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25 Canas, 
This invention relates in general to automatic 

telephone systems, but more in particular to small 
systems suited for installation in towns or vil 
lages. An automatic telephone system of this 

5 type is generally known as a Community Auto 
matic Exchange or C. A. X., and may have 8, 
capacity of about fifty lines, more or less. Usual 
ly the lines are party lines having either bridged 
Or grounded ringing circuits over which such Sub 

he scribers are signalled by means of code ringing. 
Provision is also made for trunking calls to and 
from distant exchanges. 
The object of the present invention is to pro 

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

One of the features of the invention relates to 
the all-relay finder-connector links for intercone 
necting the various lines in this syster. 
Another feature of the invention relates to the 

20 manner in which both the trunk lines and sub 
Scribers' lines are connected to a finder-connector 
link, especially the line and trunk hunting oper 
ations of the finder and connector units relays. 
Another feature of the invention relates to a 

25 all-relay allotter which preselects idle finder-con 
nector links and in which connon relay testing 
equipment is provided for causing a calling line 
to be connected to the preselected idle link. 
Another feature of the invention relates to as 

30 improved lock pulsing arrangement for repeating 
the pulses received from a calling iline. 
Another feature of the invention relates to 

circuit arrangements whereby the finder-con 
nector link switches straight through cutting of 

35 the local talking bridges on both incoming 2nd 
outgoing trunk calls. 
Another feature of the invention relates to a 

common all-relay code interrupter and the cir 
cuit arrangements for selecting and connecting 

40 various code rings to called subscribers' lines. 
A further feature of the invention relates to an 

alarm. Sender which seizes a trunkline to the dis 
tant exchange when a case of trouble arises, and 
Which transmits a series of tones over the trunk 

45 line to identify the particular trouble. 
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. 
50 1 to 11, inclusive, there is shown by means of the 

usual circuit diagrams sufficient of the apparatus 
in an automatic telephone system to enable the 
invention to be readily understood. 

Fig. 1 shows a group of finder group relays 
55 FGR for connecting the line conductors and test 

conductors of the various groups of lines and 
trunk lines to one of the finder-connector all 
relay links. The link shown is capable of inter 
connecting fifty lines. The groups of lines are 
divided into five groups of ten lines each and are 5 
designated as the 2, 36, 9, 56 and 60 groups. 
Relays 622, 32, 52, 52 and 62 are call finder 
group control relays and operatively connect the 
test conductors of their respective groups to the 
link circuit, soWR. Relays such as relayS 0 
00 S0S S0SzAS0S000S0 CLL 

a 68-6 are for connecting the line conductors 
of their respective grougs to the link circuit. In 
the lovyer left-hard corner of Fig. is shown the 
line circuit, , of the first line in the 28- 5 
group. A plurality of substations such as 2, 
22, 26, &nd 2, Sire diagrammatically shown 
conected to this line. Ás Will be seen, the line 
conductors of this line, or ine 2, terminate in 
armatures 27 and 28 of relay 2 in the 20 
group, while the test conductor of this line ter 
minates in armature 829 of relay 22 in the 28 
group. The line confuctors and the called test 
conductor extead by Way of a three-conductor 
cable 859 to the outgoing end of the link wherein 25 
these conditactOS tea?inate in arratures on the 
Connector group reisay in the 26-group. In the 
upper left-hand corer of Fig. is show the 
IUank line cirCAå ?ikº for the trtank line "R, 
shown in Fig. 10. As will be seen, this trunk line 30 
terminates in arrature springs , and 2 
of the finder group relays f2 and 22. The 
trunk line conductors are also, connected to the 
outgoing end of the link circuit in a manner sin 
ilar to that described for line 2. lines 22, 23, 
28, 26, 26 and 2, and trunk lines 28 and 29, in 
dicated by the brackets, terminate in armatures 
controlled by the finder group relays in the 26 
group for connecting such lines to the link circuit. 
In a similar nanner the trunk lines and Sub- 40 
scribers' lines in the 36-group and other groups 
are connected in a similar manner. 

Fig. 2 shows a group of finder units relays 
FUR for connecting the line of any selected group 
to the control circuits in the link. 5 

Fig. 3 shows 8, group of connector units re 
lays (CUR, for connecting the link circuit to any 
particular called line in any called group as de 
termined by the operated connector group relays. 

Fig. 4 shows a group of connector group relays 60 
CGR for connecting the outgoing end of the link 

3 5 

to any line in any group. In the right-hand end 
of Fig. 4 is shown the line circuit of line 33 and 
a plurality of substations thereon. Line 33 is 
connected to the incoming end of the link as is . 
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shown diagrammatically by the three-conductor 
cable extending to armatures 45, 458 and 459, 
in Fig. 1. All of the trunk lines and all of the 
subscribers' lines in all of the groups terminate 
in the outgoing end of the link in the manner 
illustrated by line .33. Fig. 5 shows an all-relay allotter for preselect- . 
ing an idle link. In the upper left-hand corner. 
of Fig. 5 are shown the link selecting relays LSR 
which control the selection of an idle link and 
which control the operation of the link connect 
ing relay, such as 500, for connecting such link 
to the group selecting relays GSR in the common 
allotter. The group selecting relays GSR are 
operated to find the calling group while relay 
550 is operated when the calling line is found by 
the finder units relay. In the lower left-hand 
corner of Fig. 5 is shown the allotter control re 
lays ACR, which control different functions to be 
described hereinafter. Each group of lines has 
a start conductor, such as start conductor 37, ex 
tending from each group of line circuits to a ter 
minal such as terminal 20 shown in the lower 
part of Fig. 5. The start conductor, correspond 
ing to start conductor f3, of the 30-group would 
terminate in the terminal 30, and the remaining 
start conductors of the other groups would ter 
minate in the correspondingly numbered ter 
minals. In the upper-right-hand corner of Fig. 
5 is shown the connecting relay 500 of one of 
the link circuits. This relay connects the group 
selecting relays GSR to the finder group relays 

35 
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60 - to the distant exchange when Some trouble arises. 
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FGR of the selected link, and also connects cir 
cuits for controlling the line hunting operations 
of the link. Fig. 6 shows a group of relays in the contro 
circuit of the link. Fig. 7 shows another group of relays in the 
control circuit of the Same link. 

Fig. 8 shows a further group of relays in the 
control circuit of the same link. Relay Si in 
Fig. 8 is provided for connecting the counting re 
lays 820 to 880, inclusive, to the connector group 
relays CGR, in Fig. 4. Relay S2 is provided for 
connecting the counting relays to the connector 
units relays CUR, in Fig. 3. Relay 890 is pro 
vided for connecting the common code inter 
rupter CI to the counting relays. 

Fig. 9 shows an all-relay code interrupter CI, 
and a ringing machine RM. 

Fig. 10 in its upper portion shows the trunk 
line TR, which terminates in position 20 of the 
20-line group of the link. This trunk line is 
connected by way of repeating coils RC and RC 
and conductors 054 and 0.55 to the trunk cir. 
cuit TC at a distant exchange. This particular 
trunk circuit TR is connected to an alarm sender 
AS shown in Fig. 11. 

Fig. 11 shows an alarm Sender AS for trans 
mitting a series of tones Over the trunk line TR 

Throughout the drawings numerous types of 
relays, well known in automatic telephone art, 
are shown. Slow-to-operate relays are shown 
having a full-black upper section. Slow-to-re 
ease relays are shown having a Cross-hatched Sec 
tion. The weighted armature Springs of vibrat 
ing relays are shown with a rectangular weight 
on their movable ends. Although only substations having their ringers 
grounded for divided or grounded ringing have 
been illustrated in the drawings, it will be un 
derstood that substations having their ringers 
bridged across the line conductors may also be 
operated over the circuits shown. 

Sires to call subscriber 33. 

2,028,289. 
Briefly the operation of the system is as fol 

OWS 
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 5 
in the common all relay allotter which operates 
to find the calling group. When the calling 
group is found the allotter completes a circuit 
for energizing the proper finder group control re 
lay in an idle link previously preselected by the lo 
allotter. The operation of the findergroup con 
trol relay connects all of the test conductors of 
all the lines in the calling group to the finder 
units relays which now operate successively until 
the marked Calling line is found. 15 
When the calling line is found the allotter is 

operated to preselect another idle link and the 
calling line is connected to the control circuits 
of the link in use. The first digit transmitted 
by the calling subscriber operates counting re-20 
lays to operate the corresponding connector group 
control relay which connects all of the test con 
ductors of the called group to the connector units 
relays of the link. The second digit reoperates 
the counting relays to operate the corresponding 25 
connector units relay to connect the test con 
ductor of the called line to the link control cir 
cuits. The third digit reoperates the counting 
relays to Select the ringing code. If the called 
line is idle an all relay code interrupter controls 30 
a ringing relay in the link over the selected code 
ringing conductor to transmit the selected ring 
ing code to the called line. 

In- incoming trunk calls the operation is the 
Same as just described with the exception that 35 
the local talking bridges in the link are discon 
inected to connect the trunk line straight through 
to the called subscriber. 

In Outgoing trunk calls the calling line is 
found in the same manner as just described and 40 
in response to dialling a single digit designat 
ing a trunk call the corresponding connector 
group control relay connects the test conductors 
of this line group to the connector unit relays and 
the connector unit relays corresponding to the 15 
trunklines in this group are successively operated 
to hunt for an idle trunk in this group. When 
an idle trunk line is found the link switches 
through cutting off the local talking bridges. 

It will now be assumed that subscriber 26 de- 50 
When the Subscriber 

at substation 2 f6 removes his receiver a circuit 
is completed for energizing line relay f2 over 
the following circuit: from ground by way of 
arnature 78 and resting contact, through the 
winding of relay 72, Over the lower talking con 
ductor of line 2 il through the subscriber’s sub 
station loop comprising the receiver R, trans 
mitter T, calling device CD, and over the upper 
heavy talking conductor of line 2, arrnature 77, G() 
and through the winding of relay 73 to battery. 
Relay 72 at armature 79 disconnects conductor 
56 from the cut-off relay 7 at its resting con 
tact and at its working contact grounds conductor 
56 which extends by way of the three-conductor 65 

cable 59 of Fig. 4 to busy the calling line at the 
called terminals, at armature 80 connects the 
cut-off relay 7 I to armature 29 by way of arma 
ture 74 to mark line 2 as a calling line in the 
finder group of relays. At armature 8 relay 70 
72 grounds start conductor 37 by way of arma 

ture 75 and resting contact, thereby marking 
the group in which the calling line is associated 
in the relay allotter. Responsive to relay 72 
grounding the start conductor 37 a circuit may 75 

5 35 
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2,028,239 3. 
be traced for energizing relay 587 from grounded 
armature 8, armature 75 and resting contact, 
conductor f37, terminal 20, resistance R2, arma 
ture 5004, and through the lower winding of relay 
587 to battery. 
At the time this call is initiated the link select 

ing relays LSR in Fig. 5 have preselected the first 
relay link. Since one or more links are idle, the 
all link busy relay 588 is energized over the com 
mon all link busy conductor 629 from ground at 
the idle link circuits. One of these circuits may 
be traced from armature 626 and resting contact, 
armature 66, springs 645 of busy key BK, com 
mon to all link busy conductor 629, and through 
the winding of all link busy relay 588 to battery. 
Relay 588 is maintained energized from ground 
from the idle link circuits and therefore only 
deenergizes at a time when all of the links are 
busy. Relay 588 at armature 599 prepares a cir 
cuit for the link connecting relays, at armature 
5000 prepares a point in the circuit to the link 
selecting relays LSR, and at armature 500 com 
pletes a circuit for energizing relay 585 as follows: 
grounded arnature 500 and working contact, 
through the winding of relay 585, through arma 
tures 536, 530, 524, 58, and 5 , and through 
the lower winding of relay 50 to battery and in 
multiple therewith through the associated re 
sistance to battery. Relay 50i is also maintained 
energized, over this circuit as long as the first 
link is preselected. Link selecting relay 50 at 
armature 507 prepares a point in the circuit for 
operating the link connecting relay 500, at arma 
ture 509 prepares a point in the circuit extending 
to the guard conductor 6 6, at armature 50 pre 
pares a circuit for the second link selecting relay 
502, and at arnature 52 opens a point in the 
circuit of link selecting relay 506. 
Since the first link is the link preselected, due 

to link Selecting relay 50 being in energized posi 
tion, the energization of start relay 587 completes, 
in this case, the circuit for energizing the link 
connecting relay 5 to as follows: from ground by 
way of armatures 595, 599, 593, and 507, and 
through the winding of relay 51 00 to battery. 
At arnature 596 relay 58 completes a circuit by 
way of armature 5002 for energizing relay 59 f, at 
armature 59 prepares a point in the circuit for 
grounding the guard conductor 66 so as to trans 
fer the call to the next idle link if the calling line 
is not found within a predetermined time, and at 
armature 598 completes a circuit through its lower 
winding independent of armature 5004. Relay 
59 operates and closes the circuit to relay 590. 
Relay. 590, after an interval, energizes and at 
armature 5005 completes the circuit for energizing 
relay 589 as follows: from ground by way of . 
armature 596, armature 5005 and working con 
tact, and through the winding of relay 589 to 
battery. At armature 5002 relay 589 opens the 
circuit of relay 59 which deenergizes; at arma 
ture 5903 prepares a point in the circuit for the 
guard lead 66, and at armature 5004 opens the 
original energizing circuit of relay 587. Relay 
591, upon restoring, causes its weighted spring 
5006 to vibrate alternately opening and closing 
the circuit of relay 590. Due to its slow release 
action, relay 590 remains operated during the 
vibrations of spring 5006. Relay 500, upon 
energizing over the above traced circuit, at arma 
tures 5,02, 5,03, 5 05 and 5 06 prepares circuits for 
operating the finder group control relays shown in 
Fig. 1. At armature 5f of relay 500 completes a 
circuit for energizing relay 549 as follows: from 
ground by way of armature 50, armature 576 

and resting contact, and through the winding of 
relay 549 to battery. At armature 508 relay 590 
prepares a circuit for One of the finder group line 
relays of the finder group FGR, shown in Fig. 1, 
at armature 507 prepares a circuit for starting 5 
the hunting operation of the finder units relays 
FUR, shown in Fig. 2; at armature 509 prepares 
a point in the circuit for the common line test 
relay 550, and at armature 5 f2 connects ground 
to conductors 24 and fe8 in order to provide 10 
locking ground for the finder group control relays 
and for the finder unit relays. - 
Relay 549, upon energizing, at armature 59 

prepares a locking circuit for the group selecting 
relays GSR, at armature 580 opens a point in the is 
circuit for operating the finder units relays, and 
at armature 58 closes the starting circuit for 
energizing the group selecting relays, and in 
this case closes a circuit for energizing the first 
group selecting relay 543 as follows: ground by 20 
way of armature 58, armature 577 and resting 
contact, armatures 573, 568, 563, 558, and 553 
and their resting contacts through the winding 
of relay 543 to battery. Relay 543 at arnature 
55 prepares a point in the circuit for energizing 
finder group control relay 22; at armature 552 
completes a locking circuit for itself, at armature 
553 opens a point in its original energizing cir 
cuit and closes the circuit for relay 544; and at 
armature 554 connects battery through the upper 30 
winding of group test relay 548 to the finder start 
cCnductor 37 which is grounded in response to 
a call from any subscriber in the 20-line group. 
The group selecting relays 543 to 547, inclusive, 

are slow to operate relays which only operate 35 
after a short interval and close their own locking 
circuits through their inner upper armatures be 
fore operating their remaining armatures. As 
suming for the time being that some other sub 
scriber in another line group is calling and there- 40 
fore the finder start lead 37 will not be ground 
ed and therefore the group test relay 548 will not 
be operated. In case conductor f3 is not ground 
ed relay 544 energizes after an interval over the 
following circuit: from ground by way of arma- 45 
ture 58, armatures 577, 573, 568, 563, 558, and 
their resting contacts, armature 553 and working 
contact, and through the winding of the second 
group selecting relay 544 to battery. Relay 544 
at armature 555 prepares a circuit for energizing 50 
the finder group control relay 32, at armature 
556 opens the locking circuit of the first group 
selecting relay 543 which will be energized after 
an interval, at armature 55 completes a locking 
circuit for itself from grounded armature 579 by 55 
Way of armatures 57, 566, and 56; at armature 
558 opens its original energizing circuit at its 
resting contact and at its working contact closes 
the circuit for the third group selecting relay 
545; and at armature 559 connects the group test 60 
relay 548 to the finder start lead common to the 
3.0-line group subscribers. In the same manner 
as just described relays 545, 546 and 547 operate 
in sequence each unlocking the preceding group 
selecting relay and connecting the finder start 65 
lead of the group with which they are associated 
to the upper winding of relay 548 until the call 
ing line group is found or the last group is 
reached. - 

When the calling line group is found ground 70 
over the start lead, such as lead 37, completes 
the circuit for energizing the group test relay 
548 through its upper winding. Relay 548, upon 
energizing, at armature 577 opens the energizing 
circuit to the next Succeeding group selecting re- 5 
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4. 
lay before such group selecting relay operates and 
closes its locking circuit; at armature 576 opens 
the circuit to the slow to release relay 549, and 
at armature 578 completes its locking circuit from 
grounded armature 50, armature 578, armature 
577 and its working contact, and through the 
lower winding of group test relay 548 to battery. 
At armature 575 group test relay 548 completes 
the circuit for energizing the selected finder group 
control relay, in this case relay 22, as follows: 
from grounded armature 575, armature 570, 565, 
560, and 555 and their resting contacts, armature 
55, armature 502, group cut-in conductor 82, 
and through the winding of finder group control 
relay 22 to battery. Relay 22, at armature 25 
completes its own locking circuit from grounded 
conductors 88 and 24 and at armatures 23 and. 
f24 connects the finder group line connecting re 
lays 20 and 12 to conductors i 90 and í 89. At 
its upper armatures, such as armatures 0, 3, 
and 29, relay f22 connects all of the test con 
ductors of the twenty-line group to the test arma 
tures associated with the finder units relays 
shown in Fig. 2 in order to connect the marked 
calling line in the finder units relay group. In 
this case, since the line 21 is the calling line, arma 
ture 29 connects battery to armature 28 by 
way of conductor 97, armatures 29, 80 and 74, 
and through the winding of cut-off relay 7 to 
battery. 

In the allotter in Fig. 5 relay 549 deemergizes 
after an interval and at armature 579 opens the 
locking circuit of the energized group selecting 
relay, in this case relay 543, at armature 580 
completes a circuit for operating the finder units 
relays of Fig. 2 in their hunting operation, and 
at armature 58 removes one of the multiple 
locking grounds from the lower winding of relay 
548, which, however, is maintained energized from 
grounded armature 5 of. Group selecting 'relay 
543 deemergizes, and at armature 55 opens the 
original energizing circuit of relay 22 and at . 
armature 554 opens the original energizing cir 
cuit of relay 548. It should be noted that due to 
the slow to operate action of the group selecting 
relays, relay 544 did not have sufficient time to 
operate and close its locking circuit before the 
group test relay 548, upon finding the calling 
group, energizes and at armature 577 opens the 
circuit to relay 544. The group test relay 548, 
therefore, energizes when the group in which the 
calling line is located is found, and at armature 
577 opens the energizing circuit to the succeeding 
group selecting relay before such group selecting 
relay is fully energized. 
As soon as relay 549 deenergizes the circuit 

for energizing the first finder units relay 20 
may be traced as follows: from ground by way 
of armature 50 f, armature 576 and working 
contact, armature 580, armature 583 and rest 
ing contact, armature 5 07, conductor 23 by 
way of armatures 2, 22, 23, 24, 25, 26 f, 
27, 28, 29, and 20 and their resting contacts, 
and through the winding of relay 20 to battery. 
The finder units relays are also slow to oper 
ate relays and operate in a manner similar to 
that described for the group selecting relays in 
the allotter. At armature 22 relay 20 com 
pletes its locking circuit from grounded conduc 
tor 88 by way of armatures 203, 293, 283, 273, 
263, 253, 243, 233, and 223. At armature 2 
relay 20 opens its original energizing circuit 
after its locking circuit is closed, and connects 
the grounded start conductor 2 f3 to the second 
finder units relay 220. At armature 25 relay 

2,028,289 
20 prepares i a point ín the círcuít for operat-. 
ing the finder group line relay having its circuit 
prepared by its associated energized finder con 
trol relay, and at armature 28 prepares a cir 
cuit for the common line test relay 550 in the is 
allotter. In case the calling line is 2, 3, 4, 
5, or 6 the operation of armature 28 com 
pletes a circuit for energizing the line test relay 
550 in the allotter. However, in order to describe 
the hunting operation of the finder units relay 10 
it will be assumed for the time being that Some 
line other than the line mentioned is calling. In 
this case the second finder units relay 220 is 
operated from grounded conductor 23 by way 
of armature 2 and its working contact. At 15 
armature 222 relay 220 completes its own lock 
ing circuit by way of armatures 233, 243, 253, 
263, 23, 283, 293, and 203 to grounded conduc 
tor 88. At armature 223 relay 220 opens the 
locking circuit of the first finder units relay 20 20 
to cause its deenergization; at armature 22 and 
its working contact prepares the energizing cir 
cuit for the third finder units relay 230 which 
circuit, however, is only completed upon the de 
energization of the first finder units relay 2fO 25 
at armature 2 and its resting contact. At 
armature 225 relay 220 prepares the circuit to 
the finder group line relay having its circuit pre 
pared by its associated finder group control relay, 
and at armature 228 prepares: a circuit for the 30 
common line test relay 550 in the allotter. The 
first finder units relay 2lQ after an interval deen 
ergizes and at armature 28 opens the previously 
prepared circuit for the common line test relay 
550, and at armature 2 completes the circuit 35 
for energizing the third finder units relay 230. 
In the same manner as just described the remain 
ing finder units relays operate in sequence each 
preparing a circuit to the preceding finder units 
relay and extending the test lead of the line with 
which they are associated to the winding of the 
Common line test relay 550 until the calling line 
is found. 
When the calling line is found battery through 

the winding of cut-off relay of the calling line 
will be connected to conductor 299 for energiz 
ing the common line test relay 550 and the sub 
Scriber's cut-off relay in series. Since line 2 in 
this case is the calling line it will be remembered 
that finder group control relay 22 has been en- 50 
ergized and locked in energized position to pre 
pare the circuit for the finder group line relay 
20 and to connect battery from the winding of 

cut-off relay 7 to conductor 97 by way of 
armature 29. Therefore, when the first finder 

40 

45 

55 

unit relay 20 energizes and operates its alma 
ture 28 the circuit for energizing the common 
line test relay 550 in series with the subscriber's 
cut-off relay í 1 is completed. This circuit may 
be traced as follows: From ground through the 60 
lower winding of relay 550, armature 509, con 
ductor 69 to conductor 299, armature 28, con 
ductor 97, armature f 29, armature 80, armature 
74, and through the winding of cut-off relay 

f'T fl to battery. Relay : 550 energizes before the 
second finder units relay 220 has had sufficient 
time to fully operate and accomplishes the foll 
lowing functions: at armature 583 and its resting 
contact relay 550 disconnects ground from con 
ductor 23 to prevent the next finder units relay, 
in this case relay 220, from fully operating, and 
at its working contact completes a locking cir 
cuit through the upper winding of relay 550 from 
grounded armature 50 and armatures 576 and 
580. At armature 584 relay 550 completes a 75 

65 
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circuit through the upper winding of start relay 
587 in order to maintain this relay in energized 
position after the marking ground is removed 
from start conductor 37. At armature 582 relay 

5 550 completes a circuit for energizing finder 
group line relay 29 as follows: ground by way 
of armature 582, armature 508, conductor 29, 
armature 25, conductor 90, armature 23, and 
through the winding of finder group line relay 

10 20 to battery. Cut-off relay 7 energizes in 
Series with the common line test relay 550 and 
at armature 76 maintains its circuit closed inde 
pendent of armatures 80 and 74, at armature 
77 disconnects relay 73 from the upper line 

15 conductor, at armature 78 completes a circuit 
for energizing relay T0 and opens the circuit 
of line relay 72. Relay 70, upon energizing, 
at armature 4 opens a point in the original 
energizing circuit of cut-off relay Ti and at 

20 armature 75 disconnects ground from start 
conductor 3. Line relay f 12, upon deemergiz 
ing, at armature 79 disconnects direct ground 
from conductor 56 at its working contact and 
at its resting contact substitutes the ground 

25 through the lower winding of line test relay 550 
so as to maintain conductor 56 grounded to 
busy the line at the called terminal. 

Finder group line relay 20, upon energizing .4 
over the above traced circuit, at armatures 27 

30 and 28 completes a circuit for energizing line 
relay 690 in Fig. 6, over the following circuit: 
from ground through the winding of line relay 
690, resting contact and armature 664, conduc 
tor 279, armature 216, conductor 199, armature 

35 27, through the talking conductors including 
the calling subscriber's loop to armature 28, 
conductor 98, armature 27, conductor 289, 
armature 662 and resting contact, and through 
the winding of relay 692 to battery. Line relay 

40 590, upon energizing, at armature 69 completes 
a circuit for energizing impulse relay 640 as fol 
lows: ground by way of armature 69, armature 
633, resistance 643, and through the winding of 
impulse relay 640 to battery. The circuit for 

45 energizing slow to release relay 600 may be traced 
from grounded armature 69 through the nor 
mally closed springs controlled by armature 634, 
and through the winding of relay 600 to battery. 
Impulse relay 640, upon energizing, at armature 

50 64 short circuits armature 633 to maintain the 
relay energized, and at armature 642 prepares a 
point in the circuit for maintaining relay 600 in 
operated position. Relay 600, upon energizing, 
at arnature 60 completes an obvious circuit for 

55 energizing slow to release relay SO, at armature 
602 connects direct ground to conductor 299, 
thereby connecting direct ground instead of 
ground through the lower winding of relay 550 
to conductor 56 in order to maintain the calling 

60 line busy to other subscribers; and at armature 
603 connects ground through the normally closed 
Springs controlled by armature 607 to conduc 
tor 29 to maintain the finder group line relay 
f'20 in energized position. Relay 60, upòn ener 

65 gizing, at armature 6 grounds conductor 24 
to maintain the locking circuit of the operated 
finder control relay 22 and the locking circuit 
of the operated finder units relay 20. At arma 
ture 62 relay 20 prepares a point in the ener 

70 gizing circuit of the trunk test relay 660, at arma 
ture 63 completes an obvious energizing circuit 
for relay 620 through its lower winding and also 
completes a circuit by way of armatures 686 and 
68 through the upper winding of relay 630 for 

75 energizing the latter relay, at armature S 4 pre 

t 

pares a point in the energizing circuit of relay 
4), and at armature 65 prepares a point in the 

energizing circuit for the time release relay S04. 
Relay 620, upon energizing, at armature 62 
connects the well known dial tone through the 5 
calling subscriber's loop over the following cir 
cuit: from dial tone by way of armatures 62, 
66, and 68, conductor 706, armatures 792 and 
793, conductor 708, resting contact and arma 
ture 672, through the tone condenser TC to con- 10 
ductor 693, through the talking condenser, resting 
contact and armature 664, and thence over the 
circuit previously traced through the calling sub 
station loop. At armature 622 relay 620 con 
nects a multiple ground to conductor 24 to 15. 
maintain the finder group control relay and 
firider units relay in energized position, at arma 
ture 623 prepares the circuit for energizing the 
series relay 650, as well as preparing an impuls 
ing circuit to the counting relays; at armature 20" 
624 prepares a point in the locking circuit for 
busy relay 670, at armature 625 connects ground 
to conductor 329 to prepare locking circuits for 
a number of relays, and at armature 627 grounds 
conductor 747. At armature 626 and its resting 25 
contact relay 620 removes One of the grond con 
nections from the common all linkbusy conductor 
629 and at its working contact grounds guard 
conductor 66 to cause the allotter to preselect 
another idle link. Relay 630, upon energizing, 30 
at armature 63 connects battery through re 
sistance 609 to talking conductor 289 by way of 
arnature 662 in order to improve the impulsing 
circuit, at armature 632 opens a point in the 
circuit for energizing the connector group line 35 
relays, at armature 633 opens the original en 
ergizing circuit of impulsing relay 640, which, how 
ever, is held energized through its own armature 
54, and at armature 634 completes a new circuit 
for maintaining relay 600 energized as follows: 40 
from ground by way of armature 667, armature 
642 and working contact, armature 634 and work. . . 
ing contact, and through the winding of relay 600 
to battery. At armature 635 relay 630 prepares 
a further point in the impulsing circuit to the 45 
counting relays, at armature 636 prepares a 
point in its own locking circuit through its lower 
winding, at armature 637 prepares a point in the 
operating circuit for the counting relays, at arma 
ture 638 prepares a point in the circuit for 50 . 
energizing relay Sf, and at armature 639 dis 
connects the generator start conductor 657. 
When the guard conductor 66 is grounded in 

response to the operation of relay 620 a circuit 
is completed for energizing, in this case, the sec- 55 
ond link selecting relay 502 in series with relay 
586 as follows; from grounded guard conductor 
6 6, armature 5f 0, through the upper winding 
of relay, 502 and through the winding of relay 586 
to battery. At armature 593 relay 586 opens the 60 
circuit to the link connecting relay 500 which 
thereupon deemergizes after an interval, and at 
armature 594 completes a circuit from grounded 
armature 596 for energizing the relay 59. Link 
selecting relay 502, upon energizing, at armature 65 
53 prepares a circuit for the link connecting re 
lay in the second link similar to link connecting 
relay 500, at armature 54 opens a point in the 
circuit for grounding the guard conductor associ 
ated with the third link, at armature 55 prepares 70. 
a point in the circuit for grounding the guard 
lead 66 associated with the second link in case 
the call is not completed, at armature 56 con 
nects guard lead 66 associated with the sec 
Ond link to the upper winding of the third link 75 
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selecting relay 503 to prepare for the energiza 
tion of the latter relay as soon as the guard lead 
66" is grounded, at armature 57 completes a 
locking circuit for itself through the lower wind 
ing over the previously traced locking circuit ex 
tending from grounded armature 500 through 
the winding of relay 585, and at armature 58 
opens the locking circuit of the first link select 
ing relay 50. Link selecting relay 50, upon de 
energizing, at armature 508 prepares a point in 
the circuit for grounding guard conductor 66' 
in case the call is not completed, and at armature 
52 prepares a point in the locking circuit for 
the sixth link selecting relay 506, and at armature 
5, O opens the original energizing circuit of relays 
502 and 586 which now deenergize. Relay 500, 
upon deenergizing, at armatures 5.02 and 508 
opens the circuits extending to the finder group 
control relays, at armature 50 opens the lock 
ing circuits of relays 548 and 55C, thereby caus 
ing the deenergization of the latter relays, at ar 
mature 508 disconnects ground at armature 582 
from the conductor 29 which, however, is 
grounded at armature 603, and at armature 52 
disconnects one of the multiple grounds from COn 
ductor 24. .." " ? ?". 
At armature 584 relay 550, upon deemergizing, 

opens the circuit through the upper winding of 
start relay 587 and the latter relay now deener 
gizes in case no other line in line group 20 is 
calling. Group. test relay 548 at armature 575 
opens a further point in the circuit of the finder 
group control relay 22, at armature 576 again 
prepares the circuit for relay 549, and at arma 
ture. 577 again prepares the circuit for operating 
the group Selecting relays. Relay. 59, upon en 
ergizing over the above traced circuit, operates 
its vibrating arm 5006 and closes an uninter 
rupted energizing circuit to relay 590 from 
grounded armature 596. 
In case the second link is busy ground On the 

guard lead 66' closes a circuit for energizing link 
selecting relay 503 and relay 586 in series as fol 
lows: from grounded link conductor 66”, arma 
ture 516, through the upper winding of link se 
lecting relay. 503, and through the winding of re 
lay 586 to battery. In the same manner as just 
described for the second link selecting relay 502 
the link selecting relays 503, 504,505 and 606 op 
erate, in sequence opening the locking circuit to 
the preceding link selecting relay and connecting 
the guard lead of their associated link to the suc- . 
ceeding: link selecting relay until an idle link is 
found or all links become busy. 
'. In case no other call is waiting start relay 587 
deerlergizes and at armature 596 opens the cir 
cuit of relays 59, 590 and 589. Relay 586, upon 
deenergizing, when an idle link is found, at ar 
mature 593 prepares a point in the circuit for en 
ergizing the link connecting relay similar to link 
connecting relay 5.00 in the second link. How 
ever, should another call be waiting the circuit 
through the lower winding of relay. 587 is still 
maintained by way of the start, conductor similar. 
to start conductor 37 and the grounded resist- . 
ances such as R2, ER3 or R and does not, there 
fore, restore. In this case when relay 586 deener 
gizes said relay at armature 593 will complete the 
circuit for energizing the link connecting relay 
Similar to relay 500, and at armature 594 opens 
the circuit to relay 59 causing the weighted 
Spring 5006 to vibrate and interrupt the circuit 
to relay 590. The link connecting relay similar 
to relay 500 to the idle link now operates. and 
closes a circuit to relay 549 to cause the opera 
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tion of the allotter in the same manner as previ 
ously described. 

In case the calling line is not found within a 
predetermined time, the timing arrangement con 
trolled by relays 589, 590 and 59 f will be operated 
to cause the allotter to Select another idle link. 
In this case if the calling line has not been found 
by the time, the weighted spring 5006 ceases its 
vibrations relay 590, will restore and at armature 
5005 open the circuit to relay 589 at its working 10 
contai;t and at its resting contact completes a 
circuit; for energizing link selecting relay 502 and 
relay 586 in series as follows: from ground by 
way of armature 596, armature 5005 and resting 
contact, armature 5003, armature 5000 and work- 15 

5 

ing contact, armature 597, armature 509, arma 
ture 539, guard lead 66, armature 50, through 
the upper winding of relay 502 and through the 
winding of relay 586 to battery. Relays 586 and 
502 operate to cause the allotter to preselect an- 20 
other idile link in the same manner as previously 
described. The link connecting relay, Such as 
5f OC, will deemergize in response to the operation 
of relay 586 in order to open the circuit extending 
to the relays in the link and to the relays in the 25 
allotter. In case all of the links become busy ground 
will therefore be removed from the common all 
link busy conductor 629 with the result that all 
link busy relay 588 will deenergize. At arma- 30 
ture 599 relay 588 opens a point in the circuit for 
energizing the link connecting relays, such as 
5.00, at armature 5000 opens a point in the cir-e- 
cuit for grounding the various guard conductors 
at its working contact and at its resting contact 3 
prepares a circuit for operating the all link busy 
meter relay ALB, and at armature 500 and work 
ing contact opens the locking circuit to the link 
selecting relays and relay 585, and at its resting 
contact completes the circuit for energizing re- 40 
lay 59 as follows: from ground by way of arma 
ture 500 f and resting contact, armature 5002, and 
through the winding of relay 59 to battery. 

Relay 59 f, upon energizing, at spring 5006 again 
completes the circuit for relay 590 and the lat-4 
ter relay at armature 5005 again completes the 
circuit for relay 589. Relay 589, upon energiz 
ing, at armature 5002 opens the circuit to relay 
59 and at armature 5003 prepares a circuit for 
the all link busy meter relay ALB. Relay 59,50 
upon restoring causes its weighted reed Spring 
5006 to vibrate and intermittently interrupt the 
circuit of relay 590. Relay 590 does not restore 
immediately due to its slow releasing action, but 
as the vibrations of spring 5006 decrease in am 
plitude the circuit of relay 590 is opened for a 
sufficient time to permit relay 590 to restore. At 

... armature 5005 relay 590 opens the circuit of relay 
589 at its working contact and at its resting con 
tact completes the circuit for operating the all 60 
link busy relay ALB as follows: from ground by 
way of armature 500 and resting contact, arma 
ture 5005 and resting contact, armature 5003, 
armature 5000 and resting contact, and through 
the winding of relay ALB to battery. Relay ALB 6 
operates over this circuit and operates the meter 
M to register, an all link busy condition. After 
an interval slow to release relay 589 deenergizes, 
at armature 5003 opens the circuit through the 
all link busy relay ALB, and at armature 5002 70 
again completes the circuit for relay 59. Relay 
59 again operates and the foregoing cycle of 
operations of relays 590, 589, and 59 continue 
until an idle link becomes available. 
When a link becomes idle ground is again con- 75 
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nected to the common conductor 629 to energize 
the all link busy relay 588. At armature 500 
and resting contact relay 588 opens the circuit 
to relays 589, 59), and 59 allowing them to re 
store in case no call is waiting, and at its working: 
contact completes a circuit for energizing the 
link selecting relay 50 and relay 586 in series. 
as follows: from ground by way of armature 500 
and working contact, armature 592 through the 
upper winding of relay 50, and through the wind 
ing of relay 586 to battery. At armature 598 
relay 586 opens a point in the circuit to link con 
necting relay such as relay 500 and at arma 
ture 594 completes the circuit for Operating re 
lay 59 in case a call is waiting: Relay 50, upon 
energizing, at armature 5 completes its lock 
ing circuit through the winding of relay 585, 
thereby causing the energization of the latter re 
lay. This circuit may be traced from grounded 
armature 500 and working contact, through the 
winding of relay 585, through armatures 536, 530, 
524, 58 and 5, through the lower winding of 
relay 50 to battery. At armature 507 relay 50 
prepares a circuit to the link connecting relay 
50, at armature 509 prepares a point in the cir 
cuit for grounding the guard lead 66, and at . 
armature 50 connects guard lead 66 to the sec 
ond link selecting relay 502. Relay 585 at arma 
ture 592 opens a point in the original energizing 
circuit of relay 50. In case the first link is busy 
ground will be encountered on the guard lead 66 
and the second link selecting relay 502 and re 
lay 586 will operate in series in the manner pre 
viously described. At armature 5f relay 502 
closes its locking circuit through its lower wind 
ing in series with relay 585, at armature 53 pre 

· pares the circuit for the link connecting relay in 

45 

50 
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the second link and at armature 56 connects 
the guard lead 66 of the second link to the up 
per winding of the third link selecting relay 503. 
At armature 58 relay 502 opens the locking cir 
cuit of relay 50 allowing such relay to deener 
gize. If the second link is busy ground on the 
guard lead 6,6'- completes the circuit for ener 
gizing the third link selecting relay 503 in a 
similar manner. Relays 503, 504, 505 and 506 
operate in sequence opening the locking circuit 
to the preceding link Selecting relay and con 
necting the guard leads of their associated links 
to the upper windings of the Succeeding link se 
lecting relays until an idle link is found. When 
an idle link is found the absence of ground on 
the guard lead prevents furtheir operation of the 
link selecting relays and opens the circuit of re 
lay 585 which thereupon deenergizes. Relay 586, 
upon restoring, at armature 594 opens the circuit 
to the time control relay 59 and at armature 
593 prepares a point in the circuit for the link 
connecting relay of the preselected idle link. 
When the calling subscriber hears the We 

known dial tone such subscriber will dial the first 
two digits of the called number in accordance 
with the called subscriber's line and then the 
third digit in accordance with the ringing code 
assigned to the desired subscriber on this line. In 
response to the operation of the calling device CD 
at the calling line for the first digit the circuit ex 
tending over the heavy talking conductors to re 
lays 690 and 692 is interrupted in accordance with 
the digit dialed. Whenever the dialling circuit 
is interrupted line relay 890 deemergizes and at 
armature 69 opens the circuit of the impulsing 
relay 640. Impulsing relay S40 therefore foll 
lows the impulses and at arnature 64 opens 
a point in its own locking circuit, at armature 

? 
842 and working contact opens the circuit of 
slow to release relay'S30 which remains in ener 
gized position during the impulsing period, due 
to its slow releasing characteristics and at its 
resting contact completes a circuit for energizing is 
the series relay 658 as follows: from ground by 
Way of armature 667, armature 642 and resting 
contact, armature 623, and through the winding 
of relay 650 to battery. Relay 650 is also a slow 
to release relay and maintains its armatures at 10 
tracted throughout the impulsing period. Relay 
(350, upon energizing, at armature 65 connects 
battery through resistance S09 in shunt of the 
battery through the relay 692 to improve the 
impulsing circuit, at armature 652 completes a 5 
circuit for energizing relay '70, at armature 653 
Completes 'a locking circuit by way of armature 
636 through the lower winding of relay 630 and 
grounds conductor 697 by way of armature 637 
in order to operate the counting relays shown 20 
in Fig. 8 and at armature 654 completes a cir 
cuit for energizing relay S in Fig. 8 as follows: 
from ground by way of armature 638 and work 
ing contact, armature 654 and working contact, 
armature 67, conductor 705, armature 782, arm- 25 
ature 79 and resting contact, conductor 765, 
and through the winding of relay Sf to battery. 
The circuit for energizing relay Ti f 0 may be traced 
from grounded armature 667, armsture 342 and 
resting contact, armatures 623, 635 and 552, con- 30 
ductor 33, armature 703 and resting contact, 
and through the winding of relay fo to battery. 
Relay S. at armature 806 grounds conductor 729 
to provide á locking circuit for the impulse 
counting relays and at armature 305 completes a 35 
locking circuit for itself which may be traced 
from grounded armature 625, conductor 329, 
armature 793, conductor 76, armature 873, arm 
ature 805 and through the winding of relay Sf 
to battery. Relay S. at its remaining armatures 40 
connects up the connector group control relays 
CGR, relays 750, 760, and 800 to the impulse 
counting relays. Relay 70 at armature 7 if pre 
pares a circuit for reenergizing impulsing relay. 
640 when the line relay 690 is again energized, 45 
at armature T2 prepares a point in the circuit 
for testing the busy or idle condition of the 
called line, and at armature 4 prepares a cir 
cuit for energizing relay 700. Relay 700 will not. 
energize at this time because its lower winding 50 
is short circuited from grounded conductor T3 
by Way of armature 703 and resting contact, and 
by way of armature 74 and working contact, 
armature 722 and resting contact, to grounded. 
conductor 69. 55 
When line relay 690 reenergizes after the ter 

mination of the first impulse a circuit may be 
traced for reenergizing impulsing relay 640 as 
follows: from grounded armature 691, conductor 
25, arrnature ff, resting contact and armature 60 
70, conductor 726, and through the winding of 
impulsing relay 640 to battery. At armature 64 
impulsing relay 640 again completes its locking 
circuit through resistance 643, at armature 642 
and resting contact opens, the circuit of series 65 
relay 50 and also removes ground from conduc 
tor 33 and at the working contact of armature 
$42 again completes the circuit for relay 600 
before the latter relay has had time to deener 
gize. In response to the removal of ground from 70 
conductor 33 the short circuit airound the lower 
winding of relay 700 is removed with the result 
that relay 700 now energizes in Series with relay 
f 0 as follows: from ground by way of arma 

ture 853, armature 837 and working contact, 75 
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conductor 697, resting contact and armature 722, 
armature 74 and working contact, through the 
lower winding of relay 700 and through the wind 
ing of relay 70 to battery. Relay 70 is main 
tained energized over this circuit. Relay 700, 
upon energizing, at armature 70? and resting 
contact opens the previously traced energizing 
circuit for relay 640 which is now held energized 
over its own locking circuit, and at its working 
contact prepares a point in the circuit for again 
reenergizing the impulsing relay 640 after the 
next impulse. At armature 73 and resting con 
tact relay 700 opens the original energizing cir 
cuit of relay Ti 0 and at its working contact pre 

· pares a circuit for energizing relay 720 through 
the upper winding of relay 700. At armature 704 
relay 700 connects grounded conductor 697 to 
conductor 76 to energize counting relay 870 by 
way of armature 88. 
At armature 87 relay 80 prepares, a point in 

the circuit to the first connector unit relay 3? O, 
at armature 872 prepares a point in the circuit 
to the Seventh connector units relay, and also 
prepares the circuits for the finder group relay 
432 and relay 800, at armature 873 temporarily 
opens the locking circuit of relay Sf which is 
without effect during the impulsing period, at 
armature 874 prepares the circuit for energizing 
counting relay 860, at armature 875 completes a 
locking circuit for itself, at armature 876 opens a 
point in the locking circuit of relay 830, at ar 
mature 87 completes a circuit for energizing 
counting relay 880, at armatures 878 and 879 pre 
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pares circuits for connecting the code combina 
tion conductors C and C to the lower winding 
Cf ringing relay 80. The locking circuit for re 
lay 80 may be traced as follows: from ground at 
armature 886, conductor 729, armatures 845, 855, 
865 and 875 through the winding of relay 80 to 
battery. Counting relay 880 energizes over the 
following circuit: from grounded conductor 697, 
armatures 826 and 836 in multiple, armatures 877, 
and through the winding of relay 880 to battery. 
Relay 880, upon energizing, at armature 8 opens 
the original energizing circuit of relay 870 and 
at armature 882 completes the locking circuit for 
itself independent of arnature 88. 

In response to the second impulse of the series 
line relay 690 again deemergizes and again opens 
the circuit of the impulsing relay 640 which like 
wise deenergizes. At armature 642 and resting 
contact relay 640 again completes the circuit for 
the serics relay 650 before the latter relay has had 
time to deemergize, and also grounds conductor 
733 for energizing relay 720 in series with relay 
700. This circuit may be traced from grounded 
conductor 733 by way of armature 703 and work 
ing contact, through the lower winding of relay 
700, and through the upper winding of relay 720 
to battery. Relay 700 is maintained energized 
over this circuit and relay 20, upon energizing, at 
armature 72 prepares a circuit for reenergizing 
relay 640 when line relay 690 again energizes and 
at armature 22 opens the locking circuit of relay 
70 which now deenergizes. Relay 0, upon de 
energizing, at armatures 73 and T 14 completes 
the locking circuit through the lower winding of 
relay 720 as follows: from grounded conductor 697 
by way of resting contact and armature 4, 
armature 22 and working contact, arnature f3 
and through the lower winding of relay 720 to 
battery. 
At the end of the second impulse line relay 690 

again energizes and this time completes a circuit 
for energizing relay 640 from grounded armature 

also removes ground from conductor 33. 

energizes. 
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69 by way of conductor 726, armature 72, work 
ing contact and armature 70?, conductor 726, 
and through the winding of relay 640 to battery. 
At armature 64 relay 640 again completes its own 
locking circuit and at armature 642 again com 
pletes the circuit for slow acting relay 600 and 

In re 
sponse to the removal of ground from conductor 
733 the circuit through the lower winding of relay 
700 is opened and the latter relay thereupon de- 0 

At armature 70 relay 700 opens the 
last mentioned energizing circuit of relay 640 and 
prepares a point in the alternate energizing cir 
cuit for the same relay, at armature 703 again 
prepares the circuit for relay 70, and at armature 15 
704 disconnects ground from conductor 76 and 

5 

connectS ground to conductor 709 for energizing 
counting relay 860 by way of arrnature 876. 
Counting relay 850 at armature 86 prepares the 
circuit extending to the finder group control re-20 
lay 422, at armature 862 prepares the circuit ex 
tending to the finder units relay 380 which, how 
ever, is ineffective at this time and is Only effective 
during the dialling of the Second digit; at arma 
ture 862 prepares the energizing circuit for count- 25 
ing relay 850, at armature 864 completes its own 
locking circuit, at armature 865 Opens the lock 
ing circuit of relay 870, and at armatures 866 and 
867 prepares circuits for connecting the ringing 
relay 80 to the combination ring conductors C830 
and C2 in case the third digit or the code ring 
digit is being dialled. The locking circuit for 
relay 860 extends from grounded conductor 729 
by way of armatures 845, 855 and 864. Counting 
relay 870 deenergizes and at armature 83 again 35 
completes the locking circuit for relay S, and at 
armature 876 prepares a point in the locking cir 
cuit for COunting relay 830. At armatures 874 and 
877 relay 870 opens the initial energizing circuits 
of relays 860 and 880, respectively, but said relays 40 
do not deemergize at this time because the same 
are maintained energized over their previously 
traced locking circuits, and at armature 872 opens 
the prepared circuit for the connector group con 
trol relay 432. 5 
In response to the third impulse relays 690 and 

640 deemergize and the latter relay at armature 
642 again grounds conductor 733. Since relay 700 
is in deenergized position the circuit for energiz 
ing relay if 0 is completed through the resting 50 
contact of armature 703 from grounded con 
ductor 733 and the latter relay upon energizing 
at armatures T3 and 74 opens the locking cir 
cuit of relay 720 whereupon relay 720 now deen 
ergizes. At armature T relay 70 again pre- 55 
pares the energizing circuit for impulsing relay 
640. At armature 722 relay T20 short circuits the 
upper winding of relay 700 by way of armature 
76 and armature 03. 
'At the end of the third impulse line relay 690 60 

energizes and at armature 69 completes the cir 
cuit for energizing relay 640. At armature 642 
relay 640 disconnects ground from conductor 733 
in order to remove the previously traced short 
circuit around the upper winding of relay 700. 65 
In the same manner as previously described re 
lay 700 now energizes in series with relay TO 
and relay 700 at armature 04 completes the cir 
cuit from grounded conductor 697 for energizing 
counting relay 850 by way of operated armature 70 
863. At armature 85 relay 850 prepares a circuit 
for operating connector group control relay 432, 
at armature 852 prepares the circuit for energiz 
ing relay 760 or connector units relay 390, at 
armature 853 prepares the energizing circuit of 5 
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counting relay 846, at armature 854 completes its 
own locking circuit by way of armature 84 and 
grounded conductor 29, and at arnature 85 
opens the locking circuit of counting relay 866, 
which now deenergizes. Relay - 86, upon deems 
ergizing, at a nature 86 opens the prepared crer 
cuit for the connector group control relay 32, at 
armature 862 opens the initial energizing circuit 
of relay 350, and at arnature 865 prepares a 
point in the locking circuit for relay 30. 
The foregoing cycle of operations of the im 

pulse repeating relays 0, 6 and 36 continues 
until the end of the impulse Series. hat is, at 
the start of each. Odd impulse relay energizes 
and relay 28 deemergizes and at the end of each 
Odd impulse relay () energizes and grounds co 
ductor 8 to operate the counting relay having 
its circuit prepared by the last actuated counting 
relay. At the start of each even inpulse relay 
26 energizes and causes relay 70 to deemergize 
and at the end of each even impulse relay 6 
deenergizes and grounds conductor 9 to op 
erate the counting relay having its circuit pree 
pared by the last actuated counting relay. The 
energizing circuit for the impulsing relay 63C is 
taken through armatures 7 Gs, 2 and 2 so 
that on "light in pulses' (weak impulses received 
over "leaky' lines) the circuit to relay 6é cannot 
be closed until after relay 8 or a 20 operates 
thus insuring the proper operation of the impulse 
repeating relays. impulse counting relays 333, 
88C and 830, respectively, operate in response to 
the third, fourth and fifth impulses of the Series. 
Each counting relay opens the locking circuit 
of the preceding counting relay, prepares the cir 
cuit to the succeeding counting relay. Each 
counting relay prepares the circuit to its aSSO 
ciated connector group control relay in the same 
manner as described for counting relay 366. 
On the sixth impulse counting relay 328 eners 

gizes from grounded conductor (9 by way of 
armature 833, and at armature 525 closes its own 
locking circuit to grounded conductor 23, at ar 
natures 882 and 822 switches the generator lead 
636, at arrnature 823 transfers the operating cir 
cuit for the connector group control and connec 
tor units relays, at armature 824 completes a cir 
cuit for maintaining relay Si in operated posi 
tion frog grounded conductor 6 at its inner 
upper arrature opens a point in its original ens 
ergizing circuit after the relay is locked up by 
way of arrnature 825. At armature 826 relay 32 
opens the locking circuit of relay 883 since relay 
836 is at this time also energized, at arratyre 82. 
prepares circuits ior connecting the codie ringing 
combination leads C7 to C G, inclusive, to the 
lower winding of relay 8 e, and at armature 628 
prepares a point in the circuit for connecting 
relay 8 to the mask conductor M2. Relay 386, 
upon deemergizing, at armature 88 again pree 
pares the circuit' of counting relay 37. 
On the seventh impulse of the Series relay 88 

reenergizes closing its locking circuit at argnature 
875, opening the locking circuit of relay 336 at 
armature 86, preparing the circuit of relay 880 
at armature 82, and at armature 84 preparing 
the circuit of relay 860. Counting relay 33 de 
energizes and at armature 836 completes the cir 
cit from grounded conductor 69 for reenergiz 
ing relay 880 by way of armature 877. Relay 836 
operates and closes its locking circuit at arma 
ture 882 and at armature 88 opens the initial 
energizing circuit of relay 870. Succeeding in 
pulses of the series operate relays 860, 85, and 
840 in sequence, as previously described. The 
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following chart shows the relationship between 
the impulses dialed, the impulse repeating re 
lays, the impulsing counting relays, and the cis 
cuits controlled thereby for the different digits. 

Impulsing chart 

1st digit 2nd digit 3rd digit I. ii || p | reafie counting relays en 
.I ckt. for ckt. for i ring (?) ?????? for each in relays relays cont. 

(81-oper.) (S2-oper) lead 

ist Inp. 710, 700-889,870------------------ 310 C 
2ad imp. 720-880, 860------- 422 320 C2 
3rd Inap. 710, 700-880, 850- 432 339 93 
4th Imp. 720-880, 80------------ 442 340 C4 
5th Imp. 720,700-880, 830-------- 452 350 C5 
6th Imp. 720-830, 820.----------- 462 360 C3 
7th Imp. 710, 700-820,880, 870---- 800 370 C7 
8th Ind. 720-820,880, 860----------------- 380 C8 
9th {mp. || 70, 700-820, 880, 850---- 760 390 C9 
10amp. 720-820,880, 840-------- 750 300 C10 

After the iast impulse of the series, series relay 
35 deeraergizes and 8t, arrnature 652 opens the 
impulsing circuit to the impulse repeating relays 
35, 8 and 26. At armature 663 relay 65 

opens the locking circuit through the lower wind 
ing of relay 688 and also removes ground from 
conductor 69 to open the locking circuit of 
conting relay 886 and the localing circuit for. 
the operated inpulse repeating relayS. At artne 
ture ?8?á reley ?5â opens the initia energizing 
circuit of relay SG, and at the resting contact 
of arnature 6543 cornpletes the circuit for ener 
gizing the seieced connector group control relay, 
relay 769, reisy 759, or relay 886, depending upon 
the digit dialed. 

If the first digit received is tae digit Series 
relay 655 upon restoring at armature 834 opens 
the circuit of relay S and the latter relay upon 
restoring at ar: A2ture 896 opens. the locking cir 
cuit to counting relay 8. t arrinature 653 
relay 363 disconnects ground fron conductor 69 
to deemergize relay 886. In response to the de 
energization of series relay 655 the counting re 
lays 85 and 88 are restored to their normal 
position. Without accorplishing any useful funce 
tion. Eihis circuit arrangement is provided to 
prevent a, preliminary impulse from tying up the | equipment. 

En case te first digit is the digit 9 series 
relay 653, upo a restoring, at arrnature 554 closes 
the circuit or energizing relay 6 as follows: 
fron gro23 di by Way of armature 335 and work 
ing contact, armature 554 and resting contact, 
armature 685 and resting contact, armature 37, 
conductor 35, arrature 823 and working contact, 
arnature 852, arnature 86, conductor 8, and 
through the winding of relay 760 to battery. The 
digit 9 is only dialled when a trunk connection 
to another exchange is desired and will be de 
Scribed in detaill nereinafter. 

If the first digit is the digit 0 series relay 650, 
upon restoring, at arrature 65é closes the circuit 
for energizing relay 56 as follows: fron ground 
at arnature 638 over the previously traced cir 
cuit to conductor 35, thence by way of arma 
ture 823 and working contact, armature 862, ar 
mature 895, conductor 7, and through the wind 
ing of relay 5 to battery. The digit 0 is only 
dialled when a trunk connection to a different 
exchange is desired, and will be 'described more 
fully hereinafter. " 

in case the first digit dialled is 7 series relay 
666, upon restoring, at armature 666 closes the 
circuit for energizing relay 80 as follows: from 
groundi at arenature 638, over the previously 
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traced circuit to conductor 75, and thence by 

... way of armature 823 and working contact, arma 
ture 872, armature 89, and through the winding 
of relay 800 to battery. Relay 80 closes the 
circuit to the connector group relay 2, and 
prepares to ring the lines in this group or the 
30-line group with the second set of ten codes. 
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35 

It will therefore be seen that there may be as 
many as twenty subscribers on any of the lines 
in the 30-line group: the digit 3 to be used for 
calling the first ten subscribers on a line in the 
30-line group; while the digit 7 will be used for 
calling the last ten subscribers on a line in the 
30-group. These operations will be described 
more fully hereinafter. 
In case the first digit is 2, 3, 4, 5 or 6, series 

relay 650, upon restoring, at arnature 654 con 
pletes the circuit for energizing the connector 
group control relay in accordance with the digit 
dialed. In this case assuming that the first digit 
dialed is the digit 3, then the connector group 
control relay 432 is energized over the following 
circuit: from ground by way of armature 638 
and thence over the previously traced circuit to 
conductor 35 and thence by way of armature 
823 and resting contact, armature 85, arnature 
86, conductor 483, through the winding of relay 
32 to battery. Connector group Control relay 

432, upon energizing, at armature 35 completes 
a locking circuit for itself from grounded Cons 
ductor 34, which conductor, it will be remem 
bered, was grounded by way of conductor 329 
sat armat3re 625 of relay 826. At the lupper are 
matures of relay 432 the test leads are con 
nected to the connector linits relays through the 
windings of all of the cut-off relays in the 30-line 
group in a manner similar to that illustrated 
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by the connection of conductor 494 through ar 
matures 43 and 49 to the winding of cut-off 
relay associated with the line 33. At arma 
tures 433 and 34 relay 432 prepares circuits 
for energizing the connector group line relays 
430 and 43, and at armature 438 completes a 
circuit for energizing relay 99 as follows: from 
ground by way of armature 436, conductor 487, 
armature 30, conductor 788, and through the 
winding of 790 to battery. 
At armature 9 relay 780, upon energizing, 

at armature 79 and resting contact opens the 
initial energizing circuit of relay S and at its 
working contact prepares the circuit for energiz- . 
ing relay S2. At-armature 792 relay 90 dis 
connects dial tone from the calling subscriber's 
line, at armature 93 disconnects ground from 
conductor 65, thereby opening the locking cir 
cuit of relay S. at armature 795 prepares a cir 
cuit for Selecting an idle trunk, and at armature 
T94 completes a locking circuit for itself which 
may be traced as follows: from ground by way 
of armature S25, arrnature 658 and resting con 
tact, armature 676, conductor 698, through the 
normally closed springs controlled by armature 
86, armature 794, and through the Winding of 
relay 790 to battery. Relay S, upon restoring, 
at armatures 308, 809, and 8 f4 to 88, inclusive, 
disconnects the connector group control relays 

70 

from the impulse counting relays, at armature 
807 opens the initial energizing circuit of, relay 
790, at armature 89 opens a point in the circuit 
for relay 890, and at armature 806 disconnects 
ground from conductor 729 to open the locking 
circuit of the impulse counting relays which now 
restore, 
The equipment is now ready to receive the sec 

ond digit of the called number and in the same 

connector units relay 330 as follows: 

a,028,289 
manner as previously described the line relay 690 
and the impulse repeating relay 640 follow the 
second series of impulses. The series relay 650, 
the impulse repeating relays 700, 70 and 720, 
and the counting relays operate as previously de 
scribed, and in accordance with the previously 

... disciosed chart. In this case, however, instead of 
series relay 650 completing a circuit for energiz 
ing relay Sf the circuit for relay S2 is completed 
as follows: from ground by way of armature 638 

, and working contact, arnature 654 and working 
contact, armature 67, conductor 75, armature 
782, armature 9 and working contact conductor 
759, and through the Winding of relay S2 to bat 
tery. At armature 829 relay S2 completes its own 
locking circuit which may be traced from ground 
ed conductor 329 by way of armature 78 and 
conductor 758. At armature 839 relay S2 grounds 
conductor 729 to prepare the locking circuits for 
the impulse counting relays. At armature 848 
prepares circuits for relay 780, and at the remain 
ing armatures connects the connector units re 
lays (CUR, to the impulse counting relays. The 
impulse counting relays operate in the same. 
manner as previously described and prepare the 
circuits to the connector units relays in accord 
ance with the digit dialed. 

After the last impulse of the second series is 
received series relay 650 deenergizes and closes 
the circuit for energizing the idle connector units 
relay, opens the initial energizing circuit of relay 
S2, and opens the circuit of the impulse repeating 
relays to allow them to restore. Assuming that 
the second digit dialled is the digit 3 then when 
series relay 650 deemergizes said relay at arma 
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ture 654 completes a circuit for energizing the 
from 

ground by way of armature 638 and working 
contact, armature 654 and resting contact, arma 
ture 685 and resting contact, armature 677, con 
ductor 735, armature 823 and resting contact, 
arnature 85, armature 869, conductor 3 in cable 
35, and through the winding of relay 330 to bat 
tery. At armature 33 finder units relay 330 
completes a locking circuit from grounded con 
ductor 329, at armature 333 prepares a circuit for 
energizing connector group line relay 430, at 
armature 338 connects the test lead of the called 
line, in this case line 33, to conductor 399, at 
arrnatures 336 and 33 prepares a point in the 
circuit for connecting the talking conductors of 
the called line to talking conductors 389 and 379, 
and at armature 332 connpletes a circuit for en 
ergizing relay 780 by way of conductor 325, 
armature 348, conductor 776, and through the 
winding of relay 780 to battery. 
At armature 78 relay 780 opens the locking 

circuit of relay S2, at armature 82 opens a 
point in the initial energizing circuits of both 
relays S and S2, at armature 83 prepares a 
point in the circuit for transmitting the ring 
back tone to the calling subscriber, at arnature 
T84 prepares a point in the test circuit to deter 
mine whether the line called is busy or idle, at 
armature 785 completes a locking circuit for it 
self from grounded conductor 47 by way of 
armature 772, and at armature 86 transfers the 
locking circuit of relay 790 from conductor 69 
to conductor 735. At armature 87 relay 80 pre 
pares a point in the pick-up circuit of the ringing 
machine, at armature 88 prepares a point in the 
circuit for grounding conductor 729, at armature 
789- prepares a circuit for maintaining relay 
in energized position, and at armature 779 pre 

40 

45 

60 

O 

pares a point in the hold circuit for relay 83. IS 
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2,028,239 
Relay S2, upon deenergizing, at armature 839 
opens the locking circuit of the impulse counting 
relayS, at armature 848 opens the initial ener 
gizing circuit of relay 780, and at the remaining 
armatures disconnects the connector units relays 
from the impulse counting relay. The impulse 
counting relays thereupon deenergize and the 
equipment is ready to receive the third or ringing 
digit of the called number. 
The called Subscriber is signalled by means of 

various combinations of long and short rings. 
Subscribers 1 to 5 are signalled by a long ring 
accomplished by ground over the first mask lead 
MIf followed by a series of short rings accom 
plished by ground pulses over the combination 
leads C to C5 to operate ringing relay 80. Sub 
scriber 6 is signalled by two long ringS accOm 
plished by ground over the first and second mask 
leads M and M2 to operate ringing relay 80 for 
two long periods. Subscribers 7 to 10 on a line 
are signalled by a series of short rings accom 
plished by ground pulses over the combination 
leads C7 to CO followed by a long ring accom 
plished by ground over the second mask lead 
M2 to operate ringing relay 80. Subscribers 11 
to 20, whenever twenty subscribers are on a sin 
gle line, are signalled by a series of short rings 
accomplished by ground pulses over the combi 
nation leads C to CO, inclusive, to operate ring 
ing relay 80. In the particular instance shown 
the first digit to be dialled in order to signal 
subscribers 11 to 20, inclusive, is the digit 7. 
which, due to the operation of the counting re 
lays, causes the energization of relay 800 to open 
both mask leads M and M2 as well as selecting 
a connector group control relay in a certain line 
group, in this case the line group 30. h- 

In response to the third digit line relay 690 and 
impulse repeating relay 680 follow the impulses. 
as previously described. Relay 640 causes the 
energization of series relay 650 and the impulse 
repeating relays as previously described. In this 
case, however, series relay 650 at armature 654 
opens the locking circuit of relay 90 instead of 
closing the circuit for relays S or S2. Relay 

, upon energizing at the beginning of the first 
impulse of the third series, at armature 72 com 
pletes a circuit for testing the idle or busy condi 
tion of the called line. In case the called line is 
busy ground will be connected to armature 49 
and this ground extending by way of armature 
54, conductor 494, armature 338, resting contact 
and armature 308, conductor 399, normally closed 
Springs controlled by armature 753, conductor 
723, armature 673 and resting contact, normally 
closed springs controlled by armature 683, con 
ductor T 19, armature 784, armature T 2, arma 
ture C2 and resting contact, conductor 727, and 
through the lower winding of busy relay 60 to 
battery for energizing the latter relay. 

In case the called line is idle relay 700, upon 
operating at the end of the first impulse, trans 
fers the test lead of the called line from the busy 
relay 670 to the line test relay 680 at armature. 
702. In case the called line is idle, line test relay 
680 is energized over the following circuit: 
ground through the upper winding of relay 680, 
conductor 728, working contact and armature 
702, armature T 2, and thence over the previously 
traced circuit to armature 479 and through the 
resting contact of armature 479 and through the 
winding of cut-off relay 47 to battery. The line 
test relay 680 and cut-off relay 47 energize in 
series over this circuit. Relay 790 restores as 
soon as its locking circuit is opened by the opera 

11 
tion of series relay 650 and at armature 796 pre 
pares the locking circuit for the impulse count 
ing relays by grounding conductor 29. The im 
pulse counting relays operate in response to the 
impulses received in the same manner as pre- 5 
viously described, to prepare the connection of 
ring leads to the winding of the ringing relay 80. 
Relay 680, upon energizing, at armature 68 

OpenS a point in the dial tone circuit, at armature 
682 prepares the circuit for energizing the con- 0 
nector group line relay corresponding to the digit 
dialled; at armature 683 connects direct ground 
to the test conductor of the called line instead of 
ground through the upper winding of line test 
relay 680, at armature 684 completes a locking 5 
circuit through its lower winding by way of arma 
ture 668 and grounded conductor 329, at arma 
ture 685 prepares a point in the circuit for ener 
gizing relay 890 of Fig. 8, at armature 686 opens 
the circuit extending through the upper winding 20 
of relay 630, at armature. 687 prepares a point in 
the circuit for maintaining the slow to release 
relay 60 energized on reverting calls, and at 
armature 688 completes a circuit for grounding 
the generator start conductor 657 for energizing 25 
the generator start relay 900 in Fig. 9. V 

Cut-Off relay 47, upon energizing over the 
previously traced circuit, at armatures 477 and 
478 opens the circuit to relays 473 and 472 and at 
the working contact of armature 478 completes 30 
the circuit for energizing relay 470. The con 
nection of direct ground to the test conductor of 
the called line at armature 683 makes the called 
line test busy to other subscribers calling the 
same, At armature 476 cut-off relay 47 com- 35 
nects this direct ground by way of conductor 457 
to mark the line busy in the calling terminals of 
the finder group and units relays. Relay 479, 
upon operating, at armature 475 prepares a lock 
ing circuit for itself. ; ?? 
At the end of the series of impulses series re 

lay 650, upon restoring, at armature 653 opens 
the locking circuit through the lower winding of 
relay 630 and also disconnects ground from con 
ductor 697; at armature 652 opens a point in the 45 
impulsing circuit to the impulse receiving relay; 
at armature 65 opens a multiple circuit through 
resistance 609; and at armature 654 prepares the 
circuit for energizing relay 890. Relay 630, upon 
deenergizing, at armature 634 transfers the cir- 50 
cuit for relay 600 to the contact 69 f of relay 690; 
at armatures 635 and 637 opens a point in the 
circuit to the impulse receiving relay to prevent 
further operation of the impulse counting relays 
if the circuit to relay 640 is again interrupted, 55 
at armature 63 removes the resistance 609 from 
in multiple with relay 692 to improve trans 
mission; at armature 632 completes a circuit for 
energizing the connector group line relay asso 
ciated with the called line, in this case relay 430; 60 
at armature 638 prepares a further point in the 
circuit for energizing relay 890, and at armature 
639 connects ground to the generator start lead 
657 by way of armatures 745 and 688 for energiz 
ing the generator start relay 900 in Fig. 9. 65 
The circuit for energizing the connector group 

line relay 430 may be traced as follows: from 
ground by way of armature 632, armature 682, 
conductor. 39, arnature 333 of the operated 
finder units relay 330, conductor 355 through ar- 70 
mature 433 of the operated connector group con 
trol relay 432 and through the winding of con 
nector group line relay 430 to battery. At arma 
tures 438 and 439 relay 430 connects the talking 
conductors of the called line to the winding of 75 



12 
relay 740 and relay 14. One side of the called 
Subscriber's line is connected by Way of ground 
at armature 614, conductor 746 through the lower 

0 

winding of relay 40, resting contact of armature 
73, 742, and 752 and said armatures, conductor. 
774, resting contact and armature 83, conductor 
389, armature 337, conductor 495, armature 438, 
to the upper line conductor of line 33. Battery 
through the winding of relay 774 is connected to 
the lower line conductor of the called line by way 
of resting contact and armature 75, conductor 
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768, resting contact and armature 82, conductor 
379, armature 336, conductor 496, armature 439 
and thence to the lower line conductor of line 33. 
When generator start relay 900 energizes in 

response to the deenergization of relay 630 after 
the last digit has been dialled, relay 900 at arma 
ture 976 completes the circuit for energizing relay 
890, at armature 977 completes an obvious circuit 
for energizing slow to operate relay 939, at arma 
ture 97.6’ completes a circuit for energizing relay 
960, and at armature 978 temporarily grounds the 
generator alarm lead extending to Fig. 1. The 
circuit for energizing relay 890 may be traced 
from ground by way of armature 638 and resting 
contact, armature 685 and Working contact, con 
ductor 736, armature 787, conductor 7 i 8, through " 
the left hand Winding of relay 890, pick-up con 
ductor PU, armature 976, armature 984, and 
through the resistance to battery. Relay 890, 
upon energizing, at armature 892 completes a 
locking circuit for itself as follows: from ground 
by way of armature 932, hold conductor H, arma 
ture 892, conductor 75, armature 779, conductor 
77, and through the right-hand winding of relay 
890 to battery. At armature 89 relay 890 com 
pletes a circuit for energizing relay 30 from 
ground by way of armature 936 over the drain 
conductor D, armature 89, conductor 737, and 
through the winding of relay 730 to battery. 

i Relay 730 at armature 73 and its working con 
tact Connects ground through the resistance 732 
to the talking conductor by way of armatures 
742, 752 and 83 to discharge the condensers on 
the line being signalled. The condensers con 
nected to this line conductor are discharged so as 
to prevent the discharge of such condensers from 
Operating the ring-cut-off relay 740 before the 
called subscriber answers. At armatures 893 and 
894 relay 890 connects the mask leads M and M2 
to the contacts of the impulse counting relays and 
to the upper winding of ringing relay 80. At the 
remaining armatures relay 890 connects the com 
bination ringing conductors C to CO, inclusive, 
to the contacts of the impulse counting relays. 
The circuit for energizing relay 960 extends 

from grounded armature 932, armature 976, ar 
mature 980 and resting contact, through the wind 
ing of relay 960, and by way of armatures 976 and 
984 to the resistance and battery. The connec 
tion of ground to the general alarm lead at ar 
mature 98 if maintained thereon for a prede 
termined time causes the alarm equipment to 
operate and transmit an alarm in case the ring 
ing machine or the code interrupter fails to op 
erate. At armature 977 relay 900 also completes 
a circuit for energizing relay 940 by way of the 
resting contact and armature 985. Relay 940 
energizes and operates its armature 989 to pre- . 
pare a circuit for energizing the lower left-hand 
primary winding of the ringing transformer RT 
by way of springs 988 and armature 99, and at 
springs 986 prepares a circuit for short circuit 
ing its own winding. A short interval after the 
energization of relay 940 relay 939, energizes and 

a predetermined interval. 
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opens the circuit of relay 960 at armature 984 
which had previously energized and attracted its 
armature 98. At armature 983 relay 939 grounds 
the interrupter start lead for operating the in 
terrupter relays 9.f4 and 95 of the code inter- 5 
rupter and at armature 985 and its working con 
tact completes a short circuit around relay 940 
by way of springs 986 and armature 989. Relay 
960 deemergizes. In response to the deenergiza- . 
tion of relay 960 spring 98 starts to vibrate and 0 
prepares an intermittent circuit for slow to re 
lease relay 938. When relay 940 is short circuited 
said relay releases its armature 989 to open the 
short circuit around its own winding at springs 
985, and to open the prepared circuit to the left- 15 
hand winding of the ringing transformer at 
springs 988. Vibrating armature 989 due to the 
weight om its lower end engages the spring 981 
to prepare the circuit through the right hand 
primary winding of ringing transformer R.T. 20 
Relay 940 now energizes from grounded arma 
ture 977 by way of resistance A and again com 
pletes, upon the operation of its vibrating ar 
mature 989, the short circuit around its own 
winding, and at the same time preparing the cir- 25 
cuit through the lower left hand winding of 
the ringing transformer RT. Relay 940 again 
restores and removes its Short circuit While the 
momentum of the weighted spring again closes 
the circuit to the right hand winding of the 30 
ringing transformer. The foregoing cycle of op 
erations of relay 940 continues until its circuit 
is opened at armature 977. When relay 939 ener 
gized said relay at armature 983 grounded the 
interrupter Start lead thereby completing a circuit 35 
for energizing interrupter relay 95, and the lat 
ter relay at armature 937 completes an obvious 
energizing circuit through the lower winding of 
relay 975. Relay 975, upon energizing, at ar 
mature 990 completes a locking circuit through 40 
its upper winding from grounded armature 977 
and at armatures 99 and 992 completes the cir 
cuits to the left-hand and right-hand primary 
windings of the ringing transformer RT. The 
magnetic fields of the left-hand and right-hand 45 
primary windings of the ringing transformer 
RT are in opposite directions and when ener 
gized alternately by the vibrating armature 989, 
as previously described, they induce an alternat 
ing current in the upper secondary windings of 50 
the ringing transformer for ringing purposes. A 
part of the alternating current generated in the 
secondary winding of the ringing transformer 
extends by Way of the condenser Y through the 
winding of alternating current relay 958 to 55 
ground. Relay 958 energizes and at armature 
97.9 closes a circuit through the vibrating ar 
nature 98 for relay 938. Relay 938 energizes 
and is maintained energized as long as relay 958 
is energized and armature 98 vibrates. Relay 60 
938 at armature 982 removes ground from the 
alarm lead extending to Fig. 11 to prevent the 
transmission of an alarm. If for some reason 
ringing current is not generated then relay 958 
does not energize to close the circuit to 938. Re- 65 
lay 938 will therefore not energize and the gen 
erator alarm conductor is maintained at ground 
potential to operate the alarm equipment after 

When ground is connected to the interrupter 70 
start lead at armature 983 interrupter relay 9 is 
alone energizes at this time bacause interrupter. 
relay 94 is short circuited from the grounded 
interrupter start lead through the winding of 
relay 914 and by way of armature 95T back to as 
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- the interrupter start lead. Interrupter relay 95, 
apon energizing, at armature 936 disconnects 
ground from the winding of relay 30 to cause 
its deemergization. At armature 93 relay 95 
completes the previously traced circuit through 
the lower winding of relay 95 and at armature 
5 removes the short circuit from around relay 

94 to permit the latter relay to energize by way 
of the grounded interrupter start lead. At arma 
ture 974 relay 95 completes the circuit for en 
ergizing master control relay 92 as follows: 
from ground at armature 983, armature 974, 
armature 93 and resting contact, and through 
the winding of master control relay 92 to bat 
tery. At armature 953 relay 92 prepares a cir 
cuit for energizing the odd code forming relays 
and completes a 'circuit for energizing the first 
code forming relay 90 as follows: from grounded 
interrupter start lead, armiature 954 and resting 
contact, armatures 953, 95 and 950, and through 
the winding of relay 90 to battery. At arma 
ture 32 relay 92 prepares a circuit for ener 
gizing master control relay 93 in series with 
relay 92 but relay 9.f3 does not energize at this 
time because its energizing winding is short cir 
cuited from the grounded interrupter start lead. 
by way of resting contact and armature 97 f, ar 
mature 92 and working contact, through the 
upper winding of relay 93, resting contact and 
armature 93, and armature 974 to grounded in 
terrupter start lead. Code forming relay 90, 
upon energizing, operates its upper armatures 
900 to 906, inclusive, to prepare circuits for 
grounding the combination ring conductors Cl 
to C6, inclusive, and C0. At armature 94 re 
lay 90 prepares the energizing circuit of the 
Second Code forming relay 902 and at armature 
96 completes a locking circuit for itself through 
the normally closed springs controlled by arma 
ture 97 of relay 902 to the grounded start con 
ductor. Åt armature 96 relay 90 completes a 
circuit for energizing relay 90 as follows: from 
grounded interrupter start lead through the nor 
mally closed springs controlled by armature 97, 
armature 36, through the normally closed 
Springs controlled by armature 979, and through 
the winding of relay 90 and the resistance to 
battery. At armature 928 relay 90 connects the 
grounded interrupter start ead to mask con 
ductor M for energizing ringing relay 80. This 
circuit may be traced from the grounded inter 
rupter start lead by way of armature 928, mask 
lead M, armature-893, resting contact and ar 
mature 828, armature 803, and through the up 
per winding of relay 80 to battery. Relay 30, 
upon energizing, at armature 95 opens the ini 
tial energizing circuit of code forming relay 90 
and at armature 97 completes a locking circuit 
for itself from grounded interrupter start lead. 
After an interval interrupter relay. 94 ener 

gizes and at arnature 855 connects ground to 
the combination ring conductors C to C6, in 
clusive, and C 0 by way of the operated arma 
tures of the energized code forming relay. At 
armature 956 relay 94 completes a short cir 
cuit around interrupter relay 95 as follows: 
from grounded interrupter start lead through 
the winding of relay 95 by way of armature 956 
back to grounded interrupter start lead. After 
an interval interrupter relay 95 deemergizes, at 
armature 936 again completes the circuit for en 
ergizing relay 30, and at armature 95 com 
pletes the previously traced short circuit around 
interrupter relay 9 fis to cause its deemergization. 
At armature 974 relay 9 ? 5 opens the short cir 

relay 92 deenergizes. 
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cuit from around the upper winding of master 
control relay 93 with the result that relay 93 
now energizes in series with master control re 
lay 92 as follows: from ground by way of in 
terrupter start lead, resting contact and arma- 5 
ture 97 f, armature 972 and working contact, 
through the upper winding of relay 93 and 
through the winding of relay 92 to battery. At 
arnature 95 relay 9.f3 disconnects the grounded 
interrupter start lead from the odd numbered 10 
code forming relays at its resting contact and 
at its working contact prepares a circuit from 
the grounded interrupter start lead for energiz 
ing the even numbered code forming relays. At 
armature 973 relay 93 prepares a point in the 15 
circuit for later ... energizing the master control 
relay 9, at armature 929 connects the mask 
lead M2 to armature 923, and at armature 930 
connects the mask lead Mf to armature 99. 
A short interval after interrupter relay 9.f5 de- 20 

energizes and short circuits relay 94 at arma 
ture 957, interrupter relay 9 f4 deenergizes, and 
at armature 956 opens the short circuit around 
relay 95 to permit the latter relay to reener 
gize from the grounded interrupter start lead.25 
At armature 955 relay 94 disconnects ground 
from the ringing, combination leads. Relay 95 
operates from grounded interrupter start lead, 
and the foregoing cycle of operations of relays 
95 and 94 continue until ground is removed 30 
from the interrupter start lead at armature 983 by the deenergization of relay 939. 
The second time relay 95 is energized, or on 

the second impulse, the interrupter relay com 
pletes a circuit for energizing master control 35 
relay 9 as follows: Grounded interrupter start 
lead, armature 974, armature 973 and working 
contact, through the lower winding of relay 93 
and through the upper winding of relay 9 to 
battery. Relay 93 is maintained energized over 40 
this circuit until interrupter relay 95 deener 
gizes. Master control relay 9 at armature 952 
completes the circuit for energizing the next even 
2numbered code forming relay, in this case relay 
92, as follows: from grounded interrupter start 45° 
lead, armature 954 and working contact, arma 
ture 952, armature 94, and through the winding 
of code forming relay 902 to battery. At arma 
ture 97 the master control relay 9 f opens the 
locking circuit of relay 92 and prepares a lock-'50 
ing circuit for itself which is completed when 

Master control relay 92 (deenergizes and at armature 972 completes a lock 
ing circuit from the lower winding of relay 9ff 
to grounded interrupter start lead by way of ar- 55 
amature 97. At the end of the impulse period, 
or at the time when interrupter relay 95 deen 
ergizes, the latter relay at armature 974 opens. 
the circuit through the lower winding of relay 
93 to cause the latter relay to deemergize. At 60 
arrnature 954 relay 95 opens the original ener 
gizing circuit of code forming relay 902 at its 
working contact and at its resting contact pre 
pares the circuit for energizing the next odd 
code forming relay, and at armature 973 prepares 65 
the circuit for energizing relay 92. 
Code forming relay 902, upon energizing, at 

its upper armatures prepares circuits for ground 
ing the combination ringing conductors C to C6, 
inclusive, C9 and CO. At armature 94.2 relay 70 
902 prepares the circuit for the next code form 
ing relay and at armature 962 completes a lock 
ing circuit for itself by way of normally closed 
Springs controlled by armature 98 to the ground 
ed interrupter start lead, and at armature 9 775 
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opens the locking circuit of the first code form 
ing relay 90 which now deenergizes and also 
connects the grounded interrupter start lead to 
mask conductor MI, thereby maintaining con 
ductor Mf grounded. 
On the next or third impulse the circuit to 

master control relay 92 is again closed. The 
master control relay 92, upon energizing, at ar 
mature 97.2 opens the locking circuit of master 
control relay 9 which now deenergizes, and at 
armature 953 connects the grounded interrupter 
start lead to the next odd code forming relay, in 
this case relay 903. Relay 9 fl, upon deenergiz 
ing, at armature 952 opens a point in the orig 
inal energizing circuit. of the even numbered code 
forming relays and at armature 97 completes 
the short circuit around the upper winding of 
relay 93. At the end of the impulse when relay 
95 deemergizes the short circuit around the up 
per winding of relay 9.f3 is removed and relay 
93 thereupon energizes in series with relay 92. 
The foregoing cycle of operations of relays 93, 
9ff and 92 continues until ground is removed 
from the interrupter start conductor whereupon 
the interrupter relays 9.f4 and 95 will restore. 
The following chart shows twenty-four periods 

of operations of the code interrupter relays in 
which the periods conform to the energized and 
deenergized conditions of the master interrupter 
relays 94 and 95. For example, as shown in the 
chart, the first vertical column indicates the en 
ergized condition of the interrupter relays 914 
and 95. The second vertical column indicates 
which of the master control relays are operated. 
For the first period it will be seen in accordance 
with the chart that master control relay 92 is 
energized. The third column indicates which of 
the code forming relays are Operated for the va 
rious periods. It will also be seen that code form 
ing relays 90 and 9 0 are energized for the first 
and second periods. The last column indicates 
which of the combination ringing leads are 
grounded during the different periods. As indi 
cated in the chart during the first period when . 
relay 94 is energized, relays 90, 90 and 92 are 
also energized and the combination ringing leads 
M, C. to C6, inclusive, and Clo are grounded. . 
During the third period, or the third impulse as 

... previously described, relays .902, 90, 9 f f, and 
50 93 are energized and the ringing leads Mil, Cl to C6, inclusive, and C9 and CO are grounded. 

Code interrupter chart (one cycle) 
Inter?up- | Mašte |-„???e * Periods terrE. control forming Ring combination leads 
914 and 915 relays relays grounded 

oper. ... oper. 

Energ. 912 901-910 M1-C1, 2, 3, 4, 5, 6, 0. 
Deenerg 92-913 901-910 M1. 
Energ 91-913 902-910 M1-C1, 2, 3, 4, 5, 6, 9, 0. 

4------- Deenerg 91 902-910 M1, Energ. 912 903-910 M1-C5, 6, 8, 9, 0. 
eenerg 912-913 93-90 M1. 

Energ. 911-913 90-910 M1-C1,2,3,4,6,7,8,9, 0. 
lDeenerg 911 904-910 Energ. 912 905-910 M2, C2, 3, 4, 5, 7, 8. 
Deenerg 92-93 905-910 M2, 
nerg. 911-913 906-910 M2-C3, 4, 5, 6, 7, 9, 0 
eenerg 911 90-910 M2. 

Energ. 912 907-910 M2-C4, 5, 8, 9, 0. 
Deenerg. || 912-913 || 907-910 || M2. Energ. 91-93 908-910 M2-C5, 7, 8, 9. 
Deenerg. 911 908-910 
Energ. 92. 909-910 
Deenerg. || 912-913 || 909-910 
Energ. 91-93 909 
Deenerg. 911. 909 
Energ. 92. 909 
Deenerg. || 912-913 
Energ. .91-93 
Deenerg. 91. 
Energ. 92 0. 
Deenerg. i 912-913 || 901-910 

ture 930 to conductor M. 
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In the same manner as previously described the 

code forming relays are successively energized to 
prepare the circuit for the succeeding code form 
ing relay and to open the locking circuit for the 
preceding code forming relay to cause the pre- 5 
ceding code forming relay to deemergize. Each 
code forming relay is thus energized and during 
the time that interrupter relay 94 is energized 
such code forming relay will ground the combi 
nation ringing leads in accordance with its up 
per armatures and in accordance with the chart. 
It will be noticed that the first four code forming 
relays 90 to 904, inclusive, maintain ground om 
the mask conductor M continuously as long as 
any one of these code forming relays are ener 
gized and in the case of code forming relay 964 
mask conductor M is maintained grounded by 
relay 904 until master control relay 9.f3 deener 
gizes. This circuit may be traced from ground 
ed interrupter start lead armature 99 and arma 

After relay 93 da 
energizes there is a period of time in which 
neither of the mask conductors M? or M2 are 
grounded by the code forming relays. 
When the interrupter relays energize for the 23 

ninth period thereby causing the energization of 
master control relay 92 and code forming relay 
905 the mask conductor M2 is now grounded as 
follows: from grounded interrupter start lead, ar 
mature 920 to mask conductor M2. In a sini- 30 
lar manner mask conductor M2 is maintained 
grounded continuously by the operation of code 
forming relays 905, 906, 907 and 908, and master 
control relay 93. The last circuit for maintain 
ing mask conductor M2 grounded extends from 33 
grounded interrupter start lead through armature 
923 and armature 929 of relay 98 to conductor 
M2. From the foregoing it will be seen by re 
ferring to the chart, that mask conductor M 
is maintained continuously grounded from the 40 

O 

5 

first period through the seventh and that mask 
conductor M2 is continuously grounded starting 
with the ninth period through the fifteenth pe 
rdod. Code forming relay 908 is energized during the 45 
fifteenth period and at armature 948 prepares 
the circuit for relay 909, at armature 968 com 
pletes its own locking circuit, at armature 823 
maintains ground on the nask lead M2 until 
relay 9.f3 deenergizes, at armature 93 completes 50 
a circuit for energizing relay 959 by way of its 
lower winding. Relay 959 at armature 980 opens 
a point in the circuit of relay 960 at its resting 
contact, and at its working contact completes a 
locking circuit for itself through its upper wind- 65 
ing by way of armature 976 and the holding 
conductor H which is grounded at armature 932. 
When the interrupter relays 9 and 95 are 
energized during the seventeenth period, master 
control relay 92 is energized to complete the 60 
circuit for energizing code forming relay 909 by 
way of armatures S5 and 948. At armature 
950 relay 909 opens a point in the initial ener 
gizing circuit of code forming relay 90, at aro 
mature 949 prepares a point in the circuit for 65 
short circuiting relay 80, at armature 9ò9 com 
pletes its own locking circuit, at armature 924 
opens the locking circuit of relay 908, at arma 
ture 933 opens a point in the circuit for con 
necting battery to the pick-up lead PU, and at 70 
armature 932 removes ground from the hold 
conductor H for unlocking relay 898 and relay 
959. When the interrupter relays are energized dur 
ing the nineteenth period master control relays 75 
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9 and 93 are energized to complete a circuit 
for short circuiting relay 90. This circuit may 
be traced from grounded interrupter start lead 
by way of armature 954 and working contact, 
armatures 952 and 949 through the winding of 
relay 99, armature 970, to interrupter start lead. 
Relay. 96, upon restoring, at armature 95 pre 

.pares a point in the circuit for the first code 
forming relay 90, at armature 90 opens a point 
in its Own locking circuit and prepares a point 
in its initial energizing circuit, at armature 925 
prepares a point in the circuit for short circuit 
ing relay 909, and at armature 934, prepares a 
point in the circuit for connecting battery to 
the pick-up lead IPU. 
When the master control relays 92 and 93 

are energized during the twenty-second period 
relay 909 is short circuited as follows: from 
grounded interrupter start lead, armature 969 
through the winding of relay 999, and by way 
of armatures 925, 926 and 927 back to interrupter 
start lead. Relay 909, upon restoring, at arma 
ture 950 prepares a point in the circuit for en 

BO 
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ergizing code forming relay 90, at armature 
949 opens a point in the circuit to relay 90, at 
armature 969 opens a point in its own lock'ng 
circuit, at armature 924 prepares a locking cir 
cuit for relay 908, at armature 932 again con 
nects ground to hold conductor H, and at ar 
mature 933 prepares a circuit for connecting 
battery to the pick-up lead which circuit is com 
pleted at armature 935 when relay 9 ener 
gizes in the twenty-third period. 
The connection of battery to pick-up lead PU 

completes the circuit for energizing relay 960 
as follows: from ground by way of armature 
932, armature 976, armature 980 and resting 
contact, relay 960, pick-up conductor PU, arma 
tures 935, 934 and 933, and through the resist 
ance to pick-up battery. The connection of neg 
ative battery to pick-up lead PU also completes 
the circuit for reenergizing relay 890 in case the 
called subscriber has not answered at this time. 
The circuit for reenergizing relay 890 may be 
traced as follows: from ground by way of ar 
mature 638 and resting contact, armature 685. 
and working contact, conductor 36, arimature 
78, conductor 78, through the left-hand wind 
ing of relay 890, to battery on the pick-up con 
ductor IPU. As will be seen by referring to the 
code interrupter chart, none of the code form 
ing relays are energized during the twenty-third 
and twenty-fourth periods, and in case the called 
party has not answered the code interrupter 
starts on its second cycle of Operations through 
its 24 periods. . 
At the beginning of the code cycle it will be 

remembered that relay 890 energized to prepare 
the ringing circuit and to prepare the circuit for 
operating relay 730. Since the third digit dialled 
was 3 it will be remembered that relays 70, 700, 
880 and 850 are operated to select the ring com 
bination lead C3. (See impulsing chart.) The 
code ring for the called subscriber #333 is one 
long ring followed by two short rings. As previ 
ously described, since the mask conductor M is 
continuously grounded during the first seven pe 
riods of the operation of the interrupter relays, 
ringing relay 80 is energized for a corresponding 
period of time to produce a long ring. The circuit. 
for energizing relay 80 extends from the ground 
ed mask conductor Mf through armature 893, 
resting contact and armature 828, armature 803, 
and through the upper winding of ringing relay 
80 to battery. Ringing lead combination C3 is 

contact and armature 82, talking conductor 379, 

15 
grounded during the first, third and seventh pe 
riods, at which time a circuit through the lower 
winding of ringing relay 80 is completed as fol 
lows: from the grounded ring combination lead 
C3, armature 883, armature 857, resting contact 5 
and armature 827, and through the lower wind 
ing of ringing relay 80 to battery. This latter 
circuit, however, is ineffective during the first, 
third and seventh periods because the ringing re 
lay 80 is already energized through its upper 10 
winding over the mask lead M. Relay 80, upon 
energizing, at armature 8 connects the gener 
ator lead 646 to conductor 67 for transmitting a 
ring back tone to the calling subscriber as fol 
lows: from generator lead 646, armature 8, con- 15 
ductor 767, working contact and armature 783, 
conductor 08, resting contact and armature 672, . 
tone condenser TC, to talking conductor 693 and 
thence through the talking condenser and over 
the heavy talking conductor to the calling line. 20 
At armature 8 f2 relay 80 connects the ringing 
current to the called line to signal the called sub 
scriber over the following circuit: generator lead 
646, resting contact and armature 82, working 

25 
armature 336, conductor 496, armature 439, over 
the lower talking conductor extending to the 
called line, and thcnce through the switchhook 
Springs, ringing condenser, and bells at substa 
tion 333 to ground. The other subscribers hav- 30 
ing their ringers connected to this line conductor 
are also signalled. In case the subscribers on this 
line should have their ringers bridged across the 
two line conductors instead of the ringers being 
grounded the return circuit to the ground in such 35 
a case would extend by way of the upper talking 
conductor, arnature 438, conductor 495, armature 
337, conductor 389, armature 83 and working 
contact, and through armature 822 and working 
contact to ground. 

During the eighth period of the operation of 
the code interrupter ground is disconnected from 
the mask lead MIf by the deemergization of mas 
ter control relayº 93 previously described. In 
response to the removal of ground from con- 45 - 
ducºtor M the circuit through the upper. wind 
ing of ringing relay 80 is opened with the result 
that the ringing relay now deenergizes to discon 
incct ringing current from the called line. Up 
to this point the operation of the ringing relay 50 
80 has produced one long ring since the con. 
ductor M has been grounded from the first to 
the seventh periods, inclusive. As previously de 
Scribed, during the ninth period the mask con 
ductor M2 is grounded but in this case since relay 55 
820 is not energized this mask conductor M2 is 
not connected to the ringing relay 8 (0. The ring 
ing relay 80 is therefore free to energize when 
ever the combination ring lead C3 is grounded. 
By referring to the code interrupter chart it will 60 
be seen that in response to the operation of code 
forming relays 905 and 906 code combination 
ring conductor C3 is grounded during the ninth 
and eleventh periods of operation of the code 
interrupter relays. Ringing relay 8 to therefore 65 
energizes during the ninth period and again 
energizes during the eleventh period to transmit 
ringing currenttothecalledlinetoproducetwo short 
rings. Since the combination ring conductor C3 is 
not again grounded during the remaining periods 70 
of the code interrupter, ringing relay 80 is not 
again energized. From the foregoing it will be 
seen that in one complete cycle of operation of 
the code interrupter, ringing relay 80 has been 

40 

operated during periods 1 to 7, inclusive, dur- 75 
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ing the ninth period and during the eleventh 
period to transmit the ringing code to the called 
subscriber or the ringing code comprising one 
long ring and two short rings. The following is 
the code ringing chart showing the ringing code 
for subscribers 1 to 20, inclusive, for the digits 
1 to 0, inclusive. 

Code ringing chart 

Code : o. Ringing code for subscribers #| Ringing?????Subscribers|""#à#### 
digits 7) 

1 1-long---------- 2 short-1 short. 
2 1-long-short- 2 short-2 short. 
3 1-long-2 short- 2 short-3 short. 
4 1-long-3 short- 2 short-4 short. 
5 1-long-4 short- - 3 short-4 short. 

. 6 | 1-long-1 lgng.-- 4 short-i short. 
7 1 short-long- 3 short-short. 
82 short-long- 3 short-2 short. 
93 short-1 long- - 3 short-3 short. 
04 short-1 long---------------- 4 short-2 short. 

The first five subscribers on a line have their 
ringers connected to the same talking conductor, 
while the remaining five subscribers have their 
ringers connected to the other talking conductor 
in case the ringers are grounded. Assuming that 
subscriber 336 instead of 333 has been called, two 
long rings are transmitted by ringing relay 80. 
In this case the third digit dialled would be the 
digit 6 and therefore, referring to the impulsing 
chart, it will be seen that relays 720, 830 and 820 
are energized to select the ring combination lead 
C6. As previously described, mask conductor M 
is grounded during the periodis 1 to 7, inclusive, 
and since the impulsing relays 830 and 820 are 
energized, relay 80 is energized during this period 
of time as follows: grounded mask conductor M, 
armature 893, resting contact and armature 
804, armature 837, working contact and arnature 
827, and through the lower winding of relay 8C 
to battery. Ringing relay 80 is deenergized in 
during the eighth period in response to the de 

i energization of relay 913 and since mark con 
ductor M2 is grounded during the periods 9 to 15, 
inclusive, ringing relay 8: O is energized over the 
following circuit: from grounded mask conductor 
M2, armature 894, Working contact and arma 
ture 828, armature 803, and through the upper 
winding of ringing relay 8 to battery. Ringing 
relay 80 connects generator to the called line 
in the same manner as previously described to 
transmit two long rings to signal subscriber 336. 
Subscribers 337, 338, 339 and 330 are signalled 

hy a combination of short rings followed by One 
long ring. Assuming now that subscriber 33 
is being called, and in response to the dialling of 
the digit 7 relays 7c, 700, 820,880, and 870 are 
energized to select ringing combination lead C. 
In this case during the time mask lead Mf is 
grounded no circuit is completed for ringing relay 
8 O because counting relay 820 is energized and 
counting relay 830 deemergized. The grounding 
of mask conductor Mf is therefore ineffective to 
operate ringing relay 89. By referring to the 
code interrupter chart it will be seen that ringing 
combination lead CT is grounded by the opera 
tion of code forming relay 904 during the seventh 
period. A circuit may now be traced for energiz 
ing ringing relay 80 as follows: from grounded 
conductor CT, armature 886, armature 877, work 
ing contact and armature 827, and through the 
lower winding of ringing relay 8 fo to battery. 
Ringing relay 80 is operated over the above 
traced circuit to produce a short ring On the 

2,023,289 
called line. Since relay 820 is energized at this 
time the grounding of mask conductor M2 during 
groups nine to fifteen, inclusive, causes the con 
tinuous energization of ringing relay 80 during 
these periods to transmit a long ring to the called 
line. Subscriber 337 is therefore signalled by 
One short and one long ring. In the same manner 
as just described the remaining. Subscribers on 
this line may be signalled in accordance with the 
third digit dialled. By referring to the impulsing 
chart it can be seen which of the impulse repeat 
ing and COunting relays are energized for any 
digit in order to select a particular ringing com 
bination lead. Then by referring to the code 
interrupter chart it will be seen when the two 
mask conductors M and M2 and the code ring 
combination leads C to CA, inclusive, are 
grounded for the different groups, the code ring 
ing chart shows the different ringing codes for 
the different Subscribers. 

5 
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20 
Assuming now that line 33 has twenty sub 

scribers thereon, and that subscriber 736 is de 
sired, the calling subscriber will dial the digits 
7, 3 and 6. As previously described, in response. 
to dialling the first digit, the digit 7, relay 800 is 
energized and locked in energized position. Re 
lay 80 also completes the circuit for energizing. 
connector group relay 432 in the same manner. 
as previously described. At armatures 803 and 
804 relay 800 opens the circuits to the mask con 

25 

30 
ductors M and M2 so that the grounding of the 
mask conductors M and M2 is ineffective for 
energizing the ringing relay. 80. Ringing relay 
80 is thereafter only energized over its lower. 
winding in accordance with the number of times. 
ground is connected to the combination ringing 
leads C to CIO, inclusive. In the particular case 
assumed, that is, in calling subscriber 736, relays 
720, 830 and 820 are energized to selectring com 
bination lead C6. By referring to the code inter 
rupter chart it will be seen that ring combine 
tion lead C6 is grounded during the first, third, 

th, seventh, and eleventh periods. Each time 
combination lead C6 is grounded a circuit may 
be traced for energizing ringing relay 80 as foll 
loWS: ground from lead C6, armature 895, work 
ing contact and armature 804, si armature 837, 
working contact and armature 827, and through 
the lower winding of ringing relay 80 to bat 
tery. Ringing relay 810 energizes in response to 
each of these impulses to transmit the code of 
four short rings followed by one short ring. 
Assuming that subscriber 733 had been dialled, 

then counting relay 850 selects the combination 
ringing lead C3 and each time combination lead 
C3 is grounded a circuit may be traced by way 
of armature 883, armature 857, resting contact of 
armature 827, and through the lower winding of 
relay 80 to battery. In case subscriber 730 is 
signalled, then counting relays 820 and 840 are 
energized to select lead CO. Each time lead CEO 
is grounded by the operation of the code inter 
rupter, a circuit may be traced for energizing 
ringing relay 80 as follows: from grounded con 
ductor C 0, armature 897, armature 846, working 
contact and armature 82, and through the lower 
winding of ringing relay. 80 to battery. The 
ringing relay 80 operates each time the selected 
ring lead is grounded to transmit a series of short 
rings followed by a series of short rings, to signal 
subscribers 11 to 20 on this line. . 
When the called party hears his codesignal and 

answers either between code pulses or code cycles, 
a circuit is completed through the subscriber's 
loop for energizing ring cut-off relay 740 as fol 
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lows: from ground by Way of armature 64, con 
ductor 746, through the lower winding of relay 
ée, resting contact and armature 3 ?, resting 

contacts and armatures 742 and 752, conductor 
6, resting contact and armature 83, conduc 

tor 389, almature 33, conductor 495, armature 
438, over the line conductors and through the 
substation loop comprising the receiver, trans 
mittel, and calling device at the substation, back 
over the line conductor, armature 439, conductor 
496, armature 336, conductor 379, armature 82 
and resting contact, conductor 768, armature 5 
and resting contact, and through the impedance 
4 to battery. Relay 4C, upon energizing, at 

armature 66 completes its locking circuit; 
through its upper and lower windings in series 
to grounded armature 64 by way of conductor 

6, at armature 42 connects the winding of 
relay is to talking conductor 74 extending to 
the called line and at armatures 74, 742 and 743 
completes the talking circuit between the calling 
and called subscribers' lines, and at armature 45 
removes ground from the generator start lead 
657 tot deenergize relay 900 and stop the ringing 
machine shown in Fig. 9. Relay TO energizes 
Over the called line loop as follows: from ground 
through the winding of relay. T70, working con 
tact and armature 742, resting contact and arma 
ture 752, talking conductor 772, resting contact 
and armature 813, conductor 389, and thence over 
the previously traced circuit including the oper 
ated armatures of the connector units relay 33 
and the connector groups relay 43, through the 
called subscriber's line loop back to talking con 
ductor 379, through armature 812 and resting 
contact, conductor 768, armature 75, through 
the winding of the impedance 772 to battery. At 
armature relay 770 prepares a point in the 
automatic trunk hunting circuit to be explained 
more fully hereinafter, at armature 2 opens the 
locking circuit of relay 780, and at armature 773 
disconnects the lower winding of relay 604 from 
the time pulse lead 655 to prevent the automatic 
disconnection of this switch. Relay 788 upon re 
storing, at armature 78 prepares a locking cir 
cuit to relay S2, at armature 782 prepares a point 
in the initial energizing circuit of relay SS, at 
armature 83 opens a point in the ring back tone 
circuit, at artinature 84 opens a point in the ini 
tial line testing circuit, at armature 65 opens a 
point in its own locking circuit, and at arnature 
86 prepares a point in the locking circuit for 

relay. $, at armature 87 opens a part of the 
circuit through the left-hand winding of relay 
890, at armature 788 opens the locking circuit for 
the impulse counting relays to allow the same 
to restore, at arnature 89 opens a point in 
the holding circuit of relay 60, and at arriature 
TË 9 opens the holding circuit of relay 896 to allow 
the latter relay to deemergize. The counting re 
lays restore to their normal position, or the posi 
tio shown in the drawing, and relay 898, upon 
deenergizing, disconnects the code interrupter 
froix the link Circuit. 

Taliking battery to the calling party is con 
pleted through the windings of relay 696 and 892 
over the heavy talking conductors extending to 
the calling line, and talking battery to the called 
party is furnished through the windings of re 
lays is and it is over the previously traced circuit 
including the heavy talking conductors extending 
to the called line. The talking circuit between the 
two Subscribers includes talking conductors 693 
and $95 and the two talking condensers, he 

17 - 
calling Subscriber is now directly connected to the 
caling Subscriber and may converse as desired. 
After the conversation and in response to the 

called party replacing his receiver the circuit to 
relays 2 and 74 is opened to cause the deener- 5 
gization of relay C. Relay C at armature 3 
connects the lower winding of time release relay 
64 to the time pulse lead 655 to insure the release 
of this equipment if the calling subscriber fails 
to disconnect. When the calling subscriber re- 10 
places his receiver the circuit to relays 690 and 
692 is opened to deenergize line relay 699. Re 
lay 690, upon restoring, at armature 69 opens 
the circuit of relay 640 and likewise opens the 
circuit to sow to release relay S. Relay 640, up- 5 
om deEnergizing, at armature 642 completes the 
circuit for energizing series relay 656 which op 
erates at this time without any useful function. 
After an interval relay 60 deenergizes and at 
armature 66 opens the circuit to slow to release 20 
relay 6, at airmature 602 removes ground from 
the test lead 299 extending to the calling line to 
allow the cut-off relay to restore and free the 
calling line, and at armature 663 opens the cir 
cuit to the operated finder group line relay 20 to 25 
allow it to restore to normal. 

Cut-off relay deemergizes, at arnatures. 8 
and Working contact opens the circuit to relay 7, 
and at its resting contact connects-ground to rea 
lay 72 to prepare for its energization on succeed so 
ing calls. At armature 77 cut-off relay STi cona 
nects the impedance f 73 to the subscriber's line, 
and at armature 76 disconnects its own wind 
ing from the test conductor in the finder relay 
groups. 

Relay SC, upon restoring, at armature 6f 
opens one of the multiple grounds to the locking 
circuits of the finder group control relay 22 and 
finder units relay 2c, at armature 62 opens 8. 
point in the circuit to the trunk test relay 660, at 40 
armature 63 opens the circuit through the lower 
winding of relay 62, at armature 64 opens the 
locking circuit through the lower winding of re 
lay 40, and at armature 6f 5 opens a point in the 
circuit extending through the lower winding of 45 
time release relay 684. Relay 3C deenergizes 
when its circuit is opened at armature 65, and at 
armature 45 prepares a point in the circuit for 
starting the ringing machine, and at arnatures 
4, 742 and 53 opens the taking circuit. Re- 50 
lay 628, upon deenergizing, at argnature 622 opens 
the locking circuit of finder group control relay 22 
and finder unit relay 20, thus allowing these 'e- 
lays to restore, at armature 623 opens a point in 
the circuit through series relay 658, at 2-rmattire 55 
625 operas a point in the locking circuit of busy 
relay 6 (in case the latter relay is locked in en 
ergized position, at as mature $25 opens the locking 
circuit to relay 686, trunk test relay 666 it case it 
is locked in energized position, trunk relays 56 80 
and E 66 in case they are locked in energized po 
sition, relay 896 in case it is locked in energized 
position, and also opens the locking circuits of 
finder unit relay 33 and connector group control 
relay 632, thus allowing these relays to restore and 85 
free the called iline. At armature 626 relay 626 
reinoves ground froin the guard lead 666 to snake 
this equipment available for other calls and at the 
resting contact of armature 626 connects ground 
to the corror all link busy conductor 623 for 70 
mnaiintairling the alli link busy raelay 5883 in emer 
gized position, and at armature 32 disconnects 
ground from conductor 4i. Relay 686, upon de 
energizing, at armature 682 opens the circuit to 
the finder group line relay 638, and at armature is 
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ing through the operated connector relay as pre 
viously described. At the resting contact of 
armature 502 relay 600 completes a circuit for 
energizing line test relay 680 as follows: from 
ground at armature 653 over the circuit pre 
viously traced to conductor 56, and thence by 
way of armature 79 and resting contact, arma 
ture 6, armature 29, conductor 9., armature 
28, conductor 299, armature 602 and resting 
contact, armatures 669 and 679, and through the 
lower winding of test relay 680 to battery. 
From the foregoing it will be seen that since the 
called line is the same as the calling line in 
making a reverting call the ground circuit ap 
plied by the series relay 650 to be called line is 
extended through the connector and finder re 
lay contacts back to the line test relay 680 in 
order to energize the latter relay. Relay 680, 
upon energizing, at armature 684 completes its 
locking circuit and extends a multiple ground to 
cut-off relay as follows: from ground by way 
of armature 625, armature 668 and resting 
contact, armature 684, armature 69, arnature 
669, resting contact and arnature 692, con 
ductor 299 and thence through the armatures 
of the operated finder unit and finder group 
relays to armature 6 and the winding of re 
lay 7. At armature 68 relay 680 completes a 
circuit for energizing relay 6 0 as follows: from 
ground by way of the normally closed contacts 
controlled by armature 607, armatures. 658 and 
S87, conductor 739, armature 789, conductor 
733, and through the winding of relay 6.0 to 
battery. At armature 682 relay 680 completes a 
circuit from grounded armature 632 by way of 
conductor 39 and the operated connector unit 
relay 320, and the operated connector group 
control relay 322, through the Winding of con 
nector group line relay $20 to battery, for en 
ergizing the latter relay, and at armature 685 
completes a circuit for energizing relay 890 as 
previously described. At armature 688 relay 680 
completes the circuit for grounding the gen 
erator start lead 657 to energize relay 900 and 
start the ringing machine in Fig. 9. 
The ringing machine and code interrupter in 

Fig. 9 operates in the same manner as previously 
described in response to the operation of relay 
908 when the generator start lead 65 is 
grounded in response to the operation of relay 
686. When battery is connected to pick-up lead 
PU at armature 976 by the operation of relay 
900 in case the ringing machine is not in use, 
or when the pick-up lead PU is connected to 
battery by way of armatures 933, 934 and 935, 
by the operation of relay 9, near the end of a 
code cycle, the circuit of relay 890 is completed 
through its left-hand winding from ground at 
armature 638 by way of armatures 685 and 787 
and conductor 8. Relay 890 energizes and 
closes its previously traced locking circuit at 
armature 892 from the grounded hold conductor 
H through its right-hand winding and connects 
the combination ringing leads Ci to Cle, inclu 
sive, and the mask leads M and M2 to the 
impulse counting relays. Ground impulses 
transmitted over the ringing combination leads 
and the mask leads by the code interrupter op 
erate the ringing relay 8 to in accordance with 
the operated impulse courating relays to trans 
mit current in the same manner as previously 
described. In reverting calls the ringing cur 
rent is transmitted from the generator lead 646 
by way of either armature 82 or 822, depend 
ent upon the code signalling digit dialled, and 

thence by way of armatures 82 and 83, con 
ductors 379 and 389, through the operated ar 
matures of the operated connector unit relay 
30, in this case armatures 38 and 3, con 
ductors 499 and 398, through the armatures of 5 
the operated connector group line relay 420, to 
Conductors 5 and 58 included in the three 
conductor cable 59, and from thence over the 
line conductors of the calling and called line 
through the ringers to ground. U 

In case the subscriber making the reverting 
call has his ringers connected to the same line 
conductor as the called subscriber, then the call 
ing Subscriber will hear the code signal. How 
ever, should the ringers of the called subscriber 15 
be connected to the other conductor, then the 
calling Subscriber will not hear the code signal 
and must Wait a sufficient length of time to al 
low one or more complete signals to be trans 
mitted before removing his receiver. When this 20 
call is answered by any subscriber on the line, 
ring cut-off relay 740 energizes and the equipment 
operates in a manner similar to that previously 
described. Relay 40, upon energizing, at arma 
ture 744 completes a locking circuit through both 25 
its windings in series to ground at armature 64, 
at armature 745 opens the circuit to relay 900 
in the ringing machine, and at armature 742 com 
pletes the circuit for energizing relay 770. Relay 

O energizes over the subscriber's line loop in 30 
series with relay 4, and at armature 772 opens 
the locking circuit 780, and at armature 773 
opens the circuit through the lower winding of 
relay 604. Relay 80, upon restoring, at arma 
ture 88 opens the locking circuit to the im- 35 
pulse counting relays, at armature 87 opens a 
point in the original energizing circuit of relay 
890, at arraature 779 opens the locking circuit of 
relay 890 to allow this relay to restore, and at 
armature 39 opens the circuit to relay 6 0. 40 
Relay 66 deemergizes after an interval, and 

at armature 6 opens one of the multiple grounds 
to the finder group control relay 22 and the 
finder unit relay 2 G. At armature 63 relay st 
opens the circuit of relay 62, at armature 64 45 
opens the locking circuit of the ring cut-off re 
lay 4 to allow it to restore, and at arnature 
65 opens another point in the circuit extending 
to the lower winding of time release relay 604. 
Relay 620, upon restoring, at armature 622 opens 50 
the locking circuit to the finder group control 
relay 22 and the finder unit relay 20, at arma 
ture 625 opens the locking circuit of relay 680 
and opens the locking circuit of the connector 
group control relay 422 and the connector unit 55 
relay 3 fo. At armature 623 relay 620 opens the 
circuit to series relay 650, at armature 626 re 
moves ground from the guard led 66 to make 
this equipment available for use on another call, 
at its resting contact grounds the common con- 60 
ductor 629 to maintain the all link busy relay 
588 in energized position, and at armature 624 
opens the locking circuit of relay 670. Ring cut 
off relay 740 deemergizes and opens the loop circuit 
to the called line. The finder group control re- 65 
lay 22 and the finder unit relay 20 deenergize 
and disconnect the test lead of the calling line 
from the incoming side of this equipment. Re 
lay 680 deenergizes and at armature 682 opens 
the circuit of the connector group line relay 420, 70 
Series relay 650, upon restoring, at armature 653 
removes ground from the test lead of the sub 
scriber's line, thereby opening the circuit of the 
cut-off relay 7 l. The connector group control 
relay 422 and the connector unit relay 310 re-5 
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store and disconnect the test conductor of the 
calling line from the outgoing side of this equip 
ment. Relay 670, upon deemergizing, at armature 
62 opens a point in the busy tone circuit. 
The cut-off relay if associated with the call 

ing line now restores and opens the circuit to re 
lay 70 and at armatures 77 and 78 closes a 
circuit for energizing relays 72 and 73 over the 
Subscriber's loop. Relay 72, upon energizing, at 
armature 8 closes the locking circuit of relay 
70 before it fully deenergizes and at armature 
79 grounds the test lead f 56 to make this line 

busy to other calls. All of the relays in this link 
circuit are now restored and the link may be used 
on other calls. Talking battery to the calling. 
and called subscriber is furnished through the 
Windings of relays 72 and 73. 
When both subscribers on line 2 replace their 

receivers the circuit to the relays 2 and 3. 
is opened and relay 72, upon deenergizing, at 
armature 8 opens the locking circuit of relay 
TO, at armature 79 and its working contact re 
moves ground from the test lead to free this line, 
and at its resting contact connects the cut-off 
relay if to test lead 56 to permit this line to 
be called. Relay f TO deenergizes after an inter 
val and at armature 75 prepares a point in the 
start circuit for operating the relay allotter to 
connect an idle link to this line when calling. 
The local subscribers have access to two groups 

of switch-through trunks. The first group of 
trunks are in the 30-line group in the place of 
the last three lines in that group, while the sec 
ond group of trunks are in the 20-line group in 
the place of the last three lines in that group. 
In order for a local subscriber to seize an idle 
trunk in the first group such subscriber will dial 
the digit 9, or in case a trunk in the Second group 
is desired the subscriber will dial the digit 0. 
When a calling subscriber initiates a call the 

preselected idle link is connected to the calling 
line and in response to the subscriber thereon 
dialling the digit 0 the impulse repeating relay 
720 and the impulse counting relays 820, 880 and 
840 are operated at the end of the impulsing 
period in the same manner as previously de 
scribed. When series relay 650 deemergizes after 
the last impulse of this series a circuit is com 
pleted for energizing relay 750 as follows: from 
ground by way of armature 638 and working con 
tact, armature 654 and resting contact, arma 
tures 685 and 677, conductor 735, armature 823 
and working contact, armature 842, armature 
85, conductor TTT, and through the winding of 
relay 750 to battery. Relay 750, upon energizing, 
at armatures 75 and 752 disconnects relays 774 
and 77 and Switches the talking conductors 
straight through. At armature 753 relay 750 
transfers the test conductor of the called trunk 
from the line test relay 680 and connects it in 
place thereof to the trunk test relay 660, and at 
arnature 54 closes the circuit for energizing 
the connector group control relay 422 as follows: 
ground at armature 627, conductor 747, armature 
763 and resting contact, armature 754, conduc 
tor 798, armature 88, conductor 482, and 
through the winding of relay 422 to battery. 
At armature 755 relay 750 completes its own lock 
ing circuit to grounded conductor 329, and at 
armature 756 prepares a point in the circuit 
for operating the trunk hunting connector unit 
relays. Relay 422, upon energizing, at armatures 423 
and 424 prepare circuits for the connector group 
line relays 420 and 42 ?. at armature 425 com 
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pletes its own locking circuit over grounded con 
ductor 34, at its upper armatures connects the 
test leads of all the trunk lines and subscribers' 
lines in the 20-group to the contacts of the con 
nector unit relay, and at armature 426 completes 5 
a circuit for energizing relay 790. This circuit 
may be traced from grounded armature 426, con 
ductor 487, armature 807, conductor 734, and through the winding of relay 790 to battery. At 
armature 794 relay 790 completes its locking cir- 10 
cuit to grounded conductor 698 by way of the 
normally closed springs controlled by armature 
86, at armature 793 opens the locking circuit 
of relay S. which thereupon deenergizing, and 
at armature 795 completes the trunk hunting 5 
circuit for energizing the first trunk hunting con 
nector unit relay 380. Relay S, upon deener 
gizing disconnects the connector group relays 
and opens the locking circuit of the impulse 
counting relayS. Trunk hunting relay 380 ener 
gizes over the following circuit: from ground by 
way of armature 625, armature 668 and resting 
contact, resting contact and armature 676, con 
ductor 698, armature l56, armature I95, conduc 
tor 324, resting contacts and armatures 384, 394, 25 
304, and through the winding of relay 380 to 
battery. At armature 38 relay 380 completes its 
Own locking circuit before operating any of the 
other armatures. At armature 383 relay 380 pre 
pares a point in the circuit for energizing connec- 30 
tor group line relay 42, at armature 382 prepares 
a point in the circuit for relay 780, which, how 
ever, is ineffective during the trunk hunting 
operation. The locking circuit for relay 380 may 
be traced as follows: grounded conductor 329, by 35 
way of armature 305 and 395 and their resting 
contacts, armature 38, through the winding of 
relay 380 to battery. At armature 384 relay 380 
opens a point in its original energizing circuit 
after its locking circuit is closed at armature 38, 40 
and at its working contact prepares a circuit for 
energizing slow to operate relay 390. As will be 
noted, the three trunk hunting connector unit 
relays 380, 390, and 300 are slow to operate, and 
therefore do not operate immediately when their 45 
energizing circuits are completed. At armature 
388 relay 380 connects the test conductor of the 
first trunk to conductor 399 by Way of armature 
308 and resting contact. The operation at this 
point depends upon whether the test conductor 50 
of the engaged trunk line is grounded or not. 
In case the trunk line is busy, then ground on the 
test conductor of the called trunk will short cir 
cuit the upper winding of the trunk rest relay 
660 thereby preventing its operation. In case 55 
the trunk had been idle then the operation of 
the armature 388 by relay 380 would connect bat 
tery through the winding of the cut-off relay as 
sociated with this trunk to the upper winding 
of trunk test relay 660 to cause the operation 60 
of said relay. In order to fully explain the oper- . 

20 

ation it will be assumed that this first trunk is 
busy and therefore the trunk test relay is pre 
vented from operating due to the short circuit 
through its upper winding. After a short inter- 65 
wal trunk hunting connector unit relay 390 ener 
gizing from grounded conductor 324 by way of 
armature 384 and at armature 39 completes its 
locking circuit by Way of armature 305 and 
grounded conductor 329 before operating any of 70. 
the other armatures. At armature 393 relay 390 
prepares a point in the circuit for energizing 
connector group relay 42, at armature 395 opens 
the locking circuit of relay 380, at armature 394 
opens a point in the original energizing circuit 75 
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armature it is, and conductor 1056. At arma 
ture 1042 relay 009 starts the spring 104 vil 
brating to prepare a circuit for relay 008. The 
circuit for energizing relay O2 extends by way 
of ground through the normally closed springs 
controlled by armature fos3, through the upper 
winding of relay O2, armature 1039, conductor 
46, armature O6, where the circuit divides, one branch going to battery through the Winding 
of cut-off relay 100 to maintain this relay in 
energized position, and the other branch extend 
ing by way of resting contact of armature (9, 
"conductor 66, armature 40, conductor 49, 
armature 308, conductor 399, armature 753, con 
ductor 724, armature 674, armature 666, and through the upper winding of relay 620 to bat 
tery for maintaining this relay in energized 
position. Relay 600 deemergizes an interval after its cir 
cuit is opened at armature 667 by the operation 
of trunk test relay 660, and at armature 60 
opens the circuit of slow-to-release relay 60. 
At armature 602 relay 60G disconnects one of 
the multiple grounds from the test conductor 
of the calling line, which line, however, is main 
tained at busy potential from ground through 
the winding of relay O2 as previously traced 
over armature 665 and thence by way of the 
test conductor 299 to the winding of cut-off 
relay 7 and conductor 56. At armature 603 
relay 600 disconnects one of the multiple 
grounds from the finder group line relay 20 
which relay is not maintained energized from 
grounded armature 659. Relay 60 deenergizes 
after an interval and at armature 6 discon 
nects one of the multiple grounds from Con 
ductor 24, at armature 62 opens the circuit 
extending to the upper winding of relay 660, 
at armature 63 opens the circuit extending 
through the lower winding of relay 620, and also 
opens the circuit extending through the upper 
winding of relay 630. Relay 630 deenergizes 
in response to this operation, but relay 620 is 
maintained in energized position through, its 
upper winding, as previously described. At ar 
mature 64 relay 6 ft opens a point in the cir 
cuit to relay 40 and at armature 65 opens a 
point in the circuit through the lower winding 
of time release relay 604. . 

Referring now to the trunk circuit shown in 
Fig. 10 and at a time when vibrating spring 
f04 practically stops its vibrations, relay 1008 
energizes. At armature 037 relay foo8 com 
pletes a locking circuit for itself from grounded . 
armature C32 and also opens the circuit to 
relay. E009. At armature i 038 relay 1008 con 
nects time release relay. of 3 to the time pulse 
conductor 655, and at armatures fo35 and C36 
shunts armatures 039 and O40. After an in 
terval relay 009 deemergizes and at armature 
043 disconnects generator from the trunk and 

connects the trunk to relay 003. 
In the trunk circuit at the distant exchange 

the high resistance relay f63 is normally ener 
gized over the following circuit: from ground 
through the winding of relay 063, resting contact 
and armature OT5, normally closed springs con 
trolled by armature to 8, through the left-hand 
windings of repeating coil RC in parallel, over 
conductors 0.54 and 1055 in parallel, through the 
left-hand windings of repeating coil RC, conduc 
tor 056, armature i ? 5, conductor 057, arma 
ture 043 and resting contact, through the nor 
mally closed springs controlled by armature 034, 
and through the upper winding of relay 003 to 

battery. Due to the high resistance of relay 063 
relay G63 alone is energized over this circuit and 
at armature of completes the circuit for ener 
gizing relay 062. When relay O9 operates and 
connects generator to the trunk alternating cur- is 
rent relay 964 energizes. Relay 063 deener 
gizes to open the circuit to slow-to-release relay 
062. The generator circuit for energizing relay 
064 extends from the gellerator conductor 66 

by way of working contact and armature 043, 10 
conductor 057, armature if f 5, conductor f056, 
to the left-hand windings of repeating coil RC, 
and thence by way of conductors 1054 and t055 
through the left-hand windings of repeating coil 
RC, through the normally closed springs con- 15 
trolled by armature fol8, armature 0.75 and 
resting contact, through the condenser and wind 
ing of relay 064 to . ground. At armature 073 
relay 064 maintains slow-to-release relay O62 
operated and at armature 072 completes the 20 
circuit for lighting the signal lamp L. to inform 
the operator of the call. - 
When the operator observes the illumination-of 

lamp I. she will insert the plug or her cord cir 
cuit into the jack J in Order to answer the call. 25 
Springs 1079 complete a circuit for operating re 
lay 065 in response to the insertion of the plug 
into the jack J, and said relay at armature 1074 
opens a point in the circuit for relay 061, at ar 
mature f OT5 opens the circuits of both relays 30 
f063 and OS4 to permit relay 04 to deemergize, 
and at the working contact of armature 0.75 pre 
pares the circuit for supervisory relay f066. Re 
lay 866 is a marginal relay and will not ener 
gize in series with the high resistance lower 35 
winding of relay 003. Relay OS4, upon deener 
gizing, at armature O2 opens the circuit to lamp 
L and at armature OT3 opens the circuit to relay 
f062. Slow-to-release relay. O62 deemergizes 
after an interval and at armature 070 prepares 40 
a point in the circuit to slow-to-operate relay 
6. 
When relay O09 deemergizes generator is dis 

connected from the trunk and relay O03 con 
nected in place thereof. Relay 003 energizes 45 
over the following circuit: from ground through 
the winding of marginal relay i666, Working con 
tact of armature f OT5, to the normally closed 
springs controlled by armature f O73, through the 
left hand windings of repeating coils RC and 50 
RC, to conductor O56, armature 5, conductor 
05, armature i 043, Working contact and arma 

ture 034, and through the lower and upper wind 
ings of relay. 003 in series to battery. . 
At armature 8 relay 003 completes the cir- 55 

cuit for energizing relay 004, and at armature 
09 prepares a circuit for bridging the lower 

winding of relay 00 across the right hand wind 
ings of repeating coil R.C. At armature 020 re 
lay foo4 disconnects the ring back tone, at arma- 60 
ture f 32 prepares a point in the circuit for relay 
f00, at armature 022 prepares a point in the 
circuit for relay 005, and at armature 023 com 
pletes the circuit for energizing relay Off by way 
of normally closed springs controlled by armature 65 
O45. At armature 047 relay of opens a point 

in the circuit for relay 005, at armature 0.50 
prepares a point in the circuit for transmitting 
a pay-station tone to the operator, and starts 
spring 048 vibrating to prepare an energizing 70 
circuit for slow-to-operate relay 00 at arma 
ture 49. 

In case the calling line is a pay-station line a 
pay-station tone is connected to the test lead 
of the calling line in the well-known manner, 75 
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and this tone, is transmitted to conductor 48 
Over the previously traced circuits and thence by 
way of armature 635 and the upper winding of 
relay 882 to ground at the normally closed 
springs controlled by arnature (353. The tone 
transmitted through the upper winding of relay 

á 2. induces a similar current in the lower Wid 
ing which is transmitted through the condenser 
C and armature 50 through the talking con 
ductors of the trunk line, and 8hence to the 
operator in the Well known nainner. When the 
Operator hears this tone she is informed that the 
calling subscriber is a pay-station subscriber. 
When vibrating spring (438 has practically 
ceased to vibrate, slow to operate relay is 
operated by way of armature 89. At strina 
ture 885 relay 58 completes its own locking 
Circuit from grounded armaiture 323 and also 
opes the circuit of relay . Aš ar? nature 
33 relay 3, 9 disconnects ground frona gen 

83rator Star lead 655 to stop the ringing raachine 
aid at its Working contact closes a multiple lock 
ing circuit for relay 98, and at arrature (336 
OperaS 3, point is the circuit througa te doveº 
winding of relay 883. Relay 83, upon restor 
ing, 2 armature 889 opens the initia energiz 
ing circuit of relay (, at arnature 959 opens 
tiae circuit through the ovver Winding oi relay 
i 9 ?? to cat, off the pay-station tome, and at 
&ry at are 83E prepares a locking circuit for re 
ay 8335. 

že operator nay verify the presence or atp. 
Sence of pay-station tone by disconnecting ted 
porarily. When the operator removes he plug 
rely 833 restores and closes the circuit to relay 
Š53 et argnature 4875. Relay 383 in the trank 

line ER, deemergizes ox account of tie higia re 
sistance of relay 363. Relay 383 at arnature 
383 cornpletes the circuit for energizing relay 
985 by way of arnature 822. At armsture 323 

relay E395 opens the ring-back tone circuit, at 
arrature 325 short circuits the lower giyading 
of relay 38, and at armature 25 closes its 
OWigh eccing circuit as follows: froza ground by 
Way of Sarnature 25, armature 328, arrnature 
S9 Sé 3:3d resting contact, armatures 4853 alnd 
933, aid through the winding of relay 035 to 
3ttery. Relay (34 deemergizes shortly after 

its circuit is opened at armature 99 3 and at 
artinatire 832 opens the Original energizing cir 
cuit o? relay 3885. At armature 3923 relay S 3943 
opegs the locking circuit of relay 9 is to permit 
tha latter relay to deenergize. Reiay 30, upon 
deemergizing, at arnature 34 opens one of 
the multiple locking circuits to relay 33 and 
grounds generator start conductor $5 for re 
Starting the ringing Rimachine. At arature $5 
relay is prepares a point in the circuit to 
relay and at armature 33 prepares a goint 
in the circuit through the lower winding of time 
relaase relay S3. 
When the operator again answers by inserting 

her plug into the jack J relay 2335 is agaira era 
ergized to connect relay !ö?? to relay jö98. Re 
lay 333 at armature 648 closes a circuit for 
reenergizing relay 898. At armature 828 ralay 
6953 Congpletes the circuit for energizing elay 

3relay at , upon energizing, at armaire 
A833 connects the lower winding of relay 2 
across the trunk line in order to retrarasmit the 
pay-station tone, and at armature 93 operas 
the locking circuit of relay 855 to deemergize 
the latter relay. In the same mainer as pre 
Yiolisly described viorating spring 833 closes an 

23 
intermittent circuit to relay 9 to cause its 
operation after a predetermined time. 

Relay 96 operates when the vibrating spring 
888 has practically ceased to vibrate and at 
arnature A$5 closes its own locking circuit as 
Well as opening the circuit to relay . At 
3rmature 344 relay 83 removes ground from 
the generator start lead to stop the ringing ima 
chine, 2nd at armature 846 disconnects the 
lower winding of relay 63 from the time pulse lo 
dela di S55. SRelay, 668 8 deenergize:s and at arma 
ture i59 disconnects the pay-station tone from 
the trunk line. The operator will complete the 
desired connection in the well known manner. 
Talking battery for the calling subscriber is sup- 5 
plied through the Windings of relay di 332 and 
888 &nd the calling subscriber may converse 
over the heavy talking conductors through the 
I'epeating coils to the called subscriber in the 
Wel kaao'WA manner. 20 
When the calling subscriber raplaces his re 

ceiver the circuit through relays 832 and A5 
is opened and the relays deenergize. At arma 
ture 33 relay AC opens the locking circuit 
of relay 383, and at arrnature 33 disconnects 25 
the lower high resistance winding of relay a 333 
frog the trunk to cause the naarginal relay 958 
in the tranik circuit C to operate. Relay 936 is 
a marginal relay and will operate only in series 
With tie upper winding of relay (33. At arma- 30 
tre $ $ Irelay 66 opers the cop circuit bridged 
across the tip and ring conductors of the cord 
circuit, in order to give Supervision to the oper 
a tor. This loop circuit includes arginature 395 
8.2 retard coil 82, and the tip and ring springs 35 
of the jack J. When the operator renoves the 
pig from the jack J. Springs G9 are opened to 
open the circuit to relay 35 which thereupon 
deenergizes. At armature 35 relay A385 opens 
the circuit to relay @66 and at armature à $7540 
and its resting contact connects the high resist 
8'nce relay 363 to the trunk. Relay 2363 de 
energizes in series with high resistance relay 
A 363 and at armature of 3 opens the circuit of 
relay 64. Relay A38, upon deemergizing, at 45 
airmature 323 opens the circuit to relay to 
cause its deenergization. Relay è at arma 
ture 343 opens the circuit of relay 203 to cause 
its deemergization. At arx nature 35 relay 398 
removes ground extending through the upper 50 
winding of relsy 9 2 from the test lead 36 to 
make this equipment test idle and to allow the 
preceding equipment to release and restore to 
normal for use in other calls. Relay 92 de 
anergizes without effect at this time, and relay 
963, upon energizing, over the trunk circuit at 

2raattgre ) completes the circuit ioi energiz 
ing relay 3362. The trunk line R, and trunk 
circuit, SC shown in Eig. 30 &re now restored to 
inorna gosition and imay be used on Subsequent 60 
cais. 
When ground is disconnected from conductor 

48 by the deemergization of relay 888 cut-off 
relays and deemergize and release relay 
$28 in Sig. 6 are likewise deemergized. Relay 62 65 

5 5 

at airs nature 326 removes ground from the guard 
lead 35 to free this equipment, at arriature 625 
opes the locking circuits of relays 563 and 50 
and the operated group control and connector 
unit relays 322 and 39 to permit their deemergi- 70 
Zaton, at armature 622 opens the locking circuit 
of the operated finder group control and unit re 
lays 322 and 3 to permit their deemergization. 
Relay S88, upon deenergizing, at arnature SS3 
oyees ae circuit of connector group line relay 75 
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42 to permit its deemergization; and at armature 
659 opens the circuit of the finder group line re 
lay 20 to permit its deenergization. The remain 
ing operated relays in the link deenergize to re 
store the link circuit to normal position in the 
same manner as previously described. 
Incoming trunk calls are completed by the toll 

operator plugging in on the desired trunk and 
dialling the number of the desired subscriber. It 
will now be assumed that in response to a call 
in the distant exchange local subscriber 336 is de 
sired in a trunk connection. The operator at the 
distant exchange will plug one of her cord circuits 
into an idle trunk jack extending to the desired 
local exchange. When the cord circuit is plugged 
into the jack of the selected trunk, assuming that 
the trunk shown in Fig. 10 is, the trunk selected, 
springs 079 ccmplete a circuit for energizing re 
lay O65. At armature foll relay 065 opens a 
point in the circuit for energizing alarm relay 
06, at armature OT3 disconnects the high re 

sistance winding of relay fos3 from the trunk 
and connects relay foss in place thereof. Relay 
O63 deemergizes and opens the circuit of relay 
062 which also deemergizes and at armature of 

prepares a circuit for the alarm relay fos?. When 
relay 1066 is substituted in the trunk circuit ex 
tending to the local exchange in place of relay 
O63 relay C03 in the trunk line TR energizes 

over the following circuit: from ground through 
the winding of marginal relay 1066, Working con 
tact, and armature foll, normally closed springs 
controlled by armature 1078, through the left 
hand windings of repeating coil RC in parallel, 
over conductors (54 and (55 in parallel, through 
the left-hand winding of repeating coil RC in 
parallel, conductor f056, armature i l i 5, conduc 
tor iO57, armature 043 and resting contact, nor 
mally closed springs controlled by armature 34 
and through the upper winding of relay fo3 to 
battery. At armature of 8 relay foo3 completes 
the circuit for energizing relay foo4 and at arma 
ture of 9 prepares a pointin the circuit for bridg 
ing the lower winding of relay of across the 
right hand windings cf repeating coil RC and con 
ductors 47 and 48. At armature 020 relay 00 
opens a point in the ring back circuit, at arma 
ture iO2 completes a circuit for energizing re 
lay 00, at armature 1022 prepares a circuit for 
relay 005, and at armature 023 completes the 
circuit for energizing relay of . Relay of en 
ergizes over the following circuit: From ground 
by way of armature 036 and resting contact, ar 
mature 02, normally closed Springs controlled 
by armature 029, and through the upper winding 
of relay OO to battery. At armature of 4 re 
lay 100 prepares a circuit for energizing relay 
f006, at armature () 5 opens a point in the circuit 
to relay OO2, at armature of 6 opens a point in 
the circuit to relay 007, and at armatures of 5 
and of 6 and their working contacts connects 
the lower winding of relay 00? in bridge of the 
right-hand winding of the repeating coil RC and 
conductors 4 and 48. The circuit for energiz 
ing relay may be traced from grounded ar 
mature 923 through the normally closed springs 
controlled by armature f(045, and through the 
winding of relay i 0 ?i to battery. At armature 
104.7 relay Of cpens a point in the circuit for 
relay 005, at armature 0.50 connects the lower 
winding of relay of 2 and condenser C in bridge of 
trunk conductors 7 and 48, and at armature 
O49 starts the spring 048 vibrating to prepare a 

circuit for relay 0 1 0. When vibrating spring 
048 practically ceases to vibrate relay of ener 

2,028,289 
gizes, and at armature ?o.46 opens a point in the 
circuit to relay 03. Relay deemergizes and 
at armature 049 opens a point in the original 
energizing circuit of relay Of. 
When the lower winding of relay 00 is bridged 5 

across the trunk conductors 47 and 48 a circuit 
may then be traced for energizing relays O2, 0. 
and of in series as follows: from ground 
through the resting contact of armature 08, 
through the winding of line relay 02, conductor to 
48, through the lower right-hand winding of re 
peating Coil RC, armature O 6 and working 
contact, armature of 9, through the lower wind 
ing of relay foot, working contact and armature 
05, through the upper right-hand winding of 15 
repeating coil RC to conductor 47, armature 
07 and through the winding of relay 03 to bat 
ery. . 
Relay 62, upon energizing, at armature O 

connects ground to test conductor 66 to make 20 
this trunk line busy, at armature 38 connects 
battery through the winding of cut-off relay Of 
by way of armature 04 to armature ?o to mark 
the trunk line as calling, and at armature 37' 
connects ground to start conductor f3 by way of 2; 
armature 05 for energizing the start relay 587 in 
the relay allotter in Fig. 5. The operation from 
this point on is similar to that previously described 
in connection with a subscriber initiating a call 
and will therefore be described briefly. In re- 30 
sponse to the operation of start relay 587 in the 
relay allotter the group selecting relays therein 
operate in the same manner as previously de 
scribed to operate the findergroup contro relay 
22 in the preselected idle link, after which the 25 

finder units relays in Fig. 2 are operated to find 
the calling trunk marked by battery potential 
on its test conductor through the winding of its 
associated cut-off relay 02. Since the calling 
trunk is the last line in the 20-line group, then 40 
when finder units relay 200 energizes line test 
relay 550 in the relay allotter is energized over 
the following circuit: from ground through the 
lower winding of relay 550, armature 509, cut 
through conductor 69, to conductor 299, arma- 45 
ture 298, conductor 9, armature fo, arnature 
04, and through the winding of cut-off relay fo 

to battery. At arnature 582 relay 550 grounds 
conductor 2 is to energize the finder group line 
relay 2 as follows: from ground by way of arma- 50 
ture 582, armature 508, conductor 29, arma 
ture 205, conductor. 89, armature 24, and 
through the winding of finder group line relay to 
battery. At armatures li and 2 relay 2 con 
nects the trunkline conductors 47 and 48 to the 55 
link to energize relays 690 and 692 as follows: 
from ground through the winding of relay 690, 
armature 664, conductor 279, armature 206, con 
ductor i 93, armature i f 2, conductor 48, lower 
right-hand winding of repeating coil RC, arma- 60 
ture C6 and working contact, armature O 9, 
lower winding of relay .00 f, working contact and 
armature C5, upper right-hand winding of re 
peating coil RC, conductor 47, armature , 
conductor 92, armature 207, conductor 289 65 
arnature 662, and through the winding of relay 
692 to battery. At armature 26 relay 2 pre 
pares a circuit for energizing trunk relay 756. 
Line relay 690, upon energizing over the above 
traced circuit, at armature 69 operates relay 640 70 
and 600 as previously described. In response to 
the operation of relay 600 relays 60, 620 and 30 
Operate as previously described and relay 62 
connects dial tone to the calling loop in the trunk 
line. Dial tone is transmitted through the re-75 
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relay 66. 

peating coils RC and RC to the calling operator 
in the Well known manner. 
The calling operator will now dial the digits 

of the desired line and in response to the opera 
tion of the calling device CD preparatory to send 
ing the first digit, the shunt Springs of the call 
ing device CD close a circuit for energizing relay 
06. At armature C relay 067 closes a shunt, 

around armature 0.76 and at armature a G 78 dis 
connects marginal relay f C66 from the trunk line 
and connects direct ground through the impulse 
Springs in place thereof. When the calling de 
vice is released the impulse springs open the cir 
cuit to relay 003 a number of times correspond 
ing to the digit dialled, . Relay 008 deenergizes i 
each time the impulse springs remove ground 
from the trunk and said relay at armature 8 
Opens a circuit to slow-to-release relay 004 
which is maintained energized during the impuls 
ing period due to its slow releasing characteristics. 
At armature of 8 and its resting contact relay 
003 completes a circuit by way of armature 
022 for energizing slow-to-release relay foos, 

- and at armature of 9 opens the impulse repeating 
circuit to line relay 690 in the link circuit. Re 
lay 005 at armature 026 short circuits the 
lower winding of relay OG to improve the re 
peating circuit, and at armature f025 completes 
the circuit for energizing relay 066. The circuit 
for energizing relay 606 may be traced from 
ground by way of armature 025, armature 028, 
armature 04 and working contact, and through. 
the winding of relay 006 to battery. Armature 
103 of rellay, 1006 energizes before other arma 
tures and completes its locking circuit by way 
of armature f O2 and armature 036. At arma 
ture fo28 relay OO6 opens its original energizing 
circuit after its locking circuit is closed, and at 
armature 029 transfers the circuit to the upper 
winding of relay 90 from ground at armature 
i 036 to ground at armature 025. At arma 
ture 030 relay 906 connects a multiple ground 
to the test lead 46 in order to hold the equipment; 
busy and in operated position after the called 
party answers. 
The opening and closing of the impulse repeat 

ing circuit at armature of 9 causes the line re 
lay 690 in the link circuit to operate in accord 
ance therewith. Line relay 69 follows theim 
pulses repeated thereto to cause the operation of 
the link relays and impulse counting relays as 
previously described to operate the connector 
group control relay 432, since in this case the digit 
3 is the first digit dialled. Shortly after the last 
impulse of the first series slow to release relay 
f005 deenergizes and at armature (26 removes 
the short circuit from around the lower winding 
of relay 06. At armature 625 relay 65 opens 
the circuit through the upper winding of relay 
00 f, but the latter relay, however, is maintained 

energized over its lower winding in series with re 
lays 690 and 692. In the trunk circuit TC at the 
distant exchange theishunt springs of the calling 
device open when the calling device reaches its 
normal position to cause the deenergization of 

At armature is relay 66 substi 
tutes ground through the winding of marginal 
relay 066 for the ground through the impulse 
springs of the calling device. Relay (85 is nar 
ginal and is only energized in series with the up 
per winding of relay 663, while relay G03 is 
maintained energized from ground either through 
the impulse springs of the calling device or from 
the ground through the winding of relay ce. 
In response to the transmission of the Succeeding 

25? 
digits of the called number, relays 1067 and f O03 
again operate; relay 03 repeating impulses to 
relay 698 at armature 69 and at armature 
operating the relay (05 as before. In the same 
manner as previously described line relay 696 op- 5 
erates in response to the received impulses to 
cause the operation of the connector units relay 
33. On the second digit, and on the third digit 
Selects the ringing code of the called line. The 
called line is tested in the same manner as pre- 0 
viously described and connects ring back tone 
to the trunk line conductors 47 and 48 from 
Whence the ring back tone is repeated through the 
repeating coils RC and RC to the calling operan 
tor. ?5 
When the called party answers relay TO ener 

gizes over the called loop, as previously de 
scribed, in series with relay if 4. At armature 77 
relay 770 completes the circuit for energizing re 
lay 750 as follows: from ground by way of arma- 20 
ture 26 of the operated finder group line relay, 
in Fig. 1, conductor 87, arnature 204, conductor 
224, armature T, and through the winding of 
relay 750 to battery. At armature 755 relay 
750 completes its own locking circuit to ground- 25 
ed conductor 329 and at armature 75 and 752 
disconnects relays 7 and 74 from the called 
line. At armature 753 transfers the test lead of 
the called line from direct ground at armature 
683 to ground through the upper winding of re- 30 
lay 660. Relay 660 now energizes over the follow 
ing circuit: from ground through the upper wind 
ing of relay 660, armature 62, armature. 676, 
conductor 724, armature 753 and working con 
tact, conductor 399, armature 308 and resting 35 
contact, armature 338, conductor 494, armature 
437, armature 479 and resting contact, and 
through the winding of cut-off relay 47 to bat 
tery. This ground also marks the called line 
as busy to other subscribers having access thereto. 40 
At armature 668 relay 66C completes a locking 
circuit through its lower winding from grounded 
arnature 625, and at the resting contact of arma 
ture 668 opens the locking circuit of relay 68C 
which thereupon deenergizes. At armature 659 45 
relay 66C closes a multiple circuit for maintaining 
finder group line relay 2f in operated position, 
at armature 663 closes a multiple circuit for 
maintaining connector groupline relay 436 in op 
erated position, at armature 669 opens a point 50 
in the circuit through the lower winding of relay 
680, at armature 667 opens a part of the impuls 
ing circuit to the impulse counting relays, and at 
armatures 565 and 666 closes a circuit to the 
upperwinding of relay 626 from ground applied 55 
to the test lead 46 of the trunk line extending 
by way of conductor 299. The upper winding of 
relay 66 is short circuited from ground on con 
ductor 299 by Way of arnature 62 and armsture 
665. Direct ground extending from the test lead 60 
46 of the trunk line by way of conductor 299, 
armature 665, and armature 674 to the test lead 
of the called line maintains the called line busy. 
At armatures 662 and 666 relay 660 transfers the 
talking conductors extending from the trunk line 65 
from the windings of relay 69 and 692, and con 
nects these talking conductors directly to the 
called line by Way of the operated arrnatures 5 
and 52. Relay $80 deemergizes when its locking 
circuit is opened at armature 868 by relay 660, 70 
and at ari nature 682 removes one of the multiple 
grounds from the connector group line relay. 
Relay 690, upon deemergizing, at arnature 69 
opens the circuit of relay 64 snd the circuit of 
relay 600. Relay 646 deemergizes without effect 75 
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Relay 600, upon deemergizing, at 
armature 60 opens the circuit of relay 60 and 
at armature 603 opens one of the multiple grounds 
extending to the finder group relay 2. Relay 
so, upon deemergizing, at armature 6 opens 
one of the multiple grounds extending to the lock 
ing circuit of the finder group control relay 22 
and the finder unit relay 200, at armature 62 
removes the short circuit from around the upper 
winding of relay 660, at armature 65 opens a 
point in the circuit to the lower winding of time 
release relay 604, at armature 64 opens the lock 
ing circuit to relay 740 to permit its deemer 
gization and at armature 63 opens the circuit extending through the lower winding of relay 
620. Relay 620 does not deenergize at this time 
because ground extending over the test lead of 
the trunkline is connected by way of armatures 
665 and 666 through the upper winding of relay 
620 to battery. 
When relay 660 operates and disconnects re 

lays 690 and 692 from trunk conductors 4 and is relay OO in the trunk line TR, deemergizes. 
At armatures of 5 and 106 relay 00 connects 
relays 002 and 007 across the trunk conductors 
47 and 48 and connects the condenser C be 
tween the right-hand windings of the repeating 
coil R.C. Relays 002 and 007 are energized in 
series through the called subscriber's loop as fol 
lows: from ground through the winding of relay 
foot, resting contact and armature of 6, lower 
right-hand winding of repeating coil RC, con 
ductor 48, armature f 2, conductor 93, arma 
ture 206, conductor 279, armature 666, conductor 
696, working contact and armature 52, con 
ductor TT4, resting contact and armature 83, 
conductor 389, armature 337, conductor 495, ar 
mature 438, through the loop at the called sub 
scriber back to armature 439, conductor 496, ar 
mature 336, conductor 879, armature 82 and 
resting contact, conductor 768, armature 75 and 
working contact, conductor 694, working contact 
and armature 662, conductor 289, armature 20, 
conductor 92, armature ill, conductor 47, up 
per right-hand winding of repeating coil RC, ar 
mature 05 and resting contact, and through 
the winding of relay 902 to battery. The opera 
tion of relay 002 at this time is without effect, 
and relay 007, upon energizing, at armature 
O34 includes the lower high resistance winding 

in series with the upper winding of relay foo3 
in order to deemergize the marginal relay 066 at 
the distant exchange. Relay 066 is marginal 
and will not remain energized in series with the 
lower winding of relay OO3. At armature to 6 
relay 066 closes a bridge including the imped 
ance O82 across the tip and ring conductors of 
the operator's cord circuit in order to give the Op 

60 

85 

70 

erator answering supervision in the well known 
manner. Talking battery to the called subscrib 
er is furnished through the windings of relays 
002 and 007 over the heavy talking conductors 

previously traced. 
After conversation and in response to the 

called subscriber replacing his receiver relays 
f002 and 007 deenergize. 

and connects up Only the upper low resistance 
winding of relay 003 to cause the energization 
of relay 066 in the trunk circuit TC at the dis 
tant exchange. At armature 1076 relay 1066 
opens the bridge including the retard coll O82 
from across the tip and ring conductor of the op 
erator's cord circuit in order to give the operator 
at the distant exchange disconnect supervision. 

At armature foll re 
lay 007 disconnects lower winding of relay 003 

2,028,239 
The operator now withdraws the plug of the cord 
circuit from the jack J thereby opening the cir 
cuit of relay f065. At armature | 075 relay (065 
opens the circuit of relay 066 which thereupon 
deenergizes, and at the resting contact of ar- 5 
mature. O75 again completes the circuit for high 
resistance relay 063. At armature of relay 
063 completes the circuit for energizing relay 
O62, and the latter relay at armature OO opens 

a point in the circuit to relay fo8. 0 
Relay 003 in the trunk line TR, deenergizes 

when connected in Series with the high resistance 
relay 063 and at armature 8 opens the circui; 
of relay food. Relays 00? and 005 temporarily 
operate without effect at this time and relay 006, 
upon deenergizing, at armature 02A opens the 
locking circuit of relay 006, which thereupon de 
energizes and at armature f 23 Opens the circuit 
to relay follo which likewise deemergizes. Relay 
f006, upon deemergizing, at armature 630 discon- 20 
nects ground from test conductor 6 to restore 
the cut-off relay of, cut-off relay 4, , and relay 
62C in the link circuit. Cut-off relay 3 deen 
ergizes in the same manner as previously described 
to cause relay 470 to release and restore the line 25 
circuit to its normal position. Cut-off relay to 
likewise deenergizes to cause the release of relay 
00 to restore the trunkline circuit to its normal 

position. Relay 620 deenergizes when ground is 
removed from conductor 299 by the deenergization 30 
of relay 006 disconnecting ground from conduc 
tor 46, and at armature 622 disconnects ground 
from conductor 24 to open the locking circuit of 
finder group control relay 22 and the finder unit 
relay 200. At armature 625 relay 620 disconnects 35 
ground from conductor 329 to open the locking 
circuits of relays 660 and 750, connector group 
control relay 432, and the connector unit relay 
330. At armature. 626 relay 620 removes ground 
from guard lead 66 to free this link and make it 40 
available for other calls, and at the resting con 
tact of armature 626 grounds the all link busy 
conductor 629. Finder group control relay 22 
deemergizes to disconnect the test conductor of ? 
the incoming end of the trunk line from the link 45 
circuit at armature 0 and at armature 24 
opens the circuit to the finder group line relay 
2. Finder unit relay 200 and connector unit 

relay 330 deemergizes when ground is removed 
from their locking circuits. Connector group 50 
control relay 432, upon deemergizing, disconnects 
the test lead of the called line from the link cir 
cuit at armature 437 and at armature 433 opens 
the circuit to the connector group line relay 430. 
In the link circuit relay 750 deenergizes when its 5 
locking circuit is opened in response to the dis 
connection of ground from conductor 329. Trunk 
test relay 660 also deenergizes and at armature 663 
opens a further point in the circuit to the con 
nector group line relay 430 and at armature 659 
opens a further point in the circuit to finder 
group line relay f2. All of the relays in the 
link circuit and the relays in the trunk are now 
at normal position and may be used on other 
calls. ? 
In case the called line was busy when called, 

then the busy relay 670 instead of line test relay 
680 is energized as previously described to con 
nect the busy tone to the calling line conductors, 
in this case conductors 47 and 48, and is trans 
mitted over the heavy talking conductors and 
through the repeating coils of the trunk circuit 
to the operator. When the operator hears the 
busy tone the operator will remove the plug from 
the jack to cause the deenergization of relay foss. 75 
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ihe deenergization of relay 65 includes the 
high resistance winding of relay 63 in series 
with relay fo3 in the trunk line TR to cause 
relay 003 to deenergize. In this case relay 003, 
upon deenergizing, at armature 9 opens the 
loop circuit extending to the link and at arma 
ture ( 8 opens the circuit of relay OG4. 
004, upon deenergizing, at armature O2 opens 

the circuit of relay 006 to cause its deenergiza 
tion. Relay 006, upon deemergizing, causes the 
release of the link in the same manner as pre 
viously described, and in addition the deemergiza 
tion of relay 620 at armature 624 opens the lock 
ing circuit through the upper winding of relay 
670 to cause its deenergization. - 
When trouble occurs at the local exchange the 

distant operator is signalled over a particular 
one of the trunks and is informed when she 
answers of the nature of the trouble by a series 
of tones. 
one of which may cause the seizure of this par 
ticular trunk if idle to signal the distant oper 
ator. The first of these troubles may be the fail 
ure of the ringing machine to generate ringing 

5 current or the code interrupter may fail to func 
tion properly; second, the battery charging equip 
ment may fail; and third, the fuse associated 
with a link, a trunk, or an alarm sender may 
blow. 
As previously described in case the ringing ma 

chine fails to generate ringing current relay 958 
fails to operate and therefore the circuit to relay 
938 is not completed. Relay 938 in such in 
stances maintains ground on generator alarm 
lead if 98 at armature 982. Also in case the code 
interrupter fails to operate properly either by 
failure to disconnect ground from the hold con 
nector H to deemergize relay 959, or by the failure 
to connect battery to the pick-up conductor PU 
to cause the intermittent operation of relay 960, 
relay 938 deenergizes to ground generator alarm 
lead 98. Whenever the generator alarm lead 
98 is grounded a circuit is completed for ener 

gizing relay f (3 as follows: ground at armature 
982, armature 978, generator alarm lead 93 ex 
tending to Fig. 11, armature , armature 28 
and resting contact, through the winding of relay 

3 to battery. Relay 3 starts its spring & 
vibrating to prepare a circuit for energizing relay 
f 92 which relay is slow to operate and will not 
Operate until springs 6 practically cease to 
vibrate. The nonentary grounding of gener 
ator ground lead é 98 during the normal opera 
tion of the ringing machine and code interrupter 
is not of sufficient duration to cause relay 53 
to be held energized long enough to cause the 
energization of relay 2. 

In case the battery charging equipment (not 
shown) should fail to function properly then the 
charge alarm lead 9 is grounded to cause the 
energization of relay G3 over the following cir 
cuit : from grounded charge alarin lead ! É97, 8 r 
mature 8, armature 29 and resting contact, 
and through the winding of relay 63 to battery. 

In case a fuse aSSOciated with the alar sender 
AS should blow, then battery is connected over 
the fuse lead through the lower winding of fuse 
alarm relay 59 to ground to cause its energiza 
tion. In case a fuse associated with any one of 

, the trunk lines except the alar trunk line should 
blow, then battery through the upper winding 
of relay C3 is connected by Way of conductor 
59 through the upper winding of relay A69 to 

ground. Both relays 46 88 and SA ëë operate over 
this circuit. Relay 8 3 at armature. A 552 con 

Relay . 

There are three causes of trouble, any 

nects ground from armature 036. to the trunk 
test lead 66 to busy the trunk. In case the fuse 
aSSociated with the alarm trunk line should blow 
then battery is disconnected from relay f603 by 
the blowing of the fuse with the result that relay 
063 in the trunk circuit TC at the distant ex change deemergizes. The deenergization of relay 
963 causes relay f 662 to decnergize and operate 
and complete the circuit for alarm relay 6 . 
Relay 6 energizes and at armature 668 com 
pletes a locking circuit for itself from ground at 
key K. At armature C69 relay i06 i completes 
the circuit for operating the alarm bell B. When 

0 

the operator answers, the trunk line is dead and 
she will receive no tones whatever, indicating to l; 
her that the fuse on this particular trunk has 
blown. . - 

In case a fuse associated with any link should 
blow, for example, the fuse shown in Fig. 6, then 
battery is Connected through the upper winding 
of relay 604 and over conductor 0.59, through 
the upper winding of relay 59 to ground to 
cause relays 604 and f i 59 to energize. At arma 
ture 605 relay 604 grounds the guard lead 6f 6 to 
make the link busy and to prevent seizure of this 
link and at armature 606 disconnects ground from 
the all link busy conductor. 629. At armature 607 
relay 604 connects the grounded time cut-off con 

20 
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ductor 649 to conductor 2 i 9 in place of ground 
at the normally closed springs controlled by ar 
mature 607 in order to maintain the finder group 
line relay energized, and at armature 608 dis 
connects the time pulse. conductor 655 from the 
lower winding of relay 604 and connects ground 
at armature 608 in place thereof to the lower : 
winding of relay 604. 
Whenever fuse alarm relay 59 is energized 

said relay at armature 90 operates the fuse 
alarm lamp and at armature 89 closes the cir 
cuit for energizing relay if 83 over the following 
circuit: ground by way of armature 89, arma 
ture 85, armature f 3 and resting contact, and 
through the winding of relay O3 to battery. 
When the trunk line assigned for trouble sig 

nalling is in use as previously described it will be 
remembered that test lead 66 is grounded 
through the trunk line relays TLR of Fig. 1 to 
prevent the operation of a trouble alarm from in 
terfering with the conversation on the trunk line. 
Ground on conductor 66 completes a circuit for 
energizing relay : 0 í by way of armature ! ! í6. 
At armature relay | f0 maintains the nor 
mally energized relay ff04 in operated positionir 
respective of the operated condition of relay G2. 
Since relay fo4 is maintained by relay as 
long as the trunk line is busy the trunkline is 
not seized by the alarm sender until such trunk 
line becomes idle. 

AS. previously described relay 3 energizes in 
response to the different trouble signals and pre 
pares the circuit for energizing relay si G2. When 
Spring 34 practically ceases to vibrate relay 2. 
energizes and opens the circuit of relay C4 in 
case relay. is not energized. At armature 6 
relay be disconnects relay and connects 
ground to conductor 66 to busy the trunk line 
against outgoing calls by energizing cut-off relay 

in the usual manner. At armature i? re 
lay 04 disconnects conductor 656 from conduc 
tor f 6 thereby opening the trunk to cause the 
deenergization of relay 663 at the distant ex 
change. At armature relay C4 completes 
the circuit for energizing relay í 65. Relay í í05, 
upon energizing, at arnature 8 grounds the 
generator start lead 657 to start the ringing ma 
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chine and at armature ! 12 completes the circuit 
for energizing relay ff07 by way of armature 25. 
At armature if f 9 relay 05 starts the spring 
120 vibrating to prepare a circuit for the slow 

to-operate relay 06. Relay to operates its 
weighted armature f26. - 
When the trunkline is opened at armature ffs 

relay 063 deemergizes and at armature of opens 
the circuit to relay 962. Relay 062 deemergizes 
and at armature 070 completes a circuit from 
grounded armature 074 for operating the alarm 
relay fog. At armature 068 relay 06 locks 
to the alarm release key K, and at armature 069 
operates the alarm bell B to signal the Operator. 
When the vibrating spring 20 has practically 

ceased to vibrate relay fo6 operates and at arma 
ture 22 connects the trunk leads 056 and 0.57 
to cause the reenergization of relay fo63 at the 
distant exchange. At armature 24 relay ff06, 
grounds conductor 48 and at armature f 23 con 
nects battery through the winding of relay ff09 
to'conductor 47 to prepare the energizing circuit 
forrelay O9. At armature i 25 relay il 106 con 
nects the resistance Z.A in series with relay foll 

40 

and also completes a short circuit for relay 07 
extending from battery at armature f 26 through 
the armature i? 25. Due to this short circuit re 
lay O7 deenergizes and at armature 26 opens 
its short circuit. Relay OT is now energized 
from ground at i 12 through the resistance ZA 
and, upon operating, again short circuits itself 
at armature 26. This cycle of Operations is 
repeated continuously during which the vibrating 
spring 26 produces periodic variations in the 
charge of the condenser YA as the short circuit of 
relay ff07 is opened and closed. In this manner 
a special alarm tone is generated for transmission 
over the trunk line. 
When the operator answers relay O65 is ener 

gized from jack springs of 9 to open the original 
energizing circuit of relay OG at armature 074, 
and at armature G5 substitutes the winding of relay 066 for relay 063. When relay 066 is 
included in the trunk connection relay 003 ener 
gizes over the previously traced circuit. At 
armature O 8 relay 03 completes the circuit 
for energizing relay 904. At armature 023 relay 
0.64 completes the circuit for energizing relay 
0 through the normally closed springs con 

trolled at armature 945, and at armature 02 
completes the circuit from ground at armature 

| 036, through the normally closed springs. con 
trolled by armature f 329 through the upper 
Winding of relay for energizing the latter re 
lay. Relay Off energizes as before and at the 
vibrating spring 848 prepares the circuit for 
energizing relay O. O. Relay 00?, upon energiz 
ing, at armatures 05 and 0.6 connects the 
lower winding of relay 409 in bridge of the right 
hand windings of the repeating coil RC and the 
conductors 47 and 48 to complete the circuit for 
energizing relay 09. The circuit for energizing 
relay OS extends from grounded armature 
| 24, conductor 47, lower right-hand winding of 
repeating coil RC, armature f of 6 and working 
contact, armature 0.9, lower winding of relay 
100 f, working contact and armature to 5, upper 
right-hand winding of repeating coil RC, con 
ductor f47, armiature 23, and through the wind 
ing of relay. O9 to battery. At armature 3 
relay 09 connects dial tone to cunductor f47 
over the following circuit: from dial tone con 
ductor 648, resting contact and armature fl, 
condenser YB, resting Contact and armature 

66, armature 3, armature 23, conductor 
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64, and from thence to the repeating coil RC 
over the previously traced circuit back to ground 
at armature 24. Dial tone is induced into the 
left-hand winding of repeating coil RC and is 
transmitted over the trunk conductors 054 and 
0.55 to the operator in the well known manner. 
At armature 34 relay fo9 connects a multiple 
ground to relay f 3 so that relay ff03 will re 
main operated until the cycle of tone signals is 
completed. At armature f32 relay 09 com-. 
pletes the circuit for energizing relay f O8. Relay 
iO8, upon energizing, at armature 2 com 
pletes the circuit for energizing relay ! í 5 by 
way of armatures 3 and 64, at armatures 

28, 29 and 30 opens the initial energizing 
circuit of relay 03 and at the working contacts 
of these armatures completes a locking circuit 
for one of the following relays 56, 5 or 58 
dependent upon the particular trouble condition 
which exists. In case the trouble was a genera 
tor alarm then relay 56 is energized over the 
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grounded generator alarm conductor f 98, arma 
ture fill, arnature 28 and working contact, 
and through the winding of relay 56 to battery. 
At armature 8 relay 56 completes the lock 
ing circuit to grounded alarm conductor 98 
and at armature T9 connects up the generated 
alarm tone. In case the trouble is the failure 
of the charging machine then charge alarm re 
lay 57 is energized from ground on conductor 
97 by way of armature 8 and armature 129 

and its working contact, and through relay 57 
to battery. At armature f 82 and relay 57 com 
pletes its locking circuit to grounded charge con 
ductor 97 and at armature 83 prepares the 
circuit for connecting up the alarm tone. In 
case some fuse has blown then relay 58 ener 
gizes from ground at armature f f 89 by way of 
armature 85 and armature 30 and its work 
ing contact. At armature 86 relay S8 com 
pletes its own locking circuit and at armature 
f8 connects up the alarm tone. At armatures 
1 80, i 84, and 88 relays | 56, 57, and I 58, 
respectively complete the circuits for illuminating 
the generator alarm, charge alarm, and fuse . 
alarm lamps. Relay 5, upon energizing, operates its spring 

63 which vibrates and when this spring prac 
tically ceases to vibrate the circuit for energiz 
ing slow-to-operate relay ( 152 is completed by 
way of armature f l 62 and ground at armature 

27. At armature 68 relay if 52 opens the 
circuit of relay 5i, at armature 65 closes the 
circuit through the upper winding of relay 53, 
and at a nature 66 removes dial tone from 
conductor i 99. At the working contact of arma 
ture 66 relay 52 connects the alarm tone to 
conductor 99 in case the fuse alarm relay 58 
is operated. This circuit would extend by way 
of tone condenser YA, armature 87, resting 
contact and armature 69, working contact and 
armature 66, conductor 99, armature f3, 
armature il 23, conductor í 87, and thence over 
the trunk circuit and to the operator in the well 
known manner. 

Relays if 53, 54 and 55 are two-step relays 
and operate only their armatures 68, 7 and 

64 on their first step when such relays are ener 
gized through their upper windings. Relay 53 
energizes in its first step over the following cir 
cuit: from ground at armature ff27, armature 

65, arnature 67 and resting contact, and 
through the upper winding of relay 53 to bat 
tery. At armature 68 Irelay 53 in its first 
step closes a short circuit around its lower wind 
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ing. Relay is deemergizes after an interval and 
at armature 62 opens the circuit of relay 52. 
Relay S2, upon deemergizing, at armature 68 
disconnects the alarm tone in case the fuse alarm 

5 relay 58 is energized, at armature 64 again 
£o apietes the circuit for energizing relay 5 
and at armature 65 removes the short circuit 
for around the lower winding of relay 53. 
At the resting contact of armature Sé relay 

0 52 again connects dial tone to the trunk line. 
Relay 53 now energizes in its second step from 
grotard by way of armature 2, armature 68 
through the lower and upper windings in series 
to battery. At armature & S7, relay & 353, in op 

5 eratigag in its second step, opens a point in its 
Original energizing circuit and prepares a circuit 
for two step relay 54. At armature 869 relay 
3953 opens a point in the fuse alarm tone circuit 
3rd St its yorking contact prepares a point in 

20 the citage alarn tone circuit. Relays 353 and 
52 operate in the same manner as previously 

described, and relay 52 at arnature S 63 opens 
... the circuit of relay 95A and at arnature S 63 
Coringletes the circuit for energizing relay 54 in 

25 its first step as follows: ground by way of arra 
tre il 25, 8Rastare iÈ 65, armature G, and 
WOking contact, arnature and resting con 
itact, azai through the uppsir Winding of relay ( 958 
to battery. Relay S 2 32 at armature 9 36 dis 

30 connects dial tone at its resting contact and at its 
Yorking contact completes the circuit for giving 
3.n alarn tone in case the charge alara relay 
3 373 is operated. This alarm circuit Would eK 
end through the tone condenser YA, armature 

35 83, resting contact and armature 22, working 
Contact and ar naturae di SS, and thence over the 
gpreviously traced circuit to the trunk lirae and op 
&rator. Relay 59 operates only its armature 
323 on its first step and completes a short cir 

40 cit through its lower winding through artina 
tres å å, å 37 and á S5. Relay 85 again kie 
energizes and at arrnature 62 again opens the 
circuit of relay 52. Relay 52, upon deeger 
gizing, at arnature S6 disconnects the alarm 

45 tone if connected and at its resting contact again 
connects dial tone to the trunk line. At arena 
ture 33 relay a 52 sagain completes the circuit 
for energizing relay 53 and at armaatture G 35 
renoves the short circuit from around the lower 

i.) Winding of two-step relay 54 to permit the 
datter relay to senergige through its second step. 
the relay 53 energizes through its second step 
3rom ground at arnature 2, arnature , 
thirough the lower and apper Windings of relay 
53 to battery. At arrnature relay 54 

opens a point in its original energizing circuit 
and at is Working contact prepares the circuit 
for two-step relay 55. At armature A2 relay 
353 disconnects the alarm tone in case the 

ii) charge alarm relay is operated, and at its work 
ing contact prepares a circuit for connecting the 
alarm tone in case the generator alarm relay : 56 
is operated. Relays 5 and 52 again operate 

º gs previously described, relay 52 opening the 

5 5 

& 5 circuit of relay 54, and at armature 85 com 
pleting the circuit for operating two-step relay 

55 in its first step, and at armature 66 dis 
cCirects dial tone and connects the alarm tone 
to the trunk line in case generator alarm relay 

56 is operated. Relay 55 operates in its first 
step over the following circuit: from ground at 
armature 2S, armature 65, armatures 67 
and and their working contacts, armature 
? #*?, through the upper winding of relay f {55 

5 to battery. Relay 55 operates only its armature 

29 
( 5 in its first step thereby completing a short 
circuit through its lower winding by way of ar 
Fmatures í 78, í 70, í 6 and í S5. Felay : 5 
again deenergizes and at saranature 62 again 
opens the circuit of relay 52. Relay a 52, upon 5 
deemergizing, at arnature 68 closes the cir- . 
cuit of relay 5, at armature 65 opens the 
short circuit from around the lower winding of 
relay í !55, at armature í í68 removes the 
alarm tone and connects the dial tone to the 10 
trunk line in place thereof. Two-step relay 55 
energizes through its second step iron ground 
ed armature 62 by way of arrnature 5 
and through the lower and upper windings of 
relay 35 to battery. At armature 3 73 relay 5 
855 opens the circuit of relay 5, at armature 
96 opens a point in its original energizing cir 
cuit, at armature 5 disconnects dial tone and 
connects the busy tone to the trunk line, in place 
hereof. From the foregoing it will be seen that 20 
When the operator answers the alarm signal the 
Operator hears first the dial tone. The dial tone, 
is then followed either by the alarn tone, to in 
dicate an operated alaria fuse, or by a silent 
period, to indicate that no alarm fuse has op-25 
erated. After the alarm or silent period the dial 
tone indicates the end of the alarin, fuse test. 
The dial tone is again followed either by the 
alarn tone to indicate that the charging equip 
nent has failed or by a silent period to indicate 30 
that the charging equipment is functioning prop 
erly. After this alarm tone or silent period the 
dial tone indicates the end of the charging equip 
ment test. Once more the dial tone is followed 
either by the alarm tone to indicate this time that 35 
the ringing equipment has failed or by a silent 
period to indicate that the ringing equipment is 
functioning properly. After the last alarm tone 
or silent period the busy tone indicates the end 
of the alarm equipment test and that this equip- 40 
2ment has completed all of its tests. 
When the operator disconnects by removing 

her plug relay 65 deemergizes, thereby discon 
necting relay 366 and connecting high resist 
sance reiay. 863 to the trunk by way of armature 45 
D. S. Due to the high resistance of relay. 063 

relay: 83 in the trunk line TR, deemergizes. At 
armature 9 relay 63 opens the bridge main 
taining relay 9 energized and at armature 
38 opens the circuit of relay 904. Relay OO4, 50 
upon deemergizing, at armature 02 opens the 
circuit of relay 8 and at armature 023 opens 
the circuit of relay which deemergizes. At 
arnatures 5 and 8 relay 30, upon de 
energizing, reconnects relays fo62 and 007 to 55 
the conductors of the trunk line thereby restor 
ing the trunk line R, to normal condition. Re 
lay OS deemergizes when its circuit is opened 
by relay 93, and at armature 32 opens the 
circuit of relay 88. At armature 3 relay 60 
29 opens a point in the tone circuit and at 

armature 38 opens the circuit of relay O3. 
Reay 8, upon deenergizing, at armature 27 
opens the locking circuits of two-step relays 53, 
53 and a 55 to cause their deenergization, and 65 

at armatures 28, 29 and 30 prepares a 
point in the circuit for energizing relay ff03. 
Relay. A 93, upon deemergizing at armature f 3 
opens the circuit of relay 02 which thereupon 
deenergizes. At armature 2 relay O2 com- 70 
pletes the circuit for energizing relay ff04. At 
armature if S relay O4 prepares a point in the 
circuit for relay to at its working contact, and 
at its resting contact disconnects ground from 
test conductor 66 to deenergize the cut-off re- 75 
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lay Of in the trunk line circuit and to make 
the alarm trunk free for calls to and from the 
operator. At armature 5 relay fo4 connects 
the conductor 1056 to conductor f057 and at ar 
mature opens the circuit of relay 05. Re 
lay OS, upon deemergizing, at armature 8 dis 
connects ground from generator start lead 657 
to stop the ringing machine, at armature ff2. 
opens the circuit of relay flo and at armature 
! If9 opens the circuit to relay 1106. Relay 1107 
deenergizes and restores its vibrating armature 

26 to normal position. Relay 06, upon de 
energizing, at armature 22 opens a point in 
the dialing conductors 056 and 057 now closed 
at armature 5, at armature 23 opens a point 
in the circuit for relay ff09, at armature 24 
disconnects ground from conductor 49, and at 
armature 25 prepares a point for energizing 
relay 07. All the relays shown in the alarm 
senders are now restored to their normal con- " 
ditions except the particular alarm relay which 
Operated in response to the trouble and this re 
lay remains locked energized over its locking 
circuit until the trouble is cleared. 

Provisions have been made so that the oper 
ator may call a special verification number in 
order to receive the alarm tone series to deter 
mine whether the trouble has been cleared or 
not. This test number will correspond to the 
number of the line set aside for this purpose, and 
the operator in order to make a verification test 
Will call this verification line in the same man 
ner as calling a local subscriber. 
therefore plugs into an idle trunk and causes 
the connection of an idle link to the trunk in the 
Sane manner as previously described. After con 
nection of the link to the trunk line the operator 
dials the test numberto cause the link to con 
nect With this number. 
ConnectS ground to the test lead of this test num 
ber to cause the energization of relay in 
Fig. 11. At armature 35 relay if 0 completes 
a locking circuit for itself through its lower wind 
ing from grounded armature 33, and at ar 
mature 36 completes the circuit for operating 
relay 03. The operator now disconnects from 
the trunk line in the same manner as previously 
described. The operation of relay if O3 causes 
the Series of tones to be transmitted over the 
alarm trunk in the same manner as previously 
described. In this case, however, when relay 
109 energizes said relay at armature f 33 opens 

the locking circuit of relay ?o to cause the de 
energization of this relay. At armature 36 re 
lay ff0 opens the circuit of relay O3. If the 
trouble conditions still exist one of the alarm 
relays f S6, 57 or 58 is operated, and the 
Operator hears the alarm tone at the appropri 
ate time during the series of tones. If the trouble 
condition has been cleared the alarm relays f 56, 

57, 58 and 59 are all at normal and the 
Operator therefore does not hear the alarn tone 
indicating to her that the trouble is clear. When 
the operator disconnects the equipment returns 
to its normal condition, as previously described. 
Time disconnect has been provided for freeing 

the link circuits and trunk circuits when the 
same are held by a permanent line. The link 
circuit is considered to be held by a permanent 
line under the following conditions. (1) When 
the calling subscriber fails to complete a con 
nection to the called line; (2) when the calling 
subscriber fails to hang up after a completed call; 
and (3) when the calling subscriber fails to hang 
up after receiving the busy tone, A tirqing de 

The operator 

The link circuit then 
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vice is provided in Fig. 11 for grounding the time 
pulse lead 655 and the time cut-off lead 649 at 
predetermined intervals. Leads 649 and 655 are 
grounded at predetermined time intervals as foll 
lows: the clock springs í f94 are periodically 5 
closed to complete a circuit for energizing relay 

60. Relay f60, upon energizing, at armature 
9 and resting contact disconnects ground 

from the time cut-off lead 649 and at its working 
contact completes the circuit for energizing relay 0 
6. Slow to release relay f6, upon energizing, 

at armature 93 prepares a point in the circuit 
for connecting ground to the time pulse lead 655. 
Clock springs 94 open after a predetermined 
time to cause the deenergization of relay 60.15 
At arnature 9 relay f60 opens the circuit of 
slow to release relay f6 at its working contact, 
and at its resting contact connects ground to time 
cut-off lead 649. At armature f 92 relay 6C 
connects ground to time pulse lead 655 by way of 20 
armature 93 on the slow acting relay i? 6. Due 
to its slow releasing characteristics relay f6 is 
maintained energized for an interval after relay 
60 de energizes and during this interval con 

nects ground to the time pulse lead 655 at arma- 25 
ture if 93. When relay 6 deenergizes ground 
is removed from the time pulse lead 655 at arma 
ture 93. At the next period of operation, clock 
springs 94 again completes the circuit of relay 

60 and the relays operate in the same manner 30 
as previously described. 
Whenever a link circuit is seized the lower wind 

ing of the time release relay, such as relay 604, 
is connected to the time pulse lead 655. In case 
the link circuit is not in talking position, that is, 35 
in case relay 770 has not operated to open the 
circuit to relay 604 at armature 773, ground on 
time pulse conductor 655 completes the circuit 
for energizing relay 604 as follows: from ground 
by way of armature i l92, armature fl93, con-40 
ductor 655, through the normally closed springs 
controlled by armature 608, conductor 749, arm 
ature 773, conductor 748, armature 65, and 
through the lower winding of relay 604 to bat 
tery. At armature 608 relay 604 locks itself in 45 
energized position independent of ground on the 
time pulse lead 655. At armature 607 relay 604 
transfers the circuit of the finder group line re 
lay, such as relay 20, from direct ground at the 
normally closed springs controlled by this arma- 50 
ture to ground on the time cut-off lead 649. The 
finder group line relay 20 is now, therefore, main 
tained energized from ground over the time cut 
of lead 649. At arnature 606 relay 604 discon 
nects one of the multiple ground connections from 55 
all link busy conductor 629 and at armature 605 
maintains ground on the guard lead 66 to busy 
this link circuit. If the link reaches talking po 
sition before ground is removed from the time 
cut-off lead 649 relay 770 will energize over the 60 
called loop and at arnature 773 will open the 
circuit of relay 694 thereby causing it to deener 
gize. At armature 607 relay 604 connects direct 
ground at the normally closed springs controlled 
by armature 607 to the finder group line relay 20 65 
to hold Such relay in energized position. How 
ever, if relay 770 does not energize before ground 
is removed from time cut-off conductor 649 then 
the disconnection of ground from the time cut 
off lead 649 by the operation of relay 60 causes 70 
the deemergization of finder group line relay 20. 
The deenergization of finder group line relay 20 
opens the circuit to relays 690 and 692 of the link 
thereby causing their deenergization. The de 
energization of these latter relays causes the re-75 
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lays in the link to restore to their normal posi 
tions in the same manner as previously described. 
in this case relsy 6 at arnature S45 opens the 
ioctring circuit of relay 64 to cause the latter re 
lay to deemergize. At artinature 30S relay 65 
disconnects ground frog the guardi lead 65 to 
free the irk. 
When a subscribar gails to hang up his receiy 

er or in the case of a leak across the line great 
enough to operate line relays, such as line Selay 
82, Sach line is considered to be a permanent 
lidae. Winen the link circuit is released and the 
(circuit to the c{-off relay, such as relay , is 
opened either upon the completion of an incom 
ing cali or after tižne line Ass been automatically 
disconnected from the link. Cut-off relay , 
gon restoring, at artinature 8 opens the cir 

cuit to relsy 3 and at arratures and 8 
connects relsys 33 and 22 to the permanent 
liae. Relay 3, UPOn energizing, at armature 
g3 groundis the test lead to make the line busy to 
incorning calls, and at arrature 3 closes the 
locking circuit to relay 6. Relay 9 is renain 
tailed operated Over its arrature 5 and also 
prevents the groua inding of the start conductor 
33 extending to the relay allotter. At arnature 
i4 relay i3 preveats connection of battery 

through the cut-off relay from falsely marking 
the line as calling in the finder relay group. 
When permanent condition of the line is removed 
arelay 32 deathergizes and at armature 3 opens 
the locking circuit to relay, 28. At armature 9 
geay 2 regioves ground iron the test lead G 53 
2G Sree the line. Relay is, upon deemergizing, 
at ai'nature S3 prepares the circuit for ground 
ing the start i?ad j37, and at armature i 78 pre 
pares tine circuit for marking the line as calling 
in he inder relay group. 

ihe time release relays in the trunk lines, such 
as relay 383 in trunk line 'R. Fig. 10, prevents 
the trunk lines from being indefinitely held up 
in case the operator fails to answer or in case the 
calling subscriber fails to hang up after conversa 
tion after the operator has disconnected. After 
conversation the operator disconnects, causing 
the deenergization of relays 833, 4994 and G8 d9, 
2S previously described. At this time only relays 
8888, 4092, 4982, SG 82, and possibly 805 are in 
operated positions in case the subscriber fails to 
hang up. Winen relay 63 deenergizes in response 
to the disconnection of the operator said relay at 
32"Sature 383 connects the time pulse lead 655 to 
the lower winding of time release relay 3. 
When tigae pulse conductor 355 is grounded re 
day sa 43 is energized over the following circuit: 
from ground at armatures 32 and 93, time 
puise conductor $5, normally closed springs con 
Érolled by armature è)$á, arfnatures í086 and)88, 
and through the lower winding of relay 03 to 
battery. At airinature 258 relay 3 connects di 
rect ground in place of ground on the time pulse 
conductor (355 for maintaining the relay C3 in 
operated position independent of the time pulse 
conductor 655. At armature 053 relay 30 3 
transfers the upper winding of relay G 2 from 
direct ground at the normally closed springs con 
trolled by this arnature to ground on the time 
cult-off conductor 639. If the trouble condition 
continues ground is disconnected from the time 
cut-off conductor 689 after an inteval, and this 
disconnection of gound opens the circuit of re- . 
lay 2 and the circuit of trunk line cut-off re 
lay . The disconnection of this ground also 
disconnects the busying ground and also opens 
the circuit of relay 620 in the link circuit. When 

relay 620 deenergizes the link circuit is restored 
to its normal condition as previous described. The 
deenergization of the cut-off relay 0 restores the 
trunk lishe circuit to its normal position. When 
zelay G32 deemergizes said relay at armature 5 
585 opens the circuit of relay 205 if such re 
lay is operated. When the link circuit releases 
the relays therein open the circuit extending to 
arelsys 932 and 33 which now deemergize. At 
armature 83 relay 96 opens the circuit to re-10 
lay 883. At arnature 938 relay S 383 opens the 
circuit to relay () 3 vélich now deenergizes to 
place the trunk line R, in normal condition. 
Each ink circuit is fused separately and bat 

te:3) is fed to all the relays and connections in 15 
the link through the windings I, II, and it of 
relay C3 in multiple. f. the current drain for 
Oxae of ëne lira Exs exceeds a predietermined value, 
say for eiganpe, the irak circuit in Fig. 6, then 
Irelay C3 G Sig. 6 operates. At amature 645 20 
Erelay CE3 ogens tiae circuit from battery through 
its No. 5 Tvinding, Ett arrimature S3 opens the 
circuit for feeding battery through its No. II 
winding, and at aranature 64s closes the cir 
CUit for Sergizing tine release Irelay $4 in se- 25 
tries with the fuse. alari irelay 53, in Fig. 11, 
by vyay of conductor 353. The operation of 
the fuse alaria relay iza Fig. 1 causes the trou 
ble air signis to be transmitiited over the 
3.Iar truarak as previously described. The op- 30 
eration of elay 363 s, aristure 65 grounds the 
guard lead 336 to busy this link circuit, and at 
3.22.Élare 63 senioves one of the multiple grounds 
frora all iak biasy conductor 628. The high re 
sistance of the No. 5 winding of relay CB pro-35 
tects the link for excessive current drain and 
Raay Csse 9 or sole of the operated relays in 
the link to deenergize, , 
38 ving describe the invention What is con 

sidered to te new and is desired to be protected 40 
by Lette's Paert will be set forth in the foll 
loYiying cais. 
What is claimed is: 

... in a telephone system, groups of lines, a 
plurality of inks for interconnecting said lines, 45 
a first and a second relay group in each of said 
links, Eleans connon to said links responsive to 
a lirae in Ogae of said groups initiating a call 
for Snarking such group as calling and for seiz 
ing an idile one of said links, means in said com- 50 
rnon means' responsive thereto for operating only 
the relay corresponding to the calling group in 
the first relay link group of said Seized link, means 
operated by said relay for anarking the calling 
line in the Second relay link group, and means 
for sequentially operating the relays in the sec 
Ond link group to find the marked calling line. 

2. In a telephone systern, groups of lines, a 
plurality of links for interconnecting said lines, 
a first and 2 second group of relays in each of CO 
Said links, a relay allotter conmon to said links 
having a group of relays for preselecting an idle 
one of Said inks, means responsive to a line in 
one of said groups initiating a call for mark 

5 5 

ing such group as calling in the alliotter, a second C5 
group of relays in said allotter sequentially op 
serated in response to the initiation of a call to 
ind the calling group, 2ncans responsive thereto 
or Operating a relay in the first group in the 
preselected idle link to mark the calling line in . ) 
the second relay link group, and means for se 
quentially operating the relays in said second 
link group to find the marked calling line. 

3. In a telephone system, groups of lines, finder 
links for extending connections between said lines, 5 
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an allotter common to said links and said lines, 
means responsive to a calling line in one of said 
groups initiating a call for marking such group 
as calling in the common allotter, means in said 
common allotter operated in response to the 
initiation of a call for finding the marked call 
ing group, and means in an idle one of said links 
operated in response to the allotter finding the 
marked calling group for connecting all the lines 
of said calling group to such idle link for testing 
purposes. 

4. In a telephone system, groups of lines, finder 
links for extending connections between saidi 
lines, an allotter common to said links and Said 
lines, means responsive to a calling line in one 
of said groups initiating a call for marking Such 
group as calling in the common allotter, means 
in said common allotter operated in response 
to the initiation of a call for finding the marked 
calling group, means in an idle one of Said links 
operated in response to the allotter finding the 
marked calling group for connecting all the lines 
of said calling group to such idle link for test 
ing purposes, and means in said connected link 
operated by said allotter in response to said 
allotter finding the marked calling group to 
hunt for the calling line in the calling group. 

5. In a selecting system, a plurality of links, 
a group of selecting relays comprising a relay for 
each link, means for energizing the first of said 
relays, means responsive to the operation of said 
first relay for selecting the first link for use if 
idle and for operating the Second relay in case 
the first link is busy, means responsive to the 
operation of said second relay for deemergizing 
said first relay, for selecting the second link 
for use if idle and for operating the third relay 
in case the second link is busy, and means for 
Successively operating said relays as set forth 
until an idle link is foundi. 

6. In a selecting system, a plurality of links 
for use in completing connections, a chain of 
selecting relays comprising a relay for each link, 
energizing circuits and locking circuits for Said 
relays, one of said relays being normally ener 
gized over its locking circuit in case one or more 
links are idle, each said relay when energizing 
opening the locking circuit of the preceding re 
lay, preselecting the corresponding link for use, 
and preparing the energizing circuit for the next 
succeeding relay in the chain, and means for 
operating said next succeeding relay over the 
prepared energizing circuit when said preselected 
link is made busy to preselect the next succeed 
ing link and in case this link is busy for causing 
the sequential operation of said relays until an 
idle link is preselected. 

7. In a telephone system, groups of lines, a 
plurality of links for interconnecting said lines, 
a group of finder relays, a group of finder unit 
relays, a group of connector relayS, and a group 
of connector unit relays in each link, means re 
sponsive to a line initiating a call for marking 
the calling group, a group of relays common to" 
said links operated sequentially to find the call 
ing group, means operative when the group is 
found for operating a finder relay corresponding 
to the group calling in an idle one of said links, 
means responsive to the operation of the finder 
relay for marking the calling line in the finder 
unit relay group, means operated responsive to 
the calling group being found for Operating said 
finder unit relays sequentially until the markedi 
calling line is found, and means responsive to im 
pulses transmitted over the calling line for op 

2,028,289 
erating a particular one of said connector group 
relays in the link in accordance with the group 
number of the called line and for operating a 
particular one of said connector unit relays in 
the link in accordance with the unit number of 5 
the called line to extend the connection over the 
link to the called line. . 

8. In a telephone system, a goup of lines 
comprising both subscribers' lines and trunk 
lines, a link for interconnecting said lines, a group 0 
of relays in said link, each of said relays corre 
sponding to a line in said group, testing means 
in said link, and means responsive to a calling 
subscriber dialling only a single digit thereby 
designating a trunk call in this group of lines 15 
for sequentially operating the relays correspond 
ing to the trunk lines in this group of lines to 
successively connect said trunk lines to said test 
ing means until an idle trunk line in the group 
is found. 20 

9. In a telephone system, a group of lines com 
prising both subscribers' lines and trunk lines, a 
link for interconnecting said lines, a group of 
relays in said link, each of said relays correspond 
ing to a line in said group, testing means in said 25 
link, a circuit controlled by each of said relays 
when Operated for connecting the line corre 
SpOnding to such operated relay to said testing 
means, means for operating Said relays to con 
nect the subscribers' lines in said group over said 30 
circuits to Said testing means in response to a 
calling subscriber dialling the group and units 
digits designating calls to subscribers' lines in 
said group, and means for Sequentially operating 
the relays corresponding to said trunk lines to 35 
successively connect the trunk lines of said group 
to said testing means until an idle trunk line is 
found in case the calling subscriber dials Only a 
single group digit designating a trunk call in 
this group. 40 

10. In a telephone system, groups of lines, one 
Of Said groups comprising both subscribers' lines 
and trunk lines and SOrne of Said groupS COm 
prising only subscribers' lines, a link for inter 
connecting Said lines, a group of relays in said 45 
link, each said relay corresponding to a line in 
each of Said groups of lines, testing means in 
Said link, means responsive to a calling subscriber 
dialling the group digit of a callied subscriber's 
number for connecting the group of lines corre- 50 
sponding to such digit to said relay group, means 
responsive to the calling subscriber dialling the 
units digit for Operating the relay in said group. 
corresponding to the called line in this group, 
circuits completed by the operation of each re- 55 
lay of said group for connecting only the line of 
the connected group corresponding to such oper 
ated relay to said testing means, and means re 
sponsive to a calling subscriber dialling only a 
single group digit designating a trunk call in said 60 
one group of lines for connecting such group of 
lines to said relay group and for sequentially op 
erating the relays in said group corresponding to 
successive trunklines in this group to successively 
connect Such trunk lines to said testing means 65 
until an idle one of said trunk lines in the group 
is found. 11. In a selecting system, a group of selecting 
relays for making a selection, a conductor, a cir 
cuit for energizing the first of said relays in- 70 
cluding said conductor and the back contacts on 
all of said relays in series, a circuit for energiz 
ing the second of said relays including said con 
ductor and a front contact on said first relay, a 
circuit for energizing the third of said relays in- 75 
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and for signalling the operator at the main ex 
change, means in said local exchange operated in 
response to the operator answering for trans 
mitting a series of tones over said trunk line in 
accordance with said fault to identify the fault, 
means for freeing said trunk line upon disconnec 
tion of the operator therefrom, and verification 
means controlled by the operator for reoperating 
said tone transmitting means. 

22. In a selecting system, a group of Selecting 
relays for making a selection, a conductor, a cir 
cuit for energizing the first of Said relays in 
cluding said conductor and the back contacts on 
all of said relays in series, a circuit for energiz 
ing the second of said relays including said con 
ductor and a front contact on said first relay, a 
circuit for energizing the third of said relays in 
cluding said conductor, the said back contact on 
said first relay and a front contact on said second 
relay, circuits for energizing the succeeding re 
lays each including said conductor, the said back 
contacts of the second preceding relay and of 
the relays operated previous thereto, and front 
contacts of the first preceding relay, means re 
sponsive to connecting a source of current to said 
conductor for sequentially operating said relays 
over said circuits to make a selection, and a lock 
ing circuit for each of said relays controlled by 
a succeeding relay. 

23. In an impulse repeating arrangement, a 
line relay and a line over which it is energized, a 
pulse relay, an impulse repeating relay controlled 
by said pulse relay, a pair of auxiliary relays 
alternately controlled by Said impulse repeating 
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relay and said pulse relay, a circuit for Said 
pulse relay controlled by Said line relay, Said im 
pulse repeating relay and alternately by said 
auxiliary relays, and means controlled by said 
impulse repeating relay for repeating impulses. 5 

24. In a telephone System, two different code 
ringing conductors, means for selecting either 
one or both ringing conductors, means operated 
in case the first ringing conductor is selected 
for producing a series of short rings, for produc- 0 
ing a long ring in case the Second ringing con 
ductor is selected, and for pröducing a combina 
tion of both a long ring and a series of short 
rings in case both Said ringing conductors are 
Selected. 

25. In a telephone System, a local exchange, a 
main exchange, a trunk line interconnecting 
said exchanges, a Source of dial tone and a source 
of alarm tone in Said local exchange, means in 
said local exchange operated in case of fault for 20 
seizing said trunkline and for signalling the oper 
ator at the main exchange, and means in said lo 
cal exchange operated in response to the operator 

s 

answering for connecting dial tone followed by 
a connection of said alarm tone and two further 25 
connections of dial tone to said trunk line in 
case of a first fault, for connecting dial tone 
twice followed by a connection of said alarm 
tone and a single further connection of dial tone 
to said trunk line in case of a Second fault, and 30 
for connecting dial tone thrice followed by a 
connection of Said alarm tone to said trunk line 
in case of a third fault. 

JOHN E. OSTLINE. 


