the same function with
reference to an all-trunks-busy condition that
relay 148} has with reference to an all~jun¢tors-
busy condition, namely to register the tiumber- of
times that attempted trunk seizire occurs during
an all-trunks-busy cond1t10n With relays 1213,
1222 and 1221 operated & ¢hain cifcuit is estab=
Jished from groufid throtigh their front comntacts
and innef upPer armatures and through condiies
tors 1294 and 1494 to opérate relay 1422. Relay
%22 has the same function with respect to thé
all=trutiks-busy circuit that rélay 1402 has with
vreference to-the dll- Junctors—busy cireuit, hamely
it initiates the generation of lettérs signals to
represent an all= trunks—busy conditioh and these
signdls are transmitted over conductors (411 and
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511 to ‘any calling subscriber seeking to seize ‘4
trunk when the trunks are busy. A ground con-
nection is supplied over conductors 1472, 572,
the front contact and armature 3 of relay 583
and the front contact and outer upper armature
of relay 516 to energize the lower winding of
relay 514, when the relay 516 has been operated
from ground supplied through the front contact
and upper armature of relay 1421 to operate
relay 518, whieh in turn operates relay 522, in
preparation’ for the transmission of the all-
trunks-busy signal.

Signals transmitted by the subscriber toward
the manual switching office are received and
repeated by relay 1181 and are retransimnitted over
eonductors 1102 and 1302, certain control relays
M Fig. 11 having operated to connect conductor
{162 to the armature of relay i101. Signals
transmitted from the manual switching office to-
ward the subscriber are received over conductor
1303 and are applied through the contacts of cer-
tain control relays to the upper winding of re-
peating relay 1304 the armature of which im-
presses the received gignals on a path including
the lower winding of relay 1101, which is the
path over which signals are recelved from the
_subscrlber From this it will be apparent that
transmission through the repeating relay circuits
of the switching center terminal of the trunk, in
Pigs, 11 and 13, is on a half duplex basis.

A ecall incomihg from ‘the manual switching
office is evidenced by a steady marking condi~
tion on the Teceiving trunk conduetor 1303.
This causes the realy 1308 to operate to its mark=
ing (right-hand) contact which, after approxi-
mately one-half second, causes tube 1307 to op-
erate. Tube 1307 operates relay 1308 which in
turn operates relay 1309. Relay 1309 completes
gy eircuit from ground through its inner lower
armature, conductors 1341 and 1111, outer lower
armature and back contact of relay 1106, con~
ductors 1151 and 1251, winding of relay 1201,
conductor 1282, back contact and inner lower
armature of relay 1217 to battery and the relay
1201 operates. Relay 1309 also completes the
enérgizing eireuit for relay 1107 which operates
and loeks to ground on its innermost armature.
Ohe of the operations performed by relay 1101
is the energization of relay 1108. Relay 1108
completes 4 circuit from ground through its in-
ner lower armature and front contact, condue-
tors 1109 and 1116, back contact and armatuie
T of telay 1104, conductors 1117, 1153, 1253 and
1256 and winding of relay 121 to battery. Re-
13y 1211 opéerateés over this eircuit and extends
the sroiind connection to the winding of relay
1213 which also operates. With relays 1211 and
{213 operated the trunk will test busy to cailing
stibséribers.

With relay 1201 operatéd as prev1ously meén-
tiohed; @ circiit i§ traced beginning in Pig. 20
at & ground on the upper armatute of relay 2003
through the back contact, conductor 2002, outer
lower armature and back contact of relay 2001,
conductor 2047, 1621, 527, 1721, 1027 and 1047,
4 chain or continuity -circuit comprising back
contacts and armatures 1 of relays 1016, 1013;
1001 and 1008, provided thesé réldys are Te-
leased, which is the condition when none of thé
Junctor gequence circuits is in use for the es-
tablishment of a connection through a Junctor
éircuit, conductors 1026, 926, 826, 1226, outer
lower armiature and back contact of relay 1286,
otiter lower armature and back contact of relay
1203, outér lower armature and front contaét
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of relay 1201, winding of relay 1214, conductors
1291, 891, 691, chain ecircuit through the back
contacts and upper armatures of relays 651, 652
and 618, provided each of these relays is re-
leased, indicative of the fact that the subscriber
sequence circuits are not then being used in the
completion of a call, and thence over a path
traced early in this specification comprising con-
ductors 628, 828, 928, 1028, 1029, 1729, 1529, 1629,
2029 and the upper armature and back contact
of relay 2004 to battery 2006. Relay 1214 op-
erates over the circuit just traced and locks to
ground supplied through the inner lower arma-
ture and front contact of relay 12i4. The bat-
tery connection supplied over conductor 1281 is
extended through the lower armature and front
contact of relay 1214 and the winding of relay
1216 to ground and that relay operates.

Relay 1216 completes a circuit from ground
through its outer upper armature and front con-
tact, conductors 1290, 1599, left-hand armature
and back contact of relay 1507, conductors 1595,
1795, 1106, 1707, 1907 and winding of relay 1992
to battery 1904 and relay 1902 operates. Relay
1216 also extends connections from the arma-
ture of receiving relay 1304, which repeats sig-
nals received from the manual switching office,
and from the lower winding of relay 1101 which
repeats signals toward the manual switching of-
fice over transmission conductors {161 and 11§2
respectively, 1261 and 1262 respectively, arma-
tures and front contacts of relay 1216, conduc-
tors 1263 and 1264 respectively and 1563 and
1564 respectively to conductors 1502 and 1506
respectively, a'path being traced from the former
through the outer left-hand armature and back
contact of relay 1503, conductors 1504 and {704
to -one terminal of the winding of relay 1791
and a path being traced from conductor 1596
through the back contact and outer right-hand
armature of relay 1507 to the left-hand arma-
ture of relay -17182. These are the paths over
which signals will be transmitted between the
manual switching office and the director. cir-
cuit. Relay 1216 also completed a cireuit from
ground. through its inner.lower armature and

front contact, conductors 1231 and 1131, break:

contact associated with the ring contaet of jack
(117 and winding of relay 1118 to battery. At
one of its armatures and front contacts the re-
lay 1118 connects battery over a cireuit includ-

ing conductors 1119 and 118, and winding of Se-:

lect magnet- T21 to ground.. The Select magnet

conditions for operation all of the sets of link:

circuit contacts associated with the horizontal
link circuit conductors that are connected to the
trunk cireuit in Figs. 11:.and 13, these being the
uppermost -contacts and  horizontal conductors
in Pig. 7. -

The relay 1802, having been operated, pre-
pared the director cireuit shown in Figs. 15, 16,
17, 18 and-19 to receive and decode message ad-
dress code. signals and to operate "the proper
Hold magnet in. the link circuit to establish a
connection to a called subscriber station.” These
operations have been fully deséribed in a fore-
going section of this specification entitled “Di-
rector Circuit Prepares to Route Subscriber’s
Call,” with this difference, that the director cir-
cuit is now -associated with the trunk eircuit
and will transmit its director-ready signal in the
previously-described manner over the trunk to

the manual switching office and ‘will receive the

message address code from that office.
For a more detailed description of the opera-
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tion of the trunk circuit and of the trunk se-
quence circuit reference may be had to the
hereinbefore-identified Patents 2,340,599  and
2,368,666. As in the case of the operation of a
Select magnet for the purpose of establishing a
connection between calling and called subscrib-
ers through a line junctor and also as in the
case of the operation of a Select magnet in con-
nection with the seizure of a trunk by a calling
subscriber the operation of the Select magnet
121 causes a ground connection o be extended
over conductors 194, 804, 805, 1208, {505, 1605,
2895 and winding of relay 2601, which operates
and-discennects the ground supplied through its
outer lower armature and back contact to pre-
vent the attempted routing of any other eail by
a. subscriber’s sequence eircuit, a junctor se-
quence circuit or any cther trunk sequence cir-
cuit.

The director circuit returns a director-ready
signal to the manual switching office. In the
case of a call by a subscriber to be routed over a
junetor circuit to another subscriber as being
rector-ready circuit has been described as being
a spacing signal of about three seconds dura-
tion followed by a steady marking signal. In
the case of the transmission of a director-ready
signal over a trunk to a manual switching office,
the outgoing transmission path of the trunk is
in the spacing condition as a normal or idle
condition and the director impresses on the out-
going line cireuit of the trunk a steady marking
condition as the director-ready signal. The re-
ception and decoding of the message address
codes by the director circuit, the testing of the
called subscriber’s line for busy or out-of-corder
condition, ‘the ‘operation of a Hold magnet to
effect the operation of one of the conditioned
sets of link circuit contacts to connect the trunk
to the called subscriber’s line and the release of
the director circuit to render it available for
routing another call ‘are operations -which have
been completely described  hereinbefore. Thie
transmission of eall, recall and disconnect gig-
nals between a ‘subscriber and the manual switch-
ing office and the restoration of the trunk ecir-
cuit and trunk sequence circuit to normal follow-
ing a disconnect are operations that are fully
described in Patent 2,340,599 and Patent 2,368,668.

In the event that the director, seeking to ex-
tend &.call incoming over a trunk to a subscriber
station, finds that the subscriber’s line tests
busy it will seize one of the overfiow lines in
Figs. 22 and 23 if any is available, and will con-
dition the overflow line to return an answer-back
signal and to record the message on the printing
reperforator 2307, if it is satisfactory to the origi-
nating subscriber served' by a remote office to
have the message stored in overflow for trans-
mission 'when the called subsériber’s line becomes
idle. If it is not satisfactory to the remote call-
ing ‘subscriber to have the message recorded in
overflow the operator -at the manual switching
office will transmit a disconnect signal for re=
leasing' the overflow line and for reéstoring the
trunk and sequence circuit to normal,

If the director, in attempting to routé a call
incoming over the:trunk circuit from the man-
ual: switching office, finds that the called sub-
seriber’s line: is busy and that.all overflow lines
are busy it: will, in the manner hereinbefore de-
scribed, manufacture busy signals and transmit
them  over the trunk to ‘the manual switching
office, .at which point the operator should dis-
connect and attempt to place the call later,
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Tt is to be understood that the-above-described
arrangements are illustrativer of the application
of the- prineciples of the invention. - Numerous
other arrangements: may be devised by- those
skilled- in the art without departing- fiom: the
spirit and scope of the invention.

What is claimed- is:

1. In g telegraph switching system, a switching
center;, a plurality’ of remote telegraph stations,
a line  connecting each of said remote stations to
said switching center means at said switching cen-
ter responsive to message-directing signals for se-
lectively’ interconnecting: any- two of said lines,
and means seizable independently of the selecting
attributes of message directing signals when a
line represented by received message directing
signals is busy for: recording the message for
subsequent transmission when said busy line be-
comes idle.

9. In a telegraph switching system, & switchiing
center; a plurality of remote telegraph stations,
3 line connecting each of said remote stations
to said switching center, switching means at said
switching center responsive to nessage-directing

signals for selectively’ interconnecting any two &

of said lines, o signal recorder in said switching
center, and means effective when & line repre-
sented by received message-directing signals is
busy for connecting said recorder independently
of the selecting attributes of said message di-
recting signals to the line over which said ' message
directing signals were received whereby to record
the message signals for retransmission when said
busy line becomes idle.

3. In a telegraph switching system, a switching

center, a plurality of remaote telegraph stations,
a line connecting each of said remote stations
to said switching center, switching means at said’
switching center responsive to message-directing:

signals incoming over any one of said:lines for. <

connecting said one line to any other of said
lines, a signal recorder in said switching center,.
means for testing the. line represented by said.
incoming message-directing, signals for busy or

idle condition, and means. responsive to a. busy

condition thereof for connecting said one line
to said signal recordéer. independently of the se-
lecting attributes of said message directing: sig-
nals whereby to record thie message signals for
retransmission when said busy line becomes idle..

4. Th a telegraph switching system, a switching’
center, a plurality of remote telegraph stations,.
a line connecting. each of said remote stations
to said switching center, switching means at said
switching center responsive. to message-directing
signals incoming over any one of said lines for

68
resented by said incoming message-directing: sig-
nals.for busy or idle condition, means responsive
to a busy condition: of® the tested® line for- con--
necting said one line to an: idle-one-of said: signal

: recorders-whereby to-record thie message intended:

for said busy line for retransmission: when. it*
becomes idle, and: means responsive to a busy
condition: of all of said recorders for transmitting:
a busy signal to-said- one line:

6. In a telegraph exchange: system; an: auto-
matic switching center, a plurality of telegraph:
channels extending to another switching' center; -
& plurality of subscriber stations: each: having a:
line terminating in: said automatic switching

. center, means:at said automatic switching center

for interconnecting any of said subscriber station
lines and any of said telegraph:channels to-estab~
lish a message transmission: path between- said
subscriber station and said-other switehing cen-

» ter, and ' means at said'automatic switching center-

for interconnecting any two:of said:lines to-estab-
lish a message transmission path between two-of
said subscriber stations.

7. In a telegraph exchange systemi, an auto-

- matic' switching: center; a plurality of telegraph:

channels extending to another switching center;
a plurality of subscriber stations each  having a
line  terminating in said automatic- switching
center; means at said automatic switching center’

507 for interconnecting any of'said subscriber-station-

50
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connecting said one line to any other of said .

lines, & plurality of signal recorders im said.

switching center, means for testing the. line rep-
resented by said incoming message-directing sig=
nals for busy or idle condition, and means re-
sponsive to a busy condition thereof for: connect-
ing said one line to an idle one of said signal
recorders whereby to record.the message intended:
for said busy line for retransmission. when' it
becomes idle.

5. In a telegraph switching system, a switching.

center, a plurality of remote telegraph. stations;
a line connecting each of said remote. stations
_to said switching. center, switching. means at said

switching center responsive to message-directing
signals incoming over any one of said lines for:
connecting said one. Iine to any other of said
lines, a plurality of signal recorders in said

switching center, means for testing the line rep-
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lines and any of said telegraph channels to estab-
lish g message transmission’ path between said’
subscriber station and said other switching: cen-
ter; means at said sutomatic switching center for

. interconnecting any two of said'lines to: establish

a message transmission path-between two-oi’ said’
subscriber stations; and means at each of said-
subscriber stations for selectively causing- the
activation of either of szid- interconnecting:
means.

8. In a telegraph exchange system;, an auto-
matic switching center; a plurality of telegraply
channels extending to another switching center,
a plurality of subscriber stations: ezch having: o
line terminating in said automatic  switching
center; means at said automatic switching center
for automatically connecting any one of said lines:
to an idle one of said telegraph channels at the
instance of the subscriber-station: associated with
the line, means at said automatic switching, cen-
ter-for connecting any-one:of said telegraph chan-
nels to any one of said lines selectively at the:
instance of said  other switching: center,. and
means at- said automatic' switching center for-
connecting any one of said lines at the instance:
of the subscriber station associated therewith to:
any other one of said lines selectively:

9. Ir g telegraph exchange system, an aubo-
matic switching center, a plurality of,telesraph
channels extending to another switching center,
a plurality of subscriber- stations each having a
line termingting in - said’ automatic switching
center, means at.said automatic switching center
for automatically connecting any one of said
lines to an.idle.one of 'said telegraph channels at
the: instance of the subscriberstation associated-
with the line, means gt said automatic switching
center for connecting any- one of said' telegraph:
channels to' any’ one of said lines: selectively: at
the instance of said other switching center, means
at said automatic switching: center for connecting-
any one of said:lines- gt the instance of the- sub--
scriber station associated therewith to-any: other:
one of said’lines- selectively, and: means at each-
of’ said’ subseriber stations for selectively causing
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the activation of either the first-mentioned or
the last-mentioned connecting means.

10. In a communication system, a plurality of
subscribers’ ‘lines each terminating in a sub-
scriber station, a switching point, a group of lines
extending from said switching point to another
switching  point, means for automatically con-
necting a calling one of said subscribers’ lines
primarily to any other one of said subscribers’
lines and secondarily to one of the lines of the
group extending to said other switching point,
means individual to each subscriber’s line for
fixing the order of preference between said other
subscribers’ lines and said group of lines, and
means individual to each of said stations for
altering the said fixed order of preference.

11. In a communication system, a plurality of
subscribers’ lines each terminating in-a sub-
scriber station, means for automatically connect-
ing g calling one of said subscribers’ lines to any
other one of said subsecribers’ lines, a plurality of
overflow lines each provided with a reperforator,

and means for automatically connecting a calling

subscriber’s line to one of said overflow lines to
provide for recording of the calling subscriber’s
message when a called subscriber’s line is busy.

12. In a communication system, a switching
center, a plurality of subscriber stations, a line
connecting each of said subscriber stations. to
said switching center, means for automatically
and selectively connecting a cailing one of said
subscriber lines to any -other one of said sub-
scriber lines, g plurality of overflow lines each
provided with a reperforator, means for auto-
matically connecting a calling subscriber’s line
to one of said overflow lines when a called sub-
scriber’s line is busy to provide for recording the
calling subscriber’s message for subsequent trans-
mission, a transmitter associated with said reper-
forator to transmit the message signals stored by
said reperforator, and means under manual con-
trol for connecting said transmitter to the called
subscriber’s line and for. initiating operation of
said transmitter.

13. In a communication system, a switching
center, a plurality of subscriber stations, a line
connecting each of said subscriber stations to said
switching center, means at said switching center
for automatically and selectively connecting a
calling one of said subscriber’s lines to any other
one of said subscriber’s lines, a plurality of over-
flow lines each provided with a reperforator,
means for automatically connecting a calling
subscriber’s line to one of saild overflow: lines
when a called subscriber’s line is busy to record
the message for subsequent transmission to the
called subscriber station, a transmitter associated
with each of said reperforators for transmitting
message “signals recorded. by the reperforafor,
means under manual control for connecting said
transmitter: to the line extending to the called
subscriber station and for initiating operation of
said transmitter, and means for indicating com-
pletion of the transmission of a message by said
transmitter.

14, In a telegraph switching system, a switch-
ing center, a. subscriber station having a- tape

transmitter adapted to transmit signals from a.

perforated tape containing one or more messages
each preceded by switching code signals and fol-
lowed by end-of-message signals, a line connect-
ing said subscriber station to said switching cen-
ter, a plurality of other subscriber stations each
connected by a line to said- switching center,
means seizable at saig switching center for de-
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coding said switching code 'signals, switchihg
means controlled by said decoding means for
selectively connecting the line of said first-men-
tioned subscriber. station to any other of said
lines, means responsive to transmission of an
end-of-message signal for stopping said ‘tape
transmitter, and means responsive to seizure of
said decoding means for restarting said trans-
mitter: to initiate transmission of the switching
code signals precedingthe next message.

15. In a telegraph switching system, a switch-
ing center, a subscriber station having a tape
transmitter adapted to transmit signals from a
periorated tape containing one or more messages
each preceded by switching code signals and fol-
lowed by end-of-message signals, a line connect-
Ing said subsecriber station to said switching cen-
ter, a plurality of other subscriber stations each .
counected by a line to said swiiching center,
means seizable at said switching center for de-
coding said :switching. code signals, switching
means controlled by said - decoding means for
selectively connecting the line of said first-men-
tioned subseriber station to any other of said
lines, means responsive to transmission of an
end-of-message signal for stopping said tape
transmitter, means responsive to seizure of said
decoding means for restarting said transmitter
to initiate transmission of the switching ecode
signals preceding the next message, means for
stopping said transmitter after the transmission
of sald switching code signals, and means re-
sponsive .to completion of a connection by sald
connecting means to another of said lines for
again restarting said transmitter to initiate
transmission of the message.

16. In a telegraph switching system, a switch-
ing center; a subseriber station having a tape
transmitier adaptéd to transmit signals from a
perforated tape containing one or more messages
each preceded by switching code signals and fol-
lowed by end-of-message signals, a lirie connect-
ing said subscriber station to said switching cen-
ter, a plurality of other subscriber stations each
connected by a line to said switching center,
means seizable at said switching center for de-
coding said switching code signals, switching
means controlled by said decoding means for
selectively connecting the line of said first-rmen-
tioned subscriber station to any other of said
lines, and means for starting, stopping and re-
starting said tape transmitter in conformity with
the progressive conditioning of said decoding
means and switching means to accommodate
transmission of switching code signals and mes-
sage signals.

17. In a telegraph switching system, a switch~
ing center; a plurality of subscriber stations each
having a line terminating at said switching cen-
ter, means seizable -at said switching center by
any ‘of said lines for decoding switching code
signals, means for sighaling over the seizing line
to the subscriber station the accomplished seiz-
ure of said decoding means, and switching means
controlled by said decoding means upon response
thereof to switching code signals received over
the seizing line for connecting said line to an-
other of said lines for transmission of & message
to the station associated with said other line.

18. In a telegraph switching system, a switch-
ing center, a plurality of subseriber stations each
having a line terminating at said switching cen-
ter, means seizable at said switching center by
any of said-lines for decoding switching code
signals, means for signaling over the seizing ling
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to. the: subscriber station: readiness:of said seized:

decoding means: to: respond: to- switching code:
signals; and.switching means controlled: by said:
decoding means upon: response: thereof to-switch~
ing code:signals received over the:seizing:line.for:
connecting: said: line to: another of! said: lines: for-
transmission: of & message: to: the: station: asso-
ciated:with said otherline:.

19:. Tn a; telegraph: switching system,. & switch~-
ing center; a.plurality of subsecriber stations:each
having a line: terminating at said switching: cen-
ter; means. seizable: at' said switching center by-
any of said’ lines: for decoding switching code:
signals; means for signaling: over the: seizing’ line:
to the subscriber station: readiness’ of said: seized
decoding means: to:respond: to switching code:sig=
ngls; switching: means: controlled by- said decod-:
ing- means: upon response: thereof” to- switching
code: signals: received. over the: seizing line: for
connecting said line: to- another of said: lines for-
message transmission to: the: station associated-
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with: s&id: othen’ line;. and: means for: signaling
over the seizing: line. to: the: station. assaciated
therewith readiness of: the station:associated with
said: other: line: to: receive. said message: trans-
mission:
GEORGE: J. KNANDEIL:,
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