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UNITED STATES 

2,022,503 

PATENT OFFICE 
2,022,503 - 

AUTOMATIC. TELEPHONE SYSTEM 
Harry G. Evers, Chicago, Ill., assignor to Associ 
ated Electric Laboratories, Inc., Chicago, Ill., a corporation of Delaware 

Application May 7, 1934, Serial No. 724,274. 
20 Claims. 

This invention relates in general to automatic 
telephone systems, but more in particular to small 
Systems suited for installation in towns or villages. 
An automatic telephone system of this type is gen 
terally known as a community automatic 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 

Wide a novel - and improved all relay community 
automatic-exchange of the foregoing character. 

. . One of the features of the invention-relates to 
the novel circuit arrangement in... the all-relay 
finder connector link for interconnecting the vari 
ous lines in this system. 
Another feature of invention relates to anim 

proved talking arrangement for receiving the im- : 
pulses transmitted from a calling line and for re-is: 
peating the impulses. 
Another feature of the invention relates to thes. 

circuit arrangement for Selecting and connecting. 
various code rings to called Subscribers' lines... 
These and other features of the invention will. 

be apparent from the following detailed descrip 
tion of the invention. 

Referring now to the drawings, comprising Figs, i. 
1 to 6, inclusive, there is shown by means of the 
usual circuit diagram one of the: all-relay finder. 
connector links, the different line circuits...and. 
substation circuits by means of which the inven-i- 
tion may be described and understood: 
Fig.1 shows a party line, in this case line, if 

and its aSSociated line circuit. The line conduct. 
tors 4 and 5 and the incoming test conductor? 
6 of this line, shown bracketed, extend to the 

connecting end of the finder connector lirak in: 
Fig. 4 where the conductors connect with corre 
spondingly numbered conductors. The remainder 
of Fig. 1 shows the finding end of the finder con 
nector link comprising a set of finder group re 
lays FGR and finder units relays. FUR. Each 
group of lines, such as: the ten group, has two 
finder group relays, such as relay O for icon- . . . . 

illustrates the chain circuit arrangement between necting only the line conductors of line group O 
to the link, and relay which connects only. 
the test conductors of line-group. fo to the link. 
It is assuined in this case that there are eight 
groups of lines, each comprising Seven lines each. 
In order to simplify the drawings, only three's 
groups of lines, namely the 0-group, 20-group, 
and 80-group have been shown. Each of the lines 
are connected to a line circuit in the same manner - 

(C1. 179-17) 
as illustrated for line 7. 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, 5 
however, have been shown in Order to Simplify 
the drawings. 

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 connector group re 
lay 49 for the first or tens group connects only 15 
the line conductors of the lines in the O-group 
to the link while the relay 4 connects only the 
test conductors of the line in the O-group to the 
link. Since there are eight groups of lines then 
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 

10 

of the connector unit relays are shown in order 25 
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. 4ff, prepares a circuit for the Succeeding 
even connector group, test relay, Such as relay 
42?. In a similar manner each even connector 35 
group test relay such as relay 42 prepares a cir 
cuit for the succeeding odd connector group test 
relay, such as relay 43, not shown. In the up 
per right-hand corner is ShoWn the line circuit 
for party line 7. The subscriber's ringers on 40 
this line are connected to both the negative and 
positive line conductors to provide the so-called 
divided ringing. . In the lower right-hand corer 
of Fig. 4 is shown the line circuit of a grounded 

: twenty-party line. 45 
Fig. 5 in its upper portion diagrammatically 

the various finder connector links in this system 
while relays 500 to 570, inclusive, comprise the 
allotting and alarm relays. TS diagrammati- 50 
cally-illustrates a time switch which is started in 
response to the operation of start reay 5i O to 
close springs 502 and 503 at predetermined time 
intervals. - Relays 580 and 590 and interrupter 
593-comprise a timing device for freeing a finder 55 
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2 
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 foll 
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 impulse 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 and resting contact, lower wind 
ing of line relay , line conductor 5, through the 
Substation loop Over line conductor 4, arma 
ture 8 and through the upper winding of relay 
to battery; at armature 5, relay connects call 

ing potential to the test conductor by way of 
armature 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 f3 and at its make contact grounds the 
test conductor 6 to make this line busy to other 
Subscribers attempting to call the same. At 

2,022,503 
armature 7 relay grounds the start lead 6 com 
mon to the O-line group to complete a circuit 
for energizing the common start relay 50 as fol 
lows: from ground by Way of armature T, arma 
ture 2 and resting contact, common start lead 5 
6, resistance 6' and through the winding of 
start relay 50 to battery. At arnature 5 
relay 50 completes a circuit for energizing line 
relay 207; at armature 52 prepares the locking 
circuit for relays 540, 55 and 560; at armature 0 
53 completes the circuit for energizing relay 520, 
and at armature 54 prepares a circuit for shunt 
ing relay 520 and for energizing relay 530. The 
circuit for energizing relay 520 extends from 
ground through winding of relay 520, armatures 15 
53, 533, and 544, resistance 546 to battery. Relay 
520, upon energizing, at armatures 52 prepares 
a circuit for energizing relay 53) 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, 53, and 52 to 
the Winding of relay 530 and battery. 

Line relay 207 energizes over the following cir- 25 
cuit: ground by way of armature 50?, armature 
5, resistance 55, armature 53 and resting 
contact, in start lead 28, armature 25 and 
resting contact, conductor 50, armature 266 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 20 to battery. At armature 
230 relay 207 completes the circuit for energizing 
impulse repeating relay 303, and at armature 35 
23f prepares the circuit for energizing relay 30 f. 
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 26f, 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- 45 
tor 26; at armature 325 completes an obvious 
circuit for energizing relay 30 and grounds con 
ductor 264; at armature 326 opens a point in the 
circuit to relay3 306, 307 and 309, and at arma 
ture 327 shunts armature 238. At armature 36 50 
relay 30 prepares a high resistance circuit for 
line relay 20, at armature 37 prepares a cir 
cuit for Switch-through relay 23, and at arma 
ture 38 grounds conductor 27 f to complete a 
circuit for energizing slow to release relay 302 as 55 
follows: from ground by Way of armature 3 f8, 
conductor 27 f, through armatures 239 and 226 
in multiple to conductor 272 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 302 grounds con 
ductor 263 and closes a multiple ground circuit 65 
to relay 30 by way of armature 23 and Work 
ing contact and conductor 264. At armature 32 
relay 302 grounds conductor 265 to prepare a 
circuit for the disconnect relay 206, at armature 
322 connects grounded conductor 275 to finder 70 
lock conductor 53 and completes a circuit for 
energizing the first finder group relay f, and 
at armature 323 grounds the connector lock con 
ductor 278 as well as lock conductor 279 by way 
of armature 24. 5 
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2,022,503 3. 
The circuit for energizing the first finder group as follows: from grounded start lead 6, arma 

relay if extends from grounded conductor 53, 
armature 223 and resting contact, armature 220 
and resting contact, conductor 56, resistance 
90, armature 87 and resting contact, through 
the armatures and resting contacts of the finder 
group relays, not shown, to arrinature 27, rest 
ing contact of arnature 27, arrnature 7 and 
resting contact, through the winding of relay 

to battery. At arnature 6, relay com 
pletes its own locking circuit through the rest 
ing contacts of armatures such as armatures 25 
and 85, on the finder group relays to grounded 
conductor 53; at arnature 8 prepares the 
circuit for relay ; at armature 9 connects 
the grounded start lead 6 to the group test 
relay 203 by Way of conductor 59 and armature 
244; at armature and resting contact opens 
its original energizing circuit and at its working 
contact closes the circuit for the second finder 
group relay 2. Relays such as relays , 2 
and 8? are slightly slow to operate on account 
of their slugs and the resistance 99. At the 
upper armatures of relay the test conduc 
tors of the O line group are connected to the 
test arnatures 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 line group. In this case, after an interval 
relay 2 energized over the following circuit: 
from grounded lock conductor 53, by Way of 
armatures 223 and 22 and their resting con 
tacts, conductor 56, resistance 93, armatures 
and resting contacts of the finder group relays 
to armature and its working contact, and 
through the winding of relay 2 to battery. In 
a manner similar to that described for relay 
relay 2 energizes and at armature 26 locks 
itself to grounded conductor 53. At armature 
25 relay f2 opens the locking circuit of re 

lay whereupon the latter relay deenergizes 
after an interval, and at almature 27 opens a 
point in its original energizing circuit and at the 
working contact of armature 27 completes the 
circuit for the succeeding finder group relay as 
sociated with the 3-line group, not shown. At 
armature 28 relay 2 prepares the circuit for 
relay 29, at armature 29 connects the start 
lead 62 of the 20-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 deemergiz 
ing, at its upper arnatures disconnects the test 
conductors of the 9-line group, at armature 8 
opens the prepared circuit to relay and at 
arrnature 9 disconnects the start lead 5 from 
the group test relay 23. Finder group relays 3 
to 7, 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 23, preparing a circuit to its 
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 arnature 9 com 
pletes the circuit for energizing group test relay 
203 in case a line in the 0-line group is calling 

ture 9, conductor 59, armature 224 and 
through the lower winding of group test relay 
293 to battery. At armature 28 relay 203 com 
pletes a short circuit around its upper winding 5 
to make this relay slow to release, at armature 
29 opens a point in the circuit to relay 202, at 
armature 220 disconnects grounded conductor 
53 from conductor f38 to open the circuit to the 

Succeeding finder group relay before the same 10 
can energize and close.its locking circuit, and at 
armature. 220 and working contact connects the 
grounded conductor 53 to conductor 55 for 
energizing the first finder unit relay O as foll 
lows: from grounded conductor 53, armature lis 
223 and resting contact, armature 220 and work 
ing contact, conductor 55, armature f42 and 
resting contact, arnature .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 to battery. At armature 4f relay if 
completes a locking circuit for itself by Way of 
armatures 43 and 46 and the corresponding 
arnatures on the other finder unit relays (not 25 
shown) to grounded conductor 53. At arma 
ture 42 relay opens its original energizing 
circuit and completes the circuit for relay 02 
and at its upper armatures connects the link line 
Conductors 5 and 5 to contacts on the finder 30 
group relay and at armature 60 connects the 
test lead 52 to the test lead 9 of line i? 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 204 in case a 
Calling line is connected with. In case line 
is not a calling line, then the relay f2 energizes 40 
after an interval by way of grounded conductor 
f55, arnature 42 and working contact. At ar 
mature 43 relay 42 opens the locking circuit of 
relay 0 which accordingly deenergizes after an 
interval, at armature 44 completes a locking 45 
circuit for itself from grounded conductor 53, at 
armature 45 and working contact prepares the 
circuit for the third finder unit relay (not shown) 
and at its upper arnatures connects the line 
conductors 50 and 5f to the line finder group 50 
Contacts and at armature 24 connects the test 
Conductor of line 2, since relay f f associated 
With the O-line group is energized, to the test 
conductor 52. 
Relay 0, upon deenergizing, at its upper ar- 5.5 

matures disconnects the test and line conductors, 
at armature f4 opens, a point in its own locking 
circuit, at armatures 42 and working contact 
opens the original energizing circuit of relay 02, 
and at the testing contact of armature 42 con- 60 
nects the third finder unit relay (not shown) to 
grounded conductor 55, by way of armature 45 
and its working contact. Finder unit relays fo3 
to 66, inclusive (not shown), and relay OT 
Operate in the manner just described, each relay 65 
at its upper armature connecting the test con 
ductor of its corresponding line to line test relay 
24, opening the locking circuit of the preceding 
operated relay, closing its own locking circuit, 
and preparing the energizing circuit to the suc- 70 
ceeding relay which is completed when the pre 
ceding relay deemergizes. 
In this case, since line 7 is calling, then when 

the finder unit relay of energizes this relay at 
armature 74 completes the circuit for energiz- 75 . 
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4 
ing the line test relay 204 in series with the cut 
off relay 2 as follows: from ground at armature 
38, conductor 27 upper winding of line test 
relay 204, conductor 52, armature 74, arma 
ture 4, armature 5, armature and through 
the Winding of cut-off relay 2 to battery. At 
arnature 22 relay 204, upon energizing, come 
pletes a circuit for energizing relay 32 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 53 from conductor 55 to 
Open 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 Iower Winding an a circuit for 
energizing relay fo, 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 0 opens the circuit of line relay , at 
armature 9 completes a locking circuit for itself 
to grounded test conductor 52, and at armature 

and its working contact completes the circuit 
for energizing lock-out relay 3. Relay O is en 
ergized over the following circuit: from grounded 
conductor -53 by Way of armature 223 and work 
ing contact, armature 225, conductor 57, arma 
ture 8 and through the Winding of relay to 
battery. At its upper armatures relay ff0 con 
nects the line conductors of the lines in the O 
line group to the contacts of the finder unit re 
lays and in the case of armatures 2 and 3 
connects the calling line, or line f, to conductors 
50 and 5 by Way of arnatures 2 and 73, 

thereby completing a new energizing circuit for 
ine relay 207 and for connecting dial tone to 
the calling subscriber's line to notify such Sub 
scriber that he may now dial the called Subscrib 
er's number. Lock-out relay 3, upon energizing, 
at arnature i? opens the original energizing cir 
circuit of cut-off relay 2, at armature 2 and 
resting contact, disconnects ground from the start 
conductor 6 to deenergize Start relay 50 if no 
other line is calling, and at armature 2 and its 
Working contact completes a locking circuit for 
itself from grounded arnature T. Line relay , 
upon deemergizing, at armature 6 disconnects 
direct ground from incoming test conductor 6 
at its working contact and at its resting contact 
connects ground by way of armature 38, con 
ductor 27, armature 222, conductor f32, arma 
tures 4 and 4, and armature 9 to the incom 
ing test conductor 6 to maintain this line busy 
at the called end of the link. At armature relay 
opens the locking circuit of lock-Out relay 3. 
Group test relay. 203, upon deenergizing when 

its circuit is opened at airmature 224, at armature 
2.9 completes a circuit for energizing relay 292 
through its upper Winding by Way of Working 
contact of armature 223 and grounded conductor 
53. At arnature 2 relay 22 completes an Ob 

vious circuit for the transfer relay 20. At 
armature 24 relay 29 prepares a locking circuit 
for itself, at armature 2 f5 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 25 con 
nects the in start conductor 28 with the out 
conductor 282 So that a SUcceeding call may Seize 
the next idle finder connector ink. At armature 
26 relay 20 completes one point in the all 
link busy chain by connecting conductor 280 to 
conductor 283. 

2,022,503 
The circuit for energizing relay 3.2 may be 

traced as follows: from grounded armature 249 
and resting contact, conductor 262, armature 22, 
conductor 259, armature 330 and resting contact 
and through the winding of relay 32 to battery. 5 
At arnature 362 relay 32 prepares a locking 
circuit for itself, at armature 363 prepares a 
circuit through the lower winding of relay 3, 
Which relay does not energize at this time because 
the lower winding is short circuited by way of 10 
armature 363, armature 330 and resting contact, 
and the normally closed springs closed by arma 
ture 337. At armatures 364 to 367, inclusive, re 
lay 32 prepares the pulsing circuit to the con 
nector group relay. 5 

Relay 5 deemergizes in case no other line is 
Calling at this time, and at armature 5 f discon 
nects ground from the start in lead 28 . At 
armature 53 relay 5 opens the shunt circuit 
of relay 530 which relay now energizes in series. 20 
with relay 520 by way of armature 52. Relay 
530, upon energizing, at armatures 53 f 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 520 and a circuit 25 
for relay 530, at armature 533 opens a point in 
the low resistance shunt of relay 530, and at 
arnature 534 disconnects the time switch from 
relay 56 before the time Switch has had suffi 
cient time to energize relay 560. 30: 
At this point it may be advisable to consider 

the Operation of the allotter relays in response 
to a Second call when relay 53) is energized. In 
this case start relay 59 is energized over the 
common start lead as before, and at armature 35 
5 completes the start circuit and grounds the 
in start lead 28 as follows: ground by way of 
armature 50, armature 5, resistance 55, ar 
imature 53 and Working contact to in start lead 
28, extending to the finder connector link near 40 
the middle of the chain. At armature 5 4 relay 
5?) 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 50 is deenergized and ground is removed 
from the in start lead 28 at armature 5. At 5{b 
armature 54 relay 5 opens the circuit of relay 
530 which accordingly deenergizes. At armature 
53 relay 530 transfers the start circuit back to 
the beginning of the chain and at armature 543 
disconnects the time Switch TS from the Winding 
of relay 569. 
A circuit for maintaining line relay 20 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 24, con- 60 
ductor 5, armatures 3 and 3, positive 
line conductor 5 through the substation loop 
to negative line conductor i, armatures 2 and 
T2, conductor 50, 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 20 to battery. Dial tone is also connected 
to the calling line at this time over 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 subscriber, after listening to the dial tone, 
dials the group and line digits followed by the 75. 

5 5 
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code selecting digit. Line relay 207 deenergizes 
in response to each impulse. In response to 
the first pulse relay 297 at arnature 230 opens 
the circuit of impulse repeating relay 303 which 
accordingly deemergizes. At arnature 23 and 
its resting contact relay 207 closes a high re 
sistance priming circuit for itself which may be 
traced as follows: fron grounded conductor 262, 
armature 329 and working contact, conductor 
263, armature 23i and resting contact, conductor 
257, armature 3 f6, resistance 39, 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 20 due to re 
sistance 389 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 3 is opened but this relay due to its 
slow releasing characteristics remains energizing 
during the impulsing period. 
Impulse repeating relay 393, upon deenergiz 

ing, at armature 324 opens a point in its own 
holding circuit, at armature 325 opens a further 
circuit to slow to release relay 30, and at arma 
ture 326 completes a circuit for energizing relays 
336, 37 and 309. The circuit for energizing re 
lay 366 and relay 3 extends from grounded con 
ductor 262, armature 320 and working contact, 
normally closed spring controlled by armature 
326, arnature 333 and resting contact, and 
through the upper winding of relay 306 and the 
winding of 3 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 33 completes a 
holding circuit for relay 3.2 by way of grounded 
conductor 259 and arnatures 357 and 362, at 
armature .338 prepares an energizing circuit for 
relay 384 and the holding circuit extending to 
the lower windings of relays 398 and 309, at arma 
ture 339 prepares a point in the circuit for the 
busy relay 365, and at armature 348 disconnects 
grounded conductor 259 from conductors 269 
and 394. 
Slow to release relay 397, upon energizing, at 

armature 342 prepares a holding circuit for relay 
39, at armature 343 completes a locking circuit 
from grounded arnature 36 through the lower 

5 winding of relay 306, and at armature 345 pre 
pares a point in the circuit for the first connector 
group relay 4, . Relay 307, due to its slow re 
lease characteristics, is maintained energized 
during the impulsing, period and therefore de 
energizes shortly after each series of impulses. 
Impulse repeating relay 399, upon energizing, 

at armature 348 prepares a point in the energiz 
ing circuit of relay:S38 and in the holding circuit 
of relay 339, at armature 350 prepares a new en 
ergizing circuit for impulse repeating relay 303 
and the circuit through the lower winding of re 
lays 398 and 39, at armature 35 prepares a hold 
ing circuit for the lower windings of relays 308 
and 399, at arnature 352 disconnects ground at 
armature 376 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 4 fl as follows: 
from grounded lock conductor 28, through arma 
tures 442, 452 and 465 of the connector group re 

5 
lays to conductor 389, Working contact and arma 
ture 366, resting contact and armature 369, arma 
tures 345 and 353, armature 36 and resting con 
tact, armature 367 and Working contact, con 
ductor 39, and through the winding of relay 
4 to battery. Relay 4 at its upper armatures 
connects the test conductors of the lines in the 
0-group to the connector unit relays; at arma 

ture 49 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 40. 
At the termination of the first impulse line re 

lay 20 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 23 relay 207 opens its priming cir 
cuit and recloses the circuit for slow to release 
relay 30 to maintain the same in energized posi 
tion. The circuit for energizing relay 33 may 
be traced as follows: from ground at armature 
350 on the energized repeating relay 309, resting 
contact and armature 347, conductor 26, arm 
ature 230, conductor 26), and through the wind 
ing of relay 303 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 35 
to relay 304. At armature 324 relay 303 again 
completes its holding circuit, at armature 325 
again closes a 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 : 
and its Working contact completes a circuit from 
grounded conductor 263 by way of armatures 338 
for energizing relay 304 and for completing a cir 
cuit by way of armature 35 through the lower 
Windings of relays 308 and 399. Relay 309 is 
maintained energized over this circuit while relay 
38 is energized. At armature. 34 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 35 and 
through the lower windings of relays .308 and 399 
to battery. Relay 304, upon energizing, at arma 
ture 328 disconnects, dial tone and prepares a 
circuit for connecting ring back tone to the call 
ing subscriber, at armature 330 and its resting 
contact opens the original energizing circuit of 
relay 32 and its working contact closes a lock 
ing circuit for 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 357 and resting contact, armature 362 
and the winding of relay 32 to battery. 
In response to the second pulse of the first 

series, line relay 297 again deenergizes and at 
armature 230 opens the circuit to the impulse re 
peating relay 303, while at armature 23 the 
multiple circuit to slow to release relay 30 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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6 
to release relay 30, at armature 326 recloses the 
circuit to slow to release relay 307 before such 
relay deemergizes, 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 deemergizing, 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 36 to the even conductor 
386 to complete an energizing circuit for the next 
Connector group relay, in this case relay 42, and 
at armature 353 opens the original energizing cir 
cuit of relay 4. The circuit for energizing re 
lay 42 may be traced as follows: from grounded 
armature 376 and resting contact, armature. 343, 
armature 352 and resting contact, armature 359 
and resting contact, armature 365 and working 
contact, ?innductor 386, armature 49, and 
through the winding of relay 42 to battery. Re 
lay 42, 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 4ff 
which accordingly deenergizes, at armature 466 
completes a locking circuit for itself from 
grounded lock conductor 278 by way of arma 
tures, such as armatures 442 and 452, at armature 
46 prepares a circuit for relay 42), at armature 
468 connects the succeeding connector group re 
lay 43 (not shown) to the odd pulse conductor 
384, and at armature 469 prepares a point in the 
circuit for code switching relay 609. Relay 4, 
upon deemergizing, at its upper armatures opens 
the circuit to the test conductors of the line in 
the 0-group, at armature 499 opens its own lock 
ing circuit, at armature 49 opens the circuit to 
relay 42 now locked energized, and at armature 
492 opens the prepared circuit to relay 40. 

Line relay 207 reenergizes over the calling sub 
Scriber's loop at the end of the second pulse, and 
at armature 238 closes a circuit for energizing re 
lay 303 by way of resting contact of armature 359 
and working contact of armature 347, while at 
armature 23f the circuit to slow release relay 30? 
is again reclosed. Relay 303, upon energizing, at 
armature 324 again closes its locking circuit, at 
armature 325 again closes the circuit for relay 30, 
and at armature 326 opens the holding circuit 
through the upper winding of relay 308 which ac 
cordingly deenergizes. Relay 308, upon deener 
gizing, at armature 346 prepares 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 its 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 207; 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 39 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 4, 42, etc. The circuit for reoperat 
ing impulse repeating relay 303 is taken through 
armatures 347 and 350 so that the circuit to re 
lay 303 cannot be closed until relays 308 and 309 
have operated or released. 
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As is well known the line relay, such as relay 

20, may be sluggish in its deenergization due to 
the leaky or heavily loaded condition of the line 
connected with. In order to insure correct puis 
ing a so-called lock-pulse arrangement is pro 
vided. In this arrangement the armatures or 
Springs operated by line relay 287 have a 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 20 at armature 

When relay 303 is deenergized. Such relay 23. 
cannot again energize until the repeating relayS 
308 or 309 have operated or released to close the 
circuit for relay 393, 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" 
ines. This impulsing circuit in combination. With 
the odd and even pulsing circuits has proven to 
be 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 
383 deemergize and relay 303 causes the energiza 
tion of relay 309 as previously described for the 20} 

When relay 399 grounds the odd con first pulse. 
ductor 3S4 the third connector group relay 3 
(not shown) is energized over the Odd pulse CO2 
ductor 384 at armature 468. In the same manner 
as described for relay 42, relay 43 (not shown) : 
closes its upper armatures to connect the test 
leads of the 30-line group; opens the locking cir 
cuit of relay 42 which deemergizes; closes its own 
iocking circuit; prepares the circuit through its 
associated line connecting relay (not shown) Sim- : 
ilar to relay 420; and connects the connector 
group test relay of the 4-line group (not shown) 
to the even conductor 386. At the end of the 
third pulse relays 207, 393 and 308 energize as 
previously described for the end of the first pulse. , 
In response to the fourth impulse relays 297, 

393 and 39 deenergize as described for the Sec 
ond impulse. When relay 39 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 3-line group 
which deenergizes; cioses 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 335 to en 
ergize the corresponding connector group test 
relay. The connector group test relays 43 and 
46 and the associated connector group line con 
necting relays 43 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 364 is grounded by : 
relay 309 to energize the connector group test re 
lay 4 of the 70-line group by way of armature 
456 on the connector group test relay of the 6G 
line group. Relay 42 f at its upper armatures 
connects the test leads of the lines in the 70-group 
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: conductor. 392. Line relay. 297 energizes at the 

... end of... each...pulse...and again completes the cir to the: connector unit relays, at armature: 452 
2. opens the locking circuit of the last operated con 
nector:group test relay, at armature, 453: closes 
its own locking circuit, at armature: 454 connects 
the connector group test relay 48 of the 80-line 
group to even conductor 386, at armature. 455 pre 
pares the circuit to line connecting relay 470 of 

...the 70-line group and at armature 456 prepares 
- a circuit for the ring reversing relay 34. 

Relays. 20, and 393 remain energized after the 
last impulse, of the Series and after an interval 
slow to release relay 307 deemergizes. At arma 
ture. 343 relay 307 opens a point in the pulsing 
circuit as well as the holding circuit of relay 366 
which accordingly deenergizes, and at arnature 
345 opens a point in the original energizing cir 
cuit of relay 4. Relay 396, upon deenergizing, 
at armature 335 removes the Short circuit from 
the repeating coil RC, at armature 337 opens 
the locking circuit of relay 32 and Substitutes 
the circuit through the lower winding of relay 
3 in series with the winding of relay 32, where 
by relay 32 is maintained energized and relay 
3 is energized over the circuit from grounded 
conductor. 259 in series with the winding of re 
lay 32. At arnature 338 relay. 396 opens the cir 
cuit to relays 38 and 309 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 269 and 394. Re 
lay 3, upon energizing, in series with relay 32, 
at armature 357 prepares a locking circuit for 
itself, at armatures. 358 and 359 prepares the 
pulsing circuit over the odd and even conductor 
383 and 385 to the connector unit relays and at 
armatures 360 and 36 prepares a circuit for 
connecting the grounded lock conductor 278 to 
conductor 399. 
The calling subscriber may now dial the sec 

ond digit of the desired called subscriber's num 
ber. In the same manner as previously described, 
the line relay 20 and repeating relay. 393 deen 
ergize for each impulse and in response to the 

5 first impulse completes the circuit for energiz 
ing relays 306, 307 and 309. Relay 36, upon 
energizing, at armature 337 opens the holding 
circuit of relay 32 to cause this relay to deen 
ergize and likewise completes a locking, circuit 
through the upper winding of relay 3 for main 
taining this relay in energized position. In re 
sponse to the energization of relays: 307 and 369 
a circuit is completed for energizing the first 
connector unit relay 4?. Relay 32, upon de 
energizing, at armatures 364 to .367 prepares the 
pulsing circuit for the code selecting relay CSR. 

Relay 49 energizes over the following circuit: 
from grounded lock conductor 278, armatures 
42, 445, 432, and similar armatures on the con 
nector unit relays (not shown), conductor 387, 
Working contact and airmature 36, armatures 
345 and 353, armature 36 and working contact, 
conductor 39, and through the winding of relay 
4) to battery. At armatures 492 and 493 relay 
40 connects the talking conductors 252 and 255 
of the link to the connector group relays, at ar 
mature 494 connects the test conductor 382 to the 
test conductor 34 of line ; at armature 435 com 
pletes a locking circuit, for itself from grounded 
lock conductor 278 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 437 pre 
pares a point in the circuit for the trunk Switch 
through relay 2, 3, and at armature 438 grounds 

7 

cuiti for energizing repeating relay. 303 in case 
relayS. 308 or .309, have operated or released, as 

5 previously described. 
In Order to describe the operation of the con 

nector unit relays it will be assumed that the 
Second digit being dialled is more than the digit 
1. Relays "207, 303 and 399 deemergize in the 
Sane manner, as previously described for the . ) 
second pulse. At armature 353 relay 309 opens 
the circuit to connector unit relay. 49, now held 
over its locking circuit, and at armature 352 
disconnects ground from the odd pulse con 
ductor 383 and connects, ground to : the even 
pulse conductor. 385 to energize the second con 
nector unit relay 42. This circuit may be traced 

3 

as follows: ground by way of armature 476 and 
resting contact, armature 343, armature 352 and 
resting contact, armature 359 and working con- i) 
tact, ... even pulse conductor 385, armature 436 
and through the winding of relay 402 to battery. 
At its two uppermost armatures relay 402 con 
nects the link line conductors 252 and .255 to the 
contacts of the connector group relays, at the 35 

: third uppermost contact connects the link test 
conductor .332 to the test conductor of line 2 
by way of the operated contacts on connector 
group relay. 4f. At armature 433 relay 492 com 
pletes a locking circuit for itself from grounded 30 
locking conductor 278 by way of armatures 412 
and 46 and similar armatures on other con 
nector units relays (not shown); at armature 
432 opens the locking circuit of relay 40? which 
now deenergizes and at armature 434 connects 5 
the third connector relay 403 (not shown) to the 
odd. pulse conductor 383. At the end of the sec 
orid pulse relays 207, and 33 reenergize and relay 
.308 deenergizes, as previously described. 

In response to the third pulse relays 207 and 30 
.33.deenergize and relay 39 reenergizes to ground 
the odd pulse conductor 383, as previously de 
scribed. The third connector unit relay. 43 (not 
shown) is energized to connect up the test con 
ductor of line 73; to unlock the second connector; 4.5 
relay 492 which accordingly deenergizes; to lock 
itself to lock conductor 278; and to connect the 
fourth connector unit relay (not shown) to the 
even pulse conductor. 385. Relays 2, 393 and 
:308:... energize at the end of the third pulse, as 30 

... previously described. 
In response to the fourth pulse relays 207, 303 . 

and 309.deenergize, as previously described. At 
'armature 352 relay. 39 grounds the even pulse 
conductor 385 to energize the fourth connector. 55 
unit relay. The fourth connector unit relay Con 
nects, up the test conductor of line 74; unlocks 
the third connector unit relay, which deenergizes; 
locks itself to lock, conductor 278; and connects 
the fifth connector unit relay (shown dotted) 60 
with the odd conductor: 383. In the same man 
5 ner -as just described the remaining connector 
unit relays are energized and deemergized in re 

2-sponse to succeeding pulses to connect the test 
conductors of the succeeding lines in the group G5 
to the link test conductor 382. Since, in this 
case subscriber S4 on line it is being called, the 

- Second digit therefore comprises only one pulse 
and therefore the first connector unit relay 4 
is energized to connect the test conductor 34 of it) 

- line if to the link test conductor. 
"After the last impulse of the second digit relays 

i2O7 and 303 remain energized and relay 307 falls 
-back after an interval. 

- opens the locking circuit of relay 306 which there- 75 
At armature 343 relay 30 
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8 
upon deenergizes. Relay 306, upon deemergizing, 
at armature 337 opens the locking circuit of re 
lay 3 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 3f , 
upon deemergizing, at armature 35T opens a point 
in its own locking circuit, and at armatures 358, 
359, 360 and 36 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 303 to deenergize for each pulse. Relay 
306, 307 and 309 energize in the same manner 
as previously described. At arnature 339 relay 
306 prepares the circuit for busy relay 395. At 
armature 343 relay 30 completes the locking cir 
cuit for relay 388, and at armature 345 prepares 
the circuit for relay 6. At armature 352 relay 
309 grounds the odd pulse conductor 398 in re 
Sponse to the first pulse and at arnature 353 corn 
pletes an energizing circuit for relay 60. This 
circuit may be traced as follows: from grounded 
armature 323, conductor 278, armature 24, con 
ductor 279, armatures 652, 642, 632 and 622, con 
ductor 395, resting contact and airmatures 367 and 
36, armatures 353 and 345, armatures 389 and 
365 and their resting contacts, conductor 396, and 
through the winding of relay 69 to battery. 
The first code selecting relay SO energizes over 

the above traced circuit, and at armature 6 
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 63 
relay 60 completes a locking circuit for itself 
through the armatures 622, 632, 642 and 652 to 
the grounded lock conductor 279, at armature 64 
connects the second code selecting relay 620 to the 
even pulse conductor 397, and at armatures 65 
and 66 prepares points in the code ringing cir 
cuit. . At the end of the first pulse relays 207, 303 
and 398 energize as before. 
In response to the second pulse relays 207, 303 

and 309 deemergize, as previously described. At 
armature 353 relay 309 opens the original ener 
gizing circuit of relay 60, 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, arnatures 359 and 365 and their 
resting contacts, conductor 397, armature 64, and 
through the winding of relay 620 to battery. At 
armature 62 relay 620 connects the test relay 35 
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 6 O which 
now deenergizes, at arnature 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 deemergization. In re 
sponse to the sixth pulse-relay 660 energizes over 

2,022,503 
the even pulse conductor 397. At armature 66 
relay 660 again completes the busy test circuit, at 
armature 663 locks itself to groundedlock conduc 
tor 279, at armature 664 opens its original ener 
gizing circuit after completion of its locking cir 
cuit, at armature 665 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 3A. This circuit may be 
traced as follows: from ground by way of arma- 0 
tures 456 and 438, conductor 392, armature 666, 
conductor 379, and through the Winding of relay 
34 to battery. At armatures 37 and 372 relay 
34 reverses the ringing connection. So that gen 
erator will now be connected with the positive line 5 
conductor instead of the negative line conductor. 
In response to the Seventh pulse relay 309 at 

armature 353 completes an energizing circuit for 
relay 6 as follows: from grounded lock conduc 
tor 279; armature 663, armature 664, and working 20 
contact, armatures 642, 632 and 622, conductor 
395, resting contacts of armatures 367 and 36?, 
armatures 353-345, arnatures 3 Se and 366 and 
their resting contacts, conductor 396 and through 
the winding of relay 6 to battery. Relay 6 25 

5 

Operates its armature for the purpose previously 
Stated and in addition at armature 62 opens the 
locking circuit of code Selecting relay 650 to cause 
its deenergization. In response to the eighth, 
ninth, and tenth pulse code selecting relays 620, 30 
630 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 60, 620, 630, 64 and 650 are 35 
energized in response to the first five impulses in 
the code Selecting digit, that relays 650 and 66 
are energized for the sixth pulse, that relays 60 
and 660, relays 620 and 666, relays 630 and 660, 
and relays 64 and 669 are energized for the sev- 40 
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 35 as follows: from ground on the test con- 45 
ductor 34 of the called line, armatures 474 and 
494, conductor 382, through the upper winding 
of marginal test relay 315, conductor 38, 
through the operated one of the multiple contacts 
6 to 66, inclusive, conductor 394, resistance 50 
34, armature 339 and through the winding of 
busy test relay 305 to battery. Busy test relay 
305, due to resistance 34 closes only its 'X' con 
tact at armature. 334 to prepare a circuit for fully 
energizing itself when relay 396 later on deener 
gizes. After the last pulse of the code selecting 
digit relays 207 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- 60 
ergizing the busy test relay 35 as follows: from 
grounded conductor 259, armature 334 and Work 
ing contact, normally closed springs controlled by 
armature 339 and through the winding of busy 
relay 305 to battery. 65 
Assuming, however, that the called line is idle, 

then busy relay 305 is not energized because no 
ground is connected to the test conductor 34 of 
the called line. Now, when relay 306 deemergizes 
after the code Selecting digit a circuit is com- 70 
pleted for energizing the test relay 35 in series 
with the cut-off relay 22 of the called line as fol 
loWS: from grounded conductor 259, armature 
334 and resting contact, on the unoperated busy 
relay 305, armature 340, conductor 394, through 75 
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the operated one of the armature 6 to 66, in 
clusive, conductor 38, through the upper wind 
ing of test relay 35, conductor 382, armatures 
494 and 64, conductor 34, armature 25, and rest 
ing contact, and through the Winding of cut-off 
relay 22 to battery. At armature 377 relay 35s 
Completes itS OWn locking circuit before operating 
its remaining arnatures as follows: from ground 
at the normally closed springs controlled by 
armature 228, conductor 275, armature 322, con 
ductor 33, arnature 32 and through the lower 
Winding of test relay 35 to battery. At arma 
ture 33 relay 35 prepares a circuit for connecting 
ground to the negative link conductor 252 since 
ring reversing relay 34 is energized, at arnature 
374 prepares the circuit for connecting generator 
to the positive link conductor 255, at armature 
35 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 470, and 
at arnature 38 prepares the circuit for energiz 
ing the pick-up relay 670. 
The circuit for energizing connector group re 

lay is may be traced as follows: from grounded 
arrnature 36, and Working contact, conductor 
238, armature 455 on the operated connector 
group relay 4: , and through the winding of relay 
4 to battery. At armatures 42 and 373 relay 
() connects the line conductors 32 and 33 of the 
called line to the link conductors 252 and 255. 
When cut-off relay 22 energizes in series with 
relay 355 that relay at armatures 2 and 29 dis 
connects the line relay 2 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 29 com 
pletes an obvious circuit for energizing the lock 
out relay 23. Relay 23, at armature 3 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 
69 as follows: from grounded pick-up lead ex 
tending from the ringing machine, normally 
closed springs controlled by armature 62, Con 
ductor 33), armature 38, conductor 26, arma 
ture 235, conductor 27, and through the wind 
ing of pick-up relay 87 to battery. At arma 
ture 87. A relay 8, prepares a circuit for ringing. 
relay 33, at armature 62 opens its Original en 
ergizing circuit and completes its locking circuit 
to lock conductor 279, and at armatures 673 and 
64 prepares further points in the circuit to ring 
ing relay 33. 
The ringing machine is arranged to ground the 

code ring conductors at certain predetermined 
ties during its cycles of operations, as indicated 
at the lower left-hand corner of Fig. 6. For ex 
ample, A-4 indicates that this conductor is 
grounded at predetermined periods in each cycle 
to operate the ringing relay 33 to generate four 
short rings, then a pause, followed by four more 
short rings. In this case, aSSunning that the code 
ring conductor 2-2 has been selected, then ring 
ing relay 323 is energized over the following cir 
cuit: from ground at the ringing machine over 
the conductor marked 2-2, resting contact and 
armature 3 s, arnatures 645 and SP3, Working 
contact and armature 665, conductor 686, arma 
ture Sii, conductor 399, and through the Winding 
of ringing relay 3:3 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 
3.3 is energized from the ringing machine said 
relay at arnature 368 connects ground by way 
of armatures 37 and 373 to the negative link con 
ductor. 252 since relay 34 is energized, at arma 
ture 369 connects generator to the positive link 
conductor 255 by Way of arnatures 32 and 34 
to code ring the called Subscriber, and at arma 
ture 370, completes an obvious circuit for en 
ergizing condenser discharging relay 3? 6. Relay 
3i 3 follows the impulses transmitted by ringing 
relay 83, but due to its slow release characteris 
tics, this relay lags behind ringing relay 3, 3 and 
at arnature 354 connects battery through resist 
ance. 355 to the negative link conductor 352 no 
mentarily after each application of generator in 
order to discharge the condensers associated with 
the ringers. On the called line. At arriature 353 
relay 30 completes a circuit for transmitting ring 
back tone to the calling Subscriber as follows: 
from generator through Working contact and 

5 

O 

5 

20 

armature 356, working contact and armature 328, 25 
the torne 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 
ing contact and armature 32, working contact 
and armature 369, armature 374, positive link 
conductor 255, armatures 493 and 43, conductor 
33, through the ringers connected to the positive 
line conductor of this line to ground. In case the 
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 42 and 492, conductor 252, armatures 33, 
368, and 37 f. to ground. 
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 f 
and 22, energize in case the called line is a me 
tallic line, or in case the called line is a grounded 
line then relay 2 alone is energized. The cir 
cuit for energizing back bridge relays 2 and 22 
in case of a metallic line may be traced as follows: 
from ground through the winding of relay 22, 
lower right-hand winding of repeating coil RC, 
conductor 256, resting contact and armature 369, 
armature 374, over the circuit to the called sub 
Scriber's loop previously traced for ringing cur 
rent, back to conductor 252, armatures 33 and 
368, conductor 253, through the upper right-hand 
winding of repeating coil. RC over armatures 238 
and 32 in multiple, through the winding of relay 
2 to battery. In case the called line is a 
grounded line relay 22 is short circuited over the 
following path: from the grounded positive line 
conductor of the called line over armatures 473 
and 493, conductor 255, armatures 3:4 and 369, 
conductor 256, through right-hand winding of 
repeating coil. RC, and through the winding of 
relay 22 to ground. - 
Relay 2ff, 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 2f ). At 
armature 243 relay 2 completes a circuit for 
energizing the battery reversing relay 299 in case 
the calling line is such as to require reverse bat 
tery supervision. The circuit for energizing relay 
2) may be traced as follows: from ground at 
armature 32, conductor 235, armature 242 and 
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Working contact, normally closed springs con 
trolled by armature 237, and through the Winding 
of relay 20 to battery. At armature 237 relay 2f ) 
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 670 which accordingly de-energizes 
and at arnature 24 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 grOurad 
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 247, conductor 5, arma 
tures 73 and f3, positive line conductor 5 of 
line 7 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 5 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 58 is connected to contacts, Such 
as contacts 8, to conductor 57 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 34 and relay 670 at 
armature 67 opens the circuit to ringing relay 
33. 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 
2O and 208 through the left-hand Windings of 
the repeating coil RC over the resting contacts 
and armatures 246 and 247 to conductors 50 and 
5, 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 2 and 22 Over 
the previously traced circuit to the called Sub 
scriber's loop and in this case if relay 2i is oper 
ated the circuit for relay 2 extends from the 
winding of repeating coil through armature 32 
and conductor 266. In case the called line is a 
grounded line then the battery is supplied through 
the winding of relay 2 and from ground on the 
grounded positive line conductor of the called line. 
After conversation and responsive to the called 

party replacing his receiver relays 2 and 22 
deenergize. At armature 243 relay 2 opens the 
circuit of relay 2G9 in case it is energized, and at 
armature 242 prepares the circuit for the discon 
nect relay 206 so that this link will be automati 
cally released after a predetermined interval 

... if the calling Subscriber fails to replace his re 

2,022,503 
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 207 deenergizes and likewise relay 298, if 
energized. At armature 230 line relay 25 opens 
the circuit of relay 303 which deenergizes and at 
armature 23f opens one of the multiple ground 
circuits to slow to release relay 3. Relay 333, 
upon deemergizing, at armature 325 opens the 
circuit of slow to release relay 30, at armature 
327 disconnects relay 2 from conductor 253, 
and at arnature 326 closes the circuit for relayS 
306, 3 and 399. Relay 39, upon deenergizing, 
at armature 38 opens the circuit- of relay 392 
and disconnects ground from test conductor 52 
to open the circuit of the cut-off relay 2. Cut-off 
relay 2, upon deenergizing, at armature 9 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 deener 
gizes and at armature 2 prepares the circuit for 
start lead 6i. 
Slow to release relay 302, upon deenergizing, 

at armature 320 disconnects ground from re 
lays 306, 31 and 309 to cause their deenergiza 
tion, at armature 32 disconnects ground from 
conductor 255 to open a point in the circuit of 
the disconnect relay 206, at armature 322 opens 
the locking circuit of relay 35 and disconnects 
ground from conductors 53 and 5 to unlock 
the operated finder group relays f2 and , the 
operated finder unit relay fol, and relays 204 and 
282. At armature 323 relay 302 disconnects 
ground from the lock conductor 273 to unlock the 
operated connector unit relay 49 and connector 
group relay 47. Relay 40, upon deenergizing, 
at armatures 492, 493 and 494, disconnects the 
conductors of line from the control relays in 
the link. Relay 4, 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 47 opens the cir 
cuit to relay 47 which accordingly deenergizes 
and disconnects the line conductors 32 and 33 
from the link. Relay 35, upon deemergizing, at 
arrnature 35 disconnects ground from test con 
ductor 382, at armature 36 disconnects ground 
from conductor 268 to open the circuit of relay 
470, and at armatures 373 and 374 opens a point 
in the talking circuit. Relay 204, upon deener 
gizing, at armature 22 opens the locking circuit 
from relays 20 and 394 to cause the latter re 
lays to deenergize. 

Relay 9, upon deemergizing, at arnatures 
2 and 3 disconnects the line conductors 4 

and 5 from the repeating coil R.C. Reiay , 
upon deenergizing, at arnature 4 disconnects 
the test lead of the line from test conductor 52. 
Relay f OT, upon deenergizing, at armatures :2, 
3 and f 14, disconnects the control relays of the 

link from the calling line. Relay 22, upon de 
energizing, at arnature 27 transfers the trans 
fer relay 29? from direct ground to the in lead 
28 of the Start chain so that if the in lead 28 
is grounded at this time the transfer relay 28 
Will not restore and interfere with the operation 
of a succeeding link. In case the in lead 28 is 
not grounded 20 deenergizes and at armature 
26 opens a point in the all link busy chain. At 
armature 25 relay 20 disconnects the out lead 
282 and connects up the in lead 23 to line re 
lay 20. Relay 20, upon deenergizing, at arma 
ture 236 short circuits relay 293 and grounds con 
ductor 5, at armature 23 opens a point in its 
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2,022,503. 
own locking circuit as welI as preparing its own 
Original energizing circuit, and at armature 238 
Separates the right-hand Windings of repeating 
Coil R.C. Reay 34, upon deenergizing, at arma 
ture 328 restores the circuit for connecting dial 
tone to a calling line, and at arnature 33 pre 
pares a point in the circuit to relay 32 as well as 
a point in its own original energizing circuit. 
Cut-off relay 22, upon deemergizing at armatures 
2 and 29 prepares the circuit for line relay 2 
and at armature 29 opens the circuit to lock-out 
relay 23. 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. 
ASSunning now that the called line was busy in 

Stead of idle, and returning to the operation at a 
time when busy relay 285 was fully energized 
after the code selecting digit was dialled, busy 
relay 35, upon energizing, at armature 33 coin 
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 328, tone condenser TC, conductor 254, 
resting contact and armature 246, and thence 
over the calling subscriber's loop, as previously 
described. At arnature 332 relay 35 prepares 
a circuit for grounding test lead 382, and at arm 
ature 333 opens the circuit to relayS36, 30 and 
S9 and likewise prepares a circuit for reoper 
atting relay 33 in case relay 2 is again operated. 
At arnature 335 relay 35 prepares a point in 
the circuit to reverting call relay 25 and at airn 
ature 338 completes a locking circuit for itself 
as follows: froin grounded conductor 259, arm 
ature 334 and Working contact, normally closed 
Springs controlled by arrinature 339, and through 
the winding of busy relay 395 to battery. After 
receipt of ousy tone the calling Subscriber re 
places his receiver, thereby opening the circuit 
to line relay 2, which accordingly deemergizes 
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 33 is en 
ergized, the deenergization of relay 224 at arma 
ture 22 opens the circuit of busy relay 35 to 
cause its deemergization. 
The foregoing circuit descriptions are the cir 

cuit operations for ringing the subscribers, such 
as subscribers S4 and S6, which have their ring 
ers connected to the positive line conductor. 
As diagrammatically illustrated in Fig. 4 line 7 
has ten substations connected thereto, five of 
such substations having their ringers connect 
ed to the negative line conductor and the re 
maining lines having their ringers connected to 
the positive line conductor. In order to 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 66 will be energized to cause the 
energization of ring reversing relay 34, as pre 
viously described. In order to ring the sub 
Scribers having their ringers connected to the 
negative line conductor the code ringing digit 
dialed is less than Six, and therefore relays 66 
and 3A4 are not energized. In this case the op 
eration of ringing relay 33 connects generator 
to the negative line conductor to operate the 
ringers thereon. This arrangement is known as 
tein 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, 

1.1 
on. As will be noticed armatures 424 and 430 
On connector group. relay 42? are tied together 
and Connected to the test conductor 44 of this 
line. 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 42 and 486. 
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 34 is 
not energized, ringing relay 33 always connects 
the generator to the negative line and since re 
lay 600 is not energized, the code selected by 
the code digit dialled is determined by the con 
ductor Selected over the resting contacts of the 
arnatures of relay 609. The second ten sub 
Scribers on this line are signalled by dialling 
the digits 2 and 7 and then a code selecting digit 
1 to 0. In 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 42 and 407. When relay 407 op 
erates its armature 44 a circuit is completed 
for energizing the code switching relay 600, as 
follows: from grounded conductor 29, arma 
tures 469 and 44, conductor 393, and through 
the Winding of code switching relay 600 to bat 
tery. Relay 60 at its resting contact discon 
nects the first ten code ring conductors and at 
the working contact 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 33 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 Digits Ring cond. Ring cond. 

2-3 
2-4 
3 
3-2 
3-3 
3-4 
4-1 
4-2 
4-3 
4-4 

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 A5 shown in Fig. 4 
should be arranged to permanently shunt ar 
mature 4, then whenever the group selecting. 
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12 
digit 2 is dialled the circuit for code switching 
relay 60 in Fig. 6 is completed over conductor 
393. Relay 609, 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 dialiiing 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 dialed 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 60 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 
3 . In this modification the circuit for relay 
34 extends from ground at arnature 456 over the 
dotted conductor 446 (inshunt of armature 438), 
conductor 392, over the dotted conductor 392 
(connected in shunt of armature 666), conductor 
379, and through the winding of ring reversing 
relay 3 f to battery. In this case Whenever con 
nector group relay 47 is energized in response 
to the group digit 7, relay 34 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 34 with 
the result that ringing current is connected to the 
negative line conductor When the ringing relay 
33 is operated. 

Reperting 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 
S. Subscriber S therefore removes his receiver 
and dials the line Selecting digits 1 and 7 and then 
the code selecting digit assigned to subscriber S. 
The findergroup relays 0 and and the finder 
unit relay 67 operate to connect the control re 
lays of the link to line 7. The connector group 
relay 4, the connector unit relay 497, and the 
code selecting relays in Fig. 6 operate also in the 
same manner as previously described. Since the 
called subscriber, Subscribei S, is on the same 
line as the calling subscriber S, line 7 is marked 
busy and busy relay 395 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 S now re 
places his receiver, thereby opening the circuit 
of line relay 20 which accordingly deenergizes. 
At armature 233 relay 2 opens the circuit of 
the relay 383. 
armature 325 opens the circuit of relay 30 and 
at armature 324 grounds the test conductor 382 
to maintain the line busy and to hold the cut 
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 6 of 
line 7, armature 6 and resting contact, one 

Relay 333, upon deemergizing, at . 
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branch extending to the winding of relay 2 to 
hold said relay and the other branch extending 
by Way of armature 9, arnatures 4 and 4, 
conductor 52, armature 222, armature 239, con 
ductor 272, and through the winding of relay 32 
to battery for holding the latter relay. 
Slow to release relay 30 , upon deenergizing, at 

arinature 38 and working contact, opens the 
original energizing circuit of relay 392 now main 
tained energized over the previously traced cir- 0 
cuit, and at the resting contact of arnature 38 
completes a circuit for energizing reverting call 
relay 205. This circuit may be traced as follows: 
from grouild at the resting contact of arnature 
324 over the previously traced circuit for holding 5 
cut-off relay 2 and relay 302 energized to con 
ductor 52, conductor 27, armature 38 and rest 
ing contact, arfmature 335, conductor 273 and 
through the winding of reverting call relay 25 
to battery. At armature 225 relay 25 opens the 20 
circuit to finder group relay 9 which deen 
ergizes, at armature 226 opens One of the multiple 
circuits to relay 302, and at armature 227 com 
pletes a circuit for energizing test relay 35 as 
followS: from ground at the normally closed 25 
Springs controlled by armature 228, conductor 
275, armature 322, conductor 53, armature 227, 
conductor 274, and through the lower winding 
of relay 35 to battery. Relay ff0, upon deen 
ergizing, at armatures 2 and 3 disconnects 30 
the line conductors 4 and 5 from the link con 
ductors 50 and 5 thereby opening the circuit 
to line relay 20. At airmature 37 relay 3 5 com 
pletes a locking circuit for itself, at armature 
38 prepares a circuit for energizing pick-up re- 35 
lay 60, at armature 376 completes the circuit, for 
energizing relay if , at armature 375 grounds 
the test lead 382 to maintain this line busy, and 
at armatures 373 and 34 prepares points in the 
ringing circuit. The circuit for energizing re- 40 
lay 40 may be traced as follows: from grounded 
armature 376 and working contact, conductor 
268, armature 492 and through the winding of 
relay 40 to battery. At armatures 495 and 436 
relay 40 connects the line conductors 4 and 5 45 
to the link conductors 252 and 255. 
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 69 as previously described. At armature 3 2 50 
pick-up relay 619 completes its own locking cir 
cuit, and at armature 67 prepares the circuit, for 
ringing relay 33. When the selected code ring 
Conductor is grounded by the ringing machine 
ringing relay 33 is energized over the previously 55 
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 fl. The ringing circuit may be 
traced as follows: from generator, resting con- 60 
tact of armature 3, Working contact and arma 
ture 368, armature 33, conductor 252, armatures 
65 and 495 to negative line conductor 4 of the 
line and thence through the ringers on line 

7 to positive line conductor 5, armatures 496 65 
and 476, conductor 255, armature 374, armature 
369, and Working contact, armature 372 and rest 
ing contact, to ground. 
At completion of the code ring and in response 

to either the calling or called subscriber answer- 70 
ing during the Silent period relay 2 energizes 
in series with relay 22 over the following cir 
cuit: from ground through the winding of relay 
22, lower right-hand winding of repeating coil 
RC, conductor 256, resting contact and arma- 75 
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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 
253, upper right-hand Winding of repeating coil 
RC, armature 238 and resting contact, and 
through the winding of relay 2 to battery. At 
armature 2A2 relay 2 completes the circuit for 
energizing relay 2.É aid opens a point in the 
circuit to the disconnect relay 26. Relay 22, 
Upon energizing, at arriature 3 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 23A dis 
ConnectS ground from conductor 2S to deener 
gize the code selecting relays, at armature 238 
Opens the circuit to relays 2 and 22 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 32 deemergizes and at armature 323 opens 
the locking circuit of relays 42 and ; and at 
ai'nature 322 opens the circuit to relays 35, , 
A, 234, and 2.2. Relay 4, upon deemergiz 
ing, at armatures 475, 475 and 48 disconnects 
the link conductors 252, 255 and 382 from line 7. 
Relay 4, upon deenergizing, opens at armature 
49 the circuit to test conductor G and at arma 
ture 493 opens the circuit of relay 4, which 
accordingly deenergizes. Relay 35, upon deen 
ergizing, at armatures 373 and 34 opens further 
pointS in the talking and ringing circuits, at 
arnature 375 disconnects ground from test con 
ductor 382, at armature 36 disconnects ground 
from conductor 268, at armature 37 opens a 
point in the locking circuit, and at armature 38 
OpenS a point in the original energizing circuit of 
pick-up relay 6. Relay , upon deemergiz 
ing, at armature 3 opens the circuit to relay 
If Which accordingly deemergizes, and at arma 
ture 4 disconnects the test lead of line from 
the liik. Relay 9, upon deemergizing, at , ar 
matures A2, E3, and is opens further points in 
the link circuit. Relay 294, upon deemergizing, 
at armature 22 opens the locking circuit of 
relays 2 C, 34 and 385. Relay 22, upon deen 
ergizing, at armature 2 7 transfers relay 20 
from direct ground to the in start lead 28. 
ReVerting call relay 25, upon deemergizing, at 
anature 2: Opens a point in the original ener 
gizing circuit of relay 35. 

Cut-off relay 2, upon deemergizing, at arma 
ture opens the circuit of lock-out relay 3, and 
at arrnatures 8 and reconnects line relay to 
the Conductors of line A. Line relay now 
energizes over the Subscriber's loop as follows: 
ground by Way of a natures and resting con 
tact, lower Winding of line relay , conductor 5, 
the Substation loop conductor 4, arnature 8, 
and through the upper winding of relay to 
battery. At arnature 6 line relay grounds the 
test conductor to busy this line in the con 
nector end of the link circuit, and at armature T 
Cornpletes the locking circuit for lock-out relay 3. 
Lock-out relay 3 is maintained energized to pre 
vent grounding of the start lead 6. Relays 35, 
2.É and 34 row deenergize. Relay 2A deen 
ergizes in case the in lead 28 is not grounded, as 
previously described. The entire link is now 
released and talking battery is furnished through 
line relay to the Subscribers on line . After 
conversation and in response to both parties 
replacing their receivers line relay restores and 
ocei is the circuit of lock-Out relay 3 which is 
likewise deenergized and restores the line cir 
cuit to normal. 

3 
Call to suitchthrough 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 i to Connect with the trunk line extending 
to this automatic exchange. 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 have been dialled, connector relays 
48 f and 4 are energized. At armatures 484 
and 94 relays 48 and 40 connect the test lead 
of the trunk line 8 to test lead 382. At arma 
tures 437 and 445 busy relay 305 is connected in 
Series with the pper winding of Switchthrough 
relay 23 to the test conductor 382 to test the 
busy or idle condition of this trunk line. In 
Case the trunk line 8 is busy, ground on the test 
conductor 48 of trunk line 8 completes a cir 
cuit for energizing busy relay 305 to close its 
'X' contacts, thereby preparing a circuit for 
fully energizing itself then relay 396 deemergizes 
Shortly after the impulsing period. This cir 
cuit may be traced as follows: from grounded 
test conductor 48, armatures 434 and 494, con 
ductor 382, arnatures 43 and 445, conductor 
27, upper winding of switch-through relay 23, 
conductor 269, armature 3, resistance 34, 
armature 339, and through the winding of busy 
relay 35 to battery. Due to resistance 34 in 
the circuit relay 23 is not energized over the 
above traced circuit and the busy relay 395 oper.- : 
ates to close only its 'X' contact at armature 
334. When relay 306 deemergizes shortly after 
the second impulsing period, as previously de 
Scribed, said relay at arnature 339 closes the 
circuit for fully energizing busy relay 305 from 
grounded conductor 259. Busy relay 35 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 8 is idle when called, 

then there is no ground. On test conductor 48 
and busy relay 35 is not energized. NOW when 
relay 36 deeinergizes shortly after the second 
impulsing period a circuit is completed for ener 
gizing Switch through relay 23 in series with 
the cut-off relay of trunk line 8 as follows: from 
grounded conductor 259, arnature 334 and rest 
ing contact, armature 340, armature 3, con 
ductor 269, upper winding of Switch-through re 
lay 2 E3, conductor 2, armatures 445 and 437, 
conductor 33, armatures 494 and 484, conductor 
£33, and through the cut-off relay associated 
with this trunk line to battery. At armature 250 
relay. 23 closes its own locking circuit to ground 
at armature 38 and at armatures 246 and 24 
disconnects the calling line from the left-hand 
Windings of the repeating coil and connects the 
calling line to conductors 252 and 255 direct. 
At armature 248 relay 23 opens a point in the 
circuit to disconnect relay 26, at armature 249 
disconnects ground from conductor 262 to open 
one of the multiple grounds to relay 3G and to 
open the locking circuit of relay 304. At arma 
ture 249 and working contact relay 23 grounds 
conductor 268 to complete an energizing cir 
cuit, for relay 48 by way of arnature 444, and 
at armature 25 connects grounded conductor 
2 to test conductor 382 by Way of armatures 
A45 and 43 to maintain the test conductor 48 
grounded. Line relay 20 deenergizes when its 
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14 
circuit is opsned at armatures 246 and 247 and 
at armature 230 opens the circuit to relay 303. 
Relay 439, upon energizing, at armatures 482 
and 83 connects the trunk conductors 485 and 
486 to the link conductors 252 and 255. Relay 
303, upon deenergizing, at armature 325 opens 
the circuit of slow release relay 30 which deen 
ergizes after an interval. The trunk equip 
ment operates and connects ground to test Con 
ductor 337 to hold relays 23, 302 and cut-off relay 
2 energized. The circuit for holding relay 23 
energized extends from grounded conductor 487, 
armatures 484 and 494, conductor 382, arma 
tures 437 and 445, conductor 270, armatures 25 
and 259, through the lower winding of cut 
through relay 23 to battery. The circuit for 
maintaining relay 302 in energized position ex 
tends from grounded conductor 437 over the pre 
viously traced circuit to armature 25 and thence 
over armatures 239 and 226 in multiple to con 
ductor 22 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 25 
by way of conductor 27, armature 222, con 
ductor 52, armatures 4 and 4, armature 9, 
and through the winding of cut-off relay 2 to bat 
tery. The calling line conductors 4 and f5 
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 con 
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 23, 302 and 
cut-off relay 2. Relay 23, upon deenergizing, 
at armature 249 opens the circuit of relay 489. 
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 7. Slow to re 
lease relay 392 deenergizes and at armature 322 
opens the circuit to the finder relays 0, 
and 97 and relays 204 and 202. At armature 323 
relay 392 opens the circuit to connector relayS 
48 and 48. Relay 480, upon deemergizing, at 
arnatures 482 and 483 disconnects the talking 
conductors of the link from the trunk line. The 
lock-out, relay 3, the finder relays 0, , and 

E, deemergize as previously described. Relays 
284 and 232 deenergize and the latter relay con 
nects the transfer relay 20 to the in lead 28. 
Connector relays 4 and 48 likewise deenergize. 
In case the in lead 28 is grounded transfer relay 
2 is maintained energized, otherwise relay 20 
deenergizes and the link may be used on Subse 
quent calls. 
Incoming trunk calls operate the link circuit 

the Sarine 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 2 energizes and at armature 243 
closes the circuit for battery reversing relay 29 
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 
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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 230 relay 20 opens the 
circuit of relay 303 which deenergizes and at 
armature 327 disconnects battery through the 
Winding of relay 2 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 2ff, upon deenergizing, at arma 
ture 243 opens the circuit to reversing relay 299 
which deemergizes if operated and at arnature 
242 closes a holding circuit for slow to release 
relay 30 before the same deenergizes in response 
to the deenergization of relay 303. This circuit 

5 

may be traced from ground at armature 32, con 
ductor 265, armature 242 and resting contact, 
armature 245 and working contact, conductor 264, 
and through the Winding of relay 3 to battery. 
The restoration of the link circuit is now con 
trolled by the operator over the ring-down trunk. 
When the operator at the distant end disconnects 
the circuit to relay 22 is opened and said relay 
deenergizes to open the circuit of relay 30 at 
arnature 245 to cause the deenergization of re 
lay 30 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 589 
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 minute intervals inter 
rupter contacts 593 are closed to complete a cir 
cuit for relay 590. At armature 592 relay 599 
disconnects ground from conductor 284 and at 
the Working contact of arnature 592 completes 
an obvious circuit for energizing relay 58). At 
armature 58 relay 580 prepares the circuit for 
connecting battery to conductor 285 to energize 
the disconnect relay 206 if a permanent exists. 
When interrupter spring 593 opens relay 595 de 
energizes and at armature 59 momentarily con 
nects battery to conductor 285 to energize discon 
nect relay 206 if a permanent exists. At arma 
ture 592 and its working contact relay 590 opens 
the circuit of relay 589 which deenergizes after 
an interval and at the resting contact of arma 
ture 592 grounds conductor 284. Relay 580, upon 
deenergizing, at armature 58 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 2, 22 or 23 are not energized, 
a circuit is completed for disconnect relay 293 
When relay 589 is energized and relay 59 deen 
ergizes as follows: from grounded armature 32, 

30 

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, amatures 58 and 
59, resistance 594 to battery. Relay 206 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 arnature 
592 to conductor 25 to maintain a holding con 
dition on conductor 275 until the relay 59) 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 2, 22 or 23, before 
relay 598 again energizes, then relay 590 at arma 
ture 592 disconnects ground from hold conductor 
275 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 10, 
and G7 and the link control relays 202 and 204. 
Restoration of the finder relays disconnects the 
calling line from the link causing the deenergiz 
ation of line relay .207 and cut-off relay 2. At 
armature 22 relay 204 opens the circuit of relay 
3:2 which thereupon deenergizes. At armature 
2 relay 22 connects the transfer relay 20 to 
the in start lead 28. Relays 207, 32 and 303 
deenergize in the same manner as previously de 
scribed. Relay 363 at armature 325 opens the cir 
cuit of slow to release relay 30? which according 
ly deenergizes and at armature 38 opens the 
circuit for relay 392. Relay 32 deenergizes and 
causes the release of the remaining Operated re 
lays in the same manner as previously described. 
In case time 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 3 is energized, Such relay 
is deemergized in response to the restoration of 
relays 284, 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 392. In case the calling Subscriber 
dials two digits and then fails to disconnect the 
renoval 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 32. 
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 reiays as previously described and 
in addition the deenergization of relay 3f6. At 
armature 33 relay 35 opens a circuit to the 
connector group relay, at arniatures 373 and 34 
disconnects generator from the called line, at ar 
mature 33 opens the circuit of relay 6, , at 
ariinature 35 disconnects ground from the test 
lead to free the called line. 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 679, 
upon deenergizing, at armature 67 opens the 
Circuit to ringing relay 3:3. The operated con 
nactor Irelays deenergize to disconnect the called 
line froin 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 
Inects, then the removal of ground from conduc 
tor 23, causes the release of relays as previously 
described, and in this case relay 39 deemergizes 
in response to the deenergization of relay 234 
When the locking circuit of relay 2) is cpened 
at arnature 22. In a 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 22.É at arnature 
22 opens the circuit of busy relay 305 and re 

lay 304 which thereupon deenergize. In case both 
the calling and called subscribers fail to answer 
a reverting call, then the removal of ground from 
conductor 284 causes the release of relays G, 

, 0, 292, 234, and 3:5, as previously described. 
The deenergization of relays and opens 
the test leads over which relays 32 and 235 were 
held energized on a reverting call. Relays 34, 
305, 4.8, 302, 205, 670, 4 , and 4 and the op 
erated code selecting relays deemergize as previ- O 
Ously described to free the link. 
When ground is removed from the test lead the 

Cut-off relay such as relay 2, deensrgizes and at 
armatures 3 and reconnects the line relay 
to the line conductor to cause its reenergization T5 
in case a permanent condition exists on the line. 
At arnature relay 2 opens the circuit of lock 
out relay. S. Line relay inInediately reenergizes 
in case the line is permanent and at armature 7 
locks the lock-out relay 3 in energized position 20 
before the saline deemergizes. At armature 6 re 
lay grounds the line to make this line busy. 
When the permanent condition is cleared from 
the line the circuit of line relay f is opened and 
this relay deemergizes to free the line at arma- 25 
ture 6 and at arnature opens the locking circuit 
of lock-out relay 3 which accordingly deener 
gizes. The line circuit is now at normal and may 
be used for both incoming and outgoing calls. 

In case the finder unit relays fail to find the 30 calling line relay at armature 48 completes 
a circuit for energizing relay 282 as follows: from 
grounded conductor 53, arnature 223 and rest 
ing contact, armature 220 and working contact, 
conductor f35, armatures 2, 85, and similar 35 
armatures on the finder unit relays, armature 48 
and Working contact, conductor 54, and through 
the lower winding of relay 232 to battery. At ar 
nature 2 fi relay 22 completes the circuit for 
energizing transfer relay 20 . Relay 20 at ar 
nature 2.6 closes a point in tie all link busy 
chain, at arnature 2.4 completes its own lock 
ing circuit, at arnature 2 is and working contact 
transfers the in start lead 28 to the out lead 282 
to start the next idle link searching for the call- 45 
ing line, and at armature 2F5 and its resting con 
tact opens the circuit to line relay 27. The 
deemergization of line relay 297 causes the re 
lease of the link as previously described. 
When all the links become busy a circuit is 50 

completed for energizing all link busy relay 339 
as follows: from ground at terminal 573, over 
Conductors similar to conductors 233 and 288 to 
terminal 57, in a similar manner over conduc 
tors from terminals 575 to 56, and from ter- 55 
minals 557 to 58 to conductor 283, armature 2 f6, 
conductor 280, and through the winding of all 
link busy relay 58). At armature 52 all link 
busy relay 569 removes ground from the start 
circuit to prevent a waiting call from holding the 60 
transfer relays 28 energized. As soon as any one 
link becomes idle all link busy relay 568 deener 
gizes. 

If the circuit of start relay 53 remains closed 

40 

for a predetermined time ground from springs 583 65 
Operated by the time switch TS completes the 
circuit for relay 568. Relay 553 at arnature 
56f prepares the circuit to relay 5 and the 
start lamp ST, at armature 562 completes a lock 
ing circuit for itself by way of armatures 4, 
532, and 59 . At armature 563 opens a point 
in its Original elergizing circuit, at arnature 554 
prepai'es a circuit for relay 568, and at arnature 

70 

565 prepares the circuit for the alarm lamp AL 5 
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and opens a point in the circuit to relay 550. 
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 
564, through the normally closed springs con 
trollied by ai'nature 542, and through the Wind 
ing of relay 54 to battery. At armature 54 re 
lay 53 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 53 and removes the shunt from around 
relay 539 in case relay 520 is energized. Relay 
583, upon deenergizing, at armature 565 com 
pletes the circuit for energizing relay 550, and at 
arnature 533 prepares a point in its original en 
ergizing circuit. If relay 520 is energized at 
this time relay 539 energizes in Series with relay 
52 when the shitunt is removed at armature 544. 
At armature 53 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 539 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 deemergizing, transfers the 
start circuit from the middle to the beginning 
of the chain. The circuit for energizing relay 
55 Inay be traced as follows: from ground by 
Way of armature 545, armature 565 and resting 
contact, through the normally closed spring con 
trolled by armature 553, and through the wind 
ing of relay 550 to battery. At armature 553 
relay 559 completes its locking circuit and opens 
itS Original energizing circuit, at armature 552 
prepares a locking circuit for relay 560, at arma 
ture 55 prepares a circuit to the start lamp ST, 
and at armature 554 prepares a circuit to the 
alarm lamp AL. When the time switch TS again 
closes Springs 593 relay 568 again energizes. At 
armature 562 relay 560 completes its locking cir 
cuit, at armature 56 completes the circuit for 
lighting the start lamp ST and for energizing 
relay 5, at arnature 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 5 is opened relay 50 deenergizes and at 
arnature 5 removes ground from the start cir 
cuit, at arnature 52 opens the locking circuit 
of relays 3A 3, 550 and 560, and opens the circuit 
to the time Switch T'S to stop the same. ERelay 
543, upon deenergizing, at armature 545 opens 
one of the multiple circuits to the alarm lamp 
A. Relay 560, upon deenergizing, at armature 
53 opens the circuit to the start lamp ST and 
relay 3' 8. Relay 550, upon deenergizing, at 
arinature 55 opens a point in the circuit to 
the Start lamp ST and relay 570, and at armature 
554 opens the circuit to lamp AL. Relay 570, 
upon deemergizing, at armature 572 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 50 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 
Operation of relay 50 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 
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Letters Patent Will be set forth in the follow 
ing claims: 
What is claimed is: 
1. In a telephone System, subscribers' lines, 

each line having a pair of talking conductors, a 5 
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 10 
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 5 
line to the incoming test conductor and there 
after to 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 20 
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 25 
the talking conductors of the called line to the 
Outgoing 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 30 
of incoming talking conductors, an incoming test 
COInductor, 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 35 
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 
means for Operating a further one of said relays 40 
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 50 
terminating Said conductors, means responsive 

4. 5 

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- 55 
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. 60 

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- 65 
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- 70 
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. 75 
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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 Subscriber, 
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, each 
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 connected 
test conductors for operating the third group re 
lay in said link corresponding to the called line 
group 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 conductor, 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 calling 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 conductor of the call 
ing line, means operated when the calling poten 
tial is found for stopping the sequential opera 
tion of said second group link relays, and means 
responsive thereto for connecting the line coin 
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 correspond 
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 nun 
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 potential is found for 
stopping further sequential operation of Said 
first group link relays and for sequentially oper 
atting 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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18 
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 Oper 
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 COIl 
ductors of Said link. 

11. In a telephone System, a called line haW 
ing a first and a second group of SubScriberS 
thereon, a ringing code assigned to each Sub 
Scriber on Said line, means Operated in reSpoinSe 
to dialling either one of two different group Se 
lecting digits and the same units digit for CO 
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 dialed 
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 Systern, 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 
upon the tens digit and the code ring digit dialed 
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 Saime 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 telephone sys 
ten, 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 deternining whether said ring 
ing Source is to be connected to said positive 
line conductor or said negative line conductor. 

15. 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 Con 
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- 15 
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 contacts 
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, a subscriber's line 
having a pair of talking conductors and a test 
conductor, a link circuit for completing telephone 8 
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 circuit, 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 
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 means 
operated responsive to said connection for oper 
atting said first relay to operatively connect only 65 
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 call 75 

60 
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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 

9 
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 circuit by Way of 
said operated group relay. 

HARRY G. EVERS. 


