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AUTOMATIC TELEPHONE SYSTEM

Harry .G, Evers, Chicago, Il assignor to Associ-
ated Electric. Labora,torles Inc Clucago, 1L, a-
corporation of Delaware

Application-May 7, 1934, Serial No.'724',274 :

A 20 Claims,
'This:invention relates in‘general'to automatic

telephone systems, but more ini‘particular to small

systems suited for installation in towns or villages. -
An automatic telephone system of thistype is gen~

-erally known as a community automaitic- -exchange

or C. A, X,, and may have a capacity.of- fifty lines;-
more or less Usually the lines are“party lines
having either bridged: or' grounded: ringing ‘cir-

cuits-over which-the subscribers are signalled by
means: of .code ringing. -Provision is-also- made-
for trunking calls to and from distant exchanges: -

The object-of -the present. invention:is to pro-
vide 4 -novel and- improved all relay: community-:

automatic-exchange -of the foregoing character.-

- One-of the features:of theé inventionirelates to
the novel - circuit arrangement -in.-the- all-relay
finder connector link for interconnécting-the variz-
cus lines in this system.

Another feature of -invention relatés to ‘an’im--
proved.talking.arrangement for receiving the im:=::
pulses transmitted from a calling:line and for Fest

peating the impulses. .

Ancther feature of the invention relatesrto«th.e‘-—‘~
circuit arrangement for selecting and connectings.

various code rings to called subscribers’:lines:.

These and other features.of the:invention will.:

be-apparent from: the following: detalled descrip-
tion of the invention.
Referring now to the drawings, comprising Figs;

‘1 to 6, inclusive, there is shown by means of the:

usual circuit diagram:one of the:all-reldy finder -
connector links, the different:line circuits-and .
-substation circuits by means of which the:invens:-

tion may be described and understood.

Fig. 1 shows-a party line;: in this case line: (1 :

and its associated line circuit.. The line ¢onducs:

tors 14 and 15 and the incoming ‘test conductor::
£6 ‘of this line, shown. bracketed, extend: to the -
connecting end of the finder connector link :in -

Fig. 4 where the.conductors connect with: corre-

spondingly numbered conductors. . The remainder
of Fig. 1 shows the finding end of the findercon-:

nector:link comprising a set of finder:group re-
lays FGR and finder units reldys -FUR. FEach
group- of lines, such as-the ten:group; has two
finder group relays, such as relay 110 for ‘con-

necting only the'line conductors of lirie group+(0 -
to ‘the link, and ‘relay- 111 which®connects only-
the test conductors of-line- -group-10 to the: link.
It is.assumed in-this case that:theére’are eight
groups of lines; each comprising seven:lines ‘each;
In. order- to .simplify ‘the- drawings, - only*‘three:
groups of lines, namely- the 10-group; 20-group, -
and-88-group havebeen shown: Edéh of the lines-
are connected te a line circuit in the same manner -

(CL 179—1%):

asHillustrated-for line 11. The finder unit relays
FUR -correspond in number to the number of
lines-in-each group, in this:case, since there are
seven lines in‘each group there are seven finder
unit relays. -Only three of the finder unit relays,
however, have been shown in order to simplify
the*drawings. i

Figs. 2 and 3 show the -control relays of this
finder connector link.

Fig. 4 shows the connecting end of this finder
connector link and two line circuits. In the:same
manner as-described for the finder group relays

the connecting end of the link-includes-two relays-

for each group of lines, The connéctor group re-
lay 419 for the first or tens group connects only
the line conductors of the lines in the':l0-group
to-the link while the relay 411 connects only the-
test-conductors of the line in the 10-group ‘to the
link.~ Since there are eight groups of ‘linés then

15

there are eight sets-of connector group relays 20

provided, but: only four of such sets have been
shown. The connector unit relays comprise'a
group of seven relays, one relay for each corre-
sponding line in a group. In this case only four:

to reduce the drawings.  Each odd connector unit’
relay prepares a circuit for the succeeding even
connector unit relay, and each even' connector
unit relay prepares a circuit for the succeeding
odd connector unit relay, as diagrammatically 30
illustrated by the dotted lines. In a similar man-
ner ‘each odd connector group test relay, such as
relay 411, prepares a circuit for the succeeding
even': connector group -test relay, such as relay
421,
group test relay such as relay 421 prepares a cir-
cuit for the succeeding odd ‘connector group test
relay, such as relay 431, not shown. In the up-
per right-hand corner is shown the line circuit
for party-line T1.
this line are connected to both the negative and
positive line conductors to provide the $o-called
divided ringing.: In the lower right-hand corper

- of ‘Fig. 4 is shown' the line circuit of a ‘grounded
 twenty-party line.

Fig.'5 in ifs upper portion diagrammatically

- of ‘the-¢onnector unit relays are shown -in order 25

In a similar manner each -even connector ss

The subscriber’s ringers on 49

45

illustrates:the chain circuit arrangemert between: -

the various finder connector links in ‘this system.

" while relays 500-to 570, inclusive, comprise ‘the
allotting and- alarm relays. 18
cally-illustrates-a time switch which is started in
response to the-operation of start reay 510 to
close-springs '502-and 503 at predetermined time:
intervals. Relays ‘580 and 590 and interrupter

TS -diagrammati- 50

593-comprise a timing  device for freeing a finder 55
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connector link in case the same is held by a
permanent line.

Fig. 6 shows the code selecting relays CSR
which are controlled by the impulse repeating
relay in the link to selectively connect one of
the code ringing conductors extending to a ring-
ing interrupter, not shown. The ringing ma-
chine, not shown, is started in operation in re-
sponse to the operation of a switching relay in
any link circuit and periodically grounds the
code ring conductors shown to produce codes in-
dicated by the numerals associated with such
conductors.

Briefly, the operation of this system is as fol-
lows: When a calling subscriber initiates a call

the test conductor of the calling line is marked

with calling potential and the calling group is
marked in all the finder group relays in all of
the links. The start conductor is grounded and
the finder group relays in the first idle link oper-
ate in sequence to find the calling group. When
the calling group is found the last operated
finder group relay connects the test conductor of
all the lines in the calling group to the finder
unit relay, which now operates in sequence until
the marked calling line is found. :

When the calling line is found the transfer
relay in the link is operated to prepare another
idle link for use and the calling line is connected
to the control circuit of the link in use. The
first digit transmitted by the calling subscriber
operates an impulse repeating relay to succes-
sively operate the connector group relays. Only
the last operated connector group relay is main-
tained energized to connect the test conductor
of the called group to the connector units relays
of the link. The second digit reoperates the im-
pulse repeating relay to successively operate the
corresponding connector unit relays. Only the
last operated connector unit relay is maintained
energized to connect the test conductor of the
called line to the link control circuit. The third
digit reoperates the impuise repeating relay to
select the ringing code. If the called line is
idle the ringing interrupter, not shown, grounds
the selected code ringing conductor to cause the
bells on the called line to be rung in accordance
with the code selected.

In outgoing trunk calls the calling line is found
in the same manner as just described and in re-
sponse to dialling the two digits designating a
trunk call the corresponding connector group and
unit relays operate as before to connect with the
trunk line. In this case the code selecting digit
is not dialled as none is needed.

Local calls

It will now be assumed that subscriber S in
Fig. 1 desires to call a subscriber S4 shown in
Fig. 4. When subscriber S removes his receiver
a circuit is completed for energizing line relay |
over the following circuit: from ground by way
of armature 18 and resting contact, lower wind-
ing of line relay !, line conductor I8, through the
substation loop over line conductor 14, arma-
ture 8 and through the upper winding of relay
{ to battery; at armature 5, relay 1 connects call-
ing potential to the test conductor by way of
armature if and the winding of cut-off relay 2;
at armature 6 and resting contact disconnects
the cut-off relay. 2 from the incoming test con-
ductor I5 and at its make contact grounds the
test conductor 16 to make this'line busy to other
subscribers attempting to call the same. At

armature T relay | grounds the start lead 61 com-
mon to the [0-line group to complete a circuit
for energizing the common start relay 510 as fol-
lows: from ground by way of armature 1, arma-
ture 12 and resting contact, common start lead 5
61, resistance 61’ and through the winding of
start relay 510 to battery. At armature 5i1
relay 510 completes a circuit for energizing line
relay 207; at armature 512 prepares the locking
circuit for relays 540, 550 and 560; at armature 10
513 completes the circuit for energizing relay 520,
and at armature 514 prepares a circuit for shunt-
ing relay 520 and for energizing relay 530. The
circuit for energizing relay 528 extends from
ground through winding of relay 520, armatures 15
513, 533, and 544, resistance 548 to battery. Relay
520, upon energizing, at armatures 521 prepares

a circuit for energizing relay 538 and at arma-
ture 523 connects the winding of relay 560 to the
time switch TS. Relay 530 is not energized at 20
this time because this relay is shunted over the
following circuit: from battery through the re-
sistance 546, armatures 544, 533, 5i8, and 521 to
the winding of relay 530 and battery.

Line relay 207 energizes over the following cir- 25
cuit: ground by way of armature 501, armature
511, resistance 515, armature 531 and resting
contact, in start lead 281, armature 215 and
resting contact, conductor 150, armature 246 and
resting contact, upper left-hand winding of re- 30
peating coil RC, normally closed spring con-
trolled by armature 233 and through the wind~
ing of line relay 207 to battery. At armature
230 relay 207 completes the circuit for energizing
impulse repeating relay 303, and at armature 35
231 prepares the circuit for energizing relay 301.
The circuit for energizing impulse repeating re-
lay 303 may be traced as follows: from ground
by way of armature 249 and resting contact, con-
ductor 262, armature 320 and resting contact, 40
conductor 261, armature 230, conductor 260, and
through the winding of impulse repeating relay
303 to battery. At armature 324 and working
contact relay 303 completes a holding circuit
for itself by way of resistance 329 and conduc- 43
tor 261; at armature 325 completes an obvious
circuit for energizing relay 301 and grounds con-
ductor 264; at armature 326 opens a point in the
circuit to relays 306, 307 and 309, and at arma-
ture 321 shunts armature 238. At armature 316 50
relay 301 prepares a high resistance circuit for
line relay 201, at armature 317 prepares a cir-
cuit for switch-through relay 213, and at arma-
ture 318 grounds conductor 27f to complete a
circuit for energizing slow to release relay 302 as 55
follows: from ground by way of armature 318,
conductor 27i, through armatures 239 and 226
in multiple to conductor 212 and through the
winding of relay 302 to battery. :

At armature 320 and resting contact relay 302 60
opens the original energizing circuit of relay 303
which is now held energized over its locking cir-
cuit from ground at armature 324. At armature
320 and working contact relay 382 grounds con-
ductor 263 and closes a multiple ground circuit 65
to relay 301 by way of armature 231 and work-
ing contact and conductor 264. At armature 321
relay 302 grounds conductor 26% to prepare a
circuit for the disconnect relay 206, at armature
322 connects grounded conductor 275 to finder 70
lock conductor 153 and completes a circuit for
energizing the first finder group relay [If, and
at armature 323 grounds the connector lock con-
ductor 218 as well as lock conductor 279 by way
of armature 241. 75
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Phe circuit for energizing the first finder group as follows: from-grounded start lead 61, arma=

relay ‘111 extends from grounded conductor 153,
armature 223 and resting contact, armature 220
and resting contact, conductor 156, resistance
190, armature 187 and resting contact, through
the armatures and resting contacts of the finder
group relays, not shown, to armature {27, rest-
ing contact of armature {27, armature 11T and
resting contact, through the winding of relay
{H to battery. At armature (1§, relay {1l com-~
pletes its vwn locking circuit through the rest-
ing contacts of armatures such as armatures 125

and {85, on the finder group relays to grounded -

conductor {53; at armature 118 prepares the
circuit for relay ii0; at armature {{9 connects
the groundasd start lead 6! to the group test
relay 203 by way of conductor 159 and armature
244; at armature {i7 and resting contact opens
its original energizing circuit and at its working
contact closes the circuit for the second finder
group relay 12{. Relays such as relays {84, 121
and 181 are slightly slow to operate on account
of their slugs and the resistance 188. At the
upper armatures of relay 1t{ the test condic-
tors of the 10 line group are connected to the
test armatures of the finder units relays.

In order to describe the operation of the finder
group relays it will be assumed for the time
being that the calling line is not in the first or
the 10 line group. In this case, after an interval
relay (21 energized over the following circuit:
from grounded lock conductor 153, by way of
armatures 223 and 228 and their resting con-
tacts, conductor (58, resistance (28, armatures
and resting contacts of the finder group relays
to armature 117 and its working contact and
through the winding of relay {21 to battery. In
a manner similar to that described for relay !4
relay 121 energizes and at armature $26 locks
itself to grounded conductor 153. At armature
125 relay 121 opens the locking circuit of re-
lay {11 whereupon the latter relay deenergizes
after an interval, and at armature 127 opens a
point in its original energizing circuit and at the
working contact of armature 127 completes the
circuit for the succeeding finder group relay as-
sociated with the 38-line group, not shown. At
armature 128 relay 12f prepares the circuit for
relay 128, at armature {29 connects the start
lead 62 of the 28-line group to the group test
relay 203, and at its upper armatures connects
the test conductors of the 20-line group to the
finder units relay. Relay [, upon deenergiz-
ing, at its upper armatures disconnects the test
conductors of the 18-line group, at armature (18
opens the prepared circuit to relay 118 and at
armature 119 disconnects the start lead &f from
the group test relay 2083. Finder group relays 131
to 114, inclusive, not shown, and relay {8{ op-
erate in the manner just described, each suc~-
ceeding relay opening the locking circuit to the
preceding relay to deenergize the same, connect-
ing the corresponding group start lead to the
group test relay 293, preparing a circuit to.ifs
associated line connecting relay, completing its
own locking circuit, and connecting the test con-
ductors of its associated group to the finder units
relay.

When the finder group relay corresponding to
the group in which the calling line is located is
operated ground on the start lead completes the
circuit for energizing the group test relay 203.
For example, relay ##! at armature ({9 com-
pletes the circuit for energizing group test relay

203 in case a line in the 19-line group is calling '

ture 119, conductor 159, armature 224 and
through the lower winding of group test relay
203 to battery. At armature 218 relay 203 com-
pletes a short circuit around its upper winding 5
to make this relay slow to release, at armature
219 .opens a point in the circuit to relay 202, at
armature 220 disconnects grounded conductor
153 from conductor (55 to open the circuit to the
succeeding. finder group relay before the same 10
can energize and close its locking circuit, and at
armature 228 and working contact connects the
grounded - conductor {53 to conductor 155 for
energizing the first finder unit relay 1981 as fol-
lows: from grounded conductor 153, armature 15
223 and resting contact, armature 228 and work-
ing contact, conductor 155, armature 142 and
resting contact, armature {45 and resting con-
tact, through similar armatures on the: finder
unit relays (not shown) to armature (48 -and 20
resting contact and through.the winding of re-
lay 181 to battery. At armature 141 relay 1681
completes a locking circuit for itself by way of
armatures 143 and 146 and the corresponding
armatures on the other finder unit relays (not 25
shown) fto grounded conductor 153. At arma-
ture 142 relay 10! opens its original energizing
circuit and completes the circuit for relay 102
and at its Upper armatures connects the link line
coenductors 158 and {81 to contacts on the finder 30
group relay and at armature 160 connects the
test lead 152 to the test lead 9 of line Il to pre-.
pare a circuit for the line test relay 204.

The finder unit relays, due to the copper slug
on their upper ends, are fairly slow to operate, 35
and therefore the second finder unit relay only
operates after a time sufficient to permit the
energization of the line test relay 284 in case a
calling line is connected with. In case line |1
is not a calling line, then the relay (02 energizes 40
after an interval by way of grounded conductor
{55, armature 142 and working contact. At ar-
mature 143 relay 142 opens the locking circuit of
relay 181 which accordingly deenergizes after an
interval, at armature (44 completes a locking 45
circuit for itself from grounded conductor 153, at
armature 145 and working contact prepares the
circuit for the third finder unit relay (not shown)
and at its upper armatures connects the line
conductors 150 and (51 to the line finder group 50
contacts and at armature {24 connects the test
conductor of line {2, since relay flf associated
with the 10-line group is energized, to the test
conductor {52.

Relay 101, upon deenergizing, at its upper ar- 53
matures disconnects the test and line conductors,
at armature t44 opens a point in its own locking
circuit, at armatures (42 and working contact
opens the original energizing circuit of relay 102, .
and at the testing contact of armature 142 con~ 60
nects the third finder unit relay (not shown) to
grounded conductor 158, by way of armature 145
and its working contact.  Finder unit relays (03
to 106, inclusive (not shown), and relay (0T
operate in the manner just described, each relay €5
at its upper armature connecting the test con-
ductor of its corresponding line to line test relay
204, opening the locking circuit of the preceding
operated relay, closing its own locking circuit,
and preparing the energizing circuit to the suc-
ceeding relay which is completed when the pre-
ceding relay deenergizes.

In'this case, since line {7 is calling, then when
the finder unit relay {07 energizes this relay. at
armature 114 completes the circuit for.energiz- 75
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ing the line test relay 204 in series with the cut-
off relay 2 as follows: from ground at armature
318; conductor 2T{, upper winding of line test
relay 204, conductor 152, armature (74, arma-
ture (14, armature 5, armature 11 and through
the winding of cut-off relay 2 to battery. At
armature 221 relay 204, upon energizing, com-
pletes a circuit for energizing relay 312 and for
grounding conductor 259, at armature 222 short
circuits its upper winding to render the relay
slow to release and to connect direct ground to
the test conductor, at armature 223 disconnects
grounded conductor 183 from conductor 155 to
cpen the circuit to the succeeding finder unit
relay before the same can fully energize, at arma-
ture 223 and working contact completes a lock-
ing circuit to its lower winding and a circuit for
energizing relay 118, and at armature 224 opens
the circuit to group test relay 203 to cause this
relay to deenergize.

Cut-off relay 2, upon energizing, at armatures
8 and 18 opens the circuit of line relay I, at
armature 9 completes a locking circuit for itself
to grounded test conductor 152, and at armature
10 and its working contact completes the circuit
for energizing lock-out relay 3. Relay 110 is en-
ergized over the following circuit: from grounded
conductor 153 by way of armature 223 and work-
ing contact, armature 225, conductor i57, arma-
ture 118 and through the winding of relay 10 to
battery. At its upper armatures relay {10 con-
nects the line conductors of the lines in the 10-
line group to the contacts of the finder unit re-
lays and in the case of armatures 112 and 13
connects the calling line, or line 171, to conductors
150 and 151 by way of armatures 112 and 73,
thereby completing a new energizing circuit for
line relay 207 and for connecting dial tone to
the calling subscriber’s line to notify such sub-
seriber that he may now dial the called subscrib-
er’s number. Lock-out relay 3, upon energizing,
at armature Il opens the original energizing cir-
circuit of cut-off relay 2, at armature 12 and
resting contact, disconnects ground from the start
conductor 6! to deenergize start relay 510 if no
other line is calling, and at armature {2 and its
working contact completes a locking circuit for
itself from grounded armature 1. Line relay I,
upon deenergizing, at armature 6 disconnects
direct ground from incoming test conductor 16
at its working contact and at its resting contact
connects ground by way of armature 318, con-
ductor 211, armature 222, conductor 152, arma-
tures 74 and 114, and armature 9 to the incom-
ing test conductor 16 to maintain this line busy
at the called end of the link. At armature 7 relay
| opens the locking circuit of lock-out relay 3.

Group test relay 203, upon deenergizing when
its circuit is opened at armature 224, at armature
219 completes a circuit for energizing relay 282
through its upper winding by way of working
contact of armature 223 and grounded conductor
{53. At armature 2¢7 relay 202 completes an ob-
vious circuit for the transfer relay 201. At
armature 214 relay 201 prepares a locking circuit
for itself, at armature 2i% opens the original
energizing circuit of line relay 207 now held en-
ergized over the calling subscriber’s loop, and
at the working contacts of armature 215 con-
nects the in start conductor 281 with the out
conductor 282 so that a succeeding call may seize
the next idle finder connector link. At armature

. 216 relay 201 completes one point in the all

link busy chain by connecting conductor 280 to
conductor 283,

2,022,503

_ The circuit for énergizing relay 31% may be
traced as follows: from grounded armature 248
and resting contact, conductor 262, armature 221,
conductor 259, armature 330 and resting contact
and through the winding of relay 312 to battery. 5
At armature 362 relay 312 prepares a locking
circuit for itself, at armature 363 prepares a
circuit through the lower winding of relay 31,
which relay does not energize at this time because
the lower winding is short circuited by way of 10
armature 363, armature 320 and resting contact,
and the normally closed springs closed by arma-
ture 337. At armatures 364 to 381, inclusive, re-
lay 312 prepares the pulsing circuit to the con-
nector group relay. 15

Relay 5108 deenergizes in case no other line is
calling at this time,-and at armature 5¢1 discon-
nects ground from the start in lead 281. At
armature 513 relay 510 opens the shunt circuit
of relay 530 which relay now energizes in series 20
with relay 520 by way of armature 521. Relay
530, upon energizing, at armatures 531 transfers
the start circuit from the beginning of the chain
to the middle of the chain; at armature 532 pre-
pares a short circuit for relay 529 and a circuit 25
for relay 530, at armature 532 opens a point in
the low resistance shunt of relay 530, and at
armature 534 disconnects the time switch from
relay 568 before the time switch has had suffi-
cient time to energize relay 5850, 30

At this point it may be advisable to consider
the operation cf the allotier relays in response
to a second call when relay 530 is energized. In
this case start relay 510 is energized over the
common start lead as before, and at armature 35
51t completes the start circuit and grounds the
in start lead 28!’ as follows: ground by way of
armature 501, armature 51, resistance 515, ar-
mature 531 and working contact to in start lead
281’, extending to the finder connector link near 46
the middle of the chain. At armature 514 relay
510 connects grounded armature 543 by way of
armature 532 to the winding of relays 520 and
530 with the result that relay 520 is short circuit-
ed and deenergizes, while relay 530 is maintained 4%
energized over this circuit. Relay 520, upon de-
energizing, at armature 522 connects springs 503
of the time switch TS to the winding of relay 560.
Relay 510 is deenergized and ground is removed
from the in start lead 221’ at armature 511. At 50
armature 514 relay 518 opens the circuit of relay
530 which accordingly deenergizes. At armature
531 relay 539 transfers the start circuit back to
the beginning of the chain and at armature 543
disconnects the time switch TS from the winding 55
of relay 569,

A circuit for maintaining lihe relay 207 ener-
gized over the calling subscriber’s loop may be
traced as follows: from ground by way of arma-
ture 236, resting contact and armature 247, con- 60
ductor 51, armatures (13 and {13, positive
line conductor 15 through the substation loop
to negative line conductor (4, armatures (12 and
172, conductor 150, armature 246 and resting
contact, upper left-hand winding of repeating 65
coil RC, normally closed springs controlled by
armature 233, and through the winding of line
relay 207 to battery. Dial tone is also connected
to the calling line at this time cver the following
circuit: from dial tone in Fig. 3, resting contact 70
and armature 328, tone condenser TC, conductor
254, resting contact and armature 246, thence
over the calling loop circuit just traced. The
calling subseriber, after listening to the dial tone,
dials the group and line digits followed by the 75
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code selecting digit. Line relay 207 deenergizes
in response to each impulse. In response fto
the first pulse relay 207 at armature 230 opens
the circuit of impulse repeating relay 303 which
accordingly deenergizes. At armature 231 and
its resting contact relay 207 closes a high re-
sistance priming circuit for itself which may be
traced as follows: from grounded conductor 262,
armature 328 and working contact, conductor
263, armature 231 and resting contact, conductor
251, armature 318, resistance 319, conductor 254,
upper left-hand winding of repeating coil RC,
normally  closed ' switch springs controlled by
armature 233, and through the winding of line
relay 207 to battery. This priming circuit while
insufficient to energize line relay 287 due to re-~
sistance 319 greatly assists the energization of
line relay 207 when the same is connected to a
“leaky” calling line. At armature 23! and its
make contact one of the multiple ground connec-
tions to relay 38! is opened but this relay due to its
slow releasing characteristics remains energizing
during the impulsing period.

Impulse repeating relay 383, upon deenergiz-
ing, at armature 324 cpens a point in its own
holding circuit, at armature 325 opens a further

circuit to slow to release relay 381, and at arma-

ture 326 completes a circuit for energizing relays
306, 307 and 2388. The circuit for energizing re-
lay 308 and relay 207 extends from grounded con-
ductor 262, armature 320 and working contact,
normally closed spring -controlled by armature
326, armature 333 and resting contact, and
through the upper winding of relay 306 and the
winding of 387 to battery. A branch of this cir-
cuit extends by way of armature 348 and resting
contact, through the upper winding of relay 399
for energizing the latter relay. At armature 336
relay 306 short circuits the upper left-hand wind-

ing of repeating coil RC in order to improve the:

impulsing circuit, at. armature 337 completes a

‘holding circuit for rélay 312 by way of grounded

conductor 289 and armatures 357 and 362, at
armature -338 prepares an energizing -circuit for
relay 364 and the holding circuit extending to

‘the lower windings of relays 308 and 309, at arma-

ture 338 prepares a point in the circuit for the
busy relay 365, and at armature 349 disconnects
grounded conductor 259 from. conductors -269
and 394.

Slow to release relay 381, upon energizing, at
armature 842 prepares a holding circuit for relay
308, at armature 343 completes a locking circuit

from grounded armature 376 through the lower

winding of relay 386, and at armature ‘345 .pre-
pares a point in the circuit for the first.connector
group relay 411, Relay 307, due to its slow re-
lease characteristics, is maintained energized
during the impulsing period and therefore de-
energizes shortly after sach series of impulses. -
Impilse repeating relay 309, upon energizing,
at armature 249 preparss a point in the energiz-
ing circuit of relay:$88 and in the holding circuit
of relay 2929, at armature 359 prepares a new en-
ergizing circuit for impulse repeating. relay 303
and the circuit through the lower winding of re-
lays 308 and 309; at armature 354 prepares a hold-
ing cireuit for the lower windings of relays 308
and 285, at armature 352 disconnects:ground at
armature 378 from the even pulse conductor 386
and connects ground to the odd pulse conductor

"384,-and -at armature 353 completes.a circuit. for-

energizing -connector group relay 411 as follows:
from grounded lock conductor 218; through arma-

-tures 442,-452 and 465 of the connegtor group re-

5

lays to conductor 389, working contact and arma~-
ture 366, resting contact and armature 368, arma-~
tures 345 and 353, arinature 36! and resting con-
tact, armature 367 and working contact, con-

ductor 391, and through the winding of relay -

41t to battery. Relay 411 at its upper armatures
connects the test.conductors of the lines in the
‘i8-group to the connector unit relays; at arma=
ture 499 completes a locking circuit for itself to
grounded lock conductor 278 by way of armatures
465, 452 and 442; and at armature 492 prepares
the circuit for relay 410.

At the termination of the first impulse line re-
lay 207 again energizes over the subscriber’s loop
to complete a circuit at armature 230 for energiz-
ing impulse repeating relay 303 and a circuit
through the lower winding of relays 309 and 308.
At armature 231 relay 207 opens its priming cir-
cuit and recloses the circuit for slow to release
relay 381 to maintain the same in energized posi-
tion. The circuit for energizing relay 393 may
be traced as follows: from ground at armature
350 on the energized repeating relay 399, resting
contact and armature 347, conductor 281!, arm-~

ature 230, conductor 269, and through. the wind- ¢

ing of relay 383 to battery. A branch of this cir-
cuit extends by way .of conductor 260, armatures

342, 346 and 349, through the lower windings of

relays 308 and 309 and by way of armature 351
to relay 304. At armature 324 relay 383 again
completes its holding circuit, at armature 325
again closes -2 multiple circuit for relay .30{, and
at the normally closed spring controlled by arma-
ture 326 opens the original energizing circuit of

relays 306, 307 and 309, while at armature 326 3

and its working contact completes a circuit from
grounded conductor 263 by way of armatures 338

for:energizing relay 304 and for completing & cir-

cuit by way of armature 851 through the lower
windings :of -relays 308 and 389. Relay 309 is
maintained energized over this circuit while relay
308 is energized. At armature 345 relay 308 opens
a point in one.of its energizing circuits, at arma-
ture- 347 opens the original energizing circuit

of relay 303 which is now maintained energized :

over its own locking circuit, at armature 348 and
resting contact opens the original energizing cir-
cuit of relay 309 and at its working contact pre-
pares a locking-circuit for itself. Relays 308 and

309 at this time are maintained energized from §

ground by -way-of conductor 263, working contact
and -armature 326, armature 338, armature 351 and
through the lower-windings of relays 308 and 388

to battery. . Relay 304, upon energizing, at arma-
ture 328 -disconnects dial tone and prepares &

circuit for connecting ring back tone to the call-
ing subscriber, at armature 330 and its resting
contact opens theoriginal energizing circuit of
relay 312 and its working contact closes a.lock-

.ing circuitfor itself from grounded conductor 259

as well as opening its original energizing circuit.
At this time relay 312 is maintained energized
over the following circuit: from grounded con-
ductor 259, working contact and armature 337,
armature 3571 and resting contact, armature 362
and the winding of relay 312 to battery.

.In -response to the second pulse .of the first

‘series, line relay 207 again deenergizes and at
-armature 230 opens the circuit to the impulse re-

peating .relay 308, while at armature 23( -the
multiple circuit-to slow. to -release relay 301 is
opened and the priming circuit for the line relay
is again closed.. Relay 303, upon deenergizing, at
armature 324 again opens its-own holding circuit,
at armature 325 again opens the circuit to slow
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to release relay 301, at armature 226 recloses the
circuit to slow to release relay 30T before such
relay deenergizes, at armature 326 opens the
holding circuit extending through the lower
windings of relays 308 and 309, and at the nor-
mally closed springs controlled by armature 326
completes a locking circuit through the upper
winding of relay 308 by way of armatures 333 and
348. Relay 309, upon deenergizing, at armature
350 prepares a circuit for reenergizing relay 303,
at armature 35! opens a further point in the
holding circuit through the lower windings of re-
lays 308 and 309, at armature 352 connects
ground at armature 37§ to the even conductor
386 to complete an energizing circuit for the next
connector group relay, in this case relay 421, and
at armature 353 opens the original energizing cir-
cuit of relay 4il. The circuit for energizing re-
lay 421 may be traced as follows: from grounded
armature 316 and resting contact, armature 343,
armature 352 and resting contact, armature 339
and resting contact, armature 365 and working
contact, ennductor 386, armature 49f, and
through the winding of relay 421 to battery. Re-
lay 421, upon energizing, at its upper armatures
connects the test conductors of the lines in the
20-group to the connector unit relays, at arma-
ture 465 opens the locking circuit of relay 41t
which accordingly deenergizes, at armature 466
completes ‘a locking circuit for itself from
grounded lock conductor 218 by way of arma-
tures, such as armatures 442 and 452, at armature
461 prepares a circuit for relay 428, at armature
468 connects the succeeding connector group re-
lay 431 (not shown) to the odd pulse conductor
384, and at armature 469 prepares a point in the
circuit for code switching relay 608. Relay 411,
upon deenergizing, at its upper armatures opens
the circuit to the test conductors of the line in
the {0-group, at armature 490 opens its own lock-
ing circuit, at armature 491 opens the circuit to
relay 421 now locked energized, and at armature
492 opens the prepared circuit to relay 410.

Lifie relay 207 reenergizes over the calling sub-
scriber’s loop. at the end of the second pulse, and
at armature 239 closes a circuit for energizing re-
lay 303 by way of resting contact of armature 350
and working contact of armature 347, while at
armature 231 the circuit to slow release relay 301
is again Teclosed.  Relay 383, upon energizing, at
armature 324 again closes its locking circuit, ab
armature 325 again closes the circuit for relay 301,
and at armaturé 326 opens the holding circuit
through the upper winding of relay 308 which ac-
cordingly deenergizes. Relay 308, upon deener-
gizing, at armature 3486 prepafres a point in the
original energizing circuit of relay 308, at arma-
ture 347 opens the energizing circuit of relay 303
which is now held energized over 1its locking cir-
cuit, and at armature 348 opens a point in its
own locking circuit and prepares a circuit for re-
lay 309. From the foregoing it will be seen that
relay 303 follows the pulses of line 201; that re-
lays 308 and 309 are energized on the first pulse,
and for each odd pulse; that relays 309 and 308
are deenergized on the second pulse or on each
even pulse; that relay 898 grounds the odd pulse
conductor 384 on energization and grounds the
even pulse conductor 386 on deenergization to suc-
cessively operate the connector group relay such
as relays 411, 421, etc. The circuit for reoperat-
ing impulse repeating relay 303 is faken through
armatures 347 and 359 so that the circuit to re-
lay 363 cannot be closed until relays 308 and 309
have operated or released.

2,022,503

As is well known the line relay, such as relay
207, may be sluggish ih its deenergization due to
the leaky or heavily loaded condition of the line
connected with. In order to instire correct puls-
ing a so-called lock-pulse arrangément is. pro-
vided. In this arrangement the armatures or
springs operated by line reilay 207 have & strong
adjustment or tension and the springs or arma-
tures operated by pulse repeating relay 303 also
have a very stiff adjustment so that this relay
will very quickly fall back when its circuit is mo-

mentarily opened by line relay 207 at armature
When relay 303 is deenergized such relay

234,
cannot again energize until the repeating relays
208 or 309 have operated or released to close the

circuit for relay 303, even though the line relay
is immediately reoperated. Relays 308 and 309

need not necessarily be fast operating relays in
order to repeat the impulses received. In addi-
tion a primary circuit or artificial leak is pro-

vided through resting contacts on the line relay:
207 for facilitating its reoperation over long, clear’

jines. This impulsing circuit in combination with
the odd and even pulsing circuits has proven to

ke a very satisfactory circuit arrangement on lines 25
of varying electrical characteristics which here-

tofore have prevented automatic working.
In response to the third pulse relays 207 and
283 deenergize and relay 303 causes the energiza-

first pulse.
ductor 334 the third connector group relay 4314
(not shown) is energized over the odd pulse con-
ductor 384 at armature 468. In the same manner

1

s

Ky

200

as described for relay 421, relay 431 (not shown) ¢

closes its upper armatures to connect the test
1eads of the 30-line group; opens the locking cir-
cuit of relay 821 which deenergizes; closes its own
iocking circuit; prepares the circuif through its
associated line connecting relay (not shown) sim-
ilar to relay 420; and connects the connector
group test relay of the 48-line group (not shown)
to the even conductor 386. At the end of the
third pulse relays 207, 303 and 308 energize as

previously described for the end of the first pulse. |

In response to the fourth impulse relays 287,
3083 and 309 deenergize as described for the sec-
ond impulse. When relay 399 grounds the even
conductor 386 the connector group test relay (not

shown) for the 40-line group is energized in a .2

manner similar to that previously described.
This connector group relay closes the test leads of
the 40-line group; opens the locking circuit of
the connector group relay of the 38-line group

which deenergizes; closes its own locking circuit; -

prepares a circuit through its own associated line
connecting relay (not shown), and connects the
connector group test relay of the fifth line group
(not shown) to the odd conductor 384.

In the same manner as just described each odd ¢

pulse grounds the odd conductor 384 to energize
the corresponding connector group relay, and each
even pulse grounds the even conductor 388 to en-
ergize the -corresponding connector group test
relay. 'The connector group test relays 4345 and
261 and the associated connector -group line con-
necting relays 436 to 450 are not shown because
their circuit operations are identical with the con-
nector group relays shown. In response to the
seventh pulse odd conductor 384 is grounded by
relay 309 to energize the connector group test re-
lay 471 of the 78-line group by way of armature
456 on the connector group test relay of the 66~
line group. Relay 47i at its upper armatures

At

tion of relay 309 as previously described for the
Vhen relay 309 grounds the odd con-

PRV

connects the test leads of the lines in the 18-group 75
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-to- the’ connector unit’ relays,: at-armature:452
-.opens the locking circuit of thelast: operated con-
-nectorzgroup test relay, at armature:453:closes

its own locking circuit; at armature: 454 connects

- the connector group test relay:481 of the:80-line
_group to-even conductor 386, at armature 455 pre-

pares the circuit to line connecting relay 370.0of

‘the:70-<line group and at-armature 456 :prepares
.. cireuit for the ring reversing relay 314.

Relays 207 and 303 remain energized after ‘the
last impulse .of the series and after an interval
slow to release relay 307 deenergizes. At arma-
fure 343 relay 307 opens a ‘point-in the: pulsing
circuit as well as the helding circuit of relay 306
which accordingly deenergizes, and at armature

" 345 opens a point in the original energizing cir-
- cuit of relay &11.

Relay 306, upon deenergizing,
at armature 336 removes the short circuit from
the repeating coil RC, at -armature 337 .opens
the locking circuit of relay 312 and substitutes
the: circuit through the lower winding of relay
311 in series with the winding of relay 312, where-

by relay 212 is maintained energized and relay

311 is energized over the circuit from grounded
conducior- 258 in series with' the-winding of* re-
lay 312. At armature 238 relay 306 opens the cir-
cuit to relays 308 and 209 to deenergize the same
if they should be energized at this time, at arma-
ture 339 opens a point in the circuit to the busy
relay 305, and at armature 340 reconnects ground-

" ed conductor 259 to conductors 2569 and 394. Re-

lay 314, upon energizing, in series with relay 312,
at armature 257 prepares a locking circuit for

_itself, at armatures 23568 and 359 prepares the

pulsing circuit over the odd-and even conductor
382 and 385 to the connector unit relays and at
armatures 368 and- 361 .prepares a circuit for
connecting the grounded lock conductor 278 to
conductor 386.

“The calling subscriber may now dial the sec-
ond digit of the desired called subsecriber’s num-
ber. 'In ‘the same manner as previously described,

‘the line relay 207 and repeating relay 303 ‘deen-
-ergize for each impilse and in response to’ the
“first impulse completes-the circuit for energiz-

ing relays 306, 387 and 398. 'Relay 306, upon

energizing, at armature 337 opens the holding -

circiiit of relay 202 to cause this relay to deen-
ergize and likewise completes a locking circuit
through the upper winding of relay 311 for main-
taining this relay in- energized’ position. *In-re-
sponse to the energization of relays-307 and 369

o cireuit is completed for -energizing the first -

connector unit relay 401. Relay 312, upon ‘de-
energizing, at armatures 364 to*387- prepares the
pulsing circuit for the code selecting relay CSR.

Relay 401 energizes over the following circuit:
from grounded lock conductor “278, armatures

412, 415, 432, and similar armatures on the con-
‘nector unit relays (not shown), conductor ‘387,

working contact and “armature ‘364, armatures

"345 and 353, armature 361 and -working contact,

conductor 398, and through the winding of relay
201 to hattery. At armatures’492 and 493 relay
apl connects the talking conductors 252 and 255
of the link to the connector group relays, at ar-
mature 484 connects the test conductor 382 to the
test conductor 34 of line 71; at armature 435 com-
pletes a locking circuit for itself from grounded
lock conductor 218 through the armatures of the
unoperated connector unit relays, at “armature
436 prepares a circuit to the succeeding even
connector unit relay 402, at armature 431 pre-
pares a point in the circuit for the trunk switch

-through relay 243, and at armature 438 grounds

swith the odd conductor’ 383.
_ner -as ‘just described the remaining. connector

- conductor::382. “Line relay. 297 energizes -at the
-end: of-each.pulse-and: again completes the cir-

.cuiti for energizing repeating relay 303 in'case

‘relays-308-or-309 have operated or released, as

previously described. )
Tn -order-to describe the operation of the con-
nector unit relays it will be assumed that the

second digit being .dialied is more than the digit

1. "Relays 207, 303 and 389 deenergize in the
.gsame . -manner .-as - previously . described for the 10

second. pulse. At armature 353 relay 309 -opens
the circuit to connector unit relay 481, now held
aver its -locking circuit, and at armature '352
‘disconnects ground from -the odd pulse -con-
ductor 383 and connects ground to : the even: 13
plulse conductor:388 to energize the second con-

-nector unit relay 482. “This circuit may be traced
- as ‘follows: ground by way of armature 476 and

resting contact, armature 343, armature 352 and
resting contact, armature 359 and working con- =0

-tact,  even pulse conductor 385, armature 436

arid through the winding of relay 402 to battery.

-Atits two uppermost armatures-relay 402 con-

nects the link line conductors 252 and:256 to the
contacts of the connector group relays, at theis
third uppermost contact connects the link test
conductor -382 to the test conductor of line 712

‘by way of the operated contacts on connector
.group relay 811, ‘At.armature 483 relay 492 com-~

pletes a locking circuit for itself from grounded 9
locking conductor 218 by way of armatures 412
and 416 and similar-armatures on other con-
nector umnits relays (not :shown);: at armature
432 opens the locking circuit of relay 401 which

~now. deenergizes -and -at .armature’ 434 connects-:J

the third connector relay:463 (not shown) -to.the
odd.pulse conductor 383. :At the-end of ‘the sec-
orid pulse relays 207-and 303 reenergize:-and relay

.208 deenergizes, as previously described.

In response to the third pulse relays 207 and'4)

1303 deenergize and relay 389 reenergizes to ground

the odd -pulse conductor ‘383, as previously de-
scribed. 'The third connector unit relay 463 (not
.shown) s energized: to connect. up the test con-
ductor of line 13; to unlock the second connectorids
relay 492-which- accordingly deenergizes; to lock

.itself to lock conductor 218; and to connect the
“fourth connector ‘unit relay (not.shown) to the

even. pulse’ conductor” 385. Relays 207, 363 and

:308..energize at the end.cf the third pulse,: as-30
.previously deseribed. i

“Inresponse to the fourth pulse relays 207,:363 -

~gnd: 308 deenergize, as previously described. ‘At
~grmature. 352 relay 389 grounds’ the even ‘pulse

conductor ‘385 to energize the fourth connector-i3
unit relay. “The fourth connector unit relay con-
nects up the test conductor of line “14; unlocks
the third connector unit relay which deenergizes;
locks ‘itself to lock:.conductor 278; -and connects
the ‘fifth -connector : unit relay (shown. dotted) 69
In the same man-~

unit relays-are ensrgized and deenergized in re-

gponse to succeeding pulses’ to connect the test
“conductors ‘of -the: succeeding lines’ in‘'the .group 63
‘4o the -link test conductor 382.

Since, in this
case subscriber S4 on line Tl is being callad, the

-second ‘digit: therefore ‘comprises only one’ pulse

and therefore the first connector unit relay 4¢1

‘is energized to connect the test conductor <34 -of 7V
“line 11 to'the link test conductcr.

-After the last impulse of the second digit relays

2207 -and 803 remain energized and relay 307 falls
“back after an interval.
--opens-the locking circuit of relay 306 which there- 75

At:armature 343 relay 397
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upon deenergizes. Relay 306, upon deenergizing,
at armature 337 opens the locking circuit of re~
lay 311 which likewise deenergizes; at armature
338 opens the circuit extending through the lower
windings of relays 308 and 309 to deenergize the
same if they are energized; and at armature 340
grounds conductors 269 and 394. Relay 31,
upon deenergizing, at armature 357 opens a point
in its own locking circuit, and at armatures 358,
3859, 350 and 361 prepares the impulsing circuit to
the code selecting relays CSR shown in Fig. 6.

The calling subscriber now dials the third or
code selecting digit of the desired called subscrib-
er’s line. Line relay 207 follows the impulses
transmitted by the calling subscriber again caus-
ing relay 308 to deenergize for each pulse. Relay
306, 307 and 309 energize in the same manner
as previously described. At armature 339 relay
306 prepares the circuit for busy relay 395. At
armature 343 relay 307 completes the locking cir-
cuit for relay 388, and at armature 345 prepares
the circuit for relay 618. At armature 352 relay
309 grounds the cdd pulse conductor 388 in re-
sponse to the first pulse and at armature 353 com-
pletes an energizing circuit for relay 618. This
circuit may be traced as follows: from. grounded
armature 323, conductor 2718, armature 241, con-
ductor 279, armatures 652, 642, 632 and 622, con-
ductor 385, resting contact and armatures 367 and
361, armatures 353 and 345, armatures 369 and
365 and their resting contacts, conductor 396, and
through the winding of relay 618 to battery.

The first code selecting relay 8§18 energizes over
the above traced circuit, and at armature 6ii
closes the circuit for energizing the busy test re-
lay 305 in its first step in series with test relay 315
in case the called line is busy. At armature 613
relay 610 completes a locking circuit for itself
through the armatures 622, 632, 642 and 652 to
the grounded lock conductor 218, at armature 6{4
connects the second code selecting relay 620 to the
even pulse conductor 397, and at armatures 615
and 616 prepares points in the code ringing cir-
cuit. . At the end of the first pulse relays 201, 303
and 398 energize as before.

In response to the second pulse relays 207, 303
and 309 deenergize, as previously described. At
armature 353 relay 309 opens the original ener-
gizing circuit of relay 610, which is now held en-
ergized over its locking circuit and at armature
352 grounds the even pulse conductor 397 to en-
ergize relay 620. This circuit may be traced as
follows: from ground by way of armature 376 and
resting contact, armature 343, armature 352 and
resting contact, armatures 359 and 365 and their

resting contacts, conductor 397, armature 614, and '

through the winding of relay 620 to battery. At
armature 621 relay 620 connects the test relay 315
in series with the busy relay 305 to test the idle
or busy condition of the called line, at armature
622 opens the locking circuit of relay 610 which
now deenergizes, at armature 623 closes its own
locking circuit to grounded lock conductor 279,
at armature 624 connects the third code selecting
relay 630 to the odd pulse conductor 398, and at
armatures 625 and 626 prepares points in the code
ringing circuit.

Code selecting relays 630, 640 and 650 energize
in response to the third, fourth and fifth pulses
as a result of relay 309 alternately grounding the
odd and even pulse conductors 398 and 397. Each
subsequently operated code selecting relay opens
the locking circuit to the previously operated code
selecting relay to cause its deenergization. In re-
sponse to the sixth pulse relay 660 energizes over

2,022,503

the even pulse conductor 397. At armature 661
relay 660 again completes the busy test circuit, at
armature 663 locks itself to grounded lock conduc-
tor 219, at armature 664 opens its original ener-
gizing circuit after completion of its locking cir-
cuit, at armature 685 switches from one set of
code ringing contacts to the other set, and at
armature 666 completes the circuit for energizing
the ring reversing relay 3i14. This circuit may be
traced as follows: from ground by way of arma-
tures 456 and 438, conductor 392, armature 666,
conductor 379, and through the winding of relay
314 to battery. At armatures 371 and 3712 relay
3t4 reverses the ringing connection so that gen-
erator will now be connected with the positive line
conductor instead of the negative line conductor.

In response to the seventh pulse relay 309 at
armature 353 completes an energizing circuit for
relay 619 as follows: from grounded lock conduc-
tor 219; armature 663, armature 664, and working
contact, armatures 642, 622 and 622, conductor
399, resting contacts of armatures 367 and 36,
armatures 353—345, armatures 368 and 366 and
their resting contacts, conductor 396 and through
the winding of relay 6{8 to battery. Relay 610

_operates its armature for the purpose previously

stated and in addition at armature 612 opens the
locking circuit of code selecting relay 659 to cause
its deenergization. In response to the eighth,
ninth, and tenth pulse code selecting relays 620,
€30 and 640, respectively, energize and lock, and
deenergize the previously energized code selecting
relay in the same manner as previously described.
From the foregoing it will be seen that the code
selecting relays 610, 620, 630, 640 and 650 are
energized in response to the first five impulses in
the code selecting digit, that relays 659 and 658
are energized for the sixth pulse, that relays 610
and 669, relays 620 and 668, relays 630 and 660,
and relays 648 and 668 are energized for the sev-
enth, eighth, ninth and tenth pulses.

In case the called line is busy a circuit is com-
pleted for energizing the busy test relay 305 in
its first step in series with the marginal test re-
lay 315 as follows: from ground on the test con-
ductor 34 of the called line, armatures 474 and
494, conductor 382, through the upper winding
of marginal test relay 315, conductor 381,
through the operated one of the multiple contacts
611 to 661, inclusive, conductor 394, resistance
341, armature 339 and through the winding of
busy test relay 305 to battery. Busy test relay
305, due to resistance 341 closes only its “X” con-
tact at armature 334 to prepare a circuit for fully
energizing itself when relay 305 later on deener-
gizes. After the last pulse of the code selecting
digit relays 287 and 303 again energize, and re-
lays 306, 307, 308 and 309 deenergize, as previous-
ly described. Relay 306, upon deenergizing, at
armature 339 completes the circuit for fully en-
ergizing the busy test relay 385 as follows: from
grounded conductor 259, armature 324 and work-
ing contact, normally closed springs controlled by
armature 339 and through the winding of busy
relay 3085 to battery.

Assuming, however, that the called line is idle,
then busy relay 3065 is not energized because no
ground is connected to the test conductor 34 of
the called line. Now, when relay 308 deenergizes
after the code selecting digit a circuit is com-
pleted for energizing the test relay 215 in series
with the cut-off relay 22 of the called line as fol-
lows: from grounded conductor 289, armature
334 and resting contact, on the unoperated busy
relay 305, armature 340, conductor 394, through
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the operated one of the armature 611 to 661, in~

clusive, conductor 381, through the upper wind--

ing of test relay 315, conductor 382, armatures
484 and 674, conductor 34, armature 25 and rest-
ing contact, and through the winding of cut-off

relay 22 to battery. At armature 317 relay 345

completes its own locking circuit before operating
its remaining armatures as follows: from ground
at the normally ciosed springs controlled by
armature 228, conductor 275, armature 322, con-
ductor i%3, armature 817 and through the lower
winding -of test relay 8i5 to battery. At arma-
ture 313 relay 315 prepares a circuit for conneeting
ground to the negative link conductor 252 since
ring reversing relay 814 is energized, at armature
314 prepares the circuit for connecting generator
to the positive link conductor 285, at armature
375 connects direct ground to conductor 382 to

maintain the called line busy; at armature 376:

grounds conductor 268 to energize the prepared
connector group relay, in this case relay 410, and
at armature &8 prepares the circuit for energiz-
ing the pick-up relay 670.

The circuit for energizing connector group re-

5 lay 678 may be traced as follows: from grounded

armature 378, and working contact, conductor
288, armature 455 on the operated connector
group relay 474, and through the winding of relay
478 to battery. At armatures 472 and £73 relay
479 connects the line conductors 32. and 33 of the
called line to the link conductors 252 and 258.
When cut-off relay 22 energizes in series with
relay 215 that relay at armatures 27 and 29 dis-
connects the line relay 21 from the line conductor
32 and ground, at armature 28 connects. the
grounded test conductor 34 to the finder test con-
ductor 35 to mark this line as busy in the finder
end of the link circuit, and at armature 28 com-
pletes an obvious circuit for energizing the lock-
oub relay 23. Relay 23, at armature 31 opens a
point in the start circuit to start conductor 67.
At the beginning of each code ringing cycle
generated by the ringing machine (not shown)

the ringing machine grounds the pick-up lead.

and completes the circuit for energizing relay

878 as follows: from grounded pick-up lead ex~

tending from the ringing machine, normally

closed springs controlled by armature 672, con-
ductor 388, armature 878, conductor 276, arma~

ture 249, conductor 277, and through the wind-~
ing of pick-up relay 818 to battery. Af arma-

ture 87! relay 8%8 prepares a circuit for ringing.

relay 218, at armature 872 opens its original en-
ergizing circuit and completes its locking circuit
to lock conductor 279, and at armatures 673 and
614 prepares further points in the circuit to ring-
ing relay 313. i
The ringing machine is arranged to ground the
code ring conductors at certain predetermined
times during its cycles of operations, as indicated
at the lower left-hand corner of Fig. 6. For ex-
ample, &4 indicates that this conductor is
grounded at predetermined periods in each cycle
to operate the ringing relay 313 to generate four

short vings, then a pause, followed by four more:
short rings. In this case, assuming that the code:

ring conductor 2—2 has been selected, then ring-
ing relay 1% is energized over the following cir-
cuit: from ground at the ringing machine over

the conductor marked 2—2, resting. contact and’

armature 881, armabures 645 and 613, working
contact and armature 665, conductor §88, arma-

ture 8711, conductor 389, and through the winding:
of ringing relay 2{8 to battery.. The code ring.
conductor 2—2 was selected because in this case:

9

it is-assumed: that the code selecting digit dialled
was the digit 0, in. which case code selecting re-
lays 640 and 660 have been operated and locked
in: operated position. Each time ringing relay
348 is energized from the ringing machine said 5
relay at armature 368 connects ground by way
of armatures 371 and-313 to the negative link con-
ductor. 252 since relay 84:is energized; at arma-
ture 369 connects generator to the- positive link
conductor 255 by way of arinatures §72 and 374 14
to code ring the called subscriber, and st arma-
ture 376 completes an obvious circuit for en-
ergizing condenser: discharging relay 318. Relay
318 follows the impulses transmitted by ringing
relay 248, but due-to its slow release characteris- 15
tics this relay lags behind ringing relay 363 and
at armature 354 connects battery through resist-
ance 355 to the negative link conductor 352 mo-
mentarily after each application of generator in
order to discharge the condensers associated with g
the ringers on the called line. At armature 85%
relay 310 completes a circuit for transmitiing ring
back tone to the calling subscriber as follows:
from generator through working contact and
armature 356, working contact and armature 328, o5
the tone condenser TC to conductor 254 and
thence over the calling subscriber’s loop, as pre-
viously described.

Ringing current to the called subscriber may
now be traced as follows: from generator, work- gg
ing contact and armature 312, working contact
and armature 369, armature 374, positive link
conductor 255, armatures 493 and £13, conductor
33, through the ringers connected to the positive
line conductor of this line to ground.” Incase the g5
ringers of this line should be bridged instead of
grounded, then the ground return circuit extends
back by way of negative line conductor 32, arma-
tures 472 and 492, conductor 252, armatures 378,
368; and- 371 to ground.. 40

When subscriber S4 answers. his code ring dur-
ing the silent. period or when ringing relay 3(3
is in. deenergized position. back bridge relays 2{i
and 212. energize in.case the called line is a me-
tallic line, or in case the called line is a grounded ¢5
line then relay 211 alone is energized. - The cir-
cuit for energizing back bridge relays 2{! and 212
in case of a metallic line may be traced as follows:
from ground through. the winding of relay 212,
lower right-hand winding of repeating coil RC, 50
conductor 256, resting contact and armature 388,
armature 314, over the circuit to the called sub-
scriber’s -loop previously traced for ringing cur-
rent, back to conductor 252, armatures 373 and
368; conductor 253; through the upper right-hand 55
winding of repeating coil RC over armatures 238
and 327.in multiple, through the winding of relay '
211 to-battery. In case the called line is a
grounded line relay 212 is short circuited over the
following path: from the grounded positive line 0
conductor of the-called line-over armatures 473
and 493, conductor 255, armatures 374 and 389,
conductor 256, through right-hand winding of
repeating coil- RC, and through the winding of

relay 212 to ground. 65

Relay 211, upon energizing, at armature 242
and resting contact opens a point in the circuit
to disconnect relay 206 and at its working contact
completes a circuit for energizing relay 213. At
armature 243 relay 211 completes a circuit for
energizing the battery reversing relay 289 in case
the calling line is such as to require reverse bat-
tery supervision. 'The circuit for energizing relay -
219 may be: traced as follows: from ground ai
armature 324, conductor 285, armature 242 and 75
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working contact, normally closed springs con-
trolled by armature 237, and through the winding
of relay 210 to battery. Atarmature 237 relay 219
completes its own locking circuit to grounded con-
ductor 259 and opens its original energizing cir-
cuit, at armature 238 completes the talking cir-
cuit, at armature 236 removes the short circuit
from around relay 208 to permit its energization
in case the calling line is a metallic line, at
armature 239 opens one of the multiple circuits
to relay 302, at armature 240 opens the circuit to
pick-up relay 610 which accordingly de-energizes
and at armature 241 disconnects ground from
lock conductor 279 to cause the deenergization of
the operated code selecting relays. Relay 208
now operates in series with the calling sub-
scriber’s loop and relay 207 in case the calling
line is a metallic line as follows: from ground
through the winding of relay 208, normally
closed springs controlled by armature 234, lower
left-hand winding of repeating coil RC, resting
contact and armature 241, conductor 15, arma-
tures 173 and 113, positive line conductor 15 of
line 17 and thence through the calling subscriber’s
loop and over the previously traced circuit
through the winding of line relay 207 to battery.
In case the calling line is a grounded line then the
positive line conductor such as conductor 15 will
be grounded and relay -208 is prevented from
operating. Relay 208, upon energizing if the
calling line is a metallic line, at armature 232
completes a circuit for energizing battery revers-
ing relay 209 in case the calling line is in a group
requiring reverse battery supervision, in which
case conductor 158 is connected to contacts, such
as contacts {18, to conductor 15T which is ground-
ed thereby completing the circuit by way of arma-
ture 243 for energizing the battery reversing relay
209. .

All the code selecting relays in Fig. 6 now re-
store and relay 660 at armature 666 opens the cir-
cuit to ring reversing relay 314 and relay 6710 at
armature 671 opens the circuit to ringing relay
313. Relay 209, upon energizing, at armatures
233 and 234 reverse battery to the calling line,
and at armature 235 completes a locking circuit
for itself independent of armature 232.

‘When the calling line is a metallic line, talking
battery is supplied from the windings of relays
207 and 208 through the left-hand windings of
the repeating coil RC over the resting contacts
and armatures 246 and 247 to conductors 150 and
151, and thence over the calling loop. In case
the calling line is a grounded line, then talking

battery is supplied through the winding of line

relay 207 and from the grounded positive line
conductor of the calling line. When the called
line is a metallic line talking battery is supplied
through the windings of relays 21{ and 212 over
the previously traced circuit to the called sub-
scriber’s loop and in this case if relay 2{8 is oper-
ated the circuit for relay 211 extends from the
winding of repeating coil through armature 327
and conductor 266. In case the called line is a
grounded line then the battery is supplied through
the winding of relay 211 and irom ground on the
grounded positive line conductor of the called line.

After conversation and responsive to the called
party replacing his receiver relays 211 and 212
deenergize. At armature 243 relay 211 opens the
circuit of relay 209 in case it is energized, and at
armature 242 prepares the circuit for the discon-
nect relay 208 so that this link will be automati-
cally released after a predetermined interval
if the calling subscriber fails to replace his re-
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ceiver. Battery reversing relay 209, if energized,
now deenergizes and reverses battery to the call-
ing line for supervisory purposes. In response to
the calling subscriber replacing his receiver line
relay 287 deenergizes and likewise relay 288, if
energized. At armature 230 line relay 287 opens
the circuit of relay 383 which deenergizes and at
armature 231 opens one of the multiple ground
circuits to slow to release relay 381. Relay 303,
upon deenergizing, at armature 325 opens the
circuit of slow to release relay 301, at armature
327 disconnects relay 2if from conductor 253,
and at armature 326 closes the circuit for relays
306, 307 and 389. Relay 381, upon deenergizing,
at armature 318 opens the circuit-of relay 332
and disconnects ground from test conductor 152
to open the circuit of the cut-off relay 2. Cut-off
relay 2, upon deenergizing, at armature 18 opens
the circuit of lock-out relay 3, and at armatures
8 and 9 operatively connects line relay | to the
line. After an interval lock-out relay 3 desner-
gizes and at armature 12 prepares the circuit for
start lead 61.

Slow to release relay 302, upon deenergizing,
at armature 320 disconnects ground from re-
lays 306, 397 and 309 to cause their deenergiza-
tion, at armature 32! disconnects ground from
conductor 265 to open a point in the circuit of
the disconnect relay 206, at armature 322 opens
the locking circuit of relay 315 and disconnects
ground from conductors 153 and (57 to unlock
the operated finder group relays 10 and i, the
operated finder unit relay 1681, and relays 264 and
202, At armature 323 relay 302 disconnects
ground from the lock conductor 278 to unlock the
operated connector unit relay 491 and connector
group relay 474, Relay 401, upon deenergizing,
at armatures 492, 493 and 494, disconnects the
conductors of line Ti1 from the contrel relays in
the iink. Relay 471, upon deenergizing, at arma-
ture 474 disconnects the test lead 34 from the link
circuit thereby opening the circuit to cut-off re-
lay 22. At armature 455 relay 471 opens the cir-
cuit to relay 4710 which accordingly deenergizes
and disconnects the line conductors 32 and 33
from the link. Relay 35, upon deenergizing, at
armature 375 disconnects ground from test con-
ductor 382, at armature 376 disconnects ground
from conductor 268 to open the circuit of relay
410, and at armatures 373 and 374 opens 2 point
in the talking circuit. Relay 204, upon deener-
gizing, at armature 221 opens the locking circuit
from relays 210 and 204 to cause the latter re-
lays to deenergize,

Relay 118, upon deenergizing, at armatures
112 and {13 disconnects the line conductors {4
and {5 from the repeating coil RC. Reiay (i1,
upon deenergizing, at armature 114 disconnects
the test lead of the line from test conductor 152.
Relay 101, upon deenergizing, at armatures §72,
173 and 14, disconnects the control relays of the
link from the calling line. Relay 202, upon de-
energizing, at armature 217 transfers the trans-
fer relay 281 from direct ground to the in lead
281 of the start chain so that if the in lead 281
is grounded at this time the transfer relay 261
will not restore and interfere with the operation
of a succeeding link. In case the in lead 281 is
not grounded 26! desnergizes and at armature
218 opens a point in the all link busy chain. At
armature 215 relay 28! disconnects the out lead
282 and connects up the in lead 28¢ to line re-
lay 207. Relay 210, upon deenergizing, at arma-
ture 236 short circuits relay 298 and grounds con-
ductor 151, at armature 237 opens a point in its
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own locking circuit as well as preparing its own
original energizing circuit, and at armature 228
separates the right-hand windings of repeating
coil RC. Relay 234, upon deenergizing, at arma-
ture 328 restores the circuit for connecting dial
tone to a calling line, and at armature 330 pre-
pares & point in the circuit to relay 312 as well as
a point in its own original energizing circuit.
Cut-off relay 22, upon deenergizing at armatures
27 and 28 prepares the circuit for line relay 21
and at armature 29 opens the circuit to lock-out
relay 28. Lock-out relay 23 restores and at arm-
ature 3! prepares the circuit to start lead 67. All
relays are now in their normal position and the
link circuit may be used in a subsequent call,
Assuming now that the called line was busy in-
stead of idle, and returning to the operation at a
time when busy relay 205 was fully energized
after the code selecting digit was dialled, busy
relay 308, upon energizing, at armature 33f con-
nects the busy tone to the calling line as follows:
from busy tone by way of armature 33(, resting
contact and armature 356, working contact and
armature 228, tone condenser TC, conductor 254,
resting contact and armature 246, and thence
over the calling subscriber’s loop, as previously
described. At armature 332 relay 285 prepares
a circuit for grounding test lead 382, and at arm-
ature 3323 opens the circuit to relays 396, 307 and
389 and likewise prepares a circuit for reoper-
ating relay 383 in case relay 207 is again operated.
At armature 338 relay 385 prepares a point in
the circuit to reverting call relay 2£% and at arm-
ature 334 completes a locking circuit for itself
as follows: from grounded conductor 252, arm-
ature 334 and working contact, normally closed
springs controlled by armature 388, and through
the winding of busy relay 385 to battery. After
receipt of busy tone the calling subscriber re-
places his receiver, thereby opening the circuit
to line relay 287, which accordingly deenergizes
and causes the release of the operated relays in
the manner as described for the release from an
idle line. In this case, since busy relay 205 is en-

" ergized, the deenergization of relay 204 at arma-

ture 221 opens the circuit of busy relay 3685 to
cause its deenergization.

The foregoing circuit descriptions are the cir-
cuit operations for ringing the subscribers, such
as subscribers S4 and S8, which have their ring-
ers connected to the positive line conductor.
As diagrammaitically illustrated in Fig. 4 line TI
has ten substations connected thereto, five of
such substations having their ringers connect-
ed fo the negative line conductor and the re-
maining lines having their ringers connected to
the positive line conductor.. In order fo ring
the subscribers having their ringers connected
to the positive line conductor, the code ringing
digit dialled is six or more so that the code se-
lecting relay 668 will be energized to cause the
energization of ring reversing relay 314, as pre-
viously described. In order to ring the sub-
scribers having their ringers connected to the
negative line conductor the code ringing digit
dialled is less than six, and therefore relays 660
and 3(4 are not energized. In this case the op-

eration of ringing relay 313 connects generator -

tc the negative line conductor to operate the
ringers thereon. This arrangement is known as
ten party divided ringing. )

Some of the party lines have as many as twen-
ty subscribers on a line, for example, the line
Nos. 26 and 27 shown in Fig. 4, illustrate a

grounded line having twenty subscribers there--

‘second set.

b &

on. As will' be noticed armafures 424 and 430
on connector group. relay 421 are tied together
and connected. to the test conductor 44 of this
I'ne. Armatures 422 and 427 and armatures 423
and 428 are tied together and connected re-
spectively to the negative and positive line con-
ductors 42 and 43. From the foregoing descrip-
tion it will therefore be understood that this
line may be connected with in response to dial-
ling the digits 2-6 or 2-7. The first ten sub-
scribers on this line are signalled by dialling
digits 2 and 6 and then a code selecting digit 1
to 0. In response to -the calling subscriber dial-
ling the digits 2-and 6 the control relays oper-
ate in the same manner as previously described
to cause the energization of the connector
unit and connector group relays 420 and A4885.
In response to dialling the code selecting digit
the code selecting relays CSR are energized as
previously described to select the . desired code.
Since in this case ring reversing relay 3i4 is
not energized, ringing relay 3{3 always connects
the generator to the negative line and since re-
lay 680 is not energized, the code selected by
the code digit dialled is determined by the con-
ductor selected over the resting contdets of the
armatures of relay 609, The second ten sub-
seribers. on this line ‘are signalled by dialling
the digits 2 and 7 and then a code selecting digit
1 to 0. 1In response to the calling subscriber
dialling the digits 2 and 7 the control relays op-
erate as previously described to cause the ener-
gization of the connector unit and connector
group relays 421 and 407. When relay 407 op-
erates its armature 414 a circuit is completed
for energizing the code switching relay 600, as
follows: from grounded conductor 279, arma-
tures 469 and 4i4, conductor 393, and through
the winding of code switching relay 500 to bat-
tery. Relay 630 at its resting contact discon-
nects- the first ten code ring conductors and at
the working confact of these armatures con-
nects the second ten code ring conductors. In
response to dialling the code selecting digit the
code selecting relays are operated as before to
select the desired code ring conductor in the
Now when the ringing relay 213 is
energized over the selected code ring conductor,
generator is connected to the negative line con-
ductor in accordance with the selected code ring
conductor. The following chart shows the digits
dialled and the code ring conductors selected in
accordance therewith:

20-party code ring

Digits Ring cond. Digits Ring cond.
1 2-3

2 2-4

3 3-1

4 3-2

1-1 3-3

12 3-4

1-3 4~1

1-4 4-2

2-1 4-3

2-2 44

A modification in Fig. 4 shows how the first or
group selecting digit dialled by the calling sub-
scriber will determine which group of code ring
conductors- are to be used in signalling the sub-
scribers on a twenty-subscriber party.line. For
example; if dotted conductor 445 shown in Fig. 4
should be arranged to permanently shuné ar-

mature 414 then whenever the group selecting.
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digit 2 is dialled the circuit for code switching
relay 5§68 in Fig. 6 is completed over conductor
382. Relay 608, it will be remembered, switches
from one set of code ring conductors to the other
set whenever the same is energized. Therefore,
in response to dialling group selecting digit 2
one group of the ten subscribers may be sig-
nailed. In order to code ring the other ten
subscribers on the line some other group select-
ing digit will be dialled to cause corresponding
connector relays to operate and extend the con-
nection to this line. In this case the connector
relay operated does not complete a circuit for
relay 866 so that the first set of code ring con-
ductors are used to signal the other group of
ten subscribers on this line.

Another modification is shown for reversing
the application of ringing current to the called
line by the energization of ring reversing relay
3i4. In this modification the circuit for relay
314 extends from ground at armature 458 over the
dotted conductor 448 (inshunt of armature 438),
conductor 392, over the dotted conductor 392’
(connected in shunt of armature 668), conductor
379, and through the winding of ring reversing
relay 814 to battery. In this case whenever con-
nector group relay &7i is energized in response
to the group digit 7, relay 3{4 is energized to
reverse the application of ringing current to the
called line so as to ring such subscribers which
have their ringers connected to the positive line
conductor and ground. In order to ring the sub-
scribers having their ringers connected to the
negative line conductor and ground of this same
line some other group selecting digit will be
dialled to cause corresponding connector relays
to operate and extend the connection to this line.
In this case the operated connector group relay
does not complete a circuit for relay 314 with
the result that ringing current is connected to the
negative line conductor when the ringing relay
313 is operated.

Reverting calls

In order to describe a reverting call it will be
assumed that substation S desires to call another
subscriber on his own line, for example, subscriber
si. Subscriber S therefore removes his receiver
and dials the line selecting digits 1 and 7 and then
the code selecting digit assigned to subscriber Si.
The finder group relays 18 and 111 and the finder
unit relay (67 operate to connect the control re-
lays of the link to line [7. The connector group
relay &1, the connector unit relay 491, and the
code selecting relays in Fig. 6 operate also in the
same manner as previously described. Since the
called subscriber, subscriber Si, is on the same
line as the calling subscriber S, line 17 is marked
busy and busy relay 355 energizes in the same
manner as previously described to transmit the
busy tone to the calling subscriber. In response
to the receipt of busy tone subscriber 8 now re-
places his receiver, thereby cpening the circuit
of line relay 207 which accordingly deenergizes.
At armature 238 relay 207 opens the circuit of
the relay 382. Relay 283, upon deenergizing, at
armature 325 opens the circuit of relay 300 and
at armature 324 grounds the test conductor 382
to meintain the line busy and to hold the cuf-
off relay 2 and slow release relay 382 in energized
position as follows: from grounded armature 324
and resting contact, armature 332, conductor 382,
armature 478, armature 497, test conductor 16 of
line 11, armature 6 and resting contact, one
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branch extending fo the winding of relay 2 to
hold said relay and the other branch extending
by way of armature 8, armatures (i4 and {74,
conductor (52, armature 222, armature 239, con-
ductor 212, and through the winding of relay 392
to battery for holding the latter relay.

Slow to release relay 381, upon deenergizing, at
armature 318 and working contact, opens the
original energizing circuit of relay 802 now main-
tained energized over the previously traced cir-
cuit, and at the resting contact of armature 318
completes a circuit for energizing reverting call
relay 205. This circuit may be traced as follows:
from ground at the resting contact of armature
324 over the previously traced circuit for holding
cut-off relay 2 and relay 302 energized to con-
ductor 152, conductor 271, armature 3{8 and rest-
ing contact, armature 335, conductor 273 and
through the winding of reverting cail relay 208
to battery. At armature 225 relay 265 opens the
circuit to finder group relay 1{0 which deen-
ergizes, at armature 225 opens one of the multiple
circuits to relay 302, and at armature 227 com-
pletes a circuit for energizing test relay 315 as
foilows: from ground at the normally closed
springs controlled by armature 228, conductor
215, armature 322, conductor (52, armature 227,
conductor 274, and through the lower winding
of relay 315 to battery. Relay {10, upon deen-
ergizing, at armatures (12 and 113 disconnects
the line conduciors {4 and {5 from the link con-
ductors 150 and i5! thereby opening the circuit
to line relay 2087, At armature 377 relay 315 com-
pletes a locking circuit for itself, at armature
378 prepares a circuit for energizing pick-up re-
lay 8§10, at armature 316 completes the circuit for
energizing relay 418, at armature 815 grounds
the test lead 382 to maintain this line busy, and
at armatures 813 and 374 prepares points in the
ringing circuit., The circuit for energizing re-
lay 416 may be traced as follows: from grounded
armature 376 and working contact, conductor
268, armature 492 and through the winding of
reldy 410 to battery. At armatures 485 and 496
relay 810 connects the iine conductors {4 and {5
to the link conductors 252 and 253.

At the beginning of the code ringing cycle the
pick-up conductor is grounded in the ringing
machine to cause the energization of pick-up re-
lay 618 as previously described. At armature 872
pick-up relay 670 completes its own locking cir-
cuit, and at armature 671 prepares the circuit for
ringing relay 313. When the selected code ring
conductor is grounded by the ringing machine
ringing relay 313 is energized over the previously
traced circuit in accordance with the number of
times the code ringing conductor is grounded by
the ringing machine in order to transmit ringing
current to line 1T. The ringing circuit may be
traced as follows: from generator, resting con-
tact of armature 374, working contact and arma-
ture 868, armature 373, conductor 282, armatures
475 and 495 to negative line conductor {4 of the
line {7 and thence through the ringers on line
{7 to positive line conductor 15, armatures 496
and 475, conductor 255, armature 374, armature
369, and working contact, armature 312 and rest-
ing contact, to ground.

At completion of the code ring and in response
to either the calling or called subscriber answer-
ing during the silent. period relay 21! energizes
in series with relay 212 over the following cir-
cuit: from ground through the winding of relay
212, lower right-hand winding of repeating coil
RC, conductor 256, resting contact and arma-
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ture 369, and thence over the previously traced
ringing circuit through the substation loop, back
to armature 368 and resting contact, conductor
283, upper right-hand winding of repeating coil
RC, armature 238 and resting contact, and
through the winding of relay 2i1 to battery. At
armature 242 relay 24{ completes the circuit for
energizing relay 218 and opens: a 'point in the
circuit to the disconnect relay 2886. Relay 213,
upon erergizing, at armature 237 closes. its own
locking circuit and opens.its original ‘energizing
circuit, at armature 236 removes the short cir-
cuit from around relay 208, at armature 241 dis-
connects ground from conductor 278 :to .deener-
gize the code selecting relays, at armature 238
opens the circuit to relays 21! and 212 which
accordingly deenergize, and at armature 239
opens the circuit to relay 332 to cause its deen-
ergization. After an interval slow to release re-
lay 302 deenergizes and at armature 323 opens
the locking circuit of relays 287 and 4f14; and at
armature 322 opens the circuit to relays 315, {{f,
167, 2904, and 282. Relay 487, upon deenergiz-
ing, at armatures 475,-475 and 478 disconnects
the link conductors 252, 285 and 2382 from line 17.
Relay 441, upon deenergizing, opens at armature
497 the circuit to test conductor {6 and at arma-
ture 492 -opens the circuit of relay 4{¢ which
accordingly deenergizes. Relay 315, upon deen-
ergizing, at armatures 373 and 374 opens further
points in the talking and ringing circuits, at
armature 375 disconnects ground from test con-
ductor 382, at armature 376 disconnects ground
from conductor 268, at armature 377 opens a
point in the locking circuit, and at armature 378
opens a point in the original energizing circuif of
pick-up relay 678, Relay 1!, upon  deenergiz-
ing, at armature ({8 opens the circuit to relay
{10 which accordingly deenergizes, and at arma-~
ture 114 disconnects the test lead of line 47 from
the link. Relay 181, upon deenergizing, at ar-
matures {72, 173 and 174 opens further points in
the link circuit. Relay 204, upon deenergizing,
at armature 22! opens the locking circuit of
relays 210, 394 and 2385. Relay 202, upon deen-~
ergizing, at armature 217 transfers rélay 201
from direct ground to the in start lead 28%.
Reverting call relay 288, upon deenergizing, at
armature 227 opens a point in the original ener-
gizing circuit of relay 315.

Cut-off relay 2, upon deenergizing, at arma-
ture 18§ opans the circuit of lock-out relay: 3, and
at armatures 8 and 18 reconnects line relay to
the conductors of line (7. Line relay { now
energizes over -the subscriber’s loop as follows:
ground by way of armature 18 and resting con-
tact, lower winding of line relay {, conductor 15,
the substation loop conductor {4, armature 8,
and through the upper winding of relay | to
battery. At armature & line relay | grounds the
test conductor 18 to busy this line in the con-
niector end of the link circuit, and at armature 7T
completes the locking circuit for lock-out relay 3.
Lock-out relay 3 is maintained energized to pre-
vent grounding of the start lead 1. Relays 305,
2{9 and 384 row deenergize. Relay 261 deen-
ergizes in case the in lead 281{ is not grounded, as
previously described. The entire link is now
released and talking battery is furnished through
ling relay | to the subscribers on line 7. After
conversation and in response to both parties
replacing their receivers line relay { restores and
cpens the circuit of lock-out relay 3 which is
likewise deenergized -and restores the line cir-
cuit to normal. .

13
Call to switchihrough trunk

It will now be assumed that subscriber S de-
sired to call a subscriber in a distant automatic
exchange, and in order to do so dials the digit 8
and 1 to connect with the trunk line extending
to this automatic exchahge. In response to sub-
scriber S removing his receiver and dialling the
digits 8 and 1 the finder relays, the control relays
and the connector relays are operated as previ-
ously . described to complete a connection with
the called trunk line. In this case, since the
digits 8 and 1 have been dialled, connector relays
481 and 481 -are energized. At armatures 484
and 494 relays 481 and 401 connect the test lead
of the trunk line 8t to test lead 382. At arma-
tures 437 and 445 busy relay 305 is connected in
series with the upper winding of switchthrough
relay 243 to the test conductor 382 to test the
busy or idle condition of this trunk line. In
case the trunk line 81 is busy, ground on the test
conductor 487 of trunk line 81 completes a cir-
cuit for energizing busy relay 305 to close its
“X” contacts, thereby preparing a circuit for
fully energizing itself then relay 386 deenergizes
shortly after the impulsing period. This cir-
cuit may be traced as follows: from grounded
test conductor 487, armatures 484 and 434, con-
ductor 382, armatures 437 and 445, conductor
270, upper winding of switch-through relay 213,
conductor 268, armature 317, resistance 341,
armature 339, and through the winding of busy
relay 2385 to battery. Due to resistance 341 in
the circuit relay 2138 is not energized over the

abave traced circuit and the busy relay 395 oper- ¢

ates to close only its “X” contact at armature
334. When relay 308 deenergizes shortly after
the second impulsing period, as previously de-
scribed, sald relay at armature 339 closes the
circuit for fully energizing busy relay 305 from
grounded conductor 259. Busy relay 3085 now
operates as previously ‘described and connects
busy tone to the calling line. The calling sub-
scriber then hangs up to restore the link.

In case the trunk line 81 is idle when called,
then there ‘is no ground on test conductor 487
and busy relay 285 is not energized. Now when
relay 385 deenergizes shortly after the second
impulsing period a circuit is completed for ener-

gizing switchthrough relay 213 in series with 5

the cut-off relay of trunk line 81 as follows: from

‘grounded conductor 2589, armature 324 and rest-

ing contact, armature 3480, armature 317, con-
ductor 288, upper winding of switch-through re-
lay 213, conductor 276, armatures 445 and 437,
conductor 387, armatures 494 and 484, conductor
487, and through the cut-off relay associated
with this trunk lins to battery. At armature 250
relay 2138 closes its own locking cireuit to ground
at armature 318 and at armatures 246 and 247
disconnects the calling line from the left-hand
windings of the repeating ccil and connects the
calling line to conductors 252 and 255 direct.
At armature 248 relay 213 opens a point in the
circuit to disconnect relay 296, at armature 249
disconnects ground from conductor 262 to open
one of the multiple grounds to relay 381 and to
open the locking circuit of relay 304. At arma-
ture 249 and working contact relay 213 grounds
conductor 268 to complete an energizing cir-
cuit for relay 488 by way of armature 444, and
at armature 28§ connects grounded conductor
274 to test conductor 382 by way of armatures
445 and 437 to maintain the test conductor 487
grounded, Line relay 287 deenergizes when its
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circuit is opened at armatures 246 and 247 and
at armature 238 opens the circuit to relay 303.
Relay 488, upon energizing, at armatures 482
and 483 connects the trunk conductors 485 and
485 to the link conductors 252 and 255. Relay
393, upon deecnergizing, at armature 325 opens
the circuit of slow release relay 301 which deen-
ergizes after an interval. The trunk equip-
ment operates and connects ground to test con-
ductor 487 to hold relays 213, 302 and cut-off relay
2 energized. The circuit for holding relay 213
energized extends from grounded conductor 487,
armatures 484 and 494, conductor 382, arma-
tures 437 and 445, conductor 270, armatures 251
and 258, through the lower winding of cut-
through relay 213 to battery. The circuit for
maintaining relay 302 in energized position ex-
tends from grounded conductor 487 over the pre-
viously traced circuit to armature 251 and thence
over armatures 239 and 226 in multiple to con-
ductor 272 and through the winding of relay 302
to battery. The circuit for maintaining cut-off
relay 2 in energized position is the same as that
previously traced and extends from armature 251
by way of conductor 271, armature 222, con-
ductoer {82, armatures {74 and [14, armature 9,
and through the winding of cut-off relay 2 to bat-
tery. The calling line conductors 14 and I5
are now both connected directly to the trunk
conductors 485 and 486 whereby the calling
subscriber may now dial the digits of the desired
subscriber at the automatic exchange to op-
erate the automatic switches therein to com-
plete the desired connection in the well known
manner, Talking battery to both the calling and
called subscriber is furnished from the automatic
exchange. .

After conversation and in response to the call-
ing subscriber replacing his receiver, the switches
in the automatic exchange release and discon-
nect ground from test conductor 487, thereby
opening the holding circuit of relays 213, 302 and
cut-off relay 2. Relay 213, upon deenergizing,
at armature 249 opens the circuit of relay 480.
Cut-off relay 2 deenergizes and opens the circuit
to lock-out relay 3 and connects the line relay
! to the line conductors of line IT. Slow to re-
lease relay 382 deenergizes and at armature 322
opens the circuit to the finder relays 110, Ili
and 107 and relays 204 and 202. At armature 323
relay 382 opens the circuit to connector relays
481 and A81. Relay 480, upon deenergizing, at
armatures 482 and 483 disconnects the talking
conductors of the link from the trunk line. The
lock-~out relay 3, the finder relays 110, (11, and
{87, deenergize as previously described. Relays
284 and 282 deesnergize and the latter relay con-
nects the transfer relay 281 to the in lead 281.
Connector relays 481 and 481 likewise deenergize.
Tn case the in lead 281 is grounded transfer relay
281 is maintained energized, otherwise relay 201
deenergizes and the link may be used on subse-
quent-calls.

Incoming trunk calls-operate the link circuit
the same as previously described for a local sub-
scriber calling another local subscriber. In this
case, however, reverse battery supervision is
needed and when the local called subscriber an-
swers relay 211 energizes and at armature 243

closes the circuit for battery reversing relay 209 |

to reverse battery over the calling trunk line.
Calls to ring-down trunks are made in the same
manner as described for calls between local sub~
scribers’ lines. On disconnect, however, it is
necessary to transmit a disconnect signal over

. cuit for relay 590.

2,022,503

the ring-down trunk to signal the distant oper-
ator. After the completion of conversation over
a ring-down trunk the calling subscriber re-
places his receiver to cause the deenergization of
relay 207. At armature 238 relay 207 opens the
circuit of relay 803 which deenergizes and at
armature 3271 disconnects battery through the
winding of relay 211 from the negative conductor
252 whereby battery is disconnected from the
negative ring-down trunk conductor to cause the
distant operator to receive a disconnect super-
vision. Relay 211, upon deenergizing, at arma-
ture 243 opens the circuit to reversing relay 299
which deenergizes if operated and at armature
242 closes a holding circuit for slow to release
relay 301 before the same deenergizes in response
to the deenergization of relay 383. This circuit
may be traced from ground at armature 821, con-
ductor 265, armature 242 and resting contact,

armature 245 and working contact, conductor 264, ¢

and through the winding of relay 381 to battery.
The restoration of the link circuit is now con-
trolled by the operator over the ring-down frunk.
When the operator at the distant end disconnects
the circuit to relay 212 is opened and said relay
deenergizes to open the circuit of relay 38{ at
armature 245 to cause the deenergization of re-
lay 301 and the release of the link as previously
described.
Permanents

The link circuit is considered held by a perma-
nent if it remains in non-talking position for a
minimum  of two minutes after seizure or after
the called subscriber disconnects. Relays 588
and 590 and interrupter 593 in Fig. 5 comprise a
timing device for causing the operation of dis-
connect relay 206 if a fault, such as a perma-
nent, appears. At two miniute intervals inter-
rupter contacts 593 are closed to complete a cir-
At armature 592 relay 599
disconnects ground from conductor 284 and at
the working contact of armature 592 completes
an obvious circuit for energizing relay 588. At

armature 581 relay 580 prepares the circuit for ¢

connecting battery to conductor 28% to energize
the disconnect relay 206 if a permanent exists.
When interrupter spring 593 opens relay 528 de-
energizes and at armature 591 momentarily con-

nects battery to conductor 285 to energize discon- 5

nect relay 206 if a permanent exists. At arma-
ture 592 and its working contact relay 598 opens
the circuit of relay 580 which deenergizes after
an interval and at the resting contact of arma-

ture 592 grounds conductor 284. Relay 580, upon !

deenergizing, at armature 581 disconnects bat-
tery from conductor 285.

In case the link is held by a permanent condi-
tion and the same is not in talking position, that

is in case relays 211, 212 or 213 are not energized, ¢

a circuit is completed for disconnect relay 28%
when relay 583 is energized and relay 539 deen-
ergizes as follows: from grounded armature 321,

[
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conductor 265, armature 242, 245 and 248 and -

their resting contacts, winding of disconnect re-
lay 206, normally closed springs controlled by
armature 229, conductor 285, armatures 581 and
591, resistance 594 fo battery. Relay 205 at
armature 228 disconnects the ground at the nor-
mally closed springs controlled by armature 228
and connects the ground on conductor 284 ex-
tending from the resting contact of armature
592 to conductor 2715 to maintain a holding con-
dition on conductor 215 until the relay 599 is
again operated. At armature 229 relay 206 opens
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a point in its original energizing circuit and com-
pletes a locking circuit for itself over conductor
286. Now, in case the link circuit has not
switched through to talking position by the en-
ergization of either relays 211, 212 or 213, before
relay 598 again energizes, then relay 590 at arma-
ture 582 disconnects ground from hold conductor
975 with the result that the link is released and
the calling line is locked out.- In case a calling
subscriber fails to -dial.or :the subscriber’s line
is held by a short circuit the disconnection of
ground from conductor 284 at armature 592 opens
the circuit to the finder relays such as 110, {11
and 107 and the lirikk control relays 202 and 204.
Restoration of the finder relays disconnects the
calling line from the link causing the deenergiz-
ation of line relay 267 and cut-off relay 2. At
armature 221 relay 204 opens the circuit of relay
212 which thereupon deenergizes. At armature
917 relay 282 connects the transfer relay 201 to
the in start lead 28{. Relays 287, 312 and 303
deenergize in the same manner as previously de-
scribed. Relay 303 at armature 325 opens the cir-
cuit of slow to release relay 391 which according-
ly deenergizes and at armature 318 opens the
circuit for relay 302. Relay 382 deenergizes and
causes the release of the remaining operated re-
lays in the same manner-as previously described.

Tn case tne calling subscriber dials-only one
digit and then fails to disconnect, the removal
of ground from conductor 284 causes the release
of the link as just described and in addition in
this case since relay-841 is energized, such relay
i deenergized in response to the restoration of
relays 264, which at armature 22! opens the cir-
cuit thereto. The operated connector group re-
lay is deenergized in response to the removal of
ground from lock conductor 278 by the restora-
tion of relay 202. In case the calling subscriber
dials two digits and then fails to disconnect the
removal of ground from conductor 284 causes the
release as previously described and in addition
causes the release of the operated connector re-
lays in response to the restoration of relay 382,

In case the cailed subscriber does not answer
within the predetermined time the removal of
ground from conductor 284 causes the deener-
gization of the relays as previously described and
in addition the deenergization of relay 3i5. At
armature 318 relay 313 opens a circuit tc the
connector group relay, at armatures 373 and 374
disconnects generator from the called line, at ar-
mature 278 opens the circuit of relay 672, at
armature 375 disconnects ground ‘from the test
Relay 302, upon de-
energizing, at armature 323 opens the locking cir-
cuit of the operated connector relays and the
operated code selecting relays. Pick-up relay 678,
upon deenergizing, at armature 67t opens the
circuit to ringing relay 2#3. 'The operated con-
nactor relays deenergize to disconnect the called
line from the link and the code selecting relays
deenergize thereby restoring the link to normal.
In case the calling subscriber fails to hang up
his receiver after the called subscriber discon-
nects, then the removal of ground from conduc-
tor 284 causes the release of relays as previously
described, and in this case relay 240 deenergizes
in response to the deenergization of relay 288
when the locking circuit of relay 218 is cpened
at grmature 22f. In g similar manner in case
the calling subscriber fails to disconnect after
receipt of busy tone then the link is released as
previously described, and relay 284 at armatbure
22{ opens the circuit of busy relay 385 and ve-

15

lay 304 which thereupon deenergize. In case both
the calling and called subscribers fail to answer
areverting call, then the removal of ground from
conductor 284 .causes the release of relays 110,
{41, 107,202, 284, and 315, as previcusly described.
The deenergization of relays 1! and {87 opens
the test leads over which relays 382 and 285 were
held energized on a reverting call. Relays 384,
305, 410, 3062, 205, 670, &1f, and 481 and the op~
erated code selecting relays deenergize as previ-
ously described to free the link.

When ground is removed from the test lead the
cut-off relay such as relay 2, deenergizes and at
armatures 8 and {8 reconnects the Iine relay |
to.the line conductor to cause its reenergization
in case a permanent condition exists on the line.
At armature {2 relay 2 opens the eircuit of lock-
outrelay 8. Line relay { immediately reenergizes
in case the line is permanent and at armature 7
locks the leck-out relay 3 in energized position
hefore the same deenergizes. At armature § re-
lay 't grounds the line to make this line busy.
When the permanent condition is cleared from
the line the circuit of line relay { is opened and
this relay deenergizes to free the line at arma-
ture 6 and at armature 7 opens the locking circuit
cof lock-out relay 3 which accordingly deener-
gizes. The line circuit is now at normal and may
be used for both incoming and cutgoing calls.

In case the finder unit relays fail to find the
calling line relay 1087 at armature {48 completes
a circuit for energizing relay 282 as follows: from
grounded conductor {53, armature 223 and rest-
ing contact, armature 228 and working contact,

conductor 155, armatures {42, {48, and similar s

armatures cn the finder unit relays, armature 43

and working contact, conductor {54, and through

the lower winding of relay 282 to battery. At ar-
mature 247 relay 282 completes the circuit for
energizing transfer relay 28i. Relay 281 at ar-
mature -2{9 closes & point in the all link busy
chain, at armature 214 completes its own lock~-
ing circuit, at armature 2i% and working contact
transfers the in start lead 281 to the out lead 282
to start the next idle link searching for the call-
ing line, and at armature 215 and its resting con-
tact opens the circuit to line relay 207. The
deencrgization of line relay 287 causes the re-
lease of the link as previously described.

‘When all the links become busy a circuit is
completed for energizing all link busy relay 538
as follows: from ground at terminal 573, over
conductors similar to conductors 283 and 288 to
terminal 574, in a similar manner over conduc-
tors from terminals 575 to 578, and from ter-
minals 557 to 578 to conductor 283, armature 2i6,
conductor 280, and through the winding of all
link busy relay 8388. At armature 53! all link
busy relay 588 removes ground from the start
circuit to prevent a waiting call from holding the
transfer relays 281 energized. As soon as any one
link becomes idle all link busy reiay 5868 deener-
gizes.

If the circuit of start relay 8{8 remains closed
for a predetermined time ground from springs 503
operated by the time switch TS completes the
circuit for relay 562. Relay 553 at armature
581 prepares the circuit to relay 578 and the
start lamp ST, at armature 582 completes a lock~
ing cireuit for itself by way of armatures &di,
512, and 581. A% armature 582 opens a point
in its original energizing circuit, at armature 584
prepares a circuit for relay 548, and at armature

‘45 prepares the circuit for the alarm lamp AL
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and opens a point in the circuit to relay 550. Letters Patent' will be set forth in the follow-

When time switch TS closes springs 502 a cir-
cuit for energizing relay 540 is completed as
follows: ground by way of springs 502, armature
BS54, through the normally closed springs con-
trolied by armature 542, and through the wind-
ing of relay 540 to battery. At armature 541 re-
lay 848 opens the locking circuit of relay 560
which thereupon deenergizes, at armature 542
completes its own locking circuit, at armature 543
opens the circuit to relay 530 if the same is ener-
gized, and at armature 544 opens the circuit to
relay 528 and removes the shunt from around
relay 538 in case relay 520 is energized. Relay
559, upon deenergizing, at armature 535 com-
pletes the circuit for energizing relay 559, and at
armature 583 prepares a point in its original en-
ergizing circuit. If relay %20 is energized at
this time relay 839 energizes in series with relay
528 when the shiant is removed at armature 544.
At armature 821 relay 530 transfers the start
lead to the middle of the chain so as to select
the next idle link near the middle of the chain.
If relay 538 is already energized the same is
now deenergized in response to the operation
of armature 543, because its circuit is open there-
at. Relay 539, upon deenergizing, transfers the
start circuit from the middle to the beginning
of the chain. The circuit for energizing relay
585 may be traced as follows: from ground by
way of armature 545, armature 555 and resting
contact, through the normally closed spring con-
trolled by armature 853, and through the wind-
ing of relay 550 to battery. At armature 552
relay 880 completes its locking circuit and opens
its original energizing circuit, at armature 552

‘prepares a locking circuit for relay 560, at arma-

ture BB{ prepares a circuit to the start lamp ST,
and at armature 584 prepares a circuit to the
alarm lamp AL. When the time switch TS again
closes springs 503 relay 560 again energizes. At
armature 582 relay 568 completes its locking cir-
cuit, at armature 561 completes the circuit for
lighting the start lamp ST and for energizing
relay 57€, at armature 565 closes the circuit for
lighting the alarm lamp AL. At armature 572
relay 570 closes a multiple circuit to the alarm
lamp or alarm sender. When the circuit to start
relay 518 is opened relay 510 deenergizes and at
armature 51 removes ground from the start cir-
cuit, at armature 512 opens the locking circuit
of relays 548, 850 and 580, and opens the circuit
to the time switch TS to stop the same. Relay
548, upon deenergizing, at armature 545 opens
one of the multiple circuits to the alarm lamp
AT, Relay 880, upon deenergizing, at armature
§u! opens the circuit to the start lamp ST and
relay 370. Relay 550, upon deenergizing, at
arinature 851 opens a point in the circuit to
the start lamp ST and relay 570, and at armature
534 opens the circuit to lamp AL. Relay 570,
upon deenergizing, at armature 512 opens the
circuit to the alarm lamp AL or the alarm sender.
From the foregoing, it will therefore be seen that
if the start relay 510 is maintained energized for a
predetermined time which time in this case would
indicate some fault, then the time switch TS
which is started in operation in response to the
cperation of relay 510 will have had sufficient time
to cause the operation just described. The opera-
tion of the time switch is slow enough so that
under normal conditions no alarm is operated.

Having described the invention, what is con-
sidered new and is desired to be protected by

ing claims:

‘What is claimed is:

1. In a telephone system, subscribers’ lines,
each line having a pair of talking conductors, a
calling test conductor, and a called test conductor,
a link having a pair of incoming talking con-
ductors, an incoming test conductor, a pair of
outgoing . talking conductors, an outgoing test
conductor, and groups of relays corresponding to i
said lines, contacts on said relays terminating
said conductors, means responsive to a subscriber
on one of said lines initiating a call for operat-
ing certain of said relays and their contacts to
connect the calling test conductor of the calling |
line to the incoming test conductor and there-
after fo connect the talking conductors of the
calling line to the incoming talking conductors,
means responsive to the calling subscriber dialling
the digits of a called subscriber for operating
certain other of said relays and their contacts
to connect the called test conductor of the called
line to the outgoing test conductor, and means
for operating a further one of said relays and its
contacts in case the called line is idle to connect o
the talking conductors of the called line to the
cutgoing talking conductors.

2. In a telephone system, subscribers’ lines,
each line having a pair of talking conductors
and a calling test conductor, a link having a pair 3
of incoming talking conductors, an incoming test
conductor, and relays, contacts on said relays
terminating said conductors, means responsive
to a subscriber on one of said-lines initiating a
call for operating certain of said relays and their 5

contacts to sequentially connect the calling test

conductors of said lines to said incoming test
conductor until the calling line test conductor is
connected with said incoming test conductor, and

0

5

0

5

means for operating a further one of said relays 49

and its contacts in response to the connection of
the calling test conductor to said incoming test
conductor to connect the talking conductors of
the calling line to said incoming talking conduc-
tors.

3. In a telephone system, subscribers’ lines,
each line having a pair of talking conductors and
an incoming test conductor, a link having a pair
of outgoing talking conductors, an outgoing test
conductor, and relays, contacts on said relays
terminating said conductors, means responsive

"to a calling subscriber dialling the digits of a

called subscriber for operating certain of said
relays and their contacts to connect said out-
going test conductor to the incoming test con- 5
ductor of the called line, and means for operat-
ing a further one of said relays and its contacts
in case the called line is idle to connect said out-
going talking conductors to the talking conduc-
tors of the called line. 6

4. In a telephone system, subscribers’ lines,
each line having a pair of talking conductors
and an incoming test conductor, a link having a
pair of outgoing talking conductors, an outgoing
test conductor, and relays, contacts on said re- 6
lays terminating said conductors, means respon-
sive to a calling subscriber dialling the digits of
a called subscriber for operating certain of said
relays and their contacts to connect said out-
going test conductor to the incoming test con- 7
ductor of the called line, a busy relay in said
link, and means for operating said busy relay
over said test conductors in case the called line
is busy to transmit a busy tone to the calling
subscriber.
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5. In a telephone system, subscribers’ lines,
each line having a pair of talking conductors and
an incoming test conductor, a link having a pair
of outgoing talking conductors, an outgoing test
conductor, and relays, contacts on said relays
terminating said conductors, means responsive
to a calling subscriber dialling the digits of a
called subscriber for operating certain of said
relays and their contacts to connect said out-

-going test conductor to the incoming test con-

ductor of the called line, a busy relay in said
link, means for operating said busy relay over
said test conductors in case the called line is busy
to transmit a busy tone to the calling subseriber,

-and means operated in case the called line is on

the same line as the calling line for operating a

further one of said relays and its contacts to con- .

nect said outgoing talking conductors to the
talking conductors of said line. :

6. In a telephone system, a group of lines, eac

line having a pair of talking conductors and a
test conductor, a link for interconnecting said
lines, a first and a second relay in said link cor-
responding to said group of lines, a group of re-

‘lays in said link, each of said group relays cor-

responding to a line in said group, means respon-
sive to a calling subscriber dialling the digits of
a,.called one of said lines for operating said first
relay to connect the test conductors of all said
lines to said group of relays and for operating
the relay in said group corresponding to the
called line to connect the test conductor of the
called line to said link, and means in said link
operated in case the called line is idle for oper-
ating said second relay to connect the line con-
ductors of the called line to said link.

7. In a telephone system, groups of lines, a
plurality of-links for interconnecting -said lines,
a first group of relays in each link, each such re-
lay corresponding to a group of lines, a test con-
ductor for each line terminating in contacts on
a first group relay in each link corresponding to
the group such line is located in, a second group
of relays in each link, the number of relays in a

second group corresponding to the number of

lines in any one group, each relay in each sec-
ond group having contacts terminating the line
and test conductors of its associated link, means
responsive to a calling subscriber initiating a

call for connecting the calling line to one of said-

links, means responsive to the calling subscriber
dialling the digits of a called one of said lines for
operating the first group relay in the connected
link corresponding to the group the called line
is located in to connect all the test conductors
of the called line group to the contacts of said
second group relays in the connected link and
for operating the second group relay in said link
corresponding to the called line to connect the

‘test conductor of the called line to the test con-

ductor of said link, a third group of relays in each
link, each such relay corresponding to a group
of lines, line conductors for each line terminat-
ing in contacts on a third group relay in each
link corresponding to the group such line is lo-
cated in, and means in said link operated in case
the called line tests idle over the said conunected
test conductors for operating the third group re-
lay in said link corresponding to the called line
sroup to connect the line conductors of the called
line to the line conductors of said link.

8. In a telephone system, a group of lines, each
line having a pair of talking conductors and a
test econductor, a link circuit for interconnecting

‘said lines, a first relay in said link, a second re-
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lay in said link, a group of relays in said link,
means responsive to a line in said group initiat-
ing a call for marking its individual test con-
ductor with calling potential and for operating
said first relay to connect all the test conductors
of said group of lines to said group of relays,
means for sequentially operating said relays in
said group in search of the test conductor hav-
ing the calling potential thereon, and means
operated when the calling potential is found for
stopping further sequential operation of said
group of relays and for operating said second
relay to connect the line conductors of the call-
ing line to said link. .

9. In a telephone system, groups of lines, each
line having a pair of talking conductors and a
test conductor; a plurality of links for intercon-
necting said lines, a first and a second group of
relays in each of said links, said line and test
conductors of said lines normally connected to
the contacts of said first group link relays in all
said links in accordance with the line groups
such lines are located in, means responsive to a
line in one of said groups initiating a call for
seizing an idle one of said links, for operating
the relay: corresponding to the calling group in
the first relay link group of the selected link and
for marking the test conductor of the calling line
with ealling potential, means for connecting all
the test conductors of the lines in the calling
group to said second relay link group, means for
sequentially operating the relays.in the second
group of the selected link in search of said call
ing potential on the test conducter of the call-

ing line, means operated when the calling poten- 3

tial is found for stopping the sequential opera-
tion of said second group link relays, and means
responsive thereto for connecting the line con-
ductors of the calling line to the selected link.

10. In a telephone system, groups of lines, a
plurality of links for interconnecting said lines,
a first and a second group of relays in each link,
a relay in each group corresponding to a group
of lines, a line test conductor for each line ter-
minating in contacts on each first group relay
corresponding to the group such line is located
in, line conductors for each line terminating in
contacts on each second group relay correspend-
ing to the group such line is located in, a third
group of relays in each link, the number of re-
lays in a third group corresponding to the num-
ber of lines in any one group, each relay in each
third group having contacts terminating the line
and the line test conductors of its associated
link, a group test conductor for each group of
lines terminating in contacts on the correspond-
ing first group relay in each link, means respon-
sive to a line in one of said groups initiating a
call for marking the corresponding group test
conductor with group calling potential, for mark-
ing its line test conductor with calling line poten-
tial, for seizing an idle one of said links, and
for sequentially operating the first group relays
in the seized link in search of said marked group
calling potential, means in said link operated

“when the group calling potfential is found for

stopping further sequential operation of said
first group link relays and for sequentially oper-
ating the third group relays in. said link in
search of said marked line calling potential, the
last operated first group relay connecting the
test conductors of the lines of the corresponding
group to the contacts of said third group relays
and said third group relays sequentially -con-
necting the line conductors and the line test con-
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ductors to the line conductors and to the line
test conductor of said link until said marked call~
ing line potential is found, means operated when
the calling line potential is found for stopping
further sequential operation of said third group
relays, and means responsive thereto for cper-
ating the second group relay in said link corre-
sponding to the calling group to connect the line
conductors of the calling line to the line con-
ductors of said link.

11, In a telephone system, a called line hav-
ing a first and a second group of subscribers
thereon, a ringing code assigned to each sub-
scriber on said line, means operated in response
to dialling either one of two different group se-
lecting digits and the same units digit for con-
necting with said line, means responsive to dial-
ling a code ring digit for selecting two ringing
codes, the first selected code corresponding to
the digit dialled and being the ringing code of
a subscriber in the first group, the second se-
lected code also corresponding to the digit dialled
and being the ringing code of a corresponding
subscriber in the second group, and means de-
pendent upon the group selecting digit dialled
for determining whether the ringing code of the
first group subscriber or the ringing code of the
second group subscriber is to be transmitted.

12, In a telephone system, a called line hav-
ing two different tens digits and the same units
digit in its called number, a first group of sub-
stations on said line each having a different code
ring digit in its called number, a second group
of substations on said line each having the same
code ring digit as a corresponding substation
in said first group in its called number, means
for transmitting a different ringing code for each
substation on said line, and means dependent
upen the tens digit and the code ring digit dialled
for determining the substation ringing code to
be transmitted.

13, In a telephone system, a called line, means
operated in response to dialling either one of two
different group selecting digits and the same unit
digit for connecting with said line, means there-
after responsive to dialling any one code ring
digit for transmitting one of two different ring-
ing codes corresponding to this digit over the
called line, and means jointly dependent upon
both the group selecting and code ring digits
dialled for determining the particular ringing
code to be transmitted over said line.

14. In a divided code ringing teleshone sys-
tem, a called line having a positive and a nega-
tive line conductor, means responsive to a group
selecting digit and a line selecting digit dialled
by a calling subscriber for extending a connec-
tion to said line, ringing means including a set
of counting relays responsive to the receipt of
a code ring digit for operating said counting
relays to select a particular ringing code in ac-
cordance with the code ring digit dialled by the

calling subscriber, a source of ringing current, -

a ringing relay for connecting said ringing source
to said line in accordance with said selected code,
and means dependent upon the group selecting
digit dialled for determining whether said ring-
ing source is to be connected to said positive
line conducfor or said negative line conductor.

18. In a telephone system, a subscriber’s line
having a pair of individual talking conductors
and an individual test conductor, a link circuit
for completing telephone connections, means re-
sponsive to the initiation of a call - on said line
for operatively connecting only said test con-
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ductor to said link circuit, and means controlled
by said last means for thereafter operatively
connecting said talking conductors to said link
circuit. : ) )

16. In a telephone system, a subscriber’s line 5
having a pair of talking conductors and a test
conductor, a plurality of link circuits for com-
pleting telephone connections, means respon-
sive to the initiation of a call on said line for
marking said test conductor with calling poten- 10
tial and for seizing an idle one of said link cir-
cuits, means in said link circuit responsive to
said seizure for operatively connecting only said
test conductor to said link circuit, and means in
said link circuit operated in response to the con- 16
nection of said calling potential on said test con-
ductor to said link circuit for operatively con-
necting said talking conductors to said link cir-
cuit.

17. In a telephone system, a subscriber’s line 20
having a pair of talking conductors and a test
conductor, a link circuit for completing tele-
phone connections, a first relay having contfacts
terminating said pair of talking conductors, a
second relay having contacts terminating said 25
test conductor, means responsive to the initia-
tion of a call on said line for operating said
second relay and its contacts to operatively con-
nect only the test conductor to said link, and
means for thereafter operating said first relay 30
and its contacts to operatively connect said talk-
ing conductors to said link circuit.

18. In a telephone system, & subscriber’s line
having a pair of talking conductors and a test
conductor, a link circuit for completing telephone 35
connections, a first relay having contacts ter-
minating said pair of talking conductors, a sec-
ond relay having contacts terminating said test
conductor, a third relay having contacts for con-
necting said talking conductors and said test 40
conductor to said link circuit, means responsive
to the initiation of a call on said line for operat-
ing said second and third relays and their con-
tacts to operatively connect only the test con-
ductor to said link cireuit, and means operated 45
responsive to said last connection for operating
said first relay and its contacts to operatively
connect said talking conductors to said link ' cir-
cuit by way of the operated contacts of said
third relay. 50

19. In a telephone system, a group of lines,
each line having a pair of talking conductors
and a. test conductor, a link circuit for inter-
connecting said lines, a first relay in said link
circuit, a second relay in said link circuit, a 95
group of relays in said link circuit, each group
relay corresponding to a line in said group,
means responsive to a line in said group initiat-
ing a call for operating said second relay and
the group relay corresponding to the calling line
to operatively connect only the test conductor
of the calling line to said link circuit, and nieans
operated responsive to said connection for oper-
ating said first relay to operatively connect only gg
the-talking conductors of the calling line to said
link circuit by way of said operated group relay.

20. In a telephone system, a group of lines,
each line having a pair of talking conductors and
a test conductor, a link circuit for interconnect- 70
ing said lines, a first relay in said link circuit,

a second relay in said link circuit, a group of
relays in said link circuit, each group relay cor-
responding to a line in said group, means re- - _
sponsive to a line in said group initiating a eay 78
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for operating said second relay to operatively
connect all the test conductors of said group
of lines to said group of relays, means operated
responsive to the operation of said second relay
for operating the group relay corresponding to
the calling line to operatively connect only the
test conductor of the calling line to said link

19

circuit, and means operated responsive to said
last connection for operating said first relay to
operatively connect only the talking conductors
of the calling line to the link cireuit by way of
said operated group relay.

HARRY G. EVERS.



