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1

The present invention relates in general to
automatic telephone systems and more particu-
larly to improved circuit arrangement for inter-
-connecting a subscriber’s push-button calling de-
vice with a.mechanical dial repeater which is
individual to the subscriber’s line.

The main object of the present invention is
the provision of improved impulsing circuits for
translating coded digits received from a code
sending calling device to cause the operation of
an impulse receiving and registering device to
store and retransmit the translated digits.

Another feature of the invention relates to the
circuit arrangements whereby the impulse re-
ceiving and registering device, which is individual
to the subscriber’s line, is arranged to receive
and store the digits transmitted by the calling
subscriber while a finder switch is hunting for
the calling line after which the stored digits are
transmitted to the automatic switch train. With
this arrangement the calling subscriber can im-
mediately dial, or key, the called subscriber’s
number without waiting for the customary dial
tone to inform the subscriber that he may start
dialling.

Another feature relates to the improved im-
pulsing circuits whereby false operation of the
impulse receiving and registering device is pre=
vented when the subscriber initiates a call, an-
swers a call or disconnects by replacing the
receiver.

GOther features of the invention relate mainly
to further detail circuit improvements and will
be apparent in the following descrintion and in
the claims.

These circuit improvements, along with the
push-button calling device, being claimed in a
copending application Ser. No, 551,010, filed
August 24, 1944, and the mechanical dial repeater,
being claimed in a copending application Ser.
No. 554,912, filed September 20, 1944, was designed
primarily for use by a subscriber who originates
a large number of outgoing calls, such as a sales-
man or an order clerk. Such a subscriber may
set up, or key, the digits of a called number
without  waiting. for the automatic telephone
switches, such as finders, to find the calling line,
and may proceed to call the desired called party
as soon as the receiver is removed from the cradle
of the desk telephone. The push-button calling
device is arranged to transmit loop and ground
pulses over the subscriber’s line to g pair of
line relays which translate these incoming im-
pulses into ground pulses to operate the impulse
receiving and registering device. Each line relay
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controls a separate pulsing circuit and each such
pulsing circuit extends to a stepping magnet
in the impulse receiving and registering device.
Each of these stepping magnets singly, or in
combination, control the stepping of a selecting
arm; such.selecting arm bheing stepped one step
for each magnet operation. On each loop im-
pulse transmitted from the calling device, both
line relays are operated to simultaneously con-
trol the two separate pulsing circuits thereby
operating both stepping magnets to operate the
selecting arm a distance of two steps. A ground
pulse transmitted from the calling device causes
only one of the line relays to be operated while
the other is maintained thereby only one of the
separate pulsing circuits is completed. to operate
only one of the magnets to step the selecting
arm only one step. The selecting arm is moved
a number of steps corresponding to the trans-
lated digits to select and: displace a pin in the
path of the sending arm in the impulse receiver
and registering device, or mechanical dial re-
peater. The successive digils are stored and
marked by the displaced pins.

When the finder switch finds the calling line
and connects the associated selector switch to
the calling line, a circuit is' completed for caus-
ing the impulse receiving and registering device
to start the transmission of outgoing impulses
in accordance with the stored digits. A plu-
rality of relays are operated to transmit -the
outgoing impulses and at the same time transmit
a pulse to the sending magnet for each out-
going pulse. The sending magnet operates an
arm step-by-step until such arm encounters the
first displaced pin at which time the relay oper-
ations are stopped momentarily to operate a
pin restoring magnet which restores the displaced
pin. After the pin is restored the relays again
transmit outgoing pulses and operate the sending
magnet until the arm encounters the second dis-
placed pin. This same cycle of operations con-
tinues until all displaced pins are restored at
which time the stored digits would all be trans-
mitted. The outgoing impulses operate the auto-
matic switches to complete the desired connec-~
tion.

- Referring now to the drawings:

Figures 1 and 2 diagrammatically show the
circuits by means of which the push button call-
ing device and mechanical repeater control stand-
ard automatic telephone switches to complete
desired connections.

Referring now in detail to Figures 1 and 2, the
push-button calling -device diagrammatically
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illustrated in the upper left-hand corner of Fig-
ure 1 is connected in circuit with the subscriber’s
substation circuit comprising a receiver R, induc-
tion coil IC, transmitter T, ringer R and cradle
springs 2{5, 216 and 2i7. The push button call-
ing device is shown and described in the copend-
ing Sargiscon and Obergfell application Serial

Number 551.010 filed August 24, 1944, The same..

reference characters as used in the drawings
showing the detail construction of the: pushs
button - calling device in the above-mentioned

copending application are also.used i the circuit

diagram.

The substation circuit is. connected. by line.

conductors 218 and 219 to individual. cireuits. at.
the main exchange. These circuits include a
ring-control relay 216, a pair of line relays, a

repeating coil RC and cther control relays. Some:
of these control relays, such as relays. 268, 284,

285, 237 and 224, are of the slow-to-release type
having: copper. sleeves to. retard.the release time
of such relays. The mechanical dial repeater is
diagrammatically shown. in. the lower left-hand.
corner of Figure 2 and.is shown.and described in
the: copending Henrikson and Obergfell applica-
tion. Serial Number 554,912, filed September 20,
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20

1944. The same. reference characters as applied -

to. the drawinhgs showing the detail construction
of the. mechanical. repeater in the above-men--
tioned copending application are also. applied to
the circuit diagram..

The connector multiples Conn, Mult, are con-
nected to-the line: and test conductors 389, 381
and: 302 and. are accessible to regular standard
connector swifches. in- the main automatic
exchange. . i

Line. conductor 300 is normally connected to
line. relay 310 in. the usual manner while line
conductor 381 is connected to an.open circuit at
contact 32{ insfead. of the usual ground connec-
tion for a. purpose which. will be more. fully de-
scribed. hiereinafter. The usual line cut-off relay
320.is provided and.is operated on both incoming
and outgoing calls.. The. circuits. terminate in
finder bank contacts.321 to 334, inclusive, which
are multiplied and accessible to standard finder
switches, such as finder 340. THhese finders are of
the. standard. vertical and. rotary type of Strow-
ger: finders having a. vertical motion.to find the
bank level containing the calling line and. a rotary
motion to. find the calling line in the bank level.
A distributor switch, such. as. distributor 358, is
assaciated with the group. of finders for control-
ling the same.to find the.calling line. 'The finders
and. distributor switch. are. of the general type
such. as. shown in the Saunders Patent. 1,849,694
issued. March 15; 1932. A selector switch, such
as.selector 360, is tied tail.to tail with each finder
and has access. to other selectors or connector
switches in the usual manner dependent upon
the capacity of the automatic exchange. The
selector. is. of the well-known type of Strowger
selector having directive vertical movement to
select. a. group. of trunks and automatic rotary
mavement to select an.idle trunk from the selected
group.. Ohnly line relay 378 of selector 380 1is
shown for the purpose of explaining the control
of impulse transmission start relay 240 which
operates when the finder switches through to the
selector. to start retransmission of the. digits
stared in the mechanical dial repeater.

Having briefly described.the. circuit layout a
detail description will now be given. The calling
subscriber will remove the telephone handset in-

.cluding the receiver. R -and. transmitter T from
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the cradle and dial, or key, the digits of the
called subscriber’s number. As is customary in
multi-office areas, the push-button calling device
would be equipped with letters as well as digits
on the push buitons and the calling subscriber
would “key” the letters of the exchange and then
the digits of the called subscriber’s number in that
exchange. Since this subscriber’s line is equipped
with an individual dial repeater, the subscriber

-need: not’ wait for the customary dial tone bub

mey start dialing immediately. .

‘In response to the removal of the handset from .
the cradle,.cradle spring 217 disconnects the ring-
er R, cradle spring 216 closes a2 point in the talk-

.. Ing circuit, and. cradle spring 215 completes a loop
circuit through. the substation circuit over the

line conductors 2{8 and 219, back contacts and
armatures 21'F and 212, through the left hand
windings of repsating coil RC and through the
windings of line relays 228 and 230 to ground
and batiery for energizing line. relays 220 and
230.. At front contact 28! relay 238 completes a
circuit for energizing slowsto-release relay 260.
At back contacts 261 relay 268 disconnects ring
control relay 2i8 and front contacts 261 com-
pletes a circuit- for. energizing line relay 310: as
follows: from ground at contacts 242, contacts
228; through the right hand windings of repeat-
ing coil RC and resistance R2, front contacts 261,
conductor 388, contacts 321 and the winding of
line relay 348 to battery. At front contacts 262
relay 269 prepares s circuit for impulse transmis-
sion- start relay 240 which circuit, however; is
not completed until the finder switches through
to the selector and at contacts 283, 264, 265 and
287 prepares circuits utilized in the impulsing cir-
cuits to roiary stepping magnets RM2 and RMI.
At contact 268 relay 260 disconnects ground from
conductor 308.

Relay 310, upon energizing, at contacts 313
grounds the vertical bank contact 324 and ex-
tends ground:through the start resistance Rl to
operase distributor 258 which in turn starts an
idle finder in search. of the calling line: At
contacts 312, line relay: 3!8, grounds conduc-
tor 302 and the multiples of connector test termi-
nals to busy this line to the connectors and at
contacts 311 marks the finder bank 333 and its
multiples with calling potential through the
winding of cut-off relay 320.

The calling subscriber need not wait for the
customary dial tone, which is ordinarily trans-
mitted to the calling line as soon as the finder
switches through. to the. selector.. During the
time the finder is searching for the calling line
the calling subscriber may dial, or key, the digits
of the called number; Assuming that the first
digit dialed is an even number, digit 6 for exam-
ple; the rocker arm and its insulating plate 48
are. operated, as described in the copending ap-
plication Ser. No. 551,010, in. response. to. the
downward stroke of key 6 to separate springs.70
thereby disconnecting ground from springs 13.
Also in response to the downward stroke of key
8, the clutch arm 68 is rotated off normal thereby
causing the closure of shunt springs 1T which
closes the usual shunt.arcund the substation set
and the clutch pawl slides over the next three
adjacent teeth on the ratchet wheel.. When key
6 restores. the cluteh returns to normal and ro-
tates the impulse shaft and.impulse wheel 18 a
distance of three teeth thereby actuating spring
80 three times to separate confacts 82 three times,
Contacts 82 interrupt the locp circuit extending
to.line relays 228 and 230 three times to.cause
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three successive deenergizations and energizations
of both line relays. The closure of contacts 13
during the transmission of the last impulse is in-
effective at this time because grounding springs
10 are open. )

Each time line relay 220 deenergizes a circuit
is completed for operating relay 295 as follows:
from ground at back contacts 221, contacts 267
and 283 and through the winding of relay 295 to
battery. Reélay 295 at contacts 296 prepares a
circuit for relay 280 and at contacts 297 com-
pletes a temporary locking circuit for itself. - This
locking circuit may be traced from ground at con-
tacts 265, contacts 297 and 283 to relay 295,

Each time line relay 230 deenergizes a circuit is
completed for operating relay 289 as follows:
from ground at back contacts 28! , contacts 264

and 274 and through the winding of relay 299 to

battery. Relay 290 at contacts 291 prepares a
circuit ‘for relay 270 and at contacts 292 com-
Dletes a temporary locking circuit for itself. Thig
locking circuit extends from ground at confacts
263 by way of contacts 292 and 274 to the wind-
ing of relay 280. At front contacts 281 line relay
230 temporarily opened the circuit to slow-to-re-
lease relay 260 but thig relay, due to its slow-to-
release characteristics, maintains its armature
attracted during the impulsing period.

When the loop circuit is closed at contacts 82
Hne relays 220 and 231 reenergize. Relay 220 at
fronf contacts 221 completes a circuit for ener-
gizing pulse relay 280 by way of contacts 296 and
relay 230 at front contacts 231 again completes
the circuit to relay 260 before it could fall away
as well as completing & circuit for operating pulse
relay 270 by way of contacts 291, Relay 280,
upon energizing, at contacts 281 grounds con-
ductor 394 to energize slow-to-release relay 284
and rotary stepping magnet RM{. At contacts
282 relay 280 completes a temporary locking cir-
cuit for itself from grounded contacts 265 by
way of contacts 282 and 296. " At contacts 283 re-
lay 280 opens the locking circuit to relay 295,
Relay ' 218, upon energizing, at contacts 271

grounds conductor 303 to energize rotary step- 4

bing magnet RM2. At contacts 213 relay 278
completes a temporary locking circuit for itself
frem grounded contacts 263 by way of contacts
273 and 291. At contacts 274 relay 278 opens the
locking circuit to relay 260. Rotary magnets
RMI and RM2 in energizing position their pawls
preparatory to stepping the pin setting arm 150
on the selecting member of the mechanical dial
repeater.

Relays 270, 280, 298 and 295 are each arranged

to restore their armatures within g predetermined
time limit when their individual locking circuits
are opened in order to correctly pulse the rotary
magnets RMI and RM2. This timing being in-
dependent of the time ratic of the make and break
cennections at contacts 221 and 231,

Relays 299 and 295 deenergize when their
locking circuits are opened by the energization
of relays 270 and 286, Relays 280 and 285 at
contacts 28f and 286 open the Iccking circuits
of relays 278 and 289 to cause the release of the
latter relays, At contacts 271 ang 28§ relays 270
and 288 disconnect ground from conductors 393
and 304 to release magnets RM2 and RMI to si-
multaneously step both magnets. While the cir-
cult to relay 284 is interrupted at contacts 282
this relay, due to its slow release characteristics,

maintains its armature  attracted during each”

_series of incoming pulses.
-, In response to the deenergization of both mag-
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nets RMI and RM2, the selecting mechanism and
pin setting arm 158 are rotated from its last oc-
cupied position a distance corresponding to two
steps, or from above one pin, such as pin 160, past
the next adjacent pin to above the next subse-
quent pin. Therefore, in response to a single loop
bulse, line relays 226 and 230 cause magnets RMI .
and RM2 to move pin selecting arm 15€ two steps
to select the second pin from its last occupied po-
sition. In the present example, since the key 6 has
been actuated, three loop pulsss are transmitted
to line relays 229 and 230 to control the relays
218 and 280 in a manner similar to that above
described, to simultaneously operate both mag-
nets RM{ and RM2 three times. These three
simultaneous operations of magnets RMI and
RM2 step the pin setting arm 158 six steps from
the last occupied position to a new position above
the sixth pin for the incoming: digit 6 Series
relay 284 deenergizes shortly after the third, or
last, release of pulse relay 279 for this digit and
at front contacts 286 opens the cireuit to slow to
release relay 285 which maintaing its armature
attracted for a short interval. During this short
interval a circuit may be-traced for energizing
the pin setting magnet PSM as follows: from
ground at back contacts 286, contacts 287, con-
ductor 385 and thru the winding of pin setting
magnet PSM to battery.

Magnet PSM momentarily operates its arma-~
ture 121, the rod 149 and pin setting arm 150 to
displace this selected sixth pin 169 to position: it
in the path of arm 199 6f the sending member.
Shortly after relay 284 releases relay 285 also re-
leases and opens the circuit to magnet PSM which
restores, Pin setting arm 150, the rod 40 and
armature i27 are restored in response to the re-
lease of magnet PSM. It should be mentioned
that as soon as the pin setting arm 158 is moved
from its last occupied position, or the position
corresponding to the occupied position of arm
189, cam 174 is rotated in unison with arm 150
and therefore cam 171! permits contacts 193 and
194 to close thereby preparing a circuit for con-
trolling the retransmission of outgoing impulses.
Transmission of these impulses, however, do not
take place until the selector 368 is connected and
ready to receive such impulses. All of the above
circuit operations have taken place in response
to the actuation and release of key 5. :

Assuming that the next, or second, digit dialed
is an odd number, digit 5 for example, the rocker
arm and plate 48 are operated in response to the
downward stroke of key § to permit the closure
of springs 18 thereby connecting ground to con-
tacts 18. The shunt springs 71 are again closed
during the time the clutch is off normal and the
impulse shaft and impulse wheel 18 are rotated
a distance corresponding to three steps, or three
cams of the impulse wheel 78, when key § re<
stores. The impulse wheel 78 transmits two loop
impulses and a ground pulse in this ecase because
springs 18 are closed and are therefore effective
when springs 73 close during the last impulse to
change the last transmitted impulse from a loop
to a ground impulse, Arm 77 is opsrated on the
return operation of the clutch to close springs 713
during transmission of the last impulse in each
series. During the transmission of the last pulse
for each odd digit a circuit may be traced for
maintaining ‘line relay 236 energized while line
relay 220 deenergizes. This circui may be traced
as follows: from ground at contacts 16, closed
on all odd digits, contacts 73 closed on only the
last pulse of each series, springs 80 and 81, shunt
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springs 74, conductor 218, back' contacts 211,
upper léft-hand winding of repeat coil RC and
through the winding of line relay 220 to battery.
Therefore, line relay 220 deenergizes three times
and line relay 236 deenergizes only twice when-
ever the number § digit key is actuated and re-
leased. Rotary magnet RMI is therefore operated.
and released three times while rotary magnet
RM2 ig aperated and released two times thereby
stepping pin setting arm {59 equivalent to five
steps to select another pin in the manner similar
tor that previously described.

Relays 284 and 285 again operate, affer trans-
mission of the last pulse for digit 5, to mcmen-~
tarily operate the pin setting magnet PSM which
in turn operates the pin setting arm 138 to dis-
place the last selected pin 180 into the path of
arm 199,

Subsequent digits are transmitted and regis-
tered in the mechanical dial repeater in the same
manner as above described, it being remembered
that loop imipulses are transmitted for each even
numbered digits and that both locp and a ground
pulse are: transmitted for each odd digit. For
example, five loop impulses are transmitted from
the -calling device to line relays 220 and 230 for
the digit “0.” the line relays translating these
five impulses into ten pulses to magnets RM{ and
RM2, five to each magnet, for causing the me-
 chanical Tepeater to take ten steps to select and
operate the tenth pin. For the digit “9” four
loop pulses, followed by a ground pulse, are trans-
mitted from the cslling device to line relays 220
and 230 to operate rotary magnets RM1{ and RM2.
In this case magnet RM! is operated five times
and magnet RM2 four times making a total of
nine steps taken by the repeater to select the
ninth pin. For the digit “1” only a single ground
pulse is sent and line relay 220 alone transmits
a single pulse to magnet RMi{ to step the repeater
one-step..

For- the digit “2” only a single loop pulse is
transmitted from the calling device and both line
relays 220 and 230 transmit a pulse to each of
the magnets RM{ and RM2 to cause the repeater
to take two steps. The other digits are trans-
mitted and registered in the repeater in a manner
apparent from the foregeing description.

Returning now to the operation of the dis-
tributor 250 and finder 348 and as a result of the
operation of line relay 318, the finder wipers are
operated in @ vertical direction in the well-known
manner until vertical wiper 344 encounters the
vertical bank contact 334 marked by ground at
contacts 213, As is well-known the finder wipers
are now rotated in this level in search of the
marking potential applied through the winding
of cut-off relay 328 to bank contact 338. When
finder test wiper 3243 encounters this potential
the switching relay (not shown) in the finder
switches the line and test leads through to se-
lector 860 and also completes the circuit for oper-
ating cut-off relay 328 from conductor 371, wiper

343, bank contact 333, contacts 2i{ and through.

the winding of relay 320 to battery. Cut-off relay
320 at contacts 321 disconnects line relay 310 and
at contacts 323 completes a locking circuit for
itself independent of contacts 3f1 from grounded
conductor 371, Line relay 3i8 deenergizes and ab
contacts 31l opens the original energizing circuit
of relay 320 which is now locked up through its
own-.contacts. . At contacts 313 relay 318 discon-
nects the marking ground from vertical bank
contact 334 and start grourd from the distrib-
utor 350, At front contacts 312 relay: 318 discon-
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nects. direct ground from: conductor 302 and the:
test conductor of the connector multiples but: at-
the back contacts of armature 312 relay 310 sub~-
stitutes ground extending by way of conductor:
371, wiper 343, bank contact 333, contacts. 323,
and back contact 22 for maintaining conductor
202 and the test conductor of the connector mul-:
tiples grounded thereby maintaining this line
busy to the connectors.

When the finder switches through to the: se-
lector a circuit is completed for energizing line:
rélay 378 as follows: from ground at contacts:
282, contacts 228, right hand windings of’ re-
peating coil RC and resistance R2; front contacts:
26§, conductor 328, finder bank contact 331, finder
line wiper 381, through contacts of the switching:
reiay (not shown) in the finder and: the upper:

“winding of line relay 370 to battery. Line relay

279 energizes and operates the slow-to-release re-:
lay (not shown) in the selector to-cause the latter
relay to ground conductor 375 in the customary:
manner.

As soon. as the finder finds the calling lineand:
switehes through to the selector a circuit is com-
pleted for operating relay 240 which initiates the
retransmission ef the digits registered in the re-
peater. Retransmissien of the: first digit may
take place after the finder switches through while.
the repeater is still receiving subsequent digits
from the calling device. The circuit for ener-
gizing relay #42 may be traced as follows: from:
ground through the lower winding of selector
line relay 238, over the selector and finder line:
conductors to finder line wiper: 342, bank contact.
332, conductor 3814, front contacts 262, contacts:
245 angd through the lower winding: of relay 240
to battery. At contacts 244 and 245 relay 240
completes & locking circuit for its lower winding:
from grounded conductor 392 and opens its orig-
inal energizing circuit at contacts 246.

At contacts 241 and 243 completes a. loop cir-
cuit as well as the pulsing circuit for selector line:
relay 278 in place of its original energizing cir-
cuit from contacts 242. This circuit extends-from

5 ground through the lower winding of line relay

278, wiper 342, bank contacts 332, line conductor
284 front contacts 262, contacts 241 and 243, im--
pulsing contacts 228, right-hand windings of re-
peat coil RC and resistance R2, front contacts
281, line conductor 380, bank contact 331, wiper
341, over the line conductors in the finder and
selector through the upper winding cf line relay
370 to babttery. At contacts 247 relay 240 com-
pletes a circuit for relay 233 which is the first
relay of a chain of three relays for controlling
the transmission of outgoing pulses from the re-
peater. The circuit for energizing relay 233 may
be traced as follows: from ground at contaects
223, contacts 247 and 253, conductor 308 through
the frame of the repeater to stop contacts 1987
and 188, repeater cam contacts 193 and (94,
spring wiper contact 192, conducting ring 195,
conductor 309, contacts 221 and through the
winding of relay 2338 to battery.

Relay 233, upon energizing, at contacts 232
completes an chvious circuit for energizing relay
298 and at contacts 234 completes a locking cir-
cuit for itself through contacts 227. At contacts

" 235 relay 233 completes an obvious circuit for

75

slow-to-release relay 237 and also completes: a
circuit over conductor 388 for energizing sending
magnet SM. Relay 237 at front contacts 238

‘completes a circuit for energizing slow-to-re-

lease relay 224 and at contacts 238 maintaing
conductor 328 grounded after energization of re-
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lay 224. Relay 228 at contacts 229 completes an
obvious circuit for energizing pulsing relay 225.
Relay 224 at contacts 255 prepares a point in the
circuit for pin restoring magnet PRM and at con-
tacts 222 connects the Send Tone source through
condenser Ci to the upper talking conductor for
the purpose of advising the ealling subscriber
that the repeater is transmitting the registered
digits. The disconnection of ground at contacts
223 is without effect because ground at contacts
236 has been substituted therefore.

Pulsing relay 223, upon energizing, at pulsing
contacts 226 opens the previously traced loop cir-
cuit extending to selector line relay 816 to de-
energize line relay 370 for the first pulse. Af
contacts 227 relay 225 opens the circuit for relay
233 whereupon relay 233 deenergizes to open the
circuit of relay 228 af contacts 232 and to open
the circuit of relay 237 and sending magnet SM.
Relay 237, due to its slow-to-release characteris-
tics, maintains its armature attracted during the
retransmission of a series of pulses comprising
a digit. Sending magnet SM deenergizes and
steps the pin restoring arm 8¢ of the sending
member one step over the next adjacent pin (68.
Relay 228, upon deenergizing, at contacts 229
opens the circuit of pulsing relay 225 which closes
the loop circuit to selector relay 370 at contacts
226 and which closes the original energizing cir-
cuit of relay 233 at contacts 227.. Relay 233 again
operates thereby again operating relay 228 and
sending magnet SM as well as recompleting the
circuit for relay 237 before it is restored. Relay
228 again operates pulsing relay 225 which again
opens the loop circuit to line relay 810 to trans-
mit another pulse at contacts 226 and again opens
the circuit to relay 233 which deenergizes. Re-
lay 233 again releases and opens the circuits to
relay 228 and sending magnet SM which oper-
ates restoring arm 199 of the sending member an-
other step. Relays 225, 228 and 233 operate and
reléase within predetermined times according
to their characteristics to cause the relay 225 to
transmit loop pulses in. accordance with the
standard time intervals normally required for
the operation of the automatic switches. Relays
228,225, 233 and sending magnet SM operate in
this manner until sending magnet SM operates
restoring arm 188 to the first displaced pin 66
corresponding to the first registered digit. When
the displaced pin is reached repeater stop spring
197 is disengaged from spring 198 with the re-
sult that the circuit for relay 233 is not again
completed during the transmission of impulses
for this registered digit. 'The selector line relay

3170 is deeriergized for €éach pulse to step:the se-

lector wipers in a vertical direction to select a
group of trunks in the level corresponding to the
retransmitted digit in the well-known manner.
_Shortly after stop springs {97 and i98 are
opened by the 1st displaced pin relay 237 deen-
ergizes since the circuit to relay 233 was obened
by the stop springs. = At cortacts 238 relay 237
disconnects ground from condtctor 308, at front
contact ‘238 opens the circuit to slow-to-release
relay 224 which maintains its armature operated
for a short period thereafter and at back con-
tacts ‘288 momentarily completes a circuit
through contacts 255 and over conductor 397 for
the pin restoring magnet PRM.

Pin restoring magnet PRM is momentarily
operated to operate its armature (25 and pin re-
storing  rod 179 thereby pivotally operating . pin
restoring arm 89 to restore the displaced pin
to its normal position. ‘Shortly thereafter slow-
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to-release relay 224 deenergizes and at contacts
255 opens the circuit of pin restoring magnet
PRM which restores its armature 125. 'The pin
restoring rod 178 and pin restoring arm. 190 are
thereby restored to normal and stop springs 197
and 198 are permitted to close. . The selector 360
is automatically operated in its rotary movement
to select an idle trunk in the selected ievel during
the release time of relays 237 and 224. When re-
lay 224 closes contacts 223 the original circuit
previously traced for relay 233 is again closed
to energize relay 283. Relays 225, 228, 233, 231
and 224 operate in the same manner as previously
described, relay 225 to transmit loop pulses. at
contacts 226 to operate subsequent automastic
switches, relay 233 to transmit pulses to operate
sending magnet SM until stop springs {97 and
{88 are opened by the second displaced pin and re-
lays 231 and 224 to control the operation and re-
lease of pin restoring magnet PRM as well as re-
initiating the reenergization of relay 233 for a
subsequent digit.  In the same manner as just
described, all of the registered digits; as deter-
mined by the displaced pins are retransmitied to
operate the automatic switches to complete the
connection to the called line. "When the last

-pulseé of the last registered digit is transmitted

spring 184 engages cam 171 to separate springs
{93 and 194 thereby preventing reenergization of
relay 233. Springs 193 and 194 remain open un-
til the pin selecting member and cam 171 are fo-
tated on a subsequent call. ' Shortly after the last
retransmitted digit sending tone is disconnected
from “the upper talking conductor thereby in-
forming the calling subscriber that the repeater
has:completed retransmission of the digits. -

When the called subscriber answers the talk-
ing circuit is completed over the talking circuit
comprising the heavy talking conductors and re-
peating coil RC, the called subscriber being fed
talking hattery from the battery feed relay in
the connector in the usual manner while the call-
ing subscriber is fed talking battery through the
windings of litie relays 220 and 230, ‘

After conversation and in response to the re-
placement of the handsets at both calling and
called substations the apparatus-and switch train
is_ released. 'In response to’ the replacement of
the -handset at the calling substation line relays
229 and 230 deenergize and the latter relay .at
front.contacts 231 opens the circuit of reléase re-
lay 289, - At back ‘contacts 281 and. 221 relays
289 and 295 again -energize but the énergization
of these relays is without effect this time since
the line relays are not reenergized as- during
pulsing. Relay 260 deenergizes after an interval
and at contacts 283 and 265 open the locking cir-
cuits.of relays 290 .and 285 which deenergize. - At
contacts -268 relay:260 grounds’ conductor 308
to automatically restore,-or spill out, any regis=
tered digits in the repeater in case. a subscriber
initiates "and . only partly -registers some of the
calling party’s digits and then-abandons the call,
At contacts 261, and 262 relay-260 opens the:loop
circuit across conductors 300 and 301 to release
the automatic switch train in.the usual manner
if not already released. o ;

In response to the replacement of the handset
on the cradle at either the calling or called party’s
desk set ground. is removed - from the control
conductor 375 in the usual well-known manner.
In response to this removal of ground, cut-off
relay 320 and relay 240 deenergize. . All of the
abparatus is now returned to normal and may e
used on subsequent calls,
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In case the calling subscriber should aban-
don-a call after one or more digits have been
.’neglstered in the repeater the line relays 220
and 230 and the release relay 260 deenergize in
the same manner as previously described. At con-
tacts 261 and 262 the loop circuit to the auto-
matlc switch train is opened to release the switch
tram and the circuit to relay 240 is opened to
cause the latter relay to release. At contacts
268 relay 260 grounds conductor 308 to cause the
operation of relay 233 and the transmission of
the registered digits stored in the repeater. The
mrcult for = operating relay 233 extends from
ground by way of contacts 268, conductor 308,
through the frame of the repeatér to the pin
restoring arm 90, through stop springs {87 and
198, cam springs 193 and 184, wiper contact i92
and conductlng ring 195, conductor 809, contacts
221 and through the winding of relay 233 to bat-
tery.
scribed relay 238 operates relay 228, relay 237
and sending magnet SM. Ra lay 228 ‘operates. re-
lay 225 which releases relay 233. Relay 225° op-
erates its contacts 226 as before buf since the

loop “circuit is opened at contacts 261 and 262 ¢

the operation of contacts 226 is without effect
and the stored impulses may he “spilled out”
w1thout operatlng any sw1tches Stop springs
197 and 198 are: controiled by the displaced pins

correspondlng to the stored digits to control the @

operatlon of relays 233 237 and 224 and pin re-
storlng magnet PRM in the same manner as pre-
v1ously described to restore all of the displaced
pins, At the time the last pin is restcred cam
{71 opens cam springs 193 and 194 to stop fur-
ther ‘operations of relay 233 The repeater is
now restored. to normal and may be used on sub-
sequent calls )

Incommg calls are completed by way of the
nector (not shown) ergages these bank contacts
The automatlc connector inthe well known man-
ner grounds conductor 302 cver the test bank
contact to energize line cut off rzlay 320.

: contacts 321 relay 320 dlsconnects line relay 3!0
from conductor 300 The connector then ccn-
nects rmgmg generator to the negative . lihe con-
ductor 300 to energlze ring relay 210 by way of

k ontacts 26! and condenser C2. Each time

ring “relay 2!0 energlzes in response fo'ringing

current said’ relay at back contacts 211 and 212

diseonnects the subscnber S llne from the repeat-

itig; ¢oil "'RC and line relays 226 and 239 and at
front contacts le and 212 completes the ring-

ing- “cirelit by way of conductor 218, ringer R, .5:

cradle” springs 21T, “condénser C and conductor
219 for signalling the called subscnber When
the called’ subscrmer answers by removing the
hahdset from its cradie a direct current bridge,
1nclud1ng cradle springs 215, is-closed across con-
ductors ’300 and 301 to stop further apphcatmus
of ringing eurrent in the well-known mannear. At
contacts 213 Télay completes ah obvious circuit
for energizing relay 250 which' at contacts 252
locks itself to grounded conductor 392, “At con-
tacts 251 relay 259 completes an energizing cir-
cuit through the upper winding of relay 248 there-
by causing” the energization of relay 240 which
also Jocks: to grounded conductor 302 at contacts
244 and 245. At confacts 241 and 243 relay 240
prepares a point in the talking circuit.

“After the-called subscr1ber has removed- his
handset and when ring relay 210 is deenerglzed
line relays 220.and. 230-are energlzed over the
subscriber’s loop. At front contacts 281 the cir-

In the same manner as Ppreviously de- !
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cuit is completed for energizing réleasé relay 260
which energizes and- completes -the talking eir-
cuit'at front contacts 25 and 262. -Although re-
lays 290 and 295 energize at this time, such ener-
gization is without effect for the reasons previ-
ously mentioned. " Line relays 220 and 230 feed
talking hattery to the called subscriber while
talking battery to the calling subscriber-is fed
from the connector switch. The talking circuit
includes the heavy talking conductors, back con-
tacts 241, 212, the windings of the repeat ¢oil RC
and front contacts 264 and 262,

After conversation and in resronse to the re-
placement of the handset, line relays 220-and 239
and release relay 260 deenergize. At front- con-
tacts 261 and 262 the loop circuit to the con-
nector switch is opened to permit the release of
the connector. When the connecter releases
ground is removed from conductor 302 to release
relays 246, 259 and 320, The relays and appa-
ratus are now all restored to normal and may be
used on subsequent calls ‘

What is claimed is:

1. In an gutomatic telephone system, a sub-
scriber’s line, impulse receiving and retransmit-
ting means individual to said subscriber’s line
and operative in response fo a plurality of se-
ries of impulses transmitted thereto by the ‘call-
ing subscribar to store said plurality of series of
impulses, & plurality of finders having access to
said line, means responsive to the initiation of a
call on said line for initiating the operaticn of
one of said finders to hunt for the calling line, a
selector switch associated with ‘said one.finder,
means responsive to said one finder finding the
calling line for connecting the calling line to’ said

selector switch in raadiness to receive impulses,
and means for initiating the refransmission of
said stored series of impulses over said last men-
tioned connection in response to the condition-
ing of said selector switch to respcond to said im-
pulses. ‘ '

2. In an automatic telephone system, a sub-
scriber’s line, impulse receiving and retransmit-
ting means individual to said subscriber’s line and
operative in response to a plurahty of senes of
impulses transmitted thereto by the calling sub- .
scriber to store said plurality of series of im-
bulses, a pluranty of finders having access to said
line, means responsive to the 1n1t1atlon of 8 call
on said line for initiating the. operatmn of one
of said ﬁnde1s to hunt fo1 the calhng line, a _se-
lector  switch assoc1ated Wlth said one. ﬁnder
means responsive to said one ﬁnder ﬁndmg the
calling liné for connecting the calhng line to, said
selector switch in readlness to receive 1mpulses,
meang for 1n1t1atmg the retransmlssmn of said
stored series of 1mpulses over said last menti ned
connection in response to the cond1t10n1ng “of
said selector switch to lespond to said 1mpulses,
and means for transrmttmg a sending tone {o, the
calling subscrlbel dunng the retransmlssmn of
said stored pulses :

‘3, In an automatic telephone system -8, sub-
scriber’s. line, a push-button calhng devxce mdL—
vidual to said line and operative. to . transmlt
cl1g1ts compmsmg coded pulses circuit translatmg
means individual to sa1d line operated in response
to the receipt of said coded pulses for translat-
ing said coded pulses. into. ground pulses corre-
spending to the transmitted dlglts 1mpulse Te<
ce1v1ng and retransm1tt1ng means operated
response . to said. translated: ground pul

_ storing said transmitted digits, a plurahty of

finders having access to said 11ne means respon-
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sive to the initiation of a call ox said line for
initiating the operation of one of said. finders
to hunt for the calling line, 5 selector switch
associated with said one finder, means responsive
to said one finder finding the calling line for
connecting the calling line to said selector switch
in readiness to receive impulses, and means for
initiating the retransmission of said stored digits
over said last mentioned connection in response
to the conditioning of said. selector to respend
to impulse transmission,

4. In an automatic telephone system, a calling
device for transmitting coded digits comprising
one or a plurality of loop pulses -and a ground
pulse ‘corresponding to certain digits, a pair of
line' relays both operated in response to each
transmitted loop pulse and only one of said re-
lays operated in response to each transmitted
ground pulse, circuit means controlled by each
of said line relays for translating said coded digits
comprising ‘loop and ground pulses into pulses
corresponding in number to the actual value of
the transmitted digit, and an impulse receiving
and . retransmitting means operated in response
to said translated digits for storing said trans-
lated digits. ’

5. In an automatic telephone system, a calling
device for transmitting coded digits comprising
one or & plurality of loop pulses, the number of
loop pulses in a coded digit being equal to one-
half the value of the digit transmitted, a pair of
line relays both operated in response to each
transmitted loop pulse, circuit means controlled
by the operations of said line relays for trans-
lating each loop pulse into a plurality of pulses
thereby translating the coded digits into pulses
corresponding in number to the actual value of
the transmitted digit, and an impulse receiving
meahs operated . by said translated pulses.

6. In an automatic telephone system, means for
transmitting loop pulses, a pair of line relays both
operated in response to each transmitted loop
pulse, circuit means controlled by the operations
of said line relays for translating each loop pulse
into a plurality of pulses, and an impulse receiving
means operated by each of said plurality of trans-
lated pulses. .

. 7. In an automatic telephone system, means for

transmitting loop pulses, a pair of line relays both
operated in response to each transmitted loop
pulse, circuit means controlled by the operations
of said line relays for translating each loop pulse
into a plurality of pulses, an impulse receiving
means having a plurality of stepping magnets,
and means for simultaneously operating said plu-
rality of stepping magnets in response to each said
translated plurality of pulses to step said impulse
receiving means a plurality of steps to make a
selection.

8. In an automatic telephone system, means for
transmitting loop pulses, a pair of line relays both
operated in response to each transmitted loop
pulse, circuit means controlled by the operations
of said line relays for translating each Icop pulse
into a plurality of pulses, an impulse receiving
means having a plurality of stepping magnets, a
selecting device in said impulse receiving means,
means for simultaneously operating said plurality
of stepping magnets in response to each said
translated plurality of pulses, and a differential
gear mechanism operated by the simultaneous
operation of said stepping magnets for operating
said selecting device a plurality of steps to make
a selection in accordance with the number of
translated pulses received.
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9. In a felephone system, a calling device for
transmitting pulses in sccordance with the digits
in a called number, an impulse receiving and re-
transmitting device including a selecting arm
operated step by step in response to the incoming
pulses transmitted from said calling device to
make selections in certain positions in accordance
with the transmitted digits, a sending arm in said
device normally having the same relative position
as said selecting arm and adapted to follow said
selecting arm, a stepping magnet for operating
said sending arm over the same path as said
selecting arm, circuit means including a plurality
of relays for controlling the transmission of out-
going pulses and for correspondingly operating
said stepping magnet to operate said sending arm
step by step to the positions selected by said
selecting arm, a circuit controlled by said sending
arm at each said selected position for controlling
said circuit means and relays to divide said out-
going pulses into groups corresponding to the dig~-
its transmitted from said calling device; an auto-
matic-switch train, and means for delaying the
operation of said eircuit means and said relays
until such time as said-automatic switch train is
ready to respond to said cutgoing pulses.

10. In a telephone, a subscriber’s line, a pair
of line relays terminsting said subscriber’s line;
a-calling device at the subscriber’s substation for
transmitiing impulses comprising a pair of in-
terrupter springs, a make-before-break spring for
controlling said interrupfer springs, a pair of
grounding springs, and a pair of normally open
springs closed only during the transmission of the
last impulse of each series, 2 loop pulsing circuit
including both said line relays, said interrupter
springs and both conductors of said line in series;
a grounded pulsing circuit including said pair of
grounding springs, said pair of normally open
springs, said make-before-break spring and one
of said interrupter springs, one of the line con-
ductors of said line, and one of said line relays
in series; and subscriber controlled means for
operating said calling device to transmit. loop
and ground impulses over said impulsing circuits
to operate said line relays whereby both. said line
relays deenergize for each loop impulse and said
one line relay is maintained energized over said
grounded pulsing circuit while the other line relay
deenergizes during each ground impulse.

11, In a telephone system, a subscriber’s line,
a-pair of line relays terminating said line, sub-
scriber- controlled means for opeérating saiq line
relays in response to the initiation of an outgoing
call and in response to answering an incoming
call and for restoring said line relays in response
the subscriber disconnecting from such calls, sub-
scriber controlled means for restoring and reop-
erating said line relays by transmitting impulses
thereto, pulsing relays, means controlled by the
restorations and reoperations of said line relays
during impulse transmission for operating said
bulsing relays to transmit ocutgoing impulses, and
means including said last means for preventing
the operation of said pulsing relays during the
operations and restorations of said line relays for
initiating outgoing calls, for answering incoming
calls and for disconnecting from such calls.

12. In a telephone system, a subscriber’s line,
& pair of line relays terminating said line, sub-
scriber controlled means for operating said line
relays in response to the initiation of an outgo-
ing call and in response to answering an incom-
ing call and for restoring said line relays in re-
sponse to the subscriber disconnecting from such,
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-¢alls; an impulse calling device on said subsctib-
‘er’s line for transmitting loop and ground pulses
over said line to restore and.reoperate said line
relays:a. plurality of times dependent upon the
‘number of loop and ground. pulses transmitted,
a pair of pulse repeating relays for transmitting
outgoing impuises, means controlled by the re-
storations and reoperations of said line relays
during loop impulsing for operating both said
pulsing relays to transmit a pair of outgoing
impulses for each. loop pulse and during ground
impulsing for operating only one of said pulsing
relays to transmit a single outgoing pulse for each
ground. ‘pulse, and medns including said. last
means for preventing operations of said pulse re-
peating relays during the operations and.restora-
tions of said line relays for initiating outgoing
calls; for answering incoming calls and for dis-
connecting ‘for such calls.

13. Tn a telephone system, a subscriber’s line,
‘@ pair of line relays terminating said line, an im-
‘pulse calling device on said line for transmitting
Joop and ground:pulses over said line to operate
said line relays, both- said lines being -operated
in response toeach loop pulse and: only one of
said line relays being operated in response to
each ground pulse, a pair of pulse repeating
relays operative for transmitting outgoing im-
pulses, a separate circuit for controlling the
‘operations of ‘each of said pulse repeating re-
‘lays, contacts on said one of said line relays for
controlling one- of said separate circuits, and
‘contaets on the other of said line relays for con-
‘trolling ‘the other of said separate circuits.

14. In a telephone System, a subscriber’s line,
@ pair of line relays terminating said line, an
‘impulse calling ‘device on said line for transmit-

ting loop and ground pulses over said line to-

operate said line relays, both said lines being
-operated-in response to-each loop pulse and only
-one of said line relays'being operated in response
‘to each ground pulse;, a pair of pulse repeating
relays operative for transmitting outgoing im-
pulses; a'separate circuit for controlling the oper-
ations of each of said pulse repeating relays,
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-eontadts on said one of said line relays for com=

trolling one of said separate circuits, contacts-on
the other of said line relays for confrolling the
other of said separate circuits, and an impulse.re-
ceiving and. registering device controlled by the
transmission of said outgoing impulses in re-
sponse to the operations of pulse repeating re-
lays. :

15. In a telephone system, & subscriber’s line,
g calling device on said subscriber’s line for trans-
mitting both loop and ground pulses correspond-

-ing:to the digits ina called number in: response

to: the subscribér initiating 4 call, an impulse:re-
ceiving and registering device-inidividual to said

-subscriber’s line operated in response to:said-loop

and ground pulses of said transmitted digits for

registering said digits, automatic switches, - means

including said receiving and registering device
for-retransmitting said registered digits as loop
impulses only to-operate-said automatic switches
to complete the desired connection in accordance
with said registered. digits, and means operative

‘in: the:event .the calling subscriber abandons the

call for operating said receiving and registering
device to erase said registrations without oper-
ating any of said automatic switches.

JOHN H. VOSS.
AMANDA OBERGFELL.
Ezxecutriz of the Estate of Herbert F. Obergfell,
deceased. :
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