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1. 
The present invention relates to automatic 

telephone systems in general and more particu 
larly to improvements in automatic switching 
equipment. These improvements are applicable 
in a network of Small exchanges where there are 
varied traffic requirements, such as free service 
privileges for some subscribers to adjacent ex 
changes While others pay toll. 
The traffic conditions mentioned above may 

Occur. Where Subscribers, in an area that is too 
Small for a profitable exchange, are given service 
through one adjacent exchange and tariff sched 
ules may require that these transferred sub 
Scribers have extended free service to other ad 
jacent exchanges. In applying this extended 
Service to Small exchanges it is not economical 
Or practical to route free service calls to an 
Operator or segregate subscriber lines within an 
exchange or provide separate groups of trunks 
for free service and toll service. Accordingly it 
is one of the broad objectives of the present in 
vention to arrange for readily adapting any line 
or group of lines for extending calls or receiving 
calls over any predetermined group or groups of 
trunks where other stations are restricted from 
Similar Service. 
A features of the present invention is the eco 

nomical arrangement for operating the trunk 
control in accordance with the line classification 
by extending all operating circuits through com 
non control apparatus that is connected only 
during the brief interval required for establish 
ing a connection between a link and a line or 
a trunk. 
Another feature is the circuit arrangement to 

release the common trunk connecting equipment 
in case a call is blocked and it is not extended 
Within a predetermined time period. 
Another object is the selection of a plurality 

of trunk groups and subscriber P. B. X lines that 
are extendable through a common access relay, 
the trunk group selection depending on dialing 
different Single digit call numbers and the selec 
tion of P. B. X subscriber numbers depending 
on dialing a plurality of digits. 
Another feature relates to selecting one of a 

plurality of trunk groups or a group of subscriber 
lines or individual subscriber lines or individual 
trunk lines that are extended through the same 
Connector group or tens relay in which each 
group or individual line assigned thereto may 
have different service classifications. 
A further feature relates to the line classifi 

cation control depending on whether the access 

(C. 19-18) 
2 

is from a one digit call number or a plurality of 
digits. 

5 
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Still further features relate to extending line 
service classification markings to the inter-office 
trunk repeaters whereby specified lines have 
special trunk privileges that are denied other 
lines. 
Other features relate to adapting auxiliary 

apparatus to conventional trunk repeaters to 
provide sufficient special trunk service facilities 
over multi-office trunk circuits to permit the use 
of conventional equipment at the connnecting 
exchange and for controlling the stated auxiliary 
apparatus from a single trunk access path to 
permit only specified lines to use Such special 
facilities. 
Another object of the present invention is to 

provide an improved method for an operator to 
override a busy line condition whereby the opera 
tor may dial an additional digit after the busy 
condition has been determined instead of releas 
ing the connection and dialing a prefix digit plus 
the regular Subscriber number. 
Another feature of the above improvement is 

that it is easy to restrict the number of digits 
restricted stations may dial over inter-office 
trunks. 

Still another object of the invention is to use 
the class service facilities as a control means 
for transmitting a flashing supervisory signal as 
a visual indication of a busy condition when calls 
are initiated by Operator over trunks of a pre 
determined class. 
Other features relate to improvements in link 

finder distributor apparatus over that described 
in E. S. Peterson's United States Patent No. 
2,333,039 to provide a more economical method 
of timing the interval a blocked call can hold a 
link before it is released at the distributor, and 
a method of recording the number of times all 
finder links are busy. 

Still other objects of the invention relate to 
an inexpensive method for an operator to control 
dial responsive equipment for remotely super 
vising the exchange alarm and battery charging 
equipment. . 
Warious of the last named objects and features 

are covered by divisional applications having the 
Serial Numbers 60,842 and 60,843, and filed No 
vember 19, 1948. 
The above-mentioned objects and features to 

gether with other features not specially men 
tioned will be apparent from the following 
general and detailed description of the drawings 
which form a part of this specification, - - - 



3 
The invention both as to its organization and 

method of operation together with its objects 
and advantages Will be better understood by con 
sidering their application in a telephone system 
as a whole. Accordingly, Fig. 1 illustrates dia 
grammatically the embodiment of a small branch 
exchange in a network of four exchanges. The 
Small eXchange is illustrated by the usual circuit 
diagrams, comprising Figs. 2 to 24, inclusive. 
The other exchanges are shown for general ref 
erence purposes and may be of the type disclosed 
herein or any well known type that reverses 
battery when the call is answered. 
The circuit diagrams when, laid out, in ac 

cordance with the plan shown in Fig. 25, illus 
trate a well known “all relay type' exchange 

of which reference will be made in this specifica 
tion. 
The drawings FigS. 2 to 24 are identified as 

follows: 
Fig. 2 shows a plurality of line circuits, one of 

which is shown in detail. 
Fig. 3 shows a call allotter common to all line. 

circuits. Fig. 4 shows the control circuits for the COm 
mon call allotter, a relay allotter for preselecting 
idle finder-connector links, and a pair of auxil 
iary group restricted service relays. 

Fig. 5 shows a skeleton outline of the all-relay 
finder. - - - - - - - 

Figs. 6, 7, 8, 9 and 10 show the relays of the 35 connector portion of the finder-connector link. 
Figs. 11, 12, 13, 14 and 15 show the common 

trunk controlling and selection relays for con 
trolling trunk connections with the various 
groups of trunks. 

Figs. 16, 17 and 18 show the circuits of re 
peater 600. 

900. 
Figs. 21, 22 and 23 show the circuits of dial 

back repeater 2100. Fig. 24 shows the alarm checking and super 
visory circuits. ------ 

Referring now to Fig. 1, the branch exchange. 
is diagrammatically illustrated by a schematic 
drawing of a portion of the finder and connector. 
terminals and their connections to the various 
line circuits. Only two groups of terminals, such 
as the 200 group and the 20, group, are shown 
accessible to the finder for extending, incoming. 
calls, or calls originating from the line circuits. 
Only two groups of connector terminals are 
shown below the connector over, which outgo 
ing calls are made. Incoming calls from the 
manual exchange 200 are made over the trunk. 
line to line circuit LC200 which causes the finder, 
to connect with the tenth, or last, finder ter 
minal in the 200 group. Incoming calls from ex: 
change f6 come in over repeater. 600, and line 
circuit LC205 and are extended by Way, of the 
third, fourth and fifth finder terminals in the 
200 group. Incoming toll calls. from the toll 
operator's position 290 are extended by way of 
toll repeater 20 l', line circuit LC20 and the first 
and second finder terminals in the 200 group. 
Other incoming calls from an operator's posi 
tion 290 also extend by way of dial back repeater 
2100, LC2 and the first finder terminals in the 
2O group. The line circuit LC206 is utilized by 
the operator to establish dial back connections' 

Figs. 19 and 20 show the circuits of repeater. 

2,491,291 

5 

10. 

- 15 

having a capacity of 200 lines. Systems, of this, 
general type are disclosed in Voss Reissue Patent 
No. 23,412 and E. S. Peterson Patent No. 2,333,039. 
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4. 
extendable through the local exchange by way of 
the Sixth, Seventh and eighth finder terminals 
in the 200 group. Incoming calls from the auto 
matic Suburban exchange extend by way of re 
peater 960, line circuit LC25, and the fifth finder 
terminal in the 2:0 group. Incoming calls from 
Subscribers' lines extend through their associated 
line circuits and terminate in finder terminals 
as illustrated for lines A and B. 

Outgoing calls from the connector terminals 
to the Various trunk groups and line groups are 
made by dialling a single digit call number for 
trunk groups while P. B. X lines and subscribers' 
lines require three digits plus a ringing digit. 
Calls to the '0' trunk group extend by way of the 
first two connegto? terminals in the upper con 
nector group, repeater 20' to the toll board 290. 
Calls to the “7” trunk group extend by way of 
the third, fourth and fifth connector terminals 
in the upper group to repeater 600 and exchange 
6. Calls to the '9' trunk group extend by way 
of the sixth, seventh and eighth connector ter 
minals of the upper group, and repeater 2 00 to 
operator's position 290. Calls to the “8” trunk 
group extend by way of the fourth and fifth con 
nector terminals of the lower group and re 
peater 900 to the automatic suburban exchange. 
Calls to the P. B. X group extend by way of the 
first, second, third and sixth connector terminals, 
of the lower group. Calls to the local subscribers' 
lines, as illustrated, extend from the seventh, 
eighth, ninth and tenth connector terminals of 
the lower group. An alarm Supervisory control 
circuit ALC is shown as terminating in the tenth. 
connector terminal of the upper group by means. 
of which an operator may dial into the local ex 
change and sequentially test for various trouble 
or alarm conditions. It should be realized that. this trunking layout... is only diagrammatic and 
that additional trunks and lines may be grouped: 
differently than illustrated, such illustrations be: 
ing made in this manner to reduce the number. 
of circuits illustrated to fully describe the invent 
tion. 
Throughout the drawings, relays without any. 

designations are quick acting relays, relays nor 
mally operated are shown in the operated posi 
tion, relays designated “SR'' are slow to release, 
relays designated “SO” are slow to operate and 
relays with sleeves are slow acting both on oper, 
ation and release. 
We will now describe briefly the purpose of the 

equipment illustrated in Figs. 2 to 24, inclusive. 
Reference will be made herein to hundreds 
groups, which means an exchange subgroup off 
one hundred lines; to tens groups, which means: 
a subgroup of ten lines; and to units, which is: 
the individual line in the subgroup. 

In Fig. 2 there are shown the various line. 
terminations for the subscribers' lines and trunk. 
lines. Only sufficient line circuits are shown to 
illustrate the service restricting facilities de 
scribed in this specification. The various kinds. 
of Subscribers' lines are not shown; it is unders. 
stood that these may be party. lines With aS many 
as 20 Station3 oria, iiiie, iridividual iiiies or P.R.X. 
lines. The number designations. On each line 
circuit correspond to the finder bank terminar 
tions. All line circuit.S. are similar to the illus 
trated circuit 26, and are similar in character: 
to those described in the aforementioned E. S. 
Peterson Patent No. 2,333,039. It is understood 
that where trunks terminate on repeaters, the 



5 
terminations from the connector terminals are 
at the repeaters as indicated in the drawing in 
stead of terminating at the line circuit as in 26. 
The line circuit 26 is not shown in detail as it is 
used only for extending revertive calls from the 
group 9 trunks. The latter is the same as line 
circuit 26 except that the conductor correspond 
ing to conductor 285 terminates at contacts 307 
instead of 3 and finder bank terminations are 
at terminals 2 instead of terminals at 26. 
The manual boards 20' and 299 are of the 

well known conventional type that operate With 
automatic exchanges and do not require further 
description. 

Likewise repeater 20' is any well known au 
tomatic to toll repeater Such as repeater 7 
in the aforementioned Peterson Patent No. 
2,333,039. Repeater 600 is illustrated herein by 
Figs. 16, 17, and 18; repeater 900 in Figs. 19 and 
20; and repeater 20 in Figs. 21, 22 and 23. 
The call allotter in Fig. 3 is a well known ap 

paratus for directively extending a finder to a 
calling line and for blocking any other call from 
being connected until the finder is extended to 
the calling line. Fig. 3 in conjunction with Fig. 4 
is similar in character to the aforementioned 
Peterson patent. It is further understood that 
only sufficient group and unit relays are shown to 
illustrate the method of operation and that a 
group relay 39), etc., is required for each 10 
lines or a total of 20 for 200 lines. The complete 
board requires 10 unit relays 320, etc. 

Fig. 4 shows the finder link allotter and com 
mon control apparatus. The allotter portion 
consists of a relay per finder-connector link of 
which two relayS 469-470 together with the 
common reset relay 440 are shown. This al 
lotter is the well known cyclic type for pre 
assigning the Order in which idle links are used 
in extending Successive calls. The other portion 
includes register and control apparatus. Fig. 4 
differs from prior disclosures, such as described 
in the aforementioned Peterson and Woss pat 
ents, in that provision is made for an all trunk 
busy register 484 controlled from relay 45, and 
the timing apparatus is simplified by controlling 
the time period from a common exchange timer 
480. It is understood timer 480 is normally in 
corporated in the exchange timer 760. 

In Fig. 5 only a portion of a complete link is 
shown. It is understood that a group connect 
relay like 50 is required for each 10 lines 
equipped or a total of 20 such relays for 200 lines. 
Only two of the five unit relays and the unit 
switching relay 549 are shown. This apparatus i 
is similar to that described in the aforemen 
tioned Peterson patent except that for conven 
ience of this description the special service mark 
ings are on a line basis instead of a group basis. 
In Fig. 4 line restricting auxiliary group relays 

are shown. It is understood that a relay is pro 
vided for each group of ten lines having lines 
of a special service character. Two such relays 
428 and 48 are shown and should be considered 
as auxiliary relays to tens group relays 300 and 
30. Such relays are effective only during the 
period that a finder is being extended to a call 
ing line and further extend a special service line 
marking to a predetermined restricting relay 930, 
94 or 958 in Fig. 9 or group restriction relays 
shown in the connector. 
The connector group restricting relays are 

shown in Fig. 9 and it is understood one relay 
or combination of relays is required for each re 
stricted class of lines of which three relays 930, 
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940 and 950 are shown to provide four classes 
of restricted lines together with a common call 
blocking relay 960. The latter is effective only 
if a connector group is called by an unauthorized 
line. 
The time pulse generator 760', ringing inter 

rupter 26, the ringing generator and tone gen 
erator are well known and are only diagram 
matically shown. It is understood such appa 
ratus may be either of the relay or motor driven 
cam type. 

20 

30 

40 

Figs. 6, 7, 8, 9 and 10 illustrate a 200 line all 
relay connector having 20 tens, or group, relays, 
five units relays and a switching unit relay, and 
other control relays. The general character of 
this apparatus is similar to that described in the 
Peterson and Woss patents mentioned herein 
before and is Well known. Briefly described it 
is of the 200 line type with a maximum of 20 
parties per line. Four digits are required to call 
local Stations of which the first digit determines 
the hundreds group and the station ringing 
group, the second digit determines the tens group 
of the selected hundreds group, the third digit 
determines the individual line (unit) of the Se 
lected tens group, the fourth digit determines 
the particular ringing signal of the selected 
group ringing signals. The trunk groups are 
Selected by a one digit number. Only two of the 
connector tens, or groups, relays fo3 and 04), 
two of the connector units relays of O and 020, 
and the units switching relays 000 are shown in 
Fig. 10 in order to simplify the drawings. Each 
Small trunk group can be considered as a sub 
group of the tens group. A plurality of such 
subgroups together with subscribers’ lines may 
be assigned within the same tens group provided 
the total number of trunks and lines therein is 
not greater than 10. 
The unit relays 0 and 2 previously men 

tioned are controlled direct from the counting 
relays, Fig. 8, in response to a dialed third digit 
or are directively energized from trunk selecting 
relayS, such as shown in FigS. 11, 14 and 15, 
through the trunk access relays in Figs. 12 and 
13. 
Tine terminals C200 are provided for access 

to the remote supervisory apparatus, Fig. 24, and 
are the Same as any other subscriber line ex 
cept that an additional conductor is provided 
over which additional dial pulses are repeated. 

60 

65 

In addition to the restricting relays 93), 946 
and 959 there is shown by relays 625 and 644 
how a toll line of one classification has the com 
bined special facilities controlled by both of the 
above-mentioned relays while a toll line of an 
other classification has only a portion of these 
facilities, such as controlled from relay 644. 
Trunk connections to the various trunk groups 

are made through common trunk selecting ap 
paratus which preselect an idle trunk in the 
respective trunk groups by marking a correspond 
ing conductor with marking potential to control 
the operation of the connector units relays when 
Such trunk group is called. The common trunk 
Selecting apparatus includes group access relays, 
trunk group relays and trunk selecting relays. In 
Fig. 12 is shown a portion of the group access 

70 

75 

relays and trunk group relays provided to permit 
trunk connections with the “0,’ “9,' '7' and 
P. B. X trunk groups. A relay, such as relays 
299 and 20, is provided for each connector in 

the group acceSS relay group and these relays are 
interlinked with a chain circuit so that only one 
Such relay can be energized at a time in order 
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to prevent faulty trunk con ections. The 
access relays close connections from the cor- cuit - - - - 
responding calling connector to the trunk group and 271 which terminate in the line circuit 205 
relay contacts. The particular trunk group relay conductors. 1087, 1889 and 109f which terminat 
corresponding to the called trunk group operates 5 in the connector terminals as shown in Fig. 10 
to extend the connector connections to the trunk... conductors. 443-and: 444 which extend to th 
selecting relay group, such as shown in Fig. 14, trunk selecting relays in Fig.14 and the trunk." 
to thereby connect the marked conductor, cor- line conductors (899 and 1898 (Fig. 18) which 
responding to an idle trunk' in this group, to the extend to the distant exchange 16 as indicated in 
connector units conductor to pperate the cort lo Fig.1. . . - 
responding connector units relay A trunk figs. 19 and 20 show the relays and circuits of: 
group relay, such as relay 250 for the “0” trunk, the repeater 900 having conductors 217, 218 and - 
group, is provided for each separate trunk group. . . 295' extending to. line circuit .245, conductors: 
Such trunk group relays are common to all con- f074, 1975 and 976 extending to the connector. . 
nectors. The trunk selecting relays of Fig. 14 15 terminals in Fig. 10, conductors 1379, 399 and : 
are individual to the “7” trunk, group and com- 1999, extending to the trunk selecting relays of... 
prise a relay, such as relay 490, which is normal- the '8' trunk group in Fig. 13, and conductors 
ly energized when the repeater is idle. A chain. 2999 and 2998 extending to the automatic sub-g 
of relays f4 ft), 430 and 450 are provided to pre- office as indicated in Fig. 1. . . ". . . . . . . 
select theidle trunks in rotation by grounding the 20 Figs. 21, 22 and 23 show the relays and cir-i ''. 
conductors corresponding to the units relays in cuits of the revertive dial back repeater. 2:00. 
the connectors. Relay i460 is a reset relay for having conductors e92, 1093 and fo94 terminat 
resetting the chain relays after the last trunk is ing in the connector-terminals Fig. 10, conductors ... 
taken into use so as to again preselect the idle 2f 2 and 2-13 terminating in the trunk selecting . 
trunks in rotation. Relay 410 is a slow to re-25 relays of the '9' trunk group. Fig. 11, conductors. 
lease relay which deenergizes to mark this trunk 275,276 and 2283 terminating in line circuit 206 
group busy when all the trunks are in use. Re- for establishing dial back connections, conductors. 
lays 220 and 230 in Fig. 12 are controlled by the 242 and 2 3 terminating in line: circuit 2 fl for 
relays 200, 2 G etc. to control a slight delay completing incoming-calls over the trunk line, 
to the reestablishment of the operating circuits 30 and conductors. 2398 and 2397 extending to the 
for these latter relays so they can not be pre- toll board 299. This repeater is somewhat simi 
maturely energized before the trunk selecting ... lar to the dial back repeater 61 shown in the . 
relays have functioned to release the marking of Peterson Patent 2,340,554, issued February 1, 
a trunk just taken into use on a trunk call and 1944, except for circuit changes improving both 
mark the next idle trunk in the group. Kick-off 35 the operating characteristics and the economy of 
relay 240 is a slow to release relay which is , the arrangement. . . . : . . . . - . ' ' . 
normally maintained energized during trunk se- Fig. 24 shows the alarm; checking and super 
lection unless, for some reason, a trunk is not visory circuits, which are accessible over, con 
selected within the release time of such relay, ductors, io95 to 098 from the connectors - for 
in which case the relay will restore and cause the 40 enabling an operator to connect therewith, and 
next idle trunk to be preselected while the calling ... by dialling a relay switch therein to check for 
party is given the busy signal. . . . . . . . various trouble conditions or alarm signals, such 
The trunk selecting relays for the '0' and '9' as fuse alarm, low voltage alarm, generator trans 

trunk groups shown in Fig.11 are similar to the fer and other conditions described more fully 
trunk selecting relays for the “7” trunk group 45 hereinafter. 
shown in Fig. 14. In addition Fig.11 shows a . . 
group of overflow group relays which enable calls ... 
to the '0' trunk group to overflow into the '9' 
trunk group in case all the trunks in the '0' 50 can be better understood by a description based. 
trunk group are busy when the '0' groupis called. - - - - on establishing a local connection and then de 

rr. Local connections' 

Having briefly described the purpose of the 
equipment shown in the drawings, the operation . . 

Fig. 13, shows the group access relays and scribing the operation of each special feature. 
trunk selecting relays for the "8" trunk group. Accordingly, station B line L216 will call the sub 
This group of trunks normally has heavy traffic scriber A on line L270 by dialing. 270 plus the 
and a separate group of access relays is provided ringing digit "1. . . . . . . . . . 
to enable a...connector to call this trunk group The call is initiated by station B lifting...the 
even though another connector is simultaneously telephone handset which closes an operating cir 
making another: trunk call through the group cuit to line relay 240 over the calling loop includ-. . - 
access relays of Fig. 12. The group access relays ing contacts 25t and 252. Relay 240 at contacts. . . of Fig.13 are similar to the group access relays 66244 and 245 prepares a line narking circuit by 
of Fig. 12 and the trunk selecting relays of the 8 energizing tens group relay 30 and unit relay 
trunk group are similar to the trunk selecting 340. The line is made busy to outgoing, calls by 
relays for the “7” trunk group shown in Fig opening the circuit to relays 250,260 at contacts 
A separate relay, such as relay 360 is provided 24 and by grounding conductor. 259 at contacts 
for each connector switch and since these relays e5 Teplayee SEC Ey. 
are provided for only one trunk group, no trunk se from ground, contacts 244, 262, con 
group relays, such as relays 250 to i285 are ductor. 283, winding of relay 30, contacts 32, 
needed. ' ' '.' ', " : 361, series chain contacts 314-304, conductor 499, 

i5 hows the trunk selecting rel for the contacts 432, resistance 485 to battery. Contacts 
P. NE-SS. 70 EEEEEE . . k group comprising relays to gized after the above described primary energiz 
(54G which are energized when the corresponding ing circuit, for all group relays 300, 310 is open 
trunks are busy. The first P.B. Xtrunk is shown at contacts 34 and 32. The primary energiz as being idle with relay. 5-6 restored to pre- ing circuit for relay 340 is traceable from ground, 
select and mark the first P. B. X trunk at con- 75 contacts 245, 263, conductor 285, contacts 37, 
tacts 52, winding of relay 340, contacts 342, 362, series 
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chain contacts 354-324, resistance 368 to battery. 
Contacts 343 are the first to close, holding relay 
340 energized after the above-described primary 
energizing circuit, for all 1nit relays 320-359, is 
topen at contacts 342 and 344. Relay 360 is ener 
gized at contacts 345, further opening the pri 
mary operating circuits for the group relays at 
contacts 36 and the unit relays at contacts 362. 
Relay 36, at contacts 363 prepares a timing cir 
cuit comprising relays 400, 40, and 430. The 
Operation of relays 400-430 together with the 
link distributor relays 440-47G will be explained 
Under a separate heading "Link distributor.' For 
the present it will only be necessary to understand 
that the illustrated wiring is for the last link in a 
group to receive the call by showing relay 470 
energized, 46 deenergized and conductor 394 
connected through closed contacts 4 46, 472, 
conductor 493 to the connect relays 550 and 560. 
Relays 550 and 560 energize in multiple with relay 
360 over the above traced circuit from ground at 
closed contacts 345. Relay 55 at contacts 
55-555, extends conductors 397, 398. 399, 453 and 
454 to the subgroup, or switching unit. relay 540, 
unit relays 530, 520 and group relays 50, 500 re 
spectively. 
The group relays 500, 50 are controllable either 

direct from corresponding group relays 300, 30 
in the allotter when the group does not have re 
stricted lines, or from the auxiliary group relays 
420, 48 when restricted lines are assigned. Unit 
relays 52-53 are controllable from the allotter 
unit relays 329. 330 at contacts 326 and 336 and 
also are controllable from allotter unit relays 340, 
350 at contacts 347, 357 respectively. Relays 340 
and 35 representing the unit digits 6 and 0 also 
control the subgroup, or switching unit, relay 540 
at contacts 346 and 356. The operation of the 
restricted Service feature comprising contacts 
32-35, inclusive, together with the contacts 
controlled by relays 420 and 480 will be explained 
under a subsequent heading "Restricted service.' 

Specifically, when relays 3 to and 340 are ener 
gized as described hereinbefore, relays 50. 520 
and 540 are energized. Relay 480 is energized 
from ground, contacts 3f over conductor 395. 
Relay 48 at contacts 48? extends ground to con 
ductor 453, contacts 554. and winding relay 50 to 
battery. Relay 5, closes contacts for a group 
of ten lines, including contacts 54, 55. 5 6 for 
extending conductors 295, 296 and 297 to con 
tacts 524, 525 and 526, respectively. Relay 52. 
is energized from ground contacts 347, by Way 
of conductor 399 and contacts 553. Contacts 524, 
525, 526 connect the extended conductors 295. 296 
and 297 to contacts 542, 544 and 546, respectively. 
Relay 540 is operated from ground at contacts 346 
by way of conductor 39 and contacts. 55. The 
conductors 295. 296 and 297 are further extended 
at contacts 542, 544 and 545 to conductors 598, 
509 and 594. As previously described relay 560 
is energized in multiple with relay 550. An ener 
gizing circuit is closed at contacts 56 for line 
relay 6 which is traceable from the ground, 
upper winding of relay 6 fo, contacts 62, 60, 
conductor 508, contacts 56, resistance 569, con 
ductor 509, contacts 602, $23 and lower winding 
of relay 60 to battery. Relay 60 at contacts 
6 extends ground at contacts 663 for energizing 
relay 630. Relay S30 at contacts 63 closes a 
multiple ground through resistance 65 to relay 
636 to hold relay 63 energized until contacts 6 
are opened. At contacts 633 relay 63 extends 
ground at contacts 68 to energize relay 640. 
Contacts 642 energize relay 660. At contacts 664, 

O 
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and 452. 
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relay 660 connects ground to hold conductor 593, 
The energized relays 50, 520 and 540 lock through 
contacts 57, 527, 547, respectively, to the ground 
on hold conductor 593. The energized relay 660 
at contacts 66 extends ground at contacts 642 
to conductor 594 which energizes relays 250, 260 
in series, over conductor 297, contacts 516, 526, 546 
and conductor 594. Relay 25 at contacts 25 
and 252 opens the circuit to line relay 24C. Relay 
240 restores and opens contacts 242, 244 and 245 
and relays 3? O and 340 restore. Contacts 345 
open, deemergizing relays 360, 550 and 560. After 
a slight delay relay 360 restores and the common 
equipment in Fig. 3 is in the normal position for 
extending a new call. Relays 50, 520, 540, 250 
and 260 remain operated from ground on con 
ductors 593 and 594. 

Link distributor 
Before proceeding with the description of the 

Connector relays, the operation of the link dis 
tributor will be described. 
From the previous description relay 660 was 

operated after relay 560 energized. Relay 660 
OpenS contacts 669 and after relay 56O is de 
energized contacts 562 are opened. This combi 
nation of relay 560 deemergized and relay 660 
energized opens the closed circuit between con 
ductors 495 and 494 and relay 47 deemergizes. 
Relay 470 at contacts 477 will complete the chain 
circuit through contacts 467 to relay 440. An 
incomplete circuit is prepared at contacts 475 
for reenergizing relay 470. It must be under 
stood at this time that this busy link has relay 
660 energized, therefore relay 470 cannot be re 
energized because its operating circuit is opened 
at contacts 669. The same condition exists on 
all other busy links and each associated link 
relay such as 460, 470 cannot be reenergized if the 
link is busy. 
For explanatory purposes we will assume that 

the link associated with relay 47 is idle. Relay 
440, energized from closed chain contacts 477, 
467 and extends ground from contact 442 to con 
tacts 465, 475. All corresponding relays asso 
ciated with idle links are energized in a like man 
ner as will be explained for relay 4: ground, 
contacts 442, 475, conductor 495, contacts 684, 
669, conductor 494 and winding of relay 470 to 
battery. Relay 470 at contacts 472 prepares an 
energizing circuit for connect relays 559, 560. 
Preceding relays Such as 460 are also operated, 
in a like manner, and conductor 394 is extended 
to the first idle link. After a call is extended by 
each preceding allotted link the associated dis 
tributor relays 460 etc. are deenergized in the 
same manner as described for relay 479. Con 
tacts such as 46 are reclosed and conductor 394 
is successively extended through these contacts 
to the next idle link such as through contacts 
42 to conductor 493. 

If all links are busy, relays 460-470 cannot 
reoperate and relay 440 remains in the energized 
position. The circuit to the slow to release relay 
45 remains open at contacts 44. Relay 45 
deenergizes after a slight delay and operates the 
all trunk busy register 484 from contacts 46. 
In addition, chain contacts 46, 47 extend con 
ductor 394 to relay 450. If a call is initiated 
during the all link busy condition, ground at 
contacts 345 or similar contacts will energize rea 
lays 450 and 360. A multiple holding circuit for 
relay 450 is completed from ground contacts 444 

Relay 450 at contacts 45 opens the 
timer circuit extending to the lower winding of 
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relay 490. After a link becomes idle the asso 
ciated relay such as 563 or 570 is reoperated as 
described hereinbefore and relays 448, A5) will 
restore to the normal position. 

In case an allotted link is not extended to a 
calling line within a predetermined time period, 
that link is released and the call is then ex 
tended on to the next link in the following man 
ner. Relays 3 f6, 349,479 together with 369,559 
and 560 are operated as previously described. 
Relay 369, at contacts 363, extends the time pulse 
lead TPl at timer 480 to conductor. 49 and lower 
winding of relay $50. A ground pulse on TP 
conductor from the timer unit 489 energizes relay 
400 which locks through contacts 40 to grouni 
at contacts 345. Relay 499 at contacts 352 ex 
tends the second time pulse conductor TP2 to 
relay 4. The timer 48 is well known and is 
not shown in detail. It is, only necessary to know 
that the timer unit extends a ground pulse to 
TP2 approximately three seconds after the tine 
pulse to conductor TPI. This time interval is 
of Sufficient duration for the normal eXtensio: 
of a link to the calling line and the release of 
relays 3 8, 340. We will assume the link is inct. 
extended and that relay is operated after 
the stated time interval. At contacts it 2 battery 
is extended from resistance 85 through contacts 
43, 463, 474, conductor 495, contacts 3S2, coin 
ductor 494, to relay 470 and battery. This bat 
tery connection to relay 470 shunts relay A3 and 
this relay restores to aSSigil a new link as here 
inbefore described. Relay 4 at contacts 33 
energizes slow to operate relay. 43. The operat 
ing delay for relay 43 is sufficient to make it is 
shunt effective to release relay 37 before con 
tacts 43 are opened. Contacts 432 disconnect 
battery through resistance 385 from conductor 
499 so that any operated tens guard relay, Such 
as relay 3 fo, restores to prevent a faulty line cir 
cuit from holding the distributor and Seculen 
tially taking into use Successive idle linkS. Con 
tacts 37 open and relay 34 restores. Contacts 
345 open and relays 360 and 40 restore to open 
the circuits to relays 4 and 430. After contacts 
3-4, 312 and 36 are reclosed, relays 389, 349 are 
again energized from relay 240 and the call is 
established over the next link. It is understood 
that any other call having a preferred aSSign 
ment will be extended before the released call is 
extended the Second time. 

Connector 
In the preceding description a call was estab 

lished from the calling line B through the finde: 
link Fig, 5 to conductors 593, 59, 593 and 59. 
in Fig. 6 of the connector. Relay 3i was first 
energized from contacts 55 but after the der 
scribed release of relay 56, relay is is held in 
the energized position over the calling loop of 
station B. Further, relays 630, 655 and 65 are 
energized at contacts 6, 633 and 642, respec 
tively, preparing the additional control pathS. 
We Will now describe the operation of the con 

nector in response to the calling party dialing the 
called station directory number. 
The loop circuit between the line conductors 

508 and 59 is successively opened and closed by 
the dial springs at calling Station B. and relay 
69 follows these dial impulses, opening and clos 
ing contacts 61, 642 and 63. Relay 640, being 
slow to release, holds relay 660 energized during 
successive dial impulses. Relay 630 restores after 
contacts S open and at contacts. 634, ground 
is extended through contacts 66,666, conductor 
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811,821,831, winding relay. Ci to battery. Relay 
975, connected to conductor 728 in multiple with 
relay C, energizes over the circuit traced above. 
Slow to release relay 970 does not restore between 
successive dial pulses and at contacts 97-93 
the control paths from contacts on relays Ci to 
CO are temporarily disabled. Relay Ci at...con 
tacts 37 prepares a circuit for energizing relay 
83 in series with relay C after ground is re 
moved from conductor 728 at Springs $34. The 
above operations have taken place during the 
open period of the first impulse from the calling 
station dial. The dial springs again reclose and 
relay 6.0 is reenergized. The energization of 
relay 6 is aided by a circuit through resistance 
SS, contacts 64, contacts 6:3 to ground at Con 
tacts 63. Ground through resistance St. Will 
inct reoperate relay is until the loop between 
coaductors .558 and 5S is closed at the dial 
Springs. Reiay 658 is energized from contacts 
643, 632. Relay 635 reenergizes from ground at 
contacts 65, contacts to battery at relay 
636. Relay 658 at contacts 5:2 recloses a multiple 
circuit for holding relay 649 fron ground at con 
tact 58:. Relay 63 at contacts 632 deenergizes 
relay 65 and at contacts 534 opens the impulsing 
circuit previously traced to relay C. Relay C. 
renains energized from contacts 87, Winding 
of relay 3S, contacts 823, conductor , con 
tacts 76, conductor 692, contacts 63, contacts 
69E, to ground at contacts S62. Prior to the re 
Operation of relay 63, ground through contacts 
633 to conductor 28 shunted relay 830. Relay 
833 now energizes in series with the winding of 
relay Cf. The first described circuit to relay 
C is further Opened at contacts 83 and an 
energizing circuit for relay C2 is prepared at 
contacts 832 and 3:5. It should be noted at this 
tine that the purpose of relay S5 is to insure an 
effective pulse to relay C from contacts. 633. 
Relay 639 normally cannot be reenergized even 
if line relay if is energized until relay 3.5G closes 
ContactS 65. Reay 5, energizes slower than 
relay Ci, therefore it is obvious that should relay 
6 be reenergized permaturely, the reenergiz 
ing path for relay 63 is not effective until a 
ground pulse of sufficient duration has been 
sent to relay C? to cause its operation. 

In a like manner to that described for the 
energization of relay Ci and 830, relays C2 and 
820 are energized in response to the second im 
pulse. Contacts .323 open and relays 833, C re 
store. Slow to release relay Sio remains in the 
operated position during Successive impulses and 

5 prevents the counting relays from effectively en 
ergizing and transfer circuits during this period. 
The first digit of the called number is 2. 

During the pause between digits relays SA), 63D, 
649 and 66 are energized, relay 92 restores 
and the following relay operations are completed. 
Relay 860 is energized from battery, winding 
relay 860, conductor GS2, contacts 848, con 
ductor 3 of cable 958, contacts 9i 2, 99,972, con 
ductor 29, contacts 824, conductor 655 to ground 

Relay 86 at contacts 85.2 closes 
a multiple holding circuit in series with relay 9 to 
to ground on conductor 598. The ground circuit 
which operates relay 88 prevents relay 9 to from 
Operating at this time. Relay 880 at contacts 
86 energizes relay 690 from battery, lower wind 
ing of relay 699, conductor G, contacts 90, 
9 7, conductor 908, contacts 86t, conductor 698 
to ground at contacts 667. Relay 69 at contacts 
69 opens the holding ground circuit for relays 

693, contacts. 714, 775, conductor 728, contacts 75 820 and C2. Relays 820 and C2 restore, remov 
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ing the ground shunt to relay 90 at contacts 824 
and 878. Relay 90 now energizes in series With 
relay 860, from contacts 862, conductor 909, 
winding of relay 9 0, conductor 698 to ground at 
contacts 667. Relay 910 at contacts 96 and 91 
transfers the energizing circuit for relay 690 from 
conductor 908 to 982 and relay 690 deemergizes. 
The connector is now ready to receive the 

second digit 7. The operation for the first two 
impulses is the same as described for the first 
digit. Briefly summarized, relay 60 deemergizes 
relay 630 which energizes relays 640 and C by 
extending ground from contacts 68, contacts 
634, 606, 666, conductor 693, contacts 14, 775, 
conductor 728, contacts 8, 82, 83 to battery 
at relay Cf. The above traced circuit is ex 
tended through contacts 87, the winding of re 
lay 830, contacts 823 to ground on conductor 708. 
After the first impulse relays 60, 630 are again 
reenergized, ground is disconnected from pulse 
conductor 728 at contacts 634 and relay 830 is 
energized in series with the winding of relay C. 
Relay C2 is connected to conductor T28 through 
contacts 876, 832. 
is again connected to conductor T28 at contacts 
634 energizing relay C2. At contacts 87, a cir 
cuit is prepared for energizing relay 820. After 
the second impulse, ground is again opened to 
conductor 728 at contacts 634 and relay 820 en 
ergizes. Relay 820 at contacts 823 opens the 
circuit for relays 830 and C. Relays C2 and 
820 prepare the energizing circuit for relay C3 
at contacts 89 and 822. In a like manner relay 
C3 followed by relay 80 are energized from the 
third impulse which prepares an energizing cir- ; 
cuit for relay C4 at contacts 882 and 82 and 
deenergizes relays 820 and C2 at contacts 8f3. 
On the next impulse relay C4 followed by relay 
830 are energized and relays C3 and 80 re 
store. In a similar manner successive impulses 
energize corresponding relays and after seven im 
pulses, relays Cl and 83) are energized. Slow 
to release relays 640 and 970 together with relay 
660 remain in the energized position during the 
dialing period. Relay 970 deenergizes during the 
interdigital pause. Contacts 97, 972, 973 are 
reclosed, extending ground on conductor 655, 
contacts 834 over conductor 729, contacts 972, 
973, 993 and 95, conductor 4 in cable 968, con 
tacts 897 of relay C7, conductor 70 in cable 826, 
contacts 864, conductor 964, contacts 953, con 
ductor 98t, winding of relay 030 to battery. 
Relay 30 energizes relay 690, and at contacts 
f034 prepares a self-locking circuit for itself in 
series with relay 909. Relay 909 is shunted by 
the ground initially energizing relay fo3O until 
the circuit to conductor 98 is opened at contacts 
834. Relay 690 energizes over a circuit compris 
ing ground at contacts 66, conductor 698, con 
tacts 033, conductor 982, contacts 96, contacts 
907, conductor 706, winding of relay 690 to bat 
tery. Relay 690 at contacts 69 deenergizes re 
lays 830 and C7 opening contacts 834 and 897 
which disconnects ground from the primary op 
erating circuit for relay 030. Relay 900 ener 
gizes in series with relay 030. At contacts 906 
a circuit is prepared over which relay OOO en 
ergizes in case the next digit is greater than 5. 
Relay 900 at contacts 907 opens the circuit to 
relay 690 and at contacts 904, 903, transfers con 
ductor 729 from conductor 4 to conductor 6 of 
cable 968. At contacts 902 conductor 729 is ex 
tended to conductor 7 of cable 968. Relay 690 
deenergizes and prepares at contacts 69 , a 

On the next impulse ground 
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ground circuit for energizing relays 80-830 
during the next digit. 
The next digit 0 is dialed in a like manner. 

Relays 60 and 630 follow the impulses and Con 
tacts 634 are opened and closed ten times. The 
counting relays Ci to CO together with the Se 
quence relays 810-830 are energized on each 
impulse as previously described. In a like man 
ner relay 970 remains energized during impulses. 
After the tenth impulse relays CO and 830 are 
energized and relay 970 restores, energizing relay 
020 by closing grounded conductor 729 at con 

tacts 972 to conductor 7 of cable 968 by Way of 
contacts 902, 92 , contacts 88, conductor 966 
and winding of relay 020 to battery. On the 
sixth impulse relay C6 energizes relay 000 from 
ground on conductor 655, contacts 893, conductor 
in cable 968, contacts 906, 927, conductor 983, 

relay 000 to battery. Relay 1000 at contacts 
007 locks to ground on conductor 698. At con 

tacts 002, 004, O06, conductors 637, 652 and 
659 are extended to contacts on the unit relays 

fo, 020 that correspond to lines that end in 
digits 6 to 0. At contacts 029 a holding circuit 
is prepared for relay 020 in series with relay 
92). Battery for energizing relay 920 is shunted 
by the ground on conductor 966 at the coil fo20. 
Relay 690 is energized at contacts O28 from 
ground on conductor 698, contacts 028, con 
ductor 986, contacts 98 and 928, conductor 706 
to battery at the coil of relay 690. At contacts 
69 conductor. 708 is disconnected from ground 
and relays CO and 830 restore, opening contacts 
S38 and 818. Relay 920 now energizes in series 
with relay 020. Relay 920 at contacts 927 opens 
the energizing circuit for relay 000 and at con 
tacts 923 prepares a circuit over which relay To 
energizes after the next digit is dialed. Relay 
69) is deenergized at contacts 928 and the count 
ing relays are again ready to receive the 
next Series of impulses. 

It is understood that the called line is free 
and battery is extended from the cut off relay 
in line circuit 20 through conductor 083, con 
tacts 059, 027, O06 to conductor 659. Relay 
920 at contacts 925 extends the above traced test 
circuit by way of conductor 738 and contacts 
76 to the upper winding of relay 780 which en 

ergizes from ground on conductor 695 by Way 
of contacts 668 and 607. Relay 780 at contacts 
786 locks to ground on conductor 698 and at 
85the energizing winding of relay 780 is shunted. 
Relay 780 at contacts 78 and 782 prepares a 
circuit between back bridge relay 700 and the 
called station over line conductors (C270) 08, 
f082 respectively. The above circuit is the trans 
mission circuit when a call is completed but is 
used in the present instance to establish a Super 
visory condition, should a station on the called 
line attempt to initiate a call before the last 
digit is dialed. 
The calling station dials the last digit 1. Re 

lays 60 and 630 respond, and relay 630 at con 
tacts 634 again extends a momentary ground to 
energize relays 970 and C in multiple. Relay 
Clocks at contacts 87 in series with relay 830. 
Relay 630 reenergizes, opens contacts 634 and 
removes ground from pulse conductor 728. Re 
lay 839 previously shunted now energizes. Re 
lay C at contacts 872 extends ringing inter 
rupter conductor Rf to conductor 745. Relay 
970 restores, and relay. To energizes from ground 
on conductor 655 at contacts 662, contacts 834, 
conductor 729, contacts 972 and 973, contacts 
904 and 923, conductor 736, contacts 76, coil of 
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relay. T10: to battery. Relay 70 energizes and 
locks at contacts 77 to ground on conductor. 655 
and at contacts 4 opens the pulsing circuit. 
At contacts, 43, a circuit is prepared for energiz 
ing, relay 3. At the start of each ringing cycle 
of the interrupter 8: ' a pulse of battery is 
momentarily connected to conductor. PU-? for 
energizing, relay 30, by way of contact 84, con 
ductor. 44, contacts 734 and 88, upper winding 
of pick-up relay 30, contacts 704, and 73, con 
ductor 29, contacts. 834, conductor 655 to ground 
at contacts 882. Relay 730. energizes and locks 
at contacts 35, conductor 8, contacts. 689, 
conductor 7-8 to a normally closed source of bat 
tery at interrupter 6. Relay 730 at contacts 
3d, and 32 extends ringing control path 745 and 
746 to ring relays : 59 and 760 of which only the 
relay 58 is effective when the ringing digit is 1. 
Since, digit. 2 was dialed as a first digit relay 840 
isingt, energized and only relay 750 is responsive to 
ringing ground pulses from the interrupter 761'. 
The circuit for relay 759 is traceable from bat 
tery, at relay 59, contacts 73, 7 f, conductor 
155, contacts. 832, conductor. R. to ground pulses 
from interrupter 76i. Relay 750 is energized 
in response to the described ground pulses on 
the ringing interrupter conductor Ri and at 
contacts 35 closes a ringing circuit to the called 
line conductor. 882 from ringing generator GEN, 
winding of ring cutoff relay 740, contacts 755, 
764 and 782, conductor. 652, contacts C04, 826, 
and 058, conductor. 882 to the called station. 
Relay 753 at contacts. 753 connects ground to the 
other line conductor f08 as a return path for 
the ringing circuit in case of bridged ringing 
and also for operating the ring cutoff relay 740 
When-the called party. answers. This circuit may 
be traced from ground, contacts 753, 762 and 
784, conductor 637, contacts 902, 1025 and iO57 
to conductor 88 and the called line. The ring 
ing current is alternating current and includes 
a direct current battery potential for energizing 
the ring cutoff relay 740 when the called party 
answers. Relay. T40 is energized over the pre 
viously traced line circuits when the called sta. 
tion answers. Relay 40 at contacts 74 ener 
gizes relay 639 over conductor 796 from the pre 
viously, described ground on conductor 729. Con 
tacts 62 disconnect ground from conductors 692 
and f3. and relays. 839 and Cl, restore. At con 
tacts 8:2 the ringing interrupter conductor Ri 
is disconnected from relay 750. At contacts 834 
ground is disconnected from conductor 729 and 
relay 33 restores, further opening the circuit to 
relay. 750. 

Referging back to the prior description wherein 
ringing current is connected to the called line 
by the energization of relay 750. At contacts 756 
relay T20 is also energized at that time. Relay 
729 at contacts 72 and 723 opens the trans 
mission circuit of the called line. At contacts 
22, and 24 ground and battery through re 

Sistance. 25 is connected to conductors 637 and 
652. Relay 28, is slow to release and will hold 
momentarily after relay. 750 restores. Thus 
ground and battery are connected to the called 
line to, drain any foreign potentials that remain 
On the called line after ringing current is applied 
before the line is extended to relay 760. 
After the drain relay 726, restores the called 

line is extended to relay 796 over conductors o8 
and 1982, contacts 057, O58, 025 and 026, 
contacts C92 and foo4, conductors 637 and 652, 
contacts 78 and 182, 762 and 764, 752 and 754, 
12t and 723, 194 and 196 to the upper and lower. 
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windings of back, bridge relay 700. Relay. TOO: 
energizes over the answering station line and 
at contacts. 73 genergizes relay 328 over conductor 
$53. Relay 629 reverses the current on the call 
ing line conductors; for Supervisory purposes. 
Relay also, at contacts, 2 operates relay. 876. 
to prepare conversation timing circuits, to be 
described later. 

After conversation, and in response to the called, 
party hanging up his receiver the back bridge, 
relay, if releases and at contacts 72 causes the. 
release of relay. 676. In response to the calling. 
party, restoring his receiver line relay 8.8, restores. 
and at contacts. 642 opens the circuit of relay 
640. which releases, after a short interval. At 
contacts 642. relay. 643, opens the circuit of relay: 
869, and disconnects ground from conductor. 594, 
to release the cutoff relay. 253 and lockout relay. 
269. in the line circuit. At contacts 664 relay. 
665 disconnects ground, from consiuctor 655 to re 
lease. relay it. At contacts 667. relay 668 dis 
connects, ground from conductor 698 to release 
the remaining, connector relays, such as relays. 
786,939, 9 9, 920, 940, O30, 020 and i (30. The 
finder. connecto; link is now restored and may be 
used on Subsequent calls. 

Multi-party signalling 
The selection of different ringing codes. is well 

known and will only be briefly described herein. 
it is obvious from the previous description that. 
any one of ten ringing leads Ri to R3 can be 
selected, by dialing any one of the digits 1 to 0 
as the last digit to energize one of the counting 
relays. Cf. to. C. In a like manner the selected 
ringing. interrupter conductoris extended to either. 
relay 58 or 788 depending on the digit dialed, 
Relay. 159 is effective if the ringing digit is an 
odd number and relay. 756 is effective if the ring 
ing digit is an even number. When relay 750 
is effective the coded, ringing current is extended 
over conductor 652 to conductor. 882 and relay 
60 connects, ringing. cur}'ent to conductors 637, 
and 683. Thus, a total often codes are availabie 
for signalling as many as ten stations on one line. 
These signalling facilities are doubled by having. 
the code conductors R to Ra arranged for two 
codes each. The interrupter 26 ? for producing 
this type of code is well known and therefore 
it is not shown in detail. It is only necessary 
to know that the second group of ringing codes 
includes a ringing pulse that precedes the first 
group of codes. It is obvious that the above 
mentioned prefix signal is effective provided relay 
30 is energized. Accordingiy, the interrupter is 
arranged to close battery to conductor PU-l. 

60. 

70 

75. 

only between the first and second signals of a 
code. Likewise battery on conductor PU-2 
precedes all ringing pulses. It is obvious that 
relay 840 controls the connection of conductors 
PU- or PU-2 to relay 730 to determine whether 
code groups 1 or 2 are used for signaling. Relay 
840 is energized in combination with relay 360 
if the first digit dialed is 3 and in combination 
with relay. 850 if digit 5 is dialed. When the first 
digits are 2 or 4 relay 840 is not energized. Ac 
Cordingly the first group of codes are effective on 
first digits 2 and 4 and the second group of codes 
are effective on first digits 3 and 5. - 

AS. previously described relay 73 is held ener 
gized at contacts 35 from battery over conductor 
18, contacts 689, conductor 7 9 to a normally 
closed battery. Supply, at interrupter 76 . This 
battery is opened at the end of each code cycle, 
restoring relay 30 which reenergizes from battery 
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on either pick-up conductors PU- or PU-2 
that precedes the selected code dependent upon 
the operated condition of relay 830. 
The energization of relay 86 when the first 

digit is 2 has been described. In a like manner, 
relay 86 is also energized together with relay 
84 when the first digit is 3, relay 35E is energized 
on a first digit 4 and in combination with relay 
850 on a first digit 5. Relay 850 transfers con 
ductors i-36 to another group of tens relays. 
Thus the first digit also determines which of the 
two groups of tens relays is being used in each 
call. 

Tining a call 
The cornino tiger SE' is well known and 

therefore is not shown in detail. The timer 
operates in cycles of approxiinately two minute 
intervais in whicin conductors 6 and 89 are 
normally grounded while conductors $6, 88 and 
839 are normally free of ground. During a two 
minute cycle the conductor 69 is grounded twice, 
conductor 6 is opened for one second after one 
and One-half ninutes from the start of the cycle, 
conductor 69 is opened for one second following 
the open period on conductor 6: , conductor 68 
is grounded for a short closed period following 
the open period on conductor 69, and coinductor 

is is grounded for a short closed period follow 
ing the closed period oin conductor A8. The two 
ritute cycle just described is repeates continui 
ously during a ca. 
When the finder-connector link is seized and 

relay 66 is energized as previously described, a 
circuit is prepared at contacts 669 for Operating 
relay 60 as soon as timer conductor f6 is 
grounded. This circuit may be traced as follows: 
from grounded timer conductor 66, contacts 68, 
669, 64, and 685 through the upper winding of 
relay 870 to battery. Relay 6, at contacts 674 
completes a locking circuit for itself through its 
lower winding from ground at contacts 662, 69 
63, conductor 392, contacts it, conductor 708, 
contacts 679 and 643 in multiple, and contacts 68 
to locking contacts 674. At contacts 63 relay 6 
prepares a circuit for energizing relay 688 Over 
timer conductor 63 which is not grounded for an 
interval approximating two minutes. If a digit 
is dialled and register release relay 695 is operated 
as previously described before timer conductor 
68 is grounded, contacts 69f Open the above de 
scribed locking circuit for relay 6 which re 
stores until another ground pulse is connected to 
timer conductor 66. ASSunning noW, however, 
that the digit is not dialled within two minutes 
then ground on timer conductor 6:8 energizes re 
lay 680 over contacts 63 and the lower winding 
of relay 680. Relay 686 at contacts 683 locks to 
grounded conductor 655. At contacts 68 relay 
68 disconnects ground from relay 64. Which re 
stores. At contacts 642 relay 646 opens the cir 
cuit of relay 66 which also restores. Relay 680 
at contacts SSS releases the finder link and at 
contacts 66 releases the line circuit. At Con 
tacts 662 and 66 the holding ground is discon 
nected and relays 60, '68 and other link relays 
restore the connector to normal position. 
The time disconnect is ineffective on Operator 

or special calls, calls wherein relays 644 and 625 
are operated as previously described. These re 
lays at contacts 629, 637 and 648 control the cir 
cuit of relay 6 so that the time disconnect con 
nections are opened. 

If a local to local 'cal progresses to a point 
where the called party answers and relays to 
and 676 are operated as previously described, the 
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tinning circuits are temporarily disabled because 
relay 66 at contacts 67 connects ground at con 
tacts 662 over contacts 672, 682, 6A2 and 665 for 
holding relay 648 energized when relay 680 is first 
energized. Relay 680, it will be remembered, en 
ergized after the energization of relay 67 when 
timer conductor 68 was grounded. In this case 
Since the called party has answered relay 640 is 
maintained energized as above described. At con 
tacts 68 relay 6 is now locked to grounded 
tinner conductor 6 9. Approximately two minutes 
after the energization of relay 680 ground is re 
moved from timer conductor 6 9 thereby opening 
the locking circuit of relay 679 which restores. 
At contacts 67 and 672 grounded timer con 
ductor 8 it is Substituted for ground at contacts 
652. Approximately two minutes after the re 
lease of relay 6 ground is removed from timer 
conductor 6 with the result that the relay 64 
restores to release the connection as previously de 
Scribed. 
A Warning tone is transmitted to the calling 

party prior to the release of the connection in 
the same manner as described in the Peterson 
Patent No. 2,333,039 and in the present case by 
the operation of pick-up relay 730. Briefly, timer 
conductor 63 is grounded prior to the removal of 
ground from conductor 69 to operate pick-up 
relay 3 over contacts 8.5 and 588 and conduc 
tor 9. The pick-up relay A3 closes circuits (not 
shown) for connecting a tone to the talking con 
ductors to inform the Subscribers that their con 
Versation time period is about used up and that 
the connection will be automatically released in 
a short time. 

P. B. X Serice 

For explanatory purposes station B, line L26 
Will call a P. B. X having trunks assigned at ter. 
minals Such as C2 and C2F is by dialing the first 
trunk in the group, namely gif, followed by dial 
ing the ringing digit . 
The Operation of the equipment illustrated in 

FigS. 2-10 is the same for dialing 2711 as de 
Scribed for station B calling station 2701 except 
for the third digit 1 in place of digit 0. A de 
Scription of similar operating features will not be 
repeated, it is only necessary to know that the 
calling line is extended by dial pulses as previous 
ly described. After the second digit, relays 6i, 
636, S$8, 86, 3E, 30 and 3 are energized, 
Also after the third digit the energization of relay 
C is followed by relay 333 and the restoration 
of relay S. The latter relay completes a, circuit 
at contacts 3:2, 93 for energizing relay 2 
through contacts 3i. The circuit to relay 26 
is traceable from ground, contacts 662, conduc 
tor 655, contacts 834, conductor 29, contacts 92, 
93, contacts 93, 922, conductor 6 in cable S68, 
contacts 85, conductor 43, contacts 032, con 
ductor TA, winding of relay 26, contacts 23, 
223, 24, chain cointacts 24-24, contacts 

A 23 to battery at resistance 232. Relay 22 
at contacts 222 closes a holding circuit to battery 
and at contacts f23, 24 opens the chain to 
prevent similar relays, such as relay 20, from 
energizing during the trunk selecting period. 
Therefore only one trunk call through the group 
access relays of Fig. 12 can take place at a given 
time. 

Relay 280 at contacts 2 energizes relay 280 
from ground at contacts 2G, conductor TG, con 
tacts 3, conductor P. B. X to battery at relay 
280. Relay 280 together with relay 200 pre 
pares a circuit over which one of the unit relays 
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is , G20 that corresponds to an idle one of the 
P. B. X trunks is energized. Each trunk in the 
P. B. X group controls a corresponding relay, Such 
as relay 56, 529, 536 or 539 which is ener 
gized when the trunk is busy, opening the circuit 
to the corresponding unit relay. 
We will assume all trunks except the last trunk. 

6 are busy in which case relays 5, 52 and 
538 will be energized. In this case unit relay 
of G will energize from ground at contacts 53, 
523, 533, conductor i 58 in cable 539, con 

tacts 283, 28', conductor U2-5 in cable 285, 
and through the winding of relay to bat 
tery. in the previous description it was noted 
that each unit relay controls connections to two 
lines. Lines having unit numbers 1-5 are effec 
tive when the units switching relay () is not 
energized and line 6-0 are effective when the 
subgroup or units switching relay () is ener 
gized. Since P. B. X trunk F6 is the first idle 
P. B. Xtrunk a circuit may be traced for en 
ergizing relay G32 from ground, contacts 535, 
i52A, 5 i (, conductor 1586, contacts 232, 238, 
conductor US in cable 23 and through the 
lower winding of relay 30 to battery. Relay 
feel locks at contacts 8 to ground on Con 
ductor 698. Relays , 35 and S6 extend 
the P. B. X trunk 6, connected to conductors 
i GT 7, 08, D9 to conductors 637, 652 and 659 
respectively. 
A multiple holding circuit for relay is is 

closed at contacts 8 from ground on conduc 
tor 698 in series with relay 928. Relay 92 is 
shunted by ground at the winding of relay 6 e 
and does not operate at this time. Relay it. 
at contacts energizes relay 89 from ground 
on conductor 698, 935, contacts 98, 928, coin 
ductor 705 to battery at 693. Relay 69 at con 
tacts 69 opens the holding circuit for relays 838 
and C which restore and open contacts 83. 
and 8.5. The last named contacts open the cir 
cuit to relay 200 which restores and opens con 
tacts 20 disconnecting ground from conductor 
TG. Relay 28 restores. Relay 2 in restor 
ing opens contacts 26-285' of which 207 
removes the shunting ground from conductor 
U-6 to relay A. Relay 92. 1now energizes 
in series with relay A3 and the common trunk 
equipment (Figs. 12 and l3) is free to handle 
another trunk call. Relay 92) at contacts 928 
opens the circuit to relay 695 and at contacts 
925 prepares a circuit over which relay is en 
ergizes in series with the line cutoff reiay co:- 
nected to conductor 9. ihe Operation of re 
lays 929, 89, 693 together with dialing the ring 
ing digit 1, energizing relay C, followed by re 
lays 830, ), 39, connecting ringing circuit at 
relay 5 through relay 748, answering the call 
by energizing relays 768, lee, 628, 66, is identi 
cal to that described for the last digit when num 
ber 2701 was called. The transmission circuit 
between the called line connected to conductors 
17, 1978 is completed to the calling line coil 
nected to conductors 58, 539 through condensers 
D and D2. Battery supply for the calling line 
transmitter is from line relay 6 ) and for the 
called line from relay fee through contactS Sé, 
796 and 78, 32. The last named relays ar 
energized over the respective lines. Relay eit 
controls relays 63, 643, 639, and relays 95, 98, 
920, 780, 203, Gi (, 23a) are held from ground 
at contacts 96. The release of the connection 
is the same as previously described. 

If all trunks are busy including trunk F6 the 
energizing circuit for the corresponding unit re 
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lay is not opened by the last trunk relay f540, 
therefore relays C and ) are energized as 
described herein before. However conductor 99. 
is grounded on a busy line and therefore busy 
relay at 3 is energized before relay 923 is en 
ergized from ground on conductor 99, contacts 
5, 6, 96, conductor 659, contacts 924, 

conductor 658, contacts 65, conductor 65 to 
battery at relay is . Relay locks to ground on 
conductor 655 at contacts 3 and connects busy 
tone to the calling line at contacts . . Relay 

is at contacts is opens the incomplete circuit 
to relay i88 to prevent extending a complete cir 
cuit to the called ine. Except for the described 
energization of relay if instead of 782 the re 
lays operate in identical manner as previously 
described. 
The established connection is released as de 

Scribed hereinbefore. 
it should be noted th;23, the idle S. B. X trinks 

are preselected, therefore the time period for 
establishing the described connection and enel 
gizing the unit relay left) from the common 
equipment relays 296 and 288 requires less time 
than the release period of a Slow release relay, 
such as 24. Accordingly provisions are made 
to release the Stated common equipment if the 
connection is not established within a prede 
termined time period in the following nanner. 
Relay 2 at contacts 25 energizes relay 228 
whereupon at contacts 22 the circuit to the 
normally energized relay 249 is opened. Under 
normal conditions relays 299 and 220 should 
restore and reenergize the slow-to-release relay 
; 25 before it is fully restored. Relay 230 at 
contacts 33 introduces a Slight delay in the 
reenergizing circuit to relays 208-2) to pre 
went relay 24 restoring prematurely due to suc 
cessive calls. However, if a connection is not 
congeted within approximately .03 of a second 
relay 249 restores. At contacts 243 the busy 
relay is energized fron ground contacts 243, 
28', conductor 659, contacts 924, conductor 658, 

contacts 685, conductor 65; to battery at relay 
S. Relay 77 at contacts 774 disconnects 

ground from conductor 708 and relays 839 and 
C. restore opening the circuit to relay 203. Re 
lay 2 (38 together with relays 22 and 23 re 
store and relay 248 reenergizes. Relay 289 
restores when contacts 20 are opened. 
The busy relay 778 is held from ground on 

conductor 655 through contacts 98, 3 and at 
contacts connects an audible busy tone to 
the line conductor 639 over conductor 635, con 
denser D3, contacts 66 , conductor 636, contacts 
S6 and conductor 639. 

Trunk calls 

We will now describe hoW the stations can 
reach the various trunk groups by dialing one 
digit numbers 7, 8, 9 or 0, respectively. A calling 
station is extended to the connector conductors 
508, 509, and causes the operation of the dial 
pulse responsive relay 6), auxiliary puising re 
lay 63, holding relays 6:30 and 669 as described 
under a preceding heading wherein station B 
extended a call to line 29. Let it be assumed 
that station B now extends a call to exchange 
is over one of the repeaters 33 assigned to 
connector line terminations such as C255 by first 

It is understood connector 
terminations C23 and C204 (preceding C205), 
although not shown, are also trunks to exchange 
6 and are aSSurned to be busy. 
Relay 6 together with relay 639 follow dial 
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pulses, relays 649, 660 hold between pulses, relay 
90 energizes on the first closure of contacts 63. 
The counting relays C to C. each followed by 
an impulse sequence relay, such as 83, 828 or 
80 are Successively energized in response to the 
impulses. After seven impulses relay C and 
relay 83 are energized. Circuits for energizing 
relays 4, 26 and 2 are prepared at Con 
tacts 834, 896, 898 and 833. Relay 37 restores 
making the above circuits effective. The circuit 
for energizing relay 43 is traceable from ground 
contacts 662, conductor 655, contacts 834, con 
ductor 29, contacts 972, 3, 993, Sá, conductor 
2 in cable 953, contacts 893, conductor in cable 
968 to battery at the Winding of relay iG. A. 
circuit for holding relay E4 is closed at contacts 
fo42, conductor 983, winding of relay 9 to 
ground on conductor 698. Relay 3EE is shunted 
by ground at relay 4 and is not energized at 
this time. Relay 4 extends to 0 group of lines 
to the respective unit relays of Whigh conductors 
8, 1989, fo9 are extended to contacts 2, 
022 and 23. 
The circuit for energizing relay 25 is trace 

able from ground, contacts 852, conductor $53, 
contacts 834, conductor 29, contacts 972, 95, 
9 2, 9 , 97 , conductor 8 in cable 933, contacts 
898, conductor TA in cables 959 and 29, winding 
of relay 2, contacts 23, 223, 24, chain con 
tacts 24-24, contacts 23 to battery at re 
sistance 232. An individual holding circuit is 
closed to relay 2 at contacts 22 before the 
common chain is opened at contacts 233 and 
224. Relay 2 at contacts SEA connects 
ground to conductor TG in cabies 39 and 9 
over which relay 2 energizes from contacts 
899, conductor G in cables 969 and 299 to bat 
tery at 23. Relay 2, in conjunction with re 
lay 2 extend the connections of the unit relays 
to the trunk selecting relays of the '7' trunk 
group (Fig. 14). The first two trunks of the 7 
trunk group are shown busy in which case reiayS 
409, 40, 42 and 333 are deenergized. The 

last trunk is idle and therefore relays 44 and 
45 are energized to preselect this idie trunk, re 

lay 44 being energized over conductor A$3 from 
ground in repeater S.E. In this case the third 
trunk of the 7 trunk group is preselected and this 
trunk comprises conductors (8, 939 and 9i 
extending to repeater 8 and terminating in 
contacts 46, it and 48 of the connector in 
Fig. 10. Since the third trunk is preselected a 
circuit for operating units relay 92 may be 
traced as follows: from ground at contact is, 
conductor A85 in cable 28, contacts 27, 22, 
conductor U.5-5 in cable 29, and through the 
winding of unit relay 2 to battery. Relay G3 
at contacts O2, 22 and 23 extends con 
ductors 8, 89 and 9 to conductors 63, 
652 and 659 over contacts 9, 33 and S5. 
A holding circuit is prepared for relay 28 from 
contacts 029, conductor 985, winding of relay 
920 to grounded conductor 68. eiay 92) is 
shunted by the ground on conductor U5-9 and 
does not energize at this time. Relay (2 com 
pletes a circuit for energizing relay 5, as follows: 
from grounded conductor 693, contacts 28, Con 
ductor 986, contacts 99, conductor 742, contacts 

, conductor , and winding of relay 68 to 
battery. Relay 6 at contacts 6, 66, C2, 
62 transfers the calling line conductors 58 and 
59 from line relay 6 to conductors 63 and 
652 over which the relays 765 and 6 in re 
peater 600 are energized direct from the calling 
line. The operation of the repeater Will be de 
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scribed under a separate heading. Relay 600 at 
contacts 608 connects ground to conductor 09 
for the purpose of causing the release of relay 
440 So that the trunk Selecting relays of Fig. 14 
may immediately preselect the next idle trunk. 
The following circuit operations take place in re 
sponse to the closure of contacts 64. Relay 638 
in repeater 6 is energized from ground, con 
tacts 642, 66, 64, conductor 653, contacts 5, 
923, 1048, conductor if extending to repeater 
690, Fig. 16, contacts 859, conductor 795 and 

through the upper winding of relay 63 to bat 
tery. At contacts 632 ground is disconnected 
from conductor $43 to release relay 440 which 
restores and causes the trunk selecting relays to 
preselect the next idle trunk. 

Relay 68 at contacts 63 disconnects ground at 
contacts S62 from conductors 692 and 8 to re 
store relays 83, Ci and 2. At contacts 834 
relay 83 removes the shunting ground from re 
lay 9 which now energizes in Series with relay 
4 over contacts 042. Relay 99 at contacts 

96 prepares the circuit for switching unit relay 
Which is effective only in case a higher nun 

bered units connection, Such as 6 to 0, is required. 
Relay f200 restores and causes relay 270 to re 
store. The shunting ground around relay 926 is 
removed at contacts 22' and 2. With the re 
sult that relay 92 now energizes in Series with 
relay 20 through contacts 29. Relays 49 
and 2 are held energized from grounded con 
ductor 698 through the Windings of relayS 9 
and 929. The common trunk equipment in FigS. 
12 and 14 is now free to handle other trunk calls. 
When the line relays in repeater 6 operate 
ground is returned over conductor 3 to hold 
relay 666 energized and to maintain conductor 
594 grounded as follows: from grounded con 
ductor G94, contacts 48, 923 and 695, con 
ductor 659, contacts A, conductor 5SC, and 
through contacts 66 and the Winding of relay 
66 to battery. Line relay 66 restores When 
relay 6, at contacts 66 and 62 and it and 
62, transfers the calling loop to the repeater. 

5 Relay 60 at contacts 6 restores relay 635 and 
at contacts 62 opens one of the multiple ground 
paths to relay 649. Relay 639 at contacts 632 
operates relay 65. Without result at this time and 
at contacts 633 opens the circuit to relay 630 
which restores after an interval. At contacts 643 
relay 64 opens the circuit to relay 65, which 
restores and at contacts 43 opens the original 
energizing circuit of relay 6S Which is now held 
energized from the repeater. The control of the 
connection is now under control of repeater 600. 

It is believed advisable at this time to describe 
in detail how the trunk selecting relays, Such as 
shown in Fig. 14, preselect idle trunks in rotation. 
When repeater 6 is seized either in an outgoing 
or incoining call ground is removed from conduc 
tor Si3 to restore relay it. At contacts 44 
relay 44E completes a circuit for operating reset 
relay (8 from ground at contacts 453. At con 
tacts 35 relay 46 opens the circuit to the 
Slow to release relay 4.9 which does not restore 
for a predetermined time. At contacts 462 relay 
iSE opens the locking circuit of relay 450 which 

restores. At contacts 35 relay 45 removes the 
marking ground from conductor 485. ASSunning 
now that the first two trunks are idle then relays 
A and 2, Will be energized from normal 
ground Connections extending from the corre 
Sponding repeater, similar to repeaters S. 
When relay is a restored contacts 453 were 

75 opened with the result that relay 460 restores 
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and reestablishes the circuit to relay 478 at con 
tacts 46 before relay iii had time to fully 
restore. A circuit may now be traced for operat 
ing relay Ai as follows: from ground at contacts 

52, 432, A32, winding of relay AG, contacts 
S$82, resistance 463 to battery. At contacts fi 
relay 4 grounds conductor 383 to mark the 
first trunk so that the corresponding unit relay 
in a connector Will be operated when this trunk 
group is again called. At contacts & E2 relay E. 
completes a locking circuit for itself as follows: 
from ground at contacts is 54, contacts 43 and 
£2, winding of relay iá13 to battery through 
resistance iá83. At contacts Élis relay if pre 
pares a kickoff circuit for energizing relay 43, 
which circuit is effective only if, for some reason, 
the connector does not switch through to the de 
sired connection efore the slow to release relay 
24 deerhergizes. When this first trunk is taken 

into use relay 53 restores and competes a cir 
cuit for energizing relay 33 as follows: from 
ground, contacts 52, 432, ii, and 22, Wind 
ing of relay 43, contacts 62, and resistance 

63 to battery. At contacts f3 relay 38 Con 
nects marking ground to conductor 485 to mark 
the second trunk as preSelected and at contactS 
535 completes a locking circuit for itself fronn 

ground at contacts t5. At contactS 432 relay 
438 opens its original energizing circuit after 

closing its iocking circuit, at contactS 533 closes 
a multiple circuit for itself, at contactS 434 openS 
the locking circuit of relay if which restores, 
and at contacts 433 prepares a kickoff circuit 
for relay 53. Relay 4 at contacts 4 re 
moves narking ground from conductor A33 and 
at contacts is its prepares and ther point in the 
sistikoff circuit to relay 450. 
When the seconditrunk is taken into use and 

assuming that the third trunk is idle relay 42 
restores and completes the circuit for relay (58 
as follows: from ground, contacts 652,. A 333, 42 
and il:42, winding of relay f36, contacts AS2 
and resistance 63 to battery. At contactS 45 
relay 358 connects the marking ground to con 
dictor A85, at contacts (5 locks itself over 
contacts 582, at #53 opers its original energiz 
ing circuit, at contacts &53 closes a nultiple 
circuit for itself, at contacts 534 opens the lock 
ing circuit, cf relay A36 which restores, and at 
contacts 453 prepares a kickoff circuit to the 
reset relay 46. Relay $38, upon restoring, at 
contacts : 5.3 renoves the marking ground from 
conductor ié84 and at contacts 5.3i prepares an 
other point in the kickoff circuit to reset relay 
46. The trunk Selecting relays are now in the 

condition illustrated in Fig. 14. 
In case the connector does not switch through 

due to some fault relays 23, 223 and 235 are 
held energized long enough to perihit relay 233 
to restore and operate the connector busy relay 
in the manner previously described. In addition 
relay 245 at contacts 242 closes the kickoff cir 
cuit to the trunk Selecting IrelayS to cause the 
preselection of the next idle trunk. In case the 
first trunk in Fig. 14 is preselected, in which case 
relays is and & it will be energized, then the 
ground at contacts 242 completes the kickoff 
circuit for energizing relay #33, if the second 
trunk is also idle, as follows: from grounded con 
tacts 242, contacts 25, conductor 385, con 
tacts 33, 322 and through the winding of reiay 
43 to battery at resistance 453. Relay 43 
energizes, narks the Second trunk and restores 
relay it as previously described. In a similar 
manner relay 45 or reset relay 56) may be 
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operated over the kickoff circuit from con 
tact 242. 

In case all three trunks are busy then relays 
: É55 to E 458, inclusive, are all deemergized and 
the reset relay 485) is energized over contacts 
352, 532, 33, 242, and fi: . Relay 1679 is 

restored and grounds conductor i85 at contacts 
: Ai . If a call is made to the 7 trunk group at 
a time when ail these trunks are busy the busy 
relay is in the connector is operated over the 
following circuit: from ground, contacts 47, 
conductor £3, contacts 29, 254, conductor 
859 in cable 29), contacts 924, conductor 658, 
contacts 635, conductor 857 and through the wind 
ing of busy relay to battery. The busy relay it 
at contacts 74 opens the circuit to relays 830 
and C which restore, and at contacts 73 locks 
to grounded conductor 655. At contacts 834 relay 
33 opens the circuit to relay 200 and also re 
noves the shunting ground from relay 92 which 
ioW energizes in Series with relay ... No its 
relays were operated at this time because there 
Was no marking ground at the trunk selecting 
relays Fig. 14. The busy relay transmits the busy 

5 tone to the calling party who now hangs up to re 
lease thé partially established connection. 

Group 8 trainics 
Fig. 13 Shows the group access relays and trunk 

Selecting relays for the group 8 trinks. Since 
this group of trunks has considerable traffic a 
Separate Set of group access relays is provided to 
enable a trunk call to be made to this trunk group 
fro: one connector while another connector may 
be making a trunk call to the P. B. X, 7, 9, or 0 
groupS. Therefore simultaneous trunk calis can 
ge made from different Connectors to the 3 rink 
group and to one of the other trunk groups men 
tioned. Sinultaneous trunk cails fron different 
Connectors cannot, however, be made through 
the same group access relays because of the chain 
Circuits controlling the energizing circuits of re 
layS, Such as relays 23, 2 s, 33 and 33. 
The group access relays of Fig. 13 are similar to 
the group access relays of Fig. 12 and the trink 
Selecting relays of Fig. 13 are similar to the trunk 
Selecting relays of Fig. 4. The first of tie two 
trunks illustrated in Fig. 13 of the 8 trunk group 
is ShOWr as being busy with relays 340 and 35 
deenergized While the second trunk is shown as 
being idle and preselected with relays 36 and 
375 energized. Relay 37 E at contacts 3 con 
nectS marking ground to contacts 395 to pre 
Select the corresponding trunk so as to operate 
the corresponding connector units relay. 

ASSurning now that the calling line desires to 
call the 8 trunk group and dials the single digit 8. 
Extending the calling line through the finder 
together with the dialing is the same as described 
When digit 7 is dialled, except that relay C3 foll 
lowed by relay 825 are energized after eight in 
pulses. After Series relay S E recloses contacts 
92 and 93, contacts 882 and 833 of relay C8 are 
effective for energizing relays 333 and 3 from 
grounded coinductor 65. 
The circuit for energizing relay 633 is from 

grounded conductor 655, contacts 824, conductor 
29, contacts $72, 59, 9 2, conductor 3 in cable 

988, contacts 852, conductor S in cable 368 to con 
tacts of the restricted service relays 935-553. 
These relays will be explained in detail in a fol 
lowing heading. For the present it will only be 
necessary to 3.SSume that the station is in the B 
group, and relay 328 is energized. The previously 
traced circuit to conductor 9 of cable 88is further. 
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extended at contacts 933 and 964 to conductor 
98 to battery at 039. Relay 3 energizes and 
a multiple holding circuit is closed thereto at con 
tacts 34 to ground at the winding of relay 99. 
Relay 990 is shunted and is not energized at this 
time. Relay 3 extends the ten lines on trunk 
termination C2-C2 to the unit relays. The 
circuit for energizing relay 3 is competed fron 
grounded conductor 655, contacts 836, conductor 
29, contacts 972, 9, 32, 9 , 95, conductor 

8 in cable 93, contacts 863, conductor A8 in 
cables 96S and 29, through the winding of relay 
30, contacts 32, 33f, chain contacts 3 
303, contacts 326 to battery at resistance 32A. 
A multiple holding circuit for relay 35 is closed 
at contacts 3 before contacts 392, 33 open 
the common energizing circuit to a group access 
relays, such as 3. Relay 35 at contacts 
305-38' extends circits from the unit con 

nector relays to corresponding trunk selecting 
relays. With the last trunk idle, ground on con 
tact 3 is extended through contacts 35 to 
conductor U5-5 over which relay 2 energizes. 
Relay f2 at contacts 52, 22, 23 extends 
the line conductors to conductors 4, 5, as 
extending to repeater Si, Fig. 19. 
At contacts 28 relay 2 completes a circuit, 

for energizing relay it from grounded conductor 
698, contacts 28, conductor 985, contacts 39, 
conductor 42, contacts , conductor and 
through the winding of relay to battery. 
Relay 69 at contacts 65 and 652 connects the 
Calling conductors 53 and 59 directly to coin. 
ductors 33A and 652 thereby closing a circuit ove' 
contacts and 3, 2, and 22, 65 and 
852, conductors 4 and a 5 to repeated 9, 

Fig. 19, for energizing the repeater line relays 
205 and 238). At contacts 63 relay S38 closes 
a ground circuit over conductor is extending 
to repeater 9 as follows: from ground, con 
tacts 642, S6, 64, conductor 59, contacts 25, 
O23, 53 to conductor it 6. Grounded condug 

tor G6 causes the energization of relay 345 in 
the repeater which renoves ground fron co 
ductor 999 to restore relay 369. Relay 36 at 
contacts 36 completes the circuit for eaei"giz 
ing reset relay 38 from grounded contacts 33. 
Relay 38 at contacts 332 opens the locking cir. 
cuit of relay 3: which restores and renoves 
marking ground at contacts 3i. ASSLining that 
the first trunk is idle, then relay 35i is ener 
gized and when relay 38 restores it opens the 
circuit to relay 386 and closes the following cir 
cuit for relay 358 from ground contacts 3.2, 
362, winding of relay 35, contacts 3332 and 
through resistance 383 to battery. Relay 353 
energizes and preselects the first trunk by closing 
contacts 35. The remainder of the operations 
of the trunk Selecting relays including the kickoff 
circuit for preselecting the next idle trink if the 
connector fails to switch through. Within a re 
determined time, and the circuit arrangement 
for restoring relay 399 to close contacts 393 to 
operate the busy relay in the connector in case all 
the trunks are busy at a time a call is made, 2.8 
the same as described for the 7 trink groif. 
Relay 658 also at contacts 63 opened the circuit 
of relays 32 and C3 Which restore. A contacts 
824 relay 32; opens the shunt around relay 398 
With the result that, relay S E now energizes in 
series with relay 3 over contact 35 to hold 
relay 35 operated. Contacts 824 also open the 
circuit of relay 385 which restores. At contaits 
1305 relay 33 removes the shunt from relay 
92. With the result that relay 92; now energizes 
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in series with relay 20 over contacts 829 to 
hold relay 328 operated. Relay 33 also, at 
contacts 34 causes relay 323 to restore. Relay 
32, at contacts 32 reestablishes the circuit to 

relay 33 before it is fully restored, and at con 
tacts 322 opens the circuit to relay 325 which at 
contacts 326 again reconnects battery through 
resistance 32 to enable the group access relays 
to be used on another trunk call to the 8 trunk 
grOO. 
Wher the line relays in repeater 9 operate 

ground is returned over conductor it to hoid 
relay SS3 energized and to maintain conductor 
54 grounded before the slow to release relay 64 
deenergizes. Line relay Si restores. When relay 
6 operates to cause the release of relays 83 
and 6.3 as previously described. Since relay 3, 
is now held energized from the repeater the Con 
trol of the connection has now been transferred 
to the repeater. 

Group 9 trunks 
The lower portion of Fig. 11 ShoWS the trunk 

selecting relays for the 9 group of trunks and 
is similar to the trunk selecting relays for the 7 
trunk group shown in Fig. 14 except for the air 
rangement for permitting overflow calls from the 
0 trunk group to extend into the 9 trunk group. 
Access to these trunk selecting relayS is by Way 
of the group access and trunk group relays of 
Fig. 2. As illustrated in the lower portion of 
Fig. 1, only the trunk selecting relays for three 
trunks are shown and these trunks are aSSumed 
to be idle and relays 60, 88 and is are 
therefore energized from ground extended from 
their corresponding repeaters, such as repeater 
2: 3 (Figs. 21-23). Relay 69 is operated to 
preselect the first idle trunk in the 9 trunk group 
from ground, contacts f 24, 88, 68, winding 
of relay 69, contacts 24', resistance 26 to 
battery. At contacts 62 relay 6 operates the 
overfow relay 3 to prepare the circuit for pre 
Selecting the first trunk in the 9 trunk group as 
an overflow trunk when all the 0 trunks are busy. 
Since the first trunk in the 9 trunk group is the 
Sixth trunk accessible through contacts of the 
tens relay 24, relay 69 at contacts 65 and 

is places ground on conductors 226 and 22 
preparatory to operating the units switching 
relay and units relay of O when this trunk 
group is called. 

It Will now be assured that the calling line 
desires to make a call to a trunk in the 9 trunk 
group. The extension of the calling line through 
the finder and the operation of the connector in 
response to dialling the single digit 9 is the same 
as that described for dialling digit 7 except that 
in this case relayS C3 and 8 are energized after 
nine impulses. After Series relay 99 closes con 
tacts 9: to 93 relay C9 at contacts 886 and 807 
closes circuits for energizing relays 4 and 200 
fron grounded coinductor 655. The circuit for 
eilergizing relay is nay be traced from ground 
ed conductor 55, contacts 84, conductor 29, 
contacts 92, 93, 9-3, 9t, conductor 2 in cable 
38, contacts 26, conductor in cable 968, con 
tacts 94, and through the Winding of relay 40 
to battery. The circuit for energizing relay 2 
Yahay be traced fron grounded conductor 655, con 
tacts 84, conductor 29, contacts 972, 9, 92, 
9. , S: , conductor 3 in cable 958, contacts 39, 
conductor TA in cables 953 and 29, winding 
relay 28, contacts 2S3, 223, 24, through the 
chain contacts 2 is and 24, contacts 23, and 
resistance 232 to battery. 
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Relay C4 energizes over the above traced cir 
cuit and closes a holding circuit for itself by way 
of contacts $342, coinductor 334 and the winding 
of transfer relay 93 to grounded conductor $93. 
Relay $3.3 is shunted by the ground energizing 
relay 343 and does not energize at this time. 
Relay 36 extends its ten lines or terminals to 
the connector units relays. Relay 23, operates 
over the above traced circuit and closes a holding 
circuit for itself at contacts 332 before contacts 
f283 and 284 are opened to prevent any other 
group access relay, such as relay 28, from oper 
ating at this time. At contacts 235 relay 283 
operates relay 22, which at contacts 224 main 
tains the holding circuit for relay 253 when relay 
239 operates and opens this circuit at contacts 
23. 
At contacts 335 to 23.5', inclusive, relay 280 

extends the conductoi's of cable 295 to contacts 
26 to 269, inclusive, of trunk group relay 28. 
At contacts 25 relay 233 closes a circuit for 
operating relay 233 as follows: ground, contacts 
f25, conductor TG in cables 298 and 959, con 
tacts it, conductor G.S. in cales 959 and 23 
and through the winding of relay 3 to battery. 
At contacts 23 to 3268 relay 263 extends the 
conductors of cable 295 to the trunk selecting 
relays of the 9 trunk group shown in the lower 
portion of Fig. 11. Circuits may now be traced 
for energizing the units SWitching relay is and 
units 1elay C. G. The circuit for relay 33 ex 
tends from ground, contacts 85, conductor 225 
in cable 23A, contacts 263 and 23, conductor 
US in cable 298 and through the winding of 
relay fit to battery. The circuit for relay 
extends from ground, contacts 5, conductor 
22 in cable 234, contacts 363 and 23, con 

ductor U-6 in cable 238 aid through the Wind 
ing of elay to battery. 

Units switching relay 33 at contacts 802, 
34 and E3, Switches the connector line and 

test conductors to contacts i, ie is and 48, 
and at contacts G3 closes a locking circuit for 
itself to grounded conductor 338. Unit relay if 
at contacts 4, 5 and is collects the Con 
nector line and test conductors through to the 
repeater conductors 333, 333 arid 394 by way 
of contacts & SE, SS2 and S63 of relay C4 . At 
contacts 9:2 relay i is closes a holding circuit 
for itself by way of conductor 983 and the Wind 
ing of transfer relay 92 to grounded conductor 
698. Relay 92) is shunted by the ground which 
energized relay is and therefore does not ener 
gize at this time. At contacts 8 relay 400 
completes a circuit for energizing the Switch 
through relay 628 as follows: from grounded con 
ductor 893, contacts i , conductor $83, contacts 
99, conductor a 32, contacts i , conductor 
and through the winding of relay 63 to battery. 

Relay 600 at contacts Sei and 632 switches the 
calling loop directly to repeater conductors 592 
and 993 for energizing the repeater line relays 
245 and 2 49. t contacts 394 relay 6 closes 
a ground circuit from contacts 42, 66,693, con 
ductor 659, contacts 96, GS 6 and $53, to con 
ductor 094 for energizing relay 2 which opens 
the circut of relay Ste to cause its release. Re 
lay 68 at contacts 63 completes a circuit for 
energizing relay 93 as follows: ground, con 
tacts 99, 85, 63, 83, winding of relay 

f 90, contacts 24', and through the resistance 
26 to battery. At contacts 35 and 33 re 

lay 9 grounds conductors 226 and 228 to 
preSelect the next trunk, at contacts 39 con 
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contacts if it, at contacts 85 opens its original 
circuit, at contacts 8 closes a multiple circuit 
for itself from ground at contacts 99, at coin 
tacts 88 opens the locking circuit of relay 69 
which restores, and at contacts 9 extends the 
kickoff circuit to relay 6. Relay 63 restores 
and removes marking ground from conductors 
226 and 22 at contacts 65 and 5 and at 
contacts extends the kickoff circuit to relay 

6. 
Relay 53 aiso at contacts 623 

cuits to relays 8A8 and C3 which restore. At 
contacts 8 is relay 8 opens the Shunt around 
relay S3 with the result that relay 986 now 
energizes in series with relay 353 over contact 

32 to hoid relay 8:36 operated. Contacts 84 
also open the circuit of relay 25, which restores. 
At contacts 292 relay 28 removes the shunt 
fron relay 93 with the result that relay 928 
now energizes in series with relay over con 
tacts (3 to hold relay 8 operated. Relay 
28 at contacts 25 opens the circuit of relay 
225 which restores. Relay 220 at contacts 224 
disconnects battery at resistance 232 from the 
chain contacts, and at contactS 223 prepares a 
point in the circuit for operating a group access 
relay, such as 28, which circuit is not com 
pleted at this time because contacts 22i and 
23 are both Open. At contacts 22 relay 22 

reestablishes the circuit to relay 24 before re 
lay 240 could fuily restore, and at contacts 222 
releases relay 239 which at contacts 23 places 
battery through resistance 232 on the chain con 
tacts so a group access relay may now be ener 
gized. The delay in connecting battery to the 
chain contacts as just described is provided to 
prevent the energization of a group access relay, 
Such as relay 2f ), on a tirunk call before the 
trunk selecting relays $9, 69 and 90 ihave: 
had time to perfor in their functions of releasing 
the marking grounds for the first trunk and for 
marking the Second trunk as the next preselected 
trunk as previously described. The relays in 
Wolved have been carefully chosen so that their 
Operating and releasing characteristics are such 
that double connections to the same trunk or 
Single connections to two trunks are prevented. 
When the line relays in repeater 2 operate 

ground is returned over conductor 694 to hold 
relay 66 energized and to maintain conductor 
534 grounded after the slow to release relay 639 
deenergizes. Line relay 6f 6 restores when relay 
699 operates to cause the release of relays 633 
and 64 as previously described. Since relay 669 
is now held from the repeater the control of the 
connection has been transferred to the repeater. 

Group 0 trunks 
The trunk selecting relays for the group “O’ 

trunks are similar to the trunk selecting relays 
for the group '9' trunks and assign trunks in 
rotation the same as described for the 7 and 9 
trunk groupS. In Fig. 11 only the relays for two 
trunks are shown and it is aSSumed that the first 
trunk is idle and preselected with relays 9 
and 3 operated while the second trunk is 
busy with relay 3 deenergized. Reiay 36 
is held operated from ground, contacts 7, 

95, winding of relay 86, contacts 26, re 
Sistance 26 to battery. Since the first trunk 
in the '’ ti}nk giou; is tie first trunk accessi 
ote through contacts of the tens rejay 3, relay 

6 at contacts 4 places ground on conductor 
23 to preselect the corresponding units relay, 

ceils the cir 

pletes a locking circuit for itself from ground at 75 such as relay 6 0. 
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It will now be assumed that the calling line 
desires to make a call to a trunk in the '0' trunk 
group. The extension of the calling line 
through the finder and the operation of the con 
nector in response to dialling the Single digit '0' 
is the same as described for a trunk call to the 9 
trunk group except in this case counting relay 
CG and relay 83) are operated after ten impulses. 
After relay 9 deemergizes relay C at contacts 

30 
energizes in series with relay of 0. Relay 200 
at contacts i 205 opens the circuit of relay 220 
which restores. At contacts 224 relay 229 dis 
connects battery from the group access relays to 

, provide a slight delay before any group acceSS 

86 and 89 closes circuits for energizing relayS 
Q40 and 269 from grounded conductor 655. 
The circuit for energizing relay iO40 is from 
grounded conductor 655, contacts 833, conductor 
729, contacts 92, 90?, 92, conductor 3 in cable 
968, contacts 86, conductor in cable 968, 
winding of relay 94 to battery. The circuit for 
energizing relay 20 is from grounded conductor 
655, contacts 834, conductor 29, contacts 92, 
90?, 912, 9, 97, conductor 8 in cable 968, con 
tacts 89, conductor TA in cables 969 and 29, 
winding of relay 230, contacts 203, 223, 24 , 
24, 24, 23 to battery at resistance 232. 
Relay 340 closes a holding circuit for itself 

over contacts 42 in series with relay 900 which 
latter relay does not energize at this time Since 
it is shunted as previously described. Relay 4 
extends the ten line terminals to the connector 
units relays. Relay 20 closes a holding circuit 
for itself at contacts 202, at contacts 285 oper 
ates relay 22, at contacts 286 to 25, in 
clusive, extends conductors of cable 290 to con 
tacts 252 to 258', inclusive, and at contacts 
20 completes a circuit for operating trunk 
group relay 259. Relay 220 operates relay 
236 at contacts 222, opens the chain energizing ; 

circuit to the group access relays at 223, and 
connects battery through contacts 224 before 
relay 230 opens this battery connection at con 
tacts 23. 
The circuit for energizing relay 25) may be 

traced from ground, contacts 28, conductor TG 
in cables 298 and 969, contacts 825, conductor 
G in cables 339 and 296, and through the Wind 
ing of relay 258 to battery. Relay 252 at con 
tacts 25 to 258 extends conductors 233 from 4: 
288 to the trunk selecting relays of the '0' trunk 

group in Fig. 11 to the group access relayS. In 
response to this connection the preselected units 
relay is energized over the following circuit: 
ground, contacts i G4, conductor 236, contacts 
253 and 23, units conductor U-6 and through 

the winding of units relay & to battery. At 
contacts , 2 and 3, 'elay fi connects 
the connector ine and test conductoi's through 
to repeater 20 by way of contacts f{43, 6&4, 
and 345, and conductors 84, 985 and 388. 
At contacts 8 relay is closes a holding cir 
cuit for itself in series with transfer relay 92. 
which does not energize at this time because it 
is shunted. At contacts a 2 relay if G com- 3. 
pletes the circuit for operating the Switch 
through relay 6 as previously described. 

Relay 6) operates from contacts Ei in the 
same manner as previously described, SWitches 
the calling line to the connected repeater and 
closes a circuit over conductor its to operate 
a relay in the repeater which causes the release 
of trunk selecting relay 30. Relay is is at con 
tacts 63 opens the circuit to relays 835 and C. 
which restore. 
the shunt around rejay 9 which now energizes 
in series with relay 36, and at the Sailine COra 
tacts 834 also opens the circuit of reiay 23 
which restores. At contacts 27 relay 29 re 
moves the shunt around relay 92. Which noW 

At contacts 836 relay 835) opens 
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relays can again operate, and at contacts 222 
opens the circuit of relay 233 which restores 
and reconnects battery to the group acceSS relayS. 

Relay restores as stated, when the con 
nector switches through and at contacts 02 
completes the circuit for relay 9 if the second 
trunk is idle. However, in this case it is assumed 
that the second trunk is busy and instead of 
energizing relay 9, reset relay 25 is ener 

, gized over the following circuit: ground, contacts 
i i5, 2, f : 2, and winding of relay 25 to 
battery. At contacts f 24 relay f 25 removes 
battery from the trunk selecting relays in order 
to reset such relays in case any of the trunks in 
the '0' group are idle in a manner similar to 
that described for the '' trunk group. Relay 

3. now restores and removes the marking at 
contacts B.A. Relay 50 also at contacts 
completes a circuit for energizing relay 36 in 
the overfow group so that a call to the '0' trunk 
group may overflow into the '9' titanik group 
when all '0' trunks are busy. This circuit may 
be traced as follows: ground, contacts e, if f , 

65, 32, winding of relay 3G, contacts f 53 
and resistance 54 to battery. If the first trunk 
in the '9' trunk group was busy at this time 
then relay 3) Would be deenergized and the 
above traced circuit Would be extended to relay 

39 by way of contacts 38 and 42. With 
the first trunk in the '9' trunk group idle relay 
35 energizes and locks from ground, contacts 

, , it, 35 to battery at resistance 
54. At contacts 37 relay 33 prepares the 

kick-off circuit to relay 49 and at contacts 33 
and 3A grounds conductors 244 and 236 for 
preselecting the first trunk in the 9 trunk group. 
In case a call to the '9' trunk group takes this 
first trunk then relay 30 deemergizes and re 
lay 49 is operated to preselect the second 
trunk of the '9' group for overflow calls from 
the '0' group. 
ASSuming now that the second trunk in the '0' 

group becomes idle before another trunk call is 
made to the '0' group then relay energizes 
and at contacts opens the circuit to relay 

36 which restores and removes the markings 
at contacts 33 and f 34. At contacts f 2 re 
lay also opens the circuit of reset relay 25 
which restores and reconnects battery for ener 
gizing relay 9 as follows: ground, contacts 
i 5, 2 (first trunk busy) contacts f 3, wind 
ing of relay 9, contacts 24 and resistance 
to battery. Relay 9 locks through contacts 
A 8 and at contacts 4 grounds conductor 237 
to preselect the second trunk. 

In case all the trunks in the '0' trunk group 
and the first two trunks in the '9' trunk group 
are busy then a circuit may be traced for ener 
gizing Overflow reset relay 55 as follows: 
ground, contacts of, , 35, 3f, 4 and 
through the winding of relay $55 to battery. 
At contacts 53 relay 55 removes battery from 
the overflow trunk selecting relays 38 and i3 
and at contacts 52 opens the circuit to slow 
to release relay 2. Relay 2 deemergizes 
after an interval and at contacts 28 grounds 
conductor 24, so as to operate the busy relay 
fi in case a call to the '0' group is made at 
this time. As Soon as any one of these trunks 
becomes idle the circuit to relay 55 is opened 
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with the result that relay 27 is again energized 
to remove this busy condition. The kick-off cir 
cuits operate in the same manner as previously 
described for a call to the 7 trunk group in case 
relay 253 fully restores. 
in case a second connector, such as illustrated 

in Fig. 13, should make a trunk call to any one 
of the “0,’ “9,’ “7, or P. B. : trunk groups 
relay 26 is operated in the Saime manner aS 
described for relay 22) and the connection is 
similarly completed; provided of course, that Orie 
of the other group access relays, Such as 230, 
is not at this time operated oin a trunk call to 
one of these trunk groups. in case relay 25). 
is operated on a trunk call from the first cOZ 
nector then relay 2 is cannot energize because 
the battery supply is open at contacts f223. The 
calling subscriber is aware of this fact because 
dial tone is not transmitted thereto aid the coin 
nector waits in its operated position until relayS 
i 260, 225 and 23 release to supply battery for 
energizing relay 2:3, after which the call pro 
ceeds in the manner obvious from the preceding 
description. However, the second connector may 
make a trunk call to the '8' truink group through 
the group access relays of Eig. 13 at the Sane 
time that, a, trunk call is proceeding through the 
group access relays of Fig. 12. 

Restricted and special services 
It has been previously mentioned that direct 

service over trunks is provided for specified lines 
while other lines are restricted from interex 
change trunk calls. Also incoming calls Over 
specified trunks are denied access to certain lines 
or trunks but have access to other lines and 
trunks. Further a toll Operator has special Serv. 
ice facilities such as override of a busy connec 
tion for monitoring or access to a test number 
Where additional dialing is required. These fa 
cilities will now be described. Reference Will be 
made to the previous descriptions in order to 
avoid needless repetition. 

tations in the B group, specifically line 26 
terminating on line circuit 2:8 is narked at relay 
48 in conjunction with the energization of the 
tens relay 34, unit relay 345 and connect relay 
55. The latter relays were described as ener 
gizing when a call is initiated to extend the call 
ing line at relays and 328. Relay A3 ener 
gizes at the same time fron contacts 3 and at 
contacts 485 energizes relay 94 from ground, 
contacts 34, conductor 39, contacts A35, con 
ductor 455, contacts 556, conductor £55’ to bat. 
tery at the lower winding of relay 94. Relay 
9As locks to ground on conductor 698 at contacts 
941. At contacts 83 one of the paths for ener 
gizing the tens relay ( & ) is opened, therefore 
assuming the first dialed digit is “9,' the circuit 
from contacts 35, conductor of cable 968 is 
transferred at contacts Si, 966, from relay is 
to relay 858. Relay 835 efnergizes and at contacts 
96 closes a holding circuit for itself over conduc 
tor 983 and winding of relay 335 to ground on 
conductor 638. Relay 988 is shunted by a ground 
at coil 963 and does not energize at this time. 
Relay 963 at contacts 953 energizes the connec 
tor busy relay from ground on conductor S98, 
conductor 859, contacts 922, conductor 658, con 
tacts 635, conductor 35 to battery at coil . . 
Relay ?? at its opens the inpulsing circuit so 
that further dial pulses are not effective. At 
contacts a busy tone is connected to the call 
ing line and at contacts at the holding circuit 
to the pulse counting relays is open and relays 
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energized over contacts 8 and conductor 756, 
further opening the circuit to the counting re 
lays at contacts 59 . it is obvious that when 
the calling party disconnects relays & 3, 63), 643 
arid 66 restore renowing ground from conduc 
tors 655 and 698 at contacts 362 and €3. Relays 
Sáe and 835 restore and all the equipment is re 
turned to normal position. 
Assune station B line L3 : 6 dials 8. Relay 948 

is energized when the call is extended to the con 
nector and relays C3 and 323 are energized after 
eight impulses. The circuit fron contacts 82, 
conductor 3 of caible $58 is transferred at contacts 
$54 and $35 from relay 962 to conductor 38 over 
Which relay 3 energizes. The call is com 
pleted as previously described. From the above 
description it is obvious that calls to the 8 group 
of trunks are not extendable unless relay S33 is 
energized, therefore stations on lines that are not 
arranged to energize relay 4 are denied service 
over these trunks, 
The restrictions applying to a line terminating 

on line circuit 235 are controlled by relay 936. 
When a call is initiated on this line, relays 333, 
33., 53, 53 are energized. At contacts 38, re 
lay A23 is energized over conductor 393, at con 
tacts 33 relay 33 energizes from ground con 
tacts 35i, conductor 392, contacts 323, conductor 
457, contacts 558, conductor 353 to battery at 
the lower winding of relay 333. Assuming that 
the first two digits of the called number are 28 a 
circuit is extended over which relay 243 is ener 
gized only if relay 338 is energized. This circuit 
is traceable after the second digit “0' from 
grounded conductor 655, contacts 834, conductor 
29, contacts S2, 9, , 33, conductor is of cable 

988, contacts 8 i, conductor 3 of cable 32, con 
tacts 868, conductor 335, contacts 333, conductor 
f to the winding of relay 345) and battery. 
he call is then completed in a well-known man 

ner for one line calling another station. It is ob 
vious that relay 938 is energized only on calls 
from authorized lines, therefore any other calling 
line that calls '20' will energize the call block 
relay S6 and the call is blocked as described 
hereinbefore. 

It is likewise obvious that line 295 cannot call 
trunk group 8 because the energizing circuit for 
relay 233 from contacts 882 is not completed 
to conductor 98 at contacts 932 and 3:32 since 
relay 956 is not energized. Therefore a, call from 
Station 285 to the 8 group energizes relay 983 
from conductor 9 of cable 968, contacts 332 and 
943 and the call is blocked as described. 
Subscriber stations terminated in the same tens 

group as the trunk group 8 are normally not re 
stricted. The energizing circuit for relay 333 
When Stations are called, such as lines 2 and 
2, is controlled from contacts 333, conductor T 
in cable 826, contacts 854, condictor 364, con 
tacts 953, conductor 28, through relay 33 to battery. 
A trunk terminating on line circuit 2:5 is re 

stricted from calling lines C27A and C2 by the 
energization of relay 953. Line relay 2 5 ener 
gizes relays 39 and 33 together with relays 
55-56 when a call is initiated. At contacts 
3 relay 386 energizes, completing the circuit 
from contacts 33 , conductor 392, contacts $84, 
conductor 458, contacts 559, conductor 58' to 
battery at relay 58. At contacts $53 and 952 
conducto: 834 is tisansferred from conductor 98 
over which ireiay 33 is energizes to the call 
block relay 963. Therefore relay 383 energizes C9 and 8 fe restore. At contacts 962 relay Geo is 75 responsive to the calling party dialing 27. Relay 
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960 at contacts 963; energizes the connector busy 
relay as described hereinbefore. 

Briefly stated, the restricted service arrange 
ment controlled by relays. 420, 480, 930, 940, 950 
and 960 is as follows. 
'7' trunk group. Calls to the '8' trunk group 
are normally restricted unless relay. 940, alone or 
relays 939 and 940 are both operated, therefore 
lines such as 20, 206, 2 t and 2 6 can call the 
“8’ trunk group while lines such as 200, 295 and 
20 are denied trunk service to the '8' trunk 
group. Calls to the '9' trunk group are permit 
ted to all lines except those that operate relay 
940, therefore lines such as 200, 205, 2 0 and 2 5 
can call the '9' trunk group, while lines such as 
20 , 206, 21 and 2.46 are denied trunk service 
to the '9' trunk group. No calls are denied to 
the '0' trunk group. Calls to the P. B. X. group 
C27 are denied only to line. 25. Lines such as 
20, 206 and 205 can call the 200 group while 
lines, such as 200, 2, 2 8, 20; and 25 are de 
nied service thereto. It is understood that any 
of these restrictions can be made or easily 
changed at the distributing frame IDF termina 
ting conductors 455 to 458, inclusive, and the 
connections to the contacts of relays 420 and 
480. 

Special Services 

Provision is made to disable: certain restriction 
features within the connector in addition to the 
restrictions, controlled from relays. 930-950. AC 
cordingly we will now describe how a trunk call 
terminating in line:200 energizes relay. 644. and 
thus causes the disabling-of, the conversation 
timing facilities within the connecter and trunk 
circuits. 
The call is established in the usual way and 

includes the energization of relays 300, 350, 
556-560 for energizing the connector relays 500, 
530, 540. Relay 420 is energized from contacts 30 over 
conductor 396 which completes a circuit, over 
which relay. 644 energizes from ground contacts 
35, conductor 390, contacts. 422, conductor. 459, 
contacts 563, conductor. 586 to battery at the 
upper winding of coil. 644. A holding circuit is 
closed to relay 644 at contacts 646 to ground on 
conductor 698 at contacts: 66. Relay 644 at con 
tacts 648 and 64 opens. a portion of the timer 
circuit. At contacts 649 ground is connected to 
conductor 727 over which the repeater timer cir 
cuits are. Controlled. 
Assume the call is directed to a local station in 

the usual manner. The called party on answer 
ing causes the backbridge relay 700 to energize 
relay 676. Relay 676 at contacts. 678 disables 
the energizing circuit to timer relay 670 and at 
contacts 679 opens the last portion of the hold 
ing circuit to relay 670. Relay 670 restores if 
operated and the timer is no longer effective. 
Assume the callis, directed to the “7” trunk 

group in the usual manner in which case relays 
209 and 270 energize responsive to... the first 

digit 7. The previously mentioned ground on 
conductor 727 at contacts. 649 is extended through 
contacts 203', 278, conductor. 488, contacts ". 
458 to the selected; repeater over conductor 
444. A circuit is then completed to relay 635, which 
disables the timer: as will be described under: a 
Subsequents heading. . . . . . . 

No calls are denied to the 
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Toll operators' special Services 

Other groups of trunks have additional Spe 
cial service facilities in addition to the restricted 
service and timer disconnect. We Will now de 
scribe how calls originating on the line circuit 
206 receive a special'. 60 I. P. M. supervisory 
signal in addition to the conventional busy Sig 
nail, and may override a busy line condition to 
monitor the connection in addition to the dis 
connect of the timer described hereinbefore. The calling line is extended by the repeater 
through the finder to the connector in the usual 
manner in which relays 300, 340 energize relays 
500, 520, 549, 550, and 560. Relay. 39 at con 
tacts 3e energizes relay 420 over conductor 396. 
Relay. 420 at contacts 427 in conjunction with 
relay 340, at contacts. 341 energizes relays. 930 
and 949. Relay 930 establishes certain restricted 
services as described in the Restricted Service 
heading. At contacts 936, relay 625 energizes 
from ground on conductor 698, conductor 699 to 
the lower winding of relay. 625. 
A holding circuit for relay. 625 is closed at cont 

5 tacts S28 to ground on conductor 698. At Con 
tacts 62 relay 644 energizes to disable the con 
versation timer in the connector and repeater in 
a manner similar to that previously described. 
The call is completed within the connector in 

the usual manner. A. one digit trunk call is di 
rected to a trunk in the dialed trunk group 
through the group: access and trunk Selecting 
equipment in Figs. 12, E1, 13 and 14 in which re 
lays such as 120 or 300 are temporarily en 
ergized, to associate a repeater preselected by 
the trunk selecting relays with the call. At Con 
tacts 62s' ground is connected to conductor 126 
which is extended through the group acceSS re 
lays, Fig. 12 or Fig. 13, for a special service trunk 
marking pulse applicable only to Such calling 
lines. The above marking pulse is effective 
within the seized repeater to give toll calls ad 
ditional facilities on trunk circuits. Specifically, 
on a call to trunk group 8 for example, con 
ductor 126 is extended through contacts such as 
308' and 378 and conductor f379 to relay 920 
to permit the toll operator to dial a suffix digit 
over the group 8 trunks while other lines are 
prevented from dialing this extra, digit as Will be 
described under repeater Figs. 19 and 20. 
Now assume a local number is dialed instead 

of a trunk and that the local line is occupied 
with another local call. We will describe hoW 
a call from a line from which toll relays 625 and 
644 are energized as described above can over 
ride the busy condition. Specifically line C20 
will be called in the usual Way in which relay 

3 is energized after the second digit and re 
lays 326 and 900 after the third digit, com: 
pleting a circuit, from conductors 08 and 982 
to the calling line. At the same time a, busy test 
circuit is prepared from relay T0 to conductor 
G83 as described under Local calls. A busy 

condition on the called line is indicated by a 
ground on conductor i083, therefore relay 70 
is energized. A busy tone is returned to the call 
ing line at contacts in the usual manner. At 
contacts 7:2 in conjunction with energized re 
lay 625 at contacts 626, a circuit is completed to 
the lower winding of relay 620 over conductor 
65g and contacts 9 to a 60 I. P. M. interrupted 
go:nd source. Relay: 620, follows the ground 
pulses and current to the calling line is reversed 
at contacts: 62-624 at the stated intervals. 
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Trunk circuits responsive to reverse battery are 
well known and will not be described herein. It 
is Only necessary to understand that the trunk 
circuit in response to reversing line currents will 
cause the supervisory lamp at the calling oper 
ator's position to flash accordingly. Then the 
operator receives a visual signal in addition to 
the usual audible busy Signal. 
The operator may now camp on the busy line, 

may disconnect and release the connection in the 
usual manner or may dial an extra digit and 
Over-ride the busy condition. The latter will 
now be described based on the previously estab 
lished conditions wherein relays 930, 929, 900, 
770, 625 and 644 together with relays 6f 6, 630 
and 640 are energized. It was previously estab 
lished that relay O energizes after the ringing 
digit is dialed and the impulsing circuit com 
prising contacts 634, 66,666 conductor 693 lead 
ing to the counting relays is transferred at con 
tacts 75 and 627 to relay 90 over conductor 
695, contacts 783 and 93 to battery at 790. In 
response to the stated extra dialed impulse over 
the above traced circuit relay 790 energizes and 
prepares an operating circuit for relay 793 at 
contacts 792. Relay 793 is shunted by ground at 
9E and is not operated until the operating pulse 

to relay 790 is open. Relay 793 energizes in 
series with relay 790 from ground on conductor 
698 to battery at relay 79). Relay 79 holds over 
the latter circuit. Relay 9 at contacts 79 
opens the connection to the 60 I. P. M. Source to 
stop the intermittent operations of relay 629. 
Relay 793 at contacts 98 opens the locking cir 
cuit of busy relay 7) but the busy relay is slow 
to release and when contacts 99 close, the busy 
relay is held energized over a circuit extend 
ing from battery through the winding of busy 
relay 770, contacts 3, 799, conductor 659, con 
tacts OS, 0.27, 059 to ground on conductor 

83 until the called line becomes idle. At con 
tacts 795 and 79 relay 793 connects the talk. 
ing conductors 638 and 639 to talking conductors 
637 and 652 to permit the calling operator to 
monitor the local connection established to line 
C2. The operator may advise the called party 
that there is a call Waiting or may camp on 
busy until the local connection is released. 
When the local connection is released ground 

is removed from conductor 983 with the result 
that busy relay 79 restores to complete a cir 
cuit for energizing the switching relay 789 over 
the following circuit: from ground, contacts 697, 
668, upper winding of relay 780, contacts 76, 
conductor 38, contacts 925, conductor 659, con 
tacts 6, 27 and 59, conductor OS3 extend 
ing to the called subscriber's line circuit and 
through the windings of the cut-off and lockout 
relays, similar to relays 250 and 26, to bat 
tery. Relay 780 at contacts 85 locks through its 
lower Winding, at contacts 78 opens the circuit 
to the over-ride relays 793 and 798 which re 
store and at contacts 38 closes the circuit to 
operate the pick-up relay 730 which completes 
the circuit at contacts 3 for operating the odd 
ringing relay 750 from the common ringing in 
terrupter. Relay 750 at contacts 755 and 753 

- completes the circuit for ringing the called line. 
In case the operator has remained on the con 
nection she will hear ringback tone over the fol 
lowing circuit: from generator Dir. gen., wind 
ing of ring cut-off relay T40, condenser D4, con 
tacts 75 , 796 to conductor 639 and to the oper ator's position. 
When the called party answers the ring cut-off 
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relay 740 and back bridge relay 700 energize over 
the called loop and the connection is completed 
as previously described; in this case, however, 
the operation of reversing relay 620 from con 
tacts causes the operation of the Well known 
supervisory signal at the operator's position to 
inform the operator that the called party has 
anSWered. 

Repeater 1600 

We will now describe the repeaters in the, 
group '7' trunks over which the calls are ex 
tended to a connecting automatic exchange 
where the toll board is located. For descriptive 
purposes calls originated on the 9 and 0 group of 
trunks (operator trunks) can be extended to 
subscribers at the terminating exchange and Sub 
scribers herein need only dial one digit to reach 
the toll board over the interexchange trunk 
group 7. It is understood that the repeater at 
the connecting exchange may be any Conven 
tional automatic to automatic repeater arranged 
for reverse current supervision but for Conven 
ience of this description. We will refer briefly to 
the repeater 69 illustrated in Figs. 16, 17 and 
18. 

Outgoing call 

The extension of a calling line through the 
finder and connector, to the repeater in response 
to digit 7 was explained under a separate con 
nector heading. It is only necessary to recall that 
the line conductors 087, fo89 are closed at the 
calling station through the dialing Springs. Also 
conductor 99 is connected to conductor 594 and 

5 a ground thereon will hold the connection. Fur 
ther a ground is extended to conductor 444 dur 
ing the seizure period only if the call is from pre 
determined trunkS. 
We will first describe the seizure from a Sub 

scriber wherein conductor 444 is not grounded, 
thereby relay 635 is not energized. Ground On 
conductor 09 energizes relay f630 over contacts 
859 and conductor 795. Relay 630 at contacts 

i 632 disconnects ground from conductor 443 
which restores relay 440 making the trunk busy 
at the trunk select relays in Fig. 14 to prevent any 
other calling link from seizing the occupied trunk. 
At the same time relays 765 and 760 energize in 
series with the calling station line over conduc 
tors 087 and 089. Relay 765 at contacts 766 
prepares a portion of the control path to the line 
reversing relay f 600. Relay 760 at contacts T63 
energizes relay 759 from ground at 743. Relay 
750, at contacts 752 energizes relay 755, at 

contacts 75 opens the incomplete circuit to re 
lay 730 and at contacts 753 closes a multiple 
holding ground to contacts f 163. Relay f 55 at 
contacts 757 prepares a portion of a path over 
which relay 750 is reenergized during the puls 
ing period. At contacts 58, relays 40 and 1850 
are energized. Relay 859 at contacts 859, 858 
transfers conductor 09 from relay 630, to 
ground at contacts 62 in series with the low re 
sistance winding of impedance 700. The above 
traced circuit is the Source of holding ground to 
the connector relay 660 as mentioned under con 
nector calling digit 7. Relay 630 restores but 
the guarding circuit is maintained at the open 
contacts 749. Relay 850 at contacts 856 closes 
a multiple holding circuit to relay T55. At con 
tacts 855 a polarizing winding of relay 825 is 
energized but this winding does not have sufficient 
power to operate the contacts unless the current 
through both windings of relay 825 are aiding 
each other. At contacts 85-854 the trunk 
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conductors leading to the repeater at the distant 
exchange are transferred from relay 860 to re 
lay 825 and include the impulse repeating con 
tacts 756, 726, 73f. The distant end of the 
above trunk terminates on a line relay corre 
sponding to relay 869 which is energized over the 
above circuit. The circuit is traceable from 
ground through the line relay at the distant re 
peater conductor 899, contacts 866, winding of 
repeating coil 845, contacts 852, winding relay 
825, current limiting resistance 825, contacts 
f854, lower winding of repeating coil 845, con 
ductor 895, contacts 73f, 726, 1756, conductor 
894, contacts 854', 868, conductor 898 to bat 

tery at the distant repeater (other winding of the 
distant line relay). 
The repeater is now ready to receive dial pulses 

from the calling station. Relay 760 restores dur 
ing each open period of the pulse to open the cir 
cuit at contacts 763 to relay F 750. Relay 765 
also follows the pulses, but without effect. Relay 
759 restores and at contacts 752 momentarily 

removes one of the grounds holding relay 755 
Operated, but this relay is slow to release and 
maintains its armature attracted during pulsing. 
At contacts 75 relay 750 closes circuits for en 
ergizing relays 730 and 839. The circuit for 
energizing slow to release relay 838 extends from 
ground, contacts 75 f, 723, 7 2 and 759, con 
ductor f 884 through the winding of relay f 830 to 
battery. The circuit for energizing relay f T30 
extends from ground, contacts 75?, 746, 738 
and 728 to relay 730 and battery. Relay 730 
at contacts f34 closes a locking circuit for itself, 
at contacts 32 energizes relav 725 and at con 
tacts 733 energizes relay 35 from ground at 
contacts fit 5? and contacts 1746. Relay 1735 
locks through contact 73 and resistance 739 
independent of contacts 733, and at contacts 
738 opens the original energizing circuit of relay 
f3 which is held over its locking circuit until 
relay 25 energizes. 

Relay 30 at contacts 13 f opens the trunk 
loop to the distant repeater causing the connected 
line relay thereat to restore and thus repeat an 
imulse. Relay 725 energizes and at contacts 
f726 further opens the trunk loop to the distant 
repeater. Relay 725 at contacts 128 opens the 
circuit to relay 730 which restores and at 27 
closes a circuit to maintain relay f 55 operated. 
The operating and release characteristics of re 
lay 25 are modified through variable resistance 
729 to produce a predetermined open interval at 

contacts 126 and 73f regardless of the variation 
of the received pulse at contacts 75f. It is only 
necessary that relay 760 be restored for a suffi 
cient interval to permit relay 750 to restore 
when held by a weak current through resistance 
T55. It is obvious that relay 750 cannot re 

energize until relay 769 reenergizes. Further, 
reenergization of relay 735 is dependent on relay 
3 energizing and closing contacts 733. Like 

wise, if relay TS0 is slow in energizing the re 
peated pulse is not affected because further op 
eration of relays f 30, 725 is blocked by relay 
f:35 until contacts 75 are momentarily opened 
by relay 160 re-energizing relay 750 after relay 
35 is energized. Relay 830 being slow to re 

lease Will hold between successive impulses and 
at contacts 83 shunts the upper winding of re 
lay 825 and resistance 825' to improve impulsing 
to the distant repeater. 
At contacts 834 an energizing circuit for relay 
659 is completed from ground at contacts 857, 
conductor 883, contacts 636, 643 and 666. At 
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contacts 653 relay 650 locks in series with relay 
660 to ground on conductor 885 at contacts fis8. 
The energizing circuit to relay 660 is not effective 
during the series of impulses as ground is main 
tained at coil f650. After the series of impulses 
relays 760 and 750 reenergize, relay 839 re 
stores and removes the shunt on relay f660 which 
energizes and transfers conductor 883 from relay 
650 to relay 640 at contacts 665-666. Relay 

f 650 at contacts 65 disconnects conductor 799 
from relay 600 to disable the reverse battery 
Supervisory feature unless the contacts f638 are 
closed as will be explained hereinafter under Cali 
by a toll Operator. 
Another reason for blocking reversal of current 

to the calling line, if only a single digit is dialled 
in the repeater, is to eliminate the necessity of 
collecting a coin at a calling post-payStation when 
such paystation calls the operator over repeater 
600. 
Relay f 660 at contacts 66-664 prepares a 

circuit over which a well known class of service 
tone can be applied to the called line which will 
be briefly described. 

Having energized relays 650 and 669 after the 
first digit, such calls can terminate on a manual 
switchboard such as a toll board. When such 
calls are answered at the manual board the cur 
rent is reversed over the called trunk in a Well 
known manner. The reversed current through 
the upper winding of relay 825 now aids the lower 
winding instead of being in opposition and relay 
f825 closes contacts 826. Relay f 820 energizes 
and at contacts 822 extends a ground to con 
ductor f889, energizing relay 720, through con 
tacts 75, f662 and conductor 796. Relay 720 
at contacts 72, 722 bridges the upper winding 
of coil 700 in series with condenser 70 across 
the line conductors 897 and 896. Coil 700 
acts as a transformer and a class of service tone 
(A. C. of approximately 200-400 cycles) applied 
to conductor 594 at the calling line circuit is ex 
tended to conductor f09 to ground at contacts 
f6 f2 through the lower winding of coil 1790. This 
tone is inductively transferred to the operator as 
outlined above. Contacts 24 are controlled by 
a Weighted spring that maintains a vibratory ac 
tion to prevent contacts 724 from effectively 
energizing relay f 70 until a slight delay usually 
about one second. Relay flio energizes after this 
delay and locks to conductor 889 at contacts 74 
and 664. Relay 70 at contacts 72-73 dis 
connects the circuit leading to relay f 830 and pre 
pares circuit to relay 705. Relay 70 at con 
tacts 75 opens the energizing circuit to relay 
720. Relay 720 restores and disconnects coil 
700 from the line. 
The energizing circuit for relay 705 is not com 

pleted until the calling party disconnects reclosing 
contacts 75 by deenergizing relays 760 and 
T59. In case the operator does not disconnect 

reverse current is maintained over the interex 
change trunk including battery over conductor 
899 extending to conductor 893. Under the 

above condition relay 705 energizes and at con 
tacts 706 holds relays 740 and 850 energized to 
gether with all connected equipment. The re 
lease of the connection is under control of the 
operator. 
Having described a call directed over a trunk 

to a toll operator that is accessible from the con- i. 
necting exchange by dialing a one digit number, . 
we will now describe the action which takes place 
when a subscriber in the distant exchange is 

75 called. The operation is the same as described 
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thereinbefore-for the first digit, including the ener 
gization of relays 650, S60. Subscribers' num 
bers require a plurality of digits. . Therefore, at 
the start of the second digit relays f60 and 750 
deenergize, relays 830: again energizes from 
ground at contacts 75- completing a circuit for 
energizing relay S49 from ground at contacts 

- 85 over contacts 834, conductor 883, contacts 
f 636, 643 and 665. Relay 640 locks" to ground 
on conductor if 885. Contacts. 642 open, restor 
ing relays 660 and 659. The operate circuit to 
relay: 65) is opened at contacts f 643. and the 
circuit to reversing relay 600 is prepared at con 
tacts 55. When the called Station answers cur 
rent is reversed over the interexchange trunk in 
a well known manner. The current through, the 
upper Winding of relay: 825 is now, in the Same 
direction as: the current in the lower. Winding and 
both windings aid each other to energize relay 
825. Relay 829 now energizes and operates: re 

lay f 60 from ground, contacts 822, 89, con 
stacts 766, conductor: 99. Relay 600 at con 
tacts: 60-604 reverses the eurrent to the call 
ing station. - 
The repeater is released in a Well known man 

ner. Briefly, the calling party disconnects, relays 
760, 750, 755, T40, 850 restore and ground 

is disconnected from conductor 99 at contacts 
858 which removes ground from conductor. 594 
and relay 660. The finder and connector link 
relays restore to their normal position. 

Call by... a toll operator 
It is understood from the previous description 

that relay 635 is energized when a call is initi 
ated over a group of toll trunks such as the trunk 
from exchange200. This is due to a momentary 
ground extended over conductor 444 which is 
effective only during the seizure period. Relay 
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'635 locks to ground on conductor 09. The go 
Operation of the repeater is the same as described 
hereinbefore except that the circuit to relay 600 
is not opened as the circuit to relays 650 is open 
at contacts 636, . Further a multiple path for 
energizing relay 600 is closed at contacts 638. 
Thus relay 600 energizes whenever the called 
Station answers and a distant relay corresponding 
to relay 825 energizes from the stated reversal 
of current over the interexchange trunk to the 
calling exchange. : 

Relay 635 at contact f637 opens the circuit to 
relay 52, disabling the conversation timing as 
will be explained hereinafter. 

Timing a trunkc.call 
. The timing arrangement of the repeater com. 
prising relays 520, 69 and f 63) operates in a 
Sinilar manner to the described operation for 
“corresponding connector timing relays 670, 680 
and 39 respectively. Briefly, circuits are pre 
pared to the time, control conductors 6f 6, 68, 
609, 6 9 and 64 by the timer pulse: generator 
760 in the following order. A ground pulse on 
-conductor 6f 6, two minutes-later-a ground pulse 
on conductor 6-8, one minute later a ground . 
pulse on conductor 699. Conductors 69 and 67 
are normally closed. Conductor 619 is momen tarily opened prior to ground being connected 
to conductor 6f 8. Conductor 6 it is momentarily 
opened prior to the open on conductor 649. The 
type of timer used is well known and is not, de 
Scribed herein. The specified impulse and open 
period is approximately one second. 

: Conductors: 616, 6f 8 are effective for timing an 
:unalaswered trunk call in the following manner. 
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The seizure of the repeater on an outgoing call 

including the einergization of relay it was de 
Scribed hereinbefore and Will not be... repeated. 
At contacts 45 conductor -66 is extended to 
conductors 386, 88 leading to relay 628. At 
the proper time interval a ground pulse is con 
nected to conductor; 6 Senergizing relay, $20. 
At contacts $23 relay 2 locks to ground on 
conductor. is at contacts 82. At contacts 
-624 conductor 3 is is extended to the lower wind 
ing of relay 6 A. 
Approximately two minutes ... after relay 620 

operates relay eit is energized over tiner con 
ductor 68 provided the call has not been 
anSWered. Relay 8 locks to grounded cons. 
ductor 385 through contacts 3i. At contacts 
6 2. relay & 3 disconnects ground from con 
ductors 798, 882 and 99 over which the local 
finder-connector link is held with the result that 
the link is automatically released. If the call is 
anSWered within two minutes after seizure, cur 
rent. is reversed over the trunk, energizing relays 
825 and 823. Contacts 32 open, restoring 

relay. 62. At contacts, 823 one of the multiple 
paths from conductor. 6 6. is open. However, the 
branch path from conductor GE 6 to relay 620 
through contacts 33 and 652 is an effective 
path for reenergizing relay 629 when conductor 
646 is again grounded. It is obvious that the 
last mentioned energizing circuit to relay 620 
is disabled if either the terminating call is a 
One digit member wherein relay 65, remains in 
the energized position or if the cali is originated 
by a toll operator, wherein relay 635 is energized. 
Thus the means. for timing the duration of a 
connection is, disabled on one digit terminating 
members at the connecting exchange or if the 
call is originated by a toll operator. 
After the call is answered relays. 825, 1828 and 
it are energized, and the latter relay at con 

tacts grounds conductor 9 by way of 
contacts i62i, i 83 and conductors 798 and 882 
to...hold the finder connector link after relay f St O 
is energized. Relay, 8 9 is energized as previous 
ly described and at contacts GA2. and 613 relay 
6 i8 Substitutes ground-at contact if for ground 
at contacts is 2. At contacts 6 5 the locking 
circuit. for relay 628 is transferred to grounded 
timer conductor 6 9. Approximately two minutes 
after relay f6: G is operated ground is renoved 
from timer conductor 649 to restore relay 620. 
Relay 628 at contacts 622 transfers the holding 
ground from contacts if to timer conductor 67. 
Approximately two minutes after relay 620 re 
leases ground is removed from conductor 67 
thereby removing the holding ground to cause 
the release of the finder-connector link and the 
repeater. Prior to the release of the link, timer 
conductor 689 is grounded to operate relay S30. 
Relay i838 at contacts 63 closes a tone circuit 
to the talking conductors to audibly advise the 
calling party that automatic disconnection is about to take place. 

Incoming call 
An incoming call is extended from the distant 

repeater to a subscriber's line or another trunk 
in a conventional manner. Briefly, on seizure, 
a bridge is connected across the trunk conductors 
which includes a polarized relay responsive to 
reversal of cul'I'ent, and pulse repeating contacts. 
Relay 860 is energized over the above circuit 

and energizes relay. 849 at contacts 852. Relay 
848 at contacts : 843 opens the ground circuit 

to conductor. 443 to busy this trunk at the trunk 



2,491,291 
4. 

selecting relays. Relay 80 energizes from 
ground at contacts 84 and at contacts 8 
8f 6 a bridge is connected across conductors 
207 and 208 leading to line relay circuit 25. The 
bridge mentioned above includes the upper wind 
ing of relay 825, resistances 8f3, 825 and 
pulse repeating contacts 86. The circuit is 
traceable from conductor 207, contacts 8 , re 
peating coil 845, contacts 83, resistance 83, 
winding of coil 825, resistance 825, contacts 
86, lower winding of repeating coil 845, con 

tacts 814, contacts f 86, conductor 208. It is 
understood that line circuit 205 is the same as 
line circuit 25 with conductors 207,288 and 277 
corresponding to conductors 27, 28 and 295, 
respectively. The closure of this bridge circuit 
energizes the line circuit line relay which causes 
a link to be seized over finder contacts 504, 505 and 506. A multiple holding circuit is completed 
to relay 80 from ground at contacts of the line 
circuit line relay to conductor 27.7'. 

Relay 86) is responsive to dial pulses and at 
contacts 86 repeats the incoming pulses to 
operate the connector in the usual manner. Re 
lay 830 energizes on the first impulse shunting 
the upper winding of relay 825 at contacts 83 
to improve impulsing. Relays 830 and 840 re 
main energized between Successive pulses. 
When the link circuit was first seized the link 

Was marked to provide restricted service in ac 
cordance with the operation of relay 930 and toll 
call facilities at relays 625 and 644 as described 
under line 205 restriction. Briefly stated relay 
930 is energized from ground at contacts 33 over . 
contacts 426, conductor 457, contacts 558, con 
ductor 457, and lower winding of relay 930 to 
battery. Relay 930 energizes relay 625 at contacts 
936. Relay 625 at contacts 627' energizes relay 
644. Relay 930 provides access to the alarm cir 
cuit at contacts 934 and prevents access to the 
group 8 trunks at contacts 932. The purpose of 
energizing relays 625 and 644 to provide override 
of busy, Special flash busy and special trunk serv 
ices was described under toil services and will 
not be repeated. 

Repeater group 8 trunks 
We will now describe the type of automatic to 

automatic repeater shown in Figs. 19 and 20, 
which is restricted to repeating a predetermined 
number of digits (4) unless the call is originated 
from a specified group of trunks such as the toll 
centers. In the latter case markings are ex 
tended to the repeater that identify calls from 
Such specified trunks and disable the digit re 
stricting feature to permit repeating an unlimited 
number of digits, 

Outgoing cdlis 
The seizure of the repeater by the calling party 

dialing the digit 8 was described in a preceding 
heading of “Group 8 trunks.' 
In a like manner relays 2000, 2005 energize in 

series with the Calling line that is extended 
through the finder and connector. 
are held by the repeater which extends a holding 
ground circuit at contacts 2046 to conductor 

76. The holding circuit is traceable as follows. 
Relay 2000, at contacts 2003, energizes relay 985 
from ground at contacts 1972. At contacts 988' 
a multiple ground through resistance. 989' is 
connected thereto to hold relay f 985 after relay 
970 energizes. Ground at contacts 98.7' en 

ergizes relay f 980. Ground at contacts 98 en 
ergizes relays 970 and 2040 over conductor 209. 

The latter . . 
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Relay 2040 at contacts 2046' extends ground from 
contacts 952, conductor 99 to conductor OT 6 
to hold the preceding switches in the operated 
position. Relay 2040 at contacts 204-2846 
transfers the trunk conductors 2099, 2998 from 
ground and battery at coil 2055 to a bridge hold 
ing circuit comprising contacts 2942, the upper 
winding of coil 2025, resistance 2328, contacts 
2044, lower coil 2070, conductor 993, contacts 
1985, 1969, 1968, conductor 992, and contacts 
2046 and 2063. The currents through the upper 
and lower winding of coil 2025 oppose each other 
and relay 2025 is adjusted not to operate Con 
tacts 2026 unless the currents through both Wind 
ings of coil 2025 are in the same direction. The 
trunk conductors terminate on a repeater in the 
automatic sub-office wherein battery and ground 
through a relay similar to 2055 is connected to 
the line. This relay is responsive to repeated dial 
pulses to control the extension of a call to the 
called station. When the call is anSWered cur 
rent on the trunk conductor is reversed. 
Having energized relays 2000, 2005, 985, 980, 

1970, 2040 on seizure the repeater is now respon 
sive to the next series of dial pulses. Relay 2000, 
in response to dial pulses, opens and closes Con 
tacts 2001-2003. At contacts 200 a circuit is 
prepared for reenergizing relay 2000 through cur 
rent limiting resistance 2004. The latter does 
not pass sufficient current to reenergize relay 2000 
until the line loop is reclosed by the dial SpringS. 
At contacts 2002 a branch path is closed for hold 
ing slow relay 980 energized. Relay 985 re 
stores from open contacts 2003 and at contacts 
1986 energizes relay 955 through contacts 983, 
1986, 1982 and 966. Relay 965' at contacts 
966' closes a self holding circuit. At contacts 
969 the bridge across the trunk conductor is 
opened thereby causing the energized trunk line 
relay to restore to repeat a corresponding open 
period to the terminating apparatus. At contacts 
967 relay 985 energizes and closes a self hold 

ing circuit at contacts 987. At contacts f 986 the 
first named energizing path to relay 965' is 
opened. Relay 1985 at contacts 988 in conjunc 
tion with closed contacts 97.3 prepares a ground 
circuit over which relay f 985 reenergizes after 
contacts 2003 reclose. Relay 965' at contacts 
1968' energizes relay 965. At contacts 968 the 
trunk loop is further opened. At contacts 966 
relay 965' restores and opens contacts 968 re 
storing relay 965. Relays 965, 965' reclose the 
trunk loop through completing a pulse. In a like 
manner successive pulses are repeated. It is ob 
Wious from the foregoing description that the 
duration of repeated pulses is independent of the 
received impulses at relay 2000. It is only neces 
sary that relay 2000 open and close for a sufficient 
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period to energize or restore relay 985’ together 
with relay 985. The duration of the repeated 
pulse is controlled by the predetermined ener 
gizing and release characteristics of relays 965 
and 965'. The former relay is variable by adjust 
ing the shunting resistance 1959. 
A feature of the repeater is to limit the num 

ber of digits that can be repeated on restricted 
calls. When relay 985' restored a branch path 
from contacts 986, 1983 is extended over con 
ductor 2093, energizing relay 2030. At contacts 
2033 ground at contacts 97 conductor 2099 is 
extended to relay 925 over conductor 996, con 
tacts 92 f, 1926, 93, 1931, 1941. Relays 925 
940 are two step relays in which the upper wind 
ings have only sufficient power to close one set 
of make contacts. Specifically relay 925 closes 
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only contacts 1928, extending the lower winding. 
to ground at contacts 204 through contacts 934, 
937, 933, conductor 995. The lower winding 

is shunted at coil 925, during pulsing as relay. 
239 holds between successive pulses. Relay. 2838, 
restores during the interdigital. pause, removes 
ground from conductor 996; and relay 925; with 
both windings effective, extends conductor 996 
to relay 930 at contacts 92. In a like mainer 
relay 2030 reenergizes; on the next series of im 
pulses, and relay 1930 closes contacts 933. Re 
lay 930 completely energizes after relay, 293 is 
restored again. Relay. 925 restores - when con 
tacts 934 open to extend conductor 998. to relay. 
935 through contacts 1921, 926 and 932. In a 

like manner relays 935-and 940, are each ener 
gized on Successive digits., At-contacts 944, con 
tacts. 968, 9694, are shunted . and ; further im 
pulses cannot be repeated at contacts. 968, 969. 
The above-described feature to imit the nun 

ber of repeated digits-is, not effective; in cases 
Where the call is initiated over a toll group of 
trunks.- whereby a ground is extended over con 
ductor. 39 during, the seizure a period. The 
means; cf. projecting the stated: ground to con 
ductor 3.9 is similar to that described : under 
calls initiated on the: 0 or 9 group of trunks...as 
mentioned under calling the '8' group of trunks. 
Relay 92 energizes, over. conductor 379 and 
completes a self holding: circuit at contacts 922 
from ground On conductor 9.6:to battery at the 
lower winding of coil: 920. At contacts -f 92f the 
circuit to relays 925-940 is disconnected. 
When the extended callisianswered, the cur 

rent is reversed to : the"; trunk conductors 299, 
2533. The current, through both: Windings of 
reiay 225 is in the same direction, closing coin 
tacts 2328; to energize relay 2029. Ground at con 
tacts 252: energizes relay. 905 over. Conductor 
2057 and contacts 2006. Relay. 905 at contacts 
49.8 closes a multiple: circuit to contacts 206 
thereby preventing the: calling party from re 
storing relay 2025. At contacts. 906-1907 the 
circuit to the calling line is reversed for super 
visory purposes. The purpose, of routing the 
energizing path for relay: 905; through contacts 
2958 is to prevent: the reversals of current to a 
ground line wherein relay 2060-is-energized over 
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one conductor, to ground, and : relay: 2005 is not 
energized. The grounded line-operation is: well 5i 
known and is not described herein. It is obvious 
that any non-standard condition such as a ground 
on conductor oil. Would prevent relay, 2605 from 
energizing thereby effectively, blocking...the re 
Versal of current and a false-release of the cons is, 
nected apparatus. 

Relay. 95-is-energized in multiple with relay 
3& the purpose of Which Will be explained here 

inafter. 
Timing a trunk call 

The timer pulses-are extended from the com 
mon tinner 63 over conductors. 689,.6f 7, 68,69 
and 68. Each conductor...has-a-circuit condi 
tion...established thereon in a varying time period 8 
of a two-minute. cycle, as a explained under con 
nector timing. For explanatory purposes it will 
be more easily understood if the complete timer 
period is considered as four cycles of two minutes 
each. It is understood that conductors G 6, 68 
and 833 are normally, open and conductors. 6f 7 
and 6S are normally grounded. 
We have previously described the energization 

of relay, St when the repeater was seized. At 
contacts 93 conductor 616 is extended to relay 7 
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s, ductor 67. 
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960; through contacts. 92, and 957. On the 

first-cycle of a time period, conductor 66.is 
momentarily grounded, thereby energizing relay, 
969 which locks. to ground at contacts 2347. 
through contacts. 964. 955, i? 974 conductor 2688, 
contacts 2032, 2022; to 294. This circuit is re 
leasalie at contacts .232 for each series of re 
ceived impulses or at contacts 2822 when the call. 
is - answered. Relay. 960 at contacts. 963 ex 
tends conductor. 68 to relay f 950. On the next 
cycle conductor. 68 is momentarily grounded 
energizing relay 950, provided the above de 
scribed holding circuit to relay. 968 is not opened. 
due to dialing or an answer before the relay 959 
is energized. Relay 950 at contacts. 952 and 
S53. disconnects. ground, from conductor 99. 
It will be recalled that. ground on conductor 99 
was extended: over, conductor. 0. 6. to hold the 
finder and connector therefore...it is obvious that 
the finder and connector restore...and the calling 
line is locked out at the line circuit in a Well 
known manner, 
We will now describe, how the duration of a 

conversation is timed: and released after a period 
of approximately eight minutes. In this case it 
is... understood the call is answered before relay 
A 950 is... energized. Further, when the call 
answer relay 2C25. energizes, relay. 2020 energizes 
to cause, the energization, of relay: f$5...at. Cons 
tacts 202i. Relay. 915 at contaets: 9 fa. closes a 
self holding circuit...to ground. at contacts f 97 
beforer contacts. 9 open. At contacts. 96 
ground . is extended to... contacts. 962. During 
the next two. minutes interval relay. 966) is re 
energized through...contacts- 975, -92. and 957. 
During the following two minute., interval. relay 
iS5) is energized from ground on conductor 68. 
At contacts. 953.conductor. 991 is transferred to 
ground at contacts. 96. and at contacts. 956 
relay. 960 is transferred to a timer contirolled 
ground on conductor. 619. During the next two 
minute. interval conductor. 6.9 is momentarily 
opened restoring relay, 960. At contacts 962 
conductor 99 f is transferred to ground...on cone 

At contacts 95, 96 conductor 
609 is extended to relay: 945. Within the foll 
lowing minute the timer extends a ground pulse 
to conductor 609.energizing relay (945. At con 
tacts 947 in audible tone on conductor 779.is 
extended from contacts 1959, condenser 943, con 
ductor 994 to the calling line connected to con 
ductor 075. The tone described above is a 
Warning tone...that the call will be disconnected 
Within one minute. ... During the following, minute 
the timer disconnects ground from conductor .67 
which is the holding ground to the connector 
and finder. Thus the connected switches restore 
and the line is locked out at the line circuit in a 
Well known manner. During the open period on 
conductor 6f 7 conductor. 609 is again closed to 
ground and relay: 945 reenergizes: Tone is 
again closed to the calling line during the re 
lease period and the trunk is guarded at open 
contacts 1946: 

Incoming.call. 
The method of establishing an incoming call 

is similar to calls on the other described re 
peaters. Accordingly incoming calls will be 
briefly described. The callis extended from the 
calling station at the distant exchange to a ter 
minating repeater. The latter on seizure ex 
tends an impulse repeating bridge across con 
ductors 2099, 2098 energizing relay 2055. Ground 
at contacts 205Tenergizes-relay 2035-which en 
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ergizes 200, at contacts 2037. Relay 200 ex 
tends a pulse repeating bridge across conductors 
27 and 28 leading to the line circuit 25. The 
latter is the same as line circuit 26 and accord 
ingly the line relay energizes and causes a finder 
to extend the above conductor to a connector. 
The connector line relay 60 is now energized 
Over a circuit from ground, upper Winding of 
relay 60, over conductors 508 and 27, contacts 
20, upper repeating coil winding 2070’, contacts 
203, resistance 2029, upper winding of relay 
2025, resistance 2028, contacts 205, lower re 
peating coil winding 2070', contacts 206, con 
tacts 2056, conductor 28, conductor 509 to bat 
tery at the lower winding of relay 60. Relay 
2055 is responsive to dial pulses and at contacts 
2056 corresponding pulses are repeated to relay 
60. The latter in response to the stated re 
peated impulses extends the call therefrom in 
a well known manner. Relay 2025 does not close 
contacts 2026 until the currents through both 
windings are in the same direction. Accordingly 
when the called station answers current is re 
versed over conductors 27 and 28 at relay 620 
and relay 2025 energizes relay 2020 at contacts 
2026. Relay 2020 at contacts 202 extends 
ground at contacts 20 ft to relay 2060 through 
contacts 20 9. Relay 2060 energizes and at con 
tacts 206-2064 reverses the current to conduc 
tors 2099, 2098 causing a relay, corresponding to 
2025, to operate at the distant office repeater to 
reverse the current to the calling party. 
A call established with a local termination is 

releasable when the calling party disconnects, 
restoring relay 2055 which opens the bridge at 
contacts 256, and relay 2035 restores. The con 
nector releases in a well known manner and dis 
connects ground from conductor 295'. Relay 
200 restores clearing the repeater. 

It is obvious from the above description that 
on a call extended over another repeater, the 
ground on conductor 295' is not disconnected 
until the called operator disconnects. Thus the 
call is held until both parties disconnect which 
permits the reversed current feature to be used 
for supervisory and recall purposes. 

Repeater-Automatic-manual dial back 
The trunk circuit at the manual exchange 299 

may be any one of several well known types. 
It is only necessary to know that the control 
over the connecting trunk is on a single Wire 
circuit and it is usually applied either as a sim 
plex or a composite (Morse telegraph) leg to 
the transmission trunk conductors. For ex 
planatory purposes it is shown as a simplex 
wherein the signals are extended Over both Con 
ductors in parallel. The manual trunk circuit 
connected to the control lead mentioned above 
is used for incoming signalling, transmission of 
dial pulses and for Supervisory purposes. 

Incoming Call 
In response to the operator initiating a call 

over conductors 2398 and 2397 relay 2330 is en 
ergized in series with the operator's dial cir 
cuit when the trunk is seized at exchange 290. 
Relay 2330 at contacts 2332 energizes relay 230 
and at contacts 2333 completes a circuit for en 
ergizing the line relay in line circuit 2. This 
circuit is traceable from ground through One 
winding of the line relay not shown, conductor 
22, contacts 2329, upper winding of repeating 
coil 2393, contacts 2325, upper winding of relay 
2355, resistance 2354, lower winding of repeating 
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coil 2393, contacts 2326’, 2333 and 2328, con 
ductor 23 to battery at the line relay not shown. 
The operation of the line relay in the line cir 
cuit causes the finder to find line circuit 2 
and connect the connector to the calling trunk 
in a manner similar to that previously described. 
When the trunk is extended to the connector the 
connector, line relay 6f O is substituted for the 
line relay in the line circuit. At contacts 232 
relay 230 completes a circuit through the lower, 
polarizing winding of relay 2355 from grounded 
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lay 2355 energizes. 

contacts 2323. 
At contacts 23 relay 230 opens the holding 

circuit of allotter relay 2350' thereby causing re 
- lay 2350 to restore whereupon the allotter re 
lays operate to preselect another trunk line cir 
cuit in a manner to be described hereinafter. 
The current through the upper winding of re 

lay 2355 flows in an opposite direction to the cir 
cuit in the lower winding and relay 2355 does 
not energize until both Windings aid each other. 

Relay 2330 in response to dial pulses repeats 
corresponding impulses at contacts 2333 to the 
connector line relay 60 to establish the desired 
connection. During the dialing period relay 2340 
is energized at contacts 233 and 234 and being 
slow to release it holds between impulses. At 
contacts 234 relay 2355 and resistance 2354 
are shunted to improve impulsing. Relay 2340 
restores during the interdigital pause. 
When the call is answered the current over 

conductors 22-23 is reversed in a well known 
manner. The current through both windings of 
relay 2355 is now in the same direction and re Relay 2355 energizes relay. 
2350 at contacts 2356. At contacts 2352 the 
lower high resistance winding of coil 233i is 
added to the upper winding in the simplex con 
trol path. This increased resistance in the 
simplex control path causes the Supervisory 
equipment at the manual office to indicate an 
answered call. When the called station discon 
nects the current is again reversed restoring re 
lays 2355 and 2350. The simplex control path 

, is transferred to the low resistance upper wind 
ing of relay 2330 and the supervisory disconnect 
signal is energized at the manual board 290. 
The operator disconnects, restoring relay 2330 
followed by relay 230 and the release of the 
connected equipment. 

Before describing an outgoing call from con 
ductors 992 and 0.93 over conductor 2398, 239T 
we will first describe how the trunk line portion 
shown in Fig. 23 is preselected for connecting with 
the dial back repeater shown in Fig. 22 by allotter 

This equipment is similar to 
the finder allotter in Fig. 4 and is so well known. 
that it need only be briefly reviewed. Each busy 
trunk opens the circuit to a corresponding allotter 
relay such as at contacts 23 or 2322 to Open. 
the circuit to 2350' which restores if energized 
and cannot be reenergized until the above men 
tioned contacts are closed. When all relays, simi 
lar to relays 2359' and 2370', are normal a chain. 
circuit is completed that energizes relay 2340'. At 
contacts 2342 ground is extended to relays 
2359'-230' over circuits including contacts, Such 
as contacts 23ff and 2322. Each relay corre 
sponding to an idle trunk energizes and locks to 
ground at contacts 2355'-2375 respectively. The 
chain circuit through contacts 237 -235 is 
opened and relay 2340 restores. Relay 2330' is 
slow to release and will not restore during the 
normal resetting period described above; however, 
if all trunks are busy relay 2340' does not restore 
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and relay 233C' then restores. At, contacts. 233t." 
a ground is extended to conductor 228 which 
leads to a busy relay, Such as relay 2250 of the 
preceding trunk equipment aS will be described 
hereinafter. Likewise irelay 2300' is energized 
when the allotted trunk is being extended and 
opens the circuit to relay 23-0. The latter is 
slow to release and will hold during the normal 
connecting period. However if the connection is 
not extended within the predetermined period 
relay 23is' restores and completes a shunting cir 
cuit from battery, resistance 2392, contacts. 2302, 
23, 2343', 2353', contacts. 2322 and 23 to the 
winding of relay. 235 to battery. Relay 235' 
now restores and the next trunkline is preselected 
by the elaergization of the next allotter relay, such 
as relay 2370'. 

Outgoing call 
We Will now aSSume that a call is extended 

through the finder-connector link and that the 
connector has established a connection between 
the calling line and the terminals. 92,093 and 
394 terminating in repeater 200. Relays 240, 
245 energize over conductors 692 and 0.93, con 
tacts 234 and 232 and the left hand Windings 
of repeating coil 270 in Series with the calling 
line. Relay 2 if C is energized over conductor 
(94. Relay 2:5 energizes from ground at con 

tacts 2-42. Relay 220 energizes from ground at 
contacts 2 if 8. Relays 2 fi5 and 2200 are the re 
lease and hold relays and at contacts 27 and 
2263 they extend ground at contacts, 2 f23, 2264 
to conductor 93 from which the connected find 
er and connector links are held. Relay 2fO is 
held energized over the above path. At contacts 
2 the ground is disconnected from guard con 
ductor 2 2 to release relay 69 which makes the 
trunk busy to the trunk selecting relays shown 
in Fig. 11. At contactS 29. an audible A. C. tone, 
Such as ringing current through condenser 2280, 
is extended to the calling, line as a signal that the 
Call is being extended. Ground at contactS 2202 
energizes relay 222 over contacts 22, chain 
contacts 2279-2279, contacts 2252, relay 2220, 
contactS 2222, contacts 23). Series chain con 
tactS 222 i'-222 to battery through resistance 
2228. Relay 222), at contacts 2223 locks to bat 
tery before the chain circuit at, contacts 222?, 
2222 is opened. Relay 2228 at contacts 2226-2227 
extends, each of the trunk connect relays 
223-2238 to a corresponding allotter relay 
2355-235. Only the one circuit is completed 
at the last named allotter relays. Specifically re 
lay 22.3 is einergized from ground at relay con 
tacts 2333, over conductor 2288’ and locks at 
contacts 22:3 to ground at contacts 2202. 
Ground at contacts. 2273 energizes relay 2320 
over conductor 229. Relay 2329 at contacts 
232 S to. 2323. disconnects the incoming line cir 
cuit. and completes the transmission circuit from 
the Calling. line to, the trunk leading to the dis 
tant cffice through repeating coil 2393. Ground 
at contacts 2324 energizes relay 2376 which opens. 
the incCrnplete circuit to relay 238 at contacts 
23; and at contacts 2372 energizes relay 236). 
Relay 236 opens contacts 236 f and relay 23TO 
restores. Relay 2360 is held from contacts 2373, 
2332, 2362 and 2324. Relay 2360 at contacts 
2355-336; transfers the simplex trunk control 
path from relay 2333 to direct generator ringing 
current on conductor 2395 which causes the trunk 
signal lamp to light in a well known manner. Re 
lay 2358 is now energized from ground at con 
tacts 2232, conductor 2185, contacts 24, con 
ductor 284, contacts 22if', conductor 2293, con 
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tacts 2353 and through relay 2350 to battery. Re 
lay 2380 energizes after a slight delay which in 
cludes the slow to release period of relay 2370. 
Relay 238 at contacts 2385 disconnects direct. 
generator and connects direct current to the con 
trol path through resistance 2389 as a drain for 
foreign potentials that remain on the trunk. At 
contacts 2383 the circuit to relay 2350 is main 
tained. Relay 238) opens contacts 2382 and relay 
2353 restores, reclosing the control path to relay 
2335 which now includes the lower high resist 
ance winding of relay 2333 since contacts 2352 
are closed and 235 opened for supervisory pur 
pOSeS. 
When the operator answers the operations are 

similar to that described for an incoming call. 
Relay 233 energizes relay 230 at contacts 2332 
and at contacts 2333 prepares an incomplete pulse 
repeating circuit. Relay 239 at contacts. 23 3 
Connects ground at contacts 2324 to energize re 
lay 2255 which closes a well known tone induction 
circuit at contacts 258 across the voice transmis 
sion conductors 2239 and 2292. Briefly reviewed 
the latter includes condenser 2259, contacts 2258, 
225 and lower winding of coil 2259. Thus any 
tone on conductor 94 extends over the upper 
Wiriding of coil 2259 and is inductively coupled 
to the trunk for a predetermined interval which is: 
controlled by the delay in energizing relay 230) 
from the weighted spring contacts 2255. After a 
delay relay 232 energizes through contacts 2256 
and opens contacts 233 to restore relay 2255 and 
disconnect the tone from the trunk. 

Relay 238 at contacts. 23 5 energizes relay 
226t, over conductor 2295 and contacts 2275. 
Ground at contacts 2288i energizes relay 260 
which disconnects the waiting signal from the 
calling line at contacts 262. At contacts 2268. 
a multiple ground holding circuit is closed to 
relay 220. At contacts. 226 relay, 229 is dis 
connected from the timer circuit. At contacts 
2233 a multiple holding circuit is closed to relays 
22E and 2325. At contacts 2264 the shunt across 
the upper Winding of coil 2259 is: removed per 
mitting coil, 2259 to act as a tone transformer as 
described in the preceding paragraph. 

It is obvious from the above that the transmis 
Sion circuit between the calling party and distant 
operator is completed through repeating coil 2393 
and that the repeating coil windings 270 to 
gether with the calling party transmission bat 
tery Supply coils 2.48 and 2:45. are bridged across 
the calling line. 

Further, the release of the connection is con 
trolled by relay. 22.98. which is controlled by the 
Galling party from relays 2.49 and 25 and by 
the operator from relays 2330, 23.40 and 2260. If 
the calling party disconnects, relay. 249 at con 
tacts. 2.f4, opens the circuit to relay, 2350 which 
restores to give the operator disconnect super 
vision by Substituting the upper low resistance 
winding of relay 2330 for the lower high resist 
ance Winding. 

Dial back 
We: Will now describe how the called operator 

extends a connection to another station by dial 

S. 

ing back. Over the same trunk whereon the pre 
vious described call was established. 
The Operator connects her dialing set to the 

Simplex control path of the trunk conductors 
2398, 233; in a well known manner and dials 
digiti. Relay 2333 releases responsive:to the dial 
pulse and at contacts 233 energizes relay 23.60. 
At contacts. 2344 and 2345 relay. 234a: opens the 
circuit through the lower high-resistance winding 
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of relay. 2330 and closes the pulsing circuit 
through the upper low resistance Winding during 
the pulsing period. On reenergization of relay 
233, after the first pulse, relay, 2339 closes a cir 
cuit over a contacts. 2332,2345", 2394, conductor 
2294, contacts 226 and 2235 to relay. 223). Relay 
234 at contacts 2346 -energizes relay. 255 over 
contacts 235 g and 223. Relay. 2239 locks to 
ground at contacts. 2264 before contacts. 2235. 
open, at contacts 2233 opens the circuit to relay 

50 it, 
are now free and can be used £or establishing 

... another call. 

S 

10 

2359 which restores, and at contacts 2236 and 
2287...extends the conductors 275 and 26 leading . . . 
to the line circuit. 23 to contacts 2333, which 
causes a finder to extend a connector thereto. . . . 
The latter circuit is traceable from battery at 
the line relay, conductor 276, contacts 2236,223, 
conductor. 2297, contacts 2327, 2333, -2328, con- . 
ductor 2298, contacts 222, conductor 2294, con 
tacts 2:55, resistazice 2.Éils, conductor 2.98, con 
tacts 223, conductor. 2:3 to ground at the line 
relay. . . Relay. 2353 at contacts 2352 opens the 
circuit to the high resistance winding of relay 
233. and at contacts 235. 'Substitutes the upper 
low resistance winding so as to give the operator 
a signal over the simplex control circuit to advise 
her that the scGinsections. has been, Switched 
through to the repaater, line circuit. ... When the 

15 

20 

The call between the calling party and called 
party over the branch circuit is releasable by the 
calling party disconnecting. Relay 2-6 opens 
the holding bridge at contacts 2 fis3. Relay. 25 
restores together with the holding relay in the 
connector. Relay 22e restores and opens the 
ground to conductor 395 by which the calling. 
party connection releases. It is obvious that a 
ground on conductor 2283 will hold the connec 
tion at relay 2258. The latter condition exists. 
only if the call is extended over another group of . 
trunks which iii.aintains the stated conductor 
grounded until the called party disconnects. 

in case the repeater 2.53 is seized by the local 
connector and the local connector had previously 
been operated from a toll trunk, instead of a local 
SibScriber, then the toll i'elay 654 is operated and . 
as previously described irelay 2 53 is operated. 
The circuit for operating relay 25 may be traced . 
as follows: ground at the connector, contacts 649, 
conductor 27 in cable 298, contacts 233', 268, 

25 

associated finder finds this line circuit and con- . . . 
nects the associated son sheetor of the local link; , ; 
the operator regeives dial tone in the customary. 
nanner for the teennector and proceeds to-dial. . 
the digits of the desired Sbscriber's call-number. . 
Contacts 33333 opera and :glase in accordance With 
further dial pulses and the call is: extended over 
the connector in the 1stial manner. When the 
call is answered the current over conductors 25 
and 26 is reversed. ... Luring the impulsing the 

successive impulses With relay, 234 restoring dur-, 
ing the interdigital pause. Relay, 255 controlled 
from relay. 235 also restores bétween digits, re 
moves the shunt at contacts. 2356 from across the 
upper winding of relay 2248 and reconnects the 
transmission circuit at contacts 25. The latter 
is opened during in pulsing to prevent objection 
able: dial clicks to the caling party. The currents 
through upper and lower windings of relay 2243 
oppose each other. Intil the current is reversed 
on answer whereby both windings aid each other. 
and relay 2243 energizes. Relay 224 energizes 
relay 2243 at contacts 2243. Relay 22.40 at con 
tacts 23-5 and in conjunction with contacts 2443. 
completes a multiple circuit with contacts 2333. 
for the established coininsction on conductors. 25 
and 26. : Relay 225 at contacts 22 S extends 
conductor 2283 to this -upper - winding of relay 
22 si... Thus ground on conductor. 2233. froin the 
established bi-anch connection will hold relay 
22 until the callis disconnected. 

Relay 223 at contacts 22:2-completes a circuit 
for reoperating relay 2353 from ground-by way. 
of contacts .2233,322,284-, 223 , and 2383. to. 

... Relay 2353 again. Substi- . battery at relay 33 
tutes the high resistance winding of relay .233 
for the low resistance Windig thereky giving the 
operator a Spei Yispy signal to the effect that 
the called garty inas answered. 

It is chvious that ha-operator may stay on the 
co;hregioi gr disco: 
of the Geisegti. ASS 

restores and opers contacts 
restores and opens contacts 

30 

conductor 29 in cable 234, contacts . . ; 2 of 
the trunk selecting relay 69, conductor 2 3 
and through the upper winding of relay 2 53 in 
repeater 2 8. At contacts 252 relay 2:55 locks 
to grounded conductor $8 and at contacts 2 El 
prepares the circuit to reversing relay 233 so 
that when the operator answers or when the 
called Subscribe in the dial-back connection, an 
Swers contacts 2252 or 2222 complete the circuit 

35 

through contacts 25 and 242 to operate relay . 
236. Relay 238 at contacts 243, shunts con 
tacts 242 and at contacts 232 to 235 reverses 
battery back over conductors 92 and 693 to 
give the calling toll operator answer supervision. . 

slow to release relays. 33.3 and 2349 hold between . . . 

40 

Time disconnect 
The repeater. 23 and the local link are auto 

matically released in case the operator does not 
answer the call within a predetermined time after 

timer 35. 

50 

60 

it and free the ticulinks end . . 
isins the ogerator discon- - 70 

75 

Seizure or in case the subscriber called over the . 
dial-back repeater by the operator does not an 
SWe' after the operator has disconnected. This 
time disconnect circuit is controlled by relay 228 
which in turn is controlled from the common 

The circuit for relay 223 extensis 
from timer conductor 86, contacts 22, condu:c- 
to 28, contacts 228 which are closed provided 
the called subscriber has not answered, contacts 
2268 which are closed provided the operator has 
not answered or has disconnected, contacts 223, 
conductor 292 to battery through relay 22 S. 
When conductor SAS is groinded by the timer 
after relay 228 is operated the above traced cir- . 
cuit is conpleted only if contacts 223 and 225 . . 
are closed. At contacts 2 22 relay 223 locks . 
itself independent of conductor 6 and at con 
tacts 223 and 224 Substitutes grounded timer 
conductor is for ground at contacts 223 to hold 
the established connection over conductor Si3. . . 
Relay 2:28 will release if the operator answers or 
if the called party answers but if relay. .2-28 is 
-held operated for a predetermined time, ground 
is then removed from timer conductor 6 with 
the result that ground is renoved from conductor. 
;38 to release connector relay 656 to cause the 
release of the connection as previously described. 

Alarn. Sigetisory and clari. Cflecking 
Salper")isory 

Fig. 24 diagranamatically shows a portion of the 
alarm supervisory, alarin checking and alarr 
seading equipment in order to provide a means 
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for supervising an unattended telephone exchange 
from an associated manual toll office. It regis 
ters alarms as they occur in the office and trans 
mits alarm signals to the toll office. The alarm 
checking equipment is seized by calling the test 
number, in this case number “200, plus any ring 
digit which has been reserved for this purpose. 
The connectors are arranged so that only at op 
erator or other authorized persoin in the tol 
office can dial into this equipment. The circuit 
is arranged so that more than one test or a whole 
series of tests in sequence can be made With 
call to the alarm checking relays. To do this, a 
desired test which is first in order is nage first, 
then the next test desired can be made by dial 
ling another digit which is the difference between 
the number associated with the desired test aind 
the one just completed. By dialling a series of 
digits '1' into the equipment all of the tests and 
operations can be made in Sequence. 
In order to describe the alarn checking circuits 

it will be assumed that the operator at exchange 
f5 originates an incoming call over repeater 53 
and then dials the alarm checking number “200,' 
plus a ringing digit. In response to this call the 
repeater, finder and connector operate in the 
same manner as previously described. It should 
be remembered that on an incoming call over re 
peater 6 the line circuit, 285 causes the opera, 
tion of relays 38 and 33 which in turn operate 
restriction relays 42 and 93 . The latter relay 
prepares circuits for controlling toll relays 325 a.3ad 
644 which permits the calling operator to nake 
certain calls denied to other calling lines. Sin 
marizing briefly, the connector in response to the 
first digit "2’ causes the operation of relay 33. 
which locks in Series with relay 9 and in re 
sponse to the second digit '0' the tens relay 
040 is energized over the operated contacts 335 

of relay 938 and locks in series with relay 93 as 
previously described. In response to the third 
digit '0' units relays is and 2 energize and 
relay f2 locks in series with the third digit 
transfer relay 928. The circuit between the cali 
ing operator and the alarm checking circuit is 
now completed through the operated contacts of 
relays G00, e2 and & 8 to conductors S5, 
i096, 9 and 98 terminating the alarm check 
ing circuits. Test relay 83 is now energized 
fron ground, contacts 63 and 353, conductor 633, 
upper Winding of relay 8, contacts 26, coin 
ductor 38, contacts 925, conductor 353, contacts 
i006, 27 and (66, conductor 97, and through 
the winding of relay 25 to battery. Relay '88 
operates and locks and at contacts 8 and i82 
bridges the upper and lower windings of relay 
acroSS conductors S3 and 652 and therefore 
across conductors 95 and S5 of the alarin 
checking circuit. Relay 24, and contacts 233 
close a bridge across conductors 285 and 336 
thereby energizing the back bridge relay i. 
At contacts of relay 780 energizes relay 52 
which reverses current back to the calling opera 
tor to advise her that the alarin checking circuit 
has been Seized. In response to the fourth digit, 
which may be any ringing digit, relay : E is en 
ergized as previously described. At contacts 3 
relay energizes the register release relay 893 
from grounded conductor 555, any one of the op 
erated contacts 8; 3, 824 or 834, conductor 23, 
contacts 3 and 33, conductor S through the 
lower winding of relay SS to battery. At contacts 

5 relay a 5 prepares a pulsing circuit for 
enabling the operator to pulse the alarin check 
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ing relays. Relay 693 restores the operated 
counting relays as previously described. 
When relay 93 operated and closed contacts 

936 toll relay 625 was energized from grounded 
conductor 638, over conductor 599. Relay 625 
the energizes and locks to conductor 693 and 
at contacts 627 prepares another point in the 
pulsing circuit to the alarm checking relays. 
When the alarm checking equipment is seized 

by the connector relay 24 is operated over con 
ductor 9 to prepare the pulsing circuit at con 
tacts 24 2 and at contacts 24 4 operates relay 
2ái 3 which at contacts 249 transfers the lock 
ing circuit of generator alarm relay 288 to 
ground at contacts 24:4. Relay 283) is also en 
ergized in series with back bridge relay 739 over 
conductors (95 and 96 when the alarm check 
ing equipment is Seized. At contacts 249 relay 
24 energizes slow to operate relay 242 which 
at contacts 243 locks to grounded conductor 
e9. At contacts 2.É. G4 relay 25, 2 opens the cir 

cuit of relay 24, and the back bridge relay 99 
and relays 2430 and restore. At contacts 
24 f5 relay 24 closes a circuit for intermit 
tently operating relay 2442 over conductor TP3 
which is intermittently connected to ground at 
the common timer at approximately four second 
intervals. 
When the alarm checking equipment is seized 

dial tone and busy tone are intermittently con 
nected to the calling line to indicate to the opera 
tor that the tone equipment is functioning and 
that dialing may take place. This circuit may 
be traced from the dial tone and busy tone 
leads through contacts 24:34 or 2643, contacts 
244, 239 and 2337 to line conductor 38 and 
thence back through the connector line con 
ductor and eventually to the calling operator. 
The Single digit 1 dialed into the equipment; 

Will cause it to test for fuse alarms. In re 
Sponse to dialing digit 1 line relay 6 and 63 
transmit a single ground pulse from ground at 
contacts 68 over contacts 634, 336 and 636, 
conductor 693, contacts 5, conductor 694, con 
tacts S2, conductor $35, contacts 34, conductor 
39, contacts as 8, 824 and 367, conductor 98, 

contacts 242, one branch extending through se 
ries relay 242 to attery and the other branch ex 
tending through contacts 2539, 2433 and 343 
through the winding of relay 2435 to battery. 
Relays 2435 and 228 operate and the latter re 
lay at contacts 2424 completes a circuit to the 
slow to release relay 2323. At contacts 244 
relay 2635 ciOSes a locking circuit for itself 
through relay 2828 and contacts 2438 and 24; 3. 
Relay 2428 does not operate until the ground 
pulse is removed from the pulse conductor 998. 
When ground is removed from guise conductor 
$98 relay 2623 energizes in series with relay 
2435 and at contacts 2434 transfers the pulse 
lead to the next counting relay. it contacts 
244 relay 2428 opens the previously traced tone 
circuit. Relay 2629 restores shortly after the 
termination of the pulse to close contacts 242 
Whereby tOne Signals are transmitted over con 
ductor 96 in accordance with the fuse alarin 
conditions. If there are no fuse alarms then 
relayS 24; 8 and 24; 3 Will be at normal aid dial 
tone and busy tone will be applied by way of 
contacts 24, 2A46 and 285, 22435, contacts 
2448, 262 to conductor 293 intermittently at 
about four second intervals. In case relay 233 
is operated over the trunk fuse alarm lead or 
over the common equipment fuse alarn lead 
contacts 24 will be open and no dial tone is 
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transmitted thereby informing the operator of 
such a condition. In case relay 244 is operated 
over the link fuse alarm lead or over the trunk 
fuse alarm lead contacts 2475 will be open and 
no busy tone is transmitted to the operator. 

In order to test for low voltage, charge failure, 
or commercial power failure the operator dials 
a second digit 1. Ground on pulse conductor 
098 now operates relay 2450 over contacts 242, 

2429, 2430, 2434 and 2449. At contacts 245 
relay 2450 locks in series with transfer relay 
2427 which energizes when the ground pulse is 
removed. Relay 2427 at 2433 prepares the puls 
ing circuit to the next counting relay and at 
contacts 2438 opens the circuit of relays 2428 
and 2435 which restore. In case low voltage 
alarm relay 2485 is at normal dial tone is inter 
mittently connected by way of contacts 2486, 
2455, 2452 and 2422 to line conductor 1096 to 
advise the operator. An absence of dial tone indi 
cates that low voltage alarm relay 2485 has been 
operated over the low voltage alarm lead. In case 
charge alarm relay 249) and connercial power 
alarm relay 2494 are normal busy tone is inter 
Inittently transmitted to the operator over con 
tacts 249, 2495 and 2454. An absence of busy 
tone indicates that the charge alarm relay 249 
has been operated over either the charge fuse 
alarm lead or over the charge alarm lead. In 
case of a commercial power failure, relay 2494 is 
energized over the cornnmercial power failure lead 
and at contacts 2495 reverting call tone is inter 
mittently transanitted to the operator. 

In order to transfer the ringing converters the 
operator dials another single digit 1 to operate 
relays 2456 and 2426 in a similar manner. A 
short pulse is transmitted from ground, contacts 
2423, 2425 and 2458 to conductor 2495 to the 
generator transfer relays to cause such relays to 
transfer from one converter to the other in the 
well known manner. In case the converter starts 
up promptly a tone is intermittently transmitted 
over conductor 2468, contacts 2497 and 2459 to 
conductor f096 and to the operator. In case the 
relay 248) is operated over the generator alarm 
lead reverting call tone is transmitted intermit 
tently to the operator over contacts 248 and 
206. 

In order for the Operator to find out if an 
equalizing charge is being given to the battery 
another single digit is dialled to operate relays 
246 and 2428 and restore relays 2456, and 2326. 
If the charge is being given relay 249' is locked 
energized otherwise the relay is at normal. Dial 
tOne Will be trainSinitted over contacts 245’ and 
2462 if an equalizing charge is not being given 
and busy tone will be transmitted over contacts 
24 F4' and 2462 if a charge is being given. 

Dialing another single digit will cause the 
equalizing charge to be stopped if one is in prog 
ress or will cause an equalizing charge to be 
started if oiae is not in progress. In response to 
this single digit 1 relays 246 and 2427 operate and 
relays 2468 and 2428 restore. When relay 2420 
restores and during the release time of relay 2325 
after the pulse, a short ground pulse extends by 
way of contacts 24 , 2423, 2425, 2467 to the 
upper and lower windings of relay 24 fa’ and to 
the upper winding of relay 242 5 over contacts 
24227 and 243'. Relays 25t' and 242' are both 
differential with the result that relay 2423 alone 
is operated over the above traced circuit. At 
contacts 2422' ground is connected to the upper 
windings of relays 240' and 2420 to lock relay 
2420. When the short ground pulse to relays 
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24f0' and 2420" is terminated by the deenergiza 
tion of relay 2425 the circuit through the lower 
winding of relay 246' is opened with the result 
that relay 240' now operates since its upper 
Winding alone is energized. At contacts 256' re 
lay 240 closes a circuit to start the equalizing 
charge in a well known manner. At contacts 
244 busy tone is substituted for dial tone to 
transmit such tone to the operator over contacts 
2466 to thereby inform the operator that the 
charge has started. In case the charge was pro 
ceeding at the time the operator operated relay 
2484 then relays 240' and 2420 would be oper 
atted and such relays would then restore from the 
short pulse transmitted during the release time of 
relay 2425. This short pulse would extend through 
contacts 242 to the lower winding of relay 2420 
thereby causing it to restore. When the ground 
pulse Was removed then the circuit through the 
upper winding of relay 25, 18' is opened and relay 
24 0 restores to stop further charging by open 
ing the charge circuit at contacts 24 6'. To dis 
connect the operator releases the connection to 
cause the release of the repeater, finder and con 
nector as previously described. In response to 
the release of the connector ground is removed 
from conductor 69 to restore relays 250 and 
242. Relay 23, 8 restores when contacts 244 
open and the last operated counting irelay and the 
last operated transfer relay, such as relays 2428, 
2427 or 2428 also restore when contacts 24:3 open. 
At contacts 2445 the intermittent operation of 
relay 2442 is stopped. 
A key AK is provided at the alarm checking 

equipment to allow an attendant to determine 
Which alarms are operated. In response to the 
operation of key AK battery through resistance 
24 f6 and key contacts 247 is provided for oper 
atting the lamps, such as fuse alarm lamp FL, 
generator alarm lamp G.L., voltage alarm lamp 
WL, and charge lamp CL over obvious circuits in 
case any of the corresponding alarin relays or the 
charge relay are energized. 

Having described the invention, what is con 
sidered to be new and is desired to be protected 
by Letters Patent will be set forth in the following 
claims. 
What is claimed is: 
1. In a telephone system, a plurality of groups 

of trunks, a plurality of switches having access to 
Said trunks, unit relays in each of said switches 
operable singly to complete connections to a por 
tion of the trunks in any of said groups, a switch 
ing unit relay in each of said switches operable 
in combination with said unit relays to compete 
connections to the remaining portion of the 
trunks in said groups, a group of trunk access re 
lays for Said Switches, a group of trunk group 
relays for each trunk group, a group of trunk 
Selecting relays individual to each trunk group for 
preselecting the first idle trunk in its group, means 
for operating one of said trunk access relays and 
One of Said trunk group relays in response to 
Originating a trunk call through one of said 
Switches to the trunk group corresponding to the 
operated trunk group relay, and unit conductors 
for said unit and switching unit relays of said 
One Switch extended by said operated trunk access 
and trunk group relays to said trunk selecting 
relays of the called trunk group for controlling 
the operation of said unit relays singly or in corn 
bination with said Switching unit relay dependent 
upon the preselected trunk in the called group. 

2. In a telephone system, a plurality of groups 
of trunks, a plurality of Switches having access to 
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said trunk groups, units relays in each of Said 
switches operable singly to complete connections 
to a portion of the trunks in any of Said trunk. 
groups, a switching unit relay in each of said 
switches operable in combination. With its Said 
units relays to complete connections to the re 
maining portions of the trunks in Said trunk 
groups, means responsive to Criginating a trunk 
call through a calling one of said Switches to one 
of said trunk groups for operating one of Said 
units relays alone or for operating said Switching 
unit relay in combination with one of said units 
relays in said calling switch dependent upon the 
idle condition of the trunks in said called trulink 
group to complete a trunk connection to the first 
idle trunk in the called trunk group, and nea as 
for preventing the simultaneous completion of 
trunk calls to different trunk groups from differ 
ent ones of said switches. 

3. In a telephone system, a plurality of grou}}s 
of trunks, a plurality of switches having access to 
said trunk groups, units relays in each of Said 
switches operable singly to complete coninections 
to a portion of the trunks in any of said trunk 
groups, a switching unit relay in each of Said 
switches operable in combination. With its Said 
units relays to complete coinections to the re 
maining portions of the trunks in said trunk 
groups, means responsive to originating a trunk 
call through a calling one of said SWitsches to Qiae 
of said trunk groups for operating one of said 
units relays alone or for operating said SWitching 
unit relay in combination. With one of said tianits 
relays in said cailing switch dependent upon the 
idle condition of the trunks in said called tru:nk 
group to complete a trunk connectio; to the first 
idle trunk in the called trunk group, and naeans 
for preventing the simultaneous completion of 
trunk calls to the same trunk group from different 
ones of Said SWitches. 

4. In a telephone system, a plurality of groups 
of trunks, a plurality of SWitches having access to 
said trunks, a group of trunk access relays for 
said switches, a group of trunk group relays for 
each trunk group, a group of trunk Selecting re 
lays individual to each trunk group for pre 
selecting the first idle trunk in its group, means 
for operating one of Said trunk access relayS and 
one of said trunk group relays in response to 
originating a trunk call through one of said 
switches to the trunk group corresponding to the 
operated trunk group relay, a group of unit con 
ductors less in number than the number of trunks 
in said called trunk group extended from Said 
calling switch by the operated trunk access and 
trunk group relays to the trunk selecting relay 
group individual to the called trunk group, and 
means in said calling switch controlled over Said 
unit conductors from Said trunk selecting irelayS 
for completing the trunk connection between said 
calling switch and the preselected idle trunk. 

5. In a telephone System, a group of trunks, a 
plurality of switches having access to said trunks, 
a group of trunk selecting Irelays comprising a re 
lay individual to each trunk in said group, a 
group of marking conductors corresponding to the 
trunks in said trunk group, said marking conduc 
tors being common to all said switches, means for 
energizing only one of Said relays at a time to 
mark one of Said marking conductors to thereby 
preselect only one of the idle trunks of Said group 
at a time, and means responsive to Originating a 
trunk call over any one of Said Switches to said 
trunk group for completing a trunk connection 
to said preselected trunk in accordance with the 
marking On Said common marking conductors. 
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6. In a telephone system, a group of trunks, a 

plurality of switches having access to said trunks, 
a group of trunk Selecting relays comprising a 
relay individual to each trunk in said group, a 
group of marking conductors corresponding to the 
trunks in said trunk group, said marking conduc 
tors being common to all said switches, means for 
energizing only one of Said relays at a time to 
mark one of said marking conductors to thereby 
preselect only one of the idle trunks of said group 
at a time, means responsive to originating a 
trunk call over any one of said switches to said 
trunk group for completing a trunk connection to 
Said preselected trunk in accordance with the 
marking on Said common marking conductors, 
and means responsive to Said completed connec 
tion for making said trunk busy, for releasing the 
energized trunk Selecting relay and for energiz 
ing the trunk selecting relay corresponding to the 
next idle trunk in said trulink group. 

7. In a telephone System, a group of trunks, a 
plurality of SWitches having access to said trunks, 
a group of trunk Selecting relays comprising a 
relay individual to each trunk in said trunk group, 
a group of marking conductors common to all said 
SWitches, there being a lesser number of mark 
ing conductors than trunks in said trunk group, 
means for energizing Said relays to mark One or a 
combination of Said marking conductors to there 
by preselect only one of the idle trunks of said 
trunk group at a time, and means responsive to 
Originating a trunk call Over any one of said 
Switches to Said trunk group for completing a 
trunk connection to said preselected trunk in ac 
cordance with the markings on said common 
marking conductors. 

8. In a telephone System, a group of trunks, a 
group of trunk Selecting relays comprising a re 
lay individual to each trunk in said trunk group, 
a group of marking conductors for said trunk 
group, there being a lesser number of conductors 
in said marking group than there are trunks in 
Said trunk group, a chain circuit for permitting 
Only one of Said trunk selecting relays to be oper 
ated at a time for preselecting only one of the 
idle trunks of Said trunk group at a time regard 
less of the number of idle trunks in said trunk 
group, each operated relay marking one or a 
combination of Said marking conductors with idle 
potential markings to preselect the correspond 
ing trunk, means for preventing the operation of 
any of Said trunk selecting reiays in case all said 
trunks in Said trunk group are busy, an all trunk 
busy conductor included in said group of marking 
conductors, and means controlled by said last 
mentioned means during said all trunk busy con 
dition for marking Said busy conductor with a 
busy potential marking. 

9. In a telephone system, a group of trunks, a 
plurality of switches having access to said trunks, 
a group of trunk selecting relays common to said 
SWitches and having a relay individual to each of 
Said trunks, a busy conductor common to said 
SWitches and individual to said relay group, means 
for operating Only One of said relays at a time 
to preselect only one of the idle trunks of said 
trunk group, means responsive to originating a 
trunk call over any one of said switches to said 
trunk group for completing a trunk connection to 
Said trunk preselected by said operated one of 
Said trunk Selecting relays, an all trunk busy re 
relay, means for preventing the operation of any 
of said trunk Selecting relays in case all said 
trunks in said trunk group are busy and for op 
erating Said all trunk busy relay, means respon 
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for marking said busy conductor with a busy po 
tential, and means controlled over said common 
marked busy conductor in response to originating 
a trunk call over any one of Said switches to said 
trunk group during an all trunk busy condition 
thereof for indicating Such busy condition. 

10. In a telephone System, a group of trunks, 
a group of trunk Selecting relays comprising a 
relay individual to each trunk in said trunk 
group, a chain circuit for permitting only one of 
Said relays to be operated at a time to preselect 
only one of the idle trunks of said trunk group 
regardless of the number of idle trunks in said 
trunk group, means controlled by the operated 
trunk selecting relay for marking the preselected 
trunk, on all trunk busy conductor, means for 
preventing the operation of any of said trunk 
selecting relays in case all said trunks in said 
trunk group are busy, aid means controlled by 
Said last mentioned means for marking said all 
trunk busy conductor with a busy potential. 

11. In a telephone System, a group of trunks, 
a group of trunk selecting relays comprising a 
relay individual to each trunk in said trunk 
group, means for energizing Said relays in rota 
tion to preselect idle ones of said trunks in ro 
tation in cyclic operations, a reset relay ener 
gized at the end of each cyclic operation and de 
energized thereafter in case one or more of said 
trunks are idle, and means controlled by said 
reset relay in case said reset relay is maintained 
energized by all Said trunks being busy for mark 
ing said trunk group busy to SWitches having 
access to Said trunk group. 

i2. In a telephone System, a group of trunks, a 
plurality of switches, units relays in said switches 
for extending connections to said trunks, units 
marking conductors common to said Switches, said 
common units marking conductors being less in 
number than the number of trunks in said group, 
means for preselecting only one of the idle trunks 
of said group at a time by marking one or a 
plurality of Said common units marking coin 
ductors, the number of common units marking 
conductors marked being dependent upon the 
trunk preselected, means responsive to the origi 
nation of a trunk call from any one of said 
switches to said trunk group for connecting only 
the calling switch to said common units mark 
ing conductors, and circuits completed over Said 
connected common units marking conductors for 
-energizing only one or a plurality of said units 
relays dependent upon the markings on said com 
mon units marking conductors to complete the 
trunk connection between said calling switch and 
said preselected trunk. 

13. In a telephone System, a plurality of 
groups of trunks, a plurality of switches having 
access to the trunks in Said groups, a group of 
trunk access relays comprising a relay individual 
to each Switch and a chain circuit intercon 
necting said individual relays so only one of said 
relays can be operated at a time, a group of 
trunk group relays comprising a relay individual 
to each trunk group and common to Said 
switches; a group of trunk selecting relays in 
dividual to each trunk group comprising a pair 
of relays individual to each trunk in its cor 
responding trunk group, a chain circuit in each 
trunk selecting relay group interconnecting the 
first relays of each pair for operating said first 
relays in rotation to preselect idle ones of said 
trunks in rotation, and the Second relays of each 
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pair being operated or non-operated in accord 
ance with the idle or busy condition of its cor 
responding trunk; means responsive to originat 
ing a trunk call from any one of said switches 
to one of Said trunk groups for operating the in 
dividual trunk access relay corresponding to the 
calling switch' and for operating the trunk group 
relay corresponding to the called trunk group to 
connect the calling switch to said trunk selecting 
group of said called trunk group, and means re 
sponsive to said last mentioned connection for 
completing a connection between said calling 
switch and the trunk preselected by said trunk 
selecting relays. 

14. In a telephone system, a group of trunks, 
a plurality of switches having access to said 
trunks, a group of trunk selecting relays com 
monto said switches and comprising a relay in 
dividual to each trunk in said trunk group, 
means for energizing only one of said relays at 
a time to preselect one of the idle trunks in said 
trunk group, means responsive to originating a 
trunk call over any one of said switches to said 
trunk group for temporarily assigning said 
group of trunk selecting relays to the exclusive 
use of said calling switch, means responsive to 
said last means for completing a trunk connec 
tion to said preselected trunk, and means opera 
tive in case said calling switch fails to complete 
said trunk connection within a predetermined 
time after said temporary assignment for trans 
mitting a busy condition to said calling switch. 

5. In a telephone System, a group of trunks, 
a plurality of SWitches having access to Said 
trunks, a group of trunk selecting relays con 
mon to said switches and comprising a relay in 
dividual to each trunk in Said trunk group, means 
for energizing only one of said relays at a time to 
preselect one of the idle trunks in said trunk 
group, means responsive to originating a trunk 
call over any one of said switches to said trunk 
group for temporarily assigning said group of 
trunk selecting relays to the exclusive use of 
said calling switch, means responsive to said last 
means for completing a trunk connection to said 
preselected trunk, and a tinning device compris 
ing a slow to release relay operative in case said 
switch fails to complete said trunk connection 
after said temporary assignment and within the 
release time period of said slow to release relay 
for energizing the trunk selecting relay cor 
responding to the next idle trunk in said trunk 
group to thereby preselect said next idle trutk. 

16. In a telephone system, a group of trunks, 
a switch having access to Said trunks, a group 
of trunk selecting relays comprising a relay in 
dividual to each trunk in said trunk group, means 
for energizing only one of said relays at a time 
to preselect one of the idle trunks in said trunk 
group, means responsive to initiating a trunk 
call over said switch to said trunk group for com 
pleting a trunk connection to said preselected 
trunk, and a timing device comprising a slow to 
release relay operative in case said Switch fails 
to complete said trunk connection within the re 
lease time period of said slow to release relay 
for transmitting a busy condition to said Switch 
and for energizing the trunk selecting relay cor 
responding to the next idle trunk in Said trunk 
group to thereby preselect said next idle trunk. 

17. In a telephone system, a group of trunks, 
a plurality of switches having access to said 
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prising a relay individual to each trunk in Said 
trunk group, means for energizing only one of 
said relays at a time to prese;ect only one of 
the idle trunks in Said trunk group, means 
responsive to originating a trunk call over any 
one of Said SWitches to Said trunk group for 
completing a trunk connection to said preselec 
tive trunk, and means operative in case Said 
calling Switch fails to connect With Said pre 
selected trunk within a predetermined time for 
energizing the trunk selecting relay Correspond 
ing to the next idle trunk to thereby preselect 
Said next idle trunk. 

18. In a telephone system, a first group of 
trunks, a second group of trunks, a relay Switch 
including units relays and a group relay having 
outlet contacts through Which Said trunks may 
be seized, and means responsive to dialling a 
single digit for operating said group relay and 
one of said units relays to connect said Switch 
through certain ones of Said outlet contacts to 
one of said trunks in Said first group and re 
sponsive to dialling a different Single digit for 
operating said group relay and a different one 
of said units relays to connect Said SWitch 
through other ones of said outlet contacts to 
one of Said trunks in Said Second group. 

19. In a telephone System, a first group of 
trunks, a second group of trunks, a relay SWitch 
including units relays and a group relay having 
outlet contacts through which said trunks may 
be seized, means responsive to dialling a single 
digit for operating said group relay and one of 
Said units relays to connect Said SWitch through 
certain ones of said outlet contacts to one of Said 
trunks in Said first group and responsive to dial 
ling a different single digit for operating Said 
group relay and a different one of Said unitS re 
lays to connect Said Switch through other OneS 
of said outlet contacts to One of Said trunks in 
said second group, and overflow means effective 
in case all the trunks in Said first trunk group 
are busy when said single digit is dialled for 
operating said different units relay With said 
group relay to route the call to Said Second 
trunk group. 

20. In a telephone System, an automatic 
switch, a first group of trunks accessible to said 
SWitch, a first group of trunk selecting relays for 
preselecting idle ones of the trunks in said first : 
trunk group, a second group of trunks accessible 
to said switch, a second group of trunk selecting 
relays for preselecting idle ones of the trunks in 
said second trunk group, a group of overflow 
trunk selecting relays controlled by Said Second 
group of trunk selecting relays in accordance 
with the idle condition of the trunks in Said 
second trunk group for preselecting idle ones of 
said trunks in said second trunk group, and 
means controlled by Said overflow trunk Selecting 
relays for connecting said Switch with a pre 
Selected idle trunk in Said Second trunk group 
in response to said SWitch initiating a trunk call 
to said first trunk group at a time When all said 
trunks in said first trunk group are busy. 

21. in a telephone Systern, an automatic Switch 
including a plurality of unit relays and a unit 
Switching relay, a first group of trunks acces 
sible to said SWitch through contacts on said 
unit and SWitching unit relays, a Second group 
of trunks accessible to Said Switch tinrough con 
tacts on Said unit and SWitching unit relays, a 
first group of trunk selecting relays for pre 
Selecting an idle one of Said trunks in Said first 
trunk group, a second group of trunk selecting 
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relays for preselecting an idle one of the trunks 
in said second trunk group, means responsive to 
a trunk call to said first trunk group for operat 
ing one of said unit relays to connect with the 
preselected trunk in said first trunk group, means 
responsive to a trunk call to said Second trunk 
group for operating said one unit relay and said 
switching unit relay to connect with the said pre 
selected trunk in said second trunk group, a 
group of overflow trunk selecting relays con 
trolled by said second group of trunk selecting 
relays in accordance with the idle condition of 
the trunks in said Second trunk group for pre 
selecting an idle one of the trunks in Said Second 
trunk group, and means controlled by said over 
flow trunk selecting relays for operating said one 
unit relay and said Switching unit relay to con 
nect with said preselected trunk in Said Second 
trunk group in response to said Switch initiating 
a trunk call to said first trunk group during the 
time all said trunks in said first trunk group 
are busy. 

22. In a telephone system, an automatic switch 
including units relays, a first group of trunks 
accessible to said Switch through contacts on a 
portion of said units relays, a second group of 
trunks accessible to said Switch through contacts 
on another portion of Said units relays, a units 
marking conductor corresponding to each units 
relay and to each trunk, a first group of trunk se 
lecting relays for preselecting an idle one of Said 
trunks in said first trunk group by marking the 
corresponding marking conductor, a second group 
of trunk selecting relays for preselecting an idle 
one of said trunks in said second trunk group by 
marking the corresponding marking conductor, 
a group of overflow trunk selecting relays con 
trolled by said second group of trunk selecting 
relays in accordance with the idle condition of 
the trunks in said second trunk group for pre 
selecting an idle one of Said trunks in said second 
trunk group by marking the corresponding mark 
ing conductor, and means controlled by the mark 
ing conductor marked by said overflow relay group 
for operating the corresponding units relay in 
said Switch to connect said SWitch. With the trunk 
in Said second trunk group corresponding to the 
trunk preselected by said overflow trunk selecting 
relays in response to said switch initiating a trunk 
call to Said first trunk group at a time when all 
Said trunks in Said first trunk group are busy. 

23. In a telephone system, a relay Switch in 
cluding group and units relays, a first, a second 
and a third group of trunks accessible to said 
SWitch through contacts on said units relays and 
one of said group relays, and means for energizing 
said one group relay and one of said units relays 
in response to the dialling of a first single digit, 
for energizing said one group relay and a different 
one of said units relays in response to the dialling 
of a second single digit, and for energizing said one 
group relay and another one of Said units relays 
in response to the dialling of a third single digit, 
the digit, dialled being dependent upon whether 
the first, second or third group of trunks is being 
called. 

24. In a telephone System, a plurality of groups 
of trunks each having a different group call tele 
phone number, an automatic Switch having count 
ing relayS Selectively operated in accordance with 
the receipt of said different group call numbers, 
a group relay in said Switch for extending trunk 
connections to the trunks in all said trunk groups, 
contacts on Said counting relays for energizing 
Said group relay in response to the receipt of any 
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one of said different group call numbers, a trunk 
access relay common to said trunk groups, con 
tacts on said counting relays for energizing said 
trunk access relay independently of said group 
relay in response to the receipt of any one of said : 
different group call numbers, a trunk group relay 
individual to each trunk group, and contacts on 
Said Operated trunk access relay and contacts on 
Said counting relays for selectively energizing any 
One of Said trunk group relays dependent upon the 
trunk group call number received. 

25. In a telephone System, a plurality of groups 
of trunks each having a different group call num 
ber, an automatic switch having counting relays 
Selectively operated in response to the receipt of 
Said different group call numbers, a group relay 
in Said SWitch operated in response to the receipt 
of any one of Said different group call numbers 
for partially extending trunk connections to all 
Said trunks in Said plurality of trunk groups, a 
trunk access relay, contacts on said counting re 
lays for energizing said trunk access relay inde 
pendently of said group relay in response to the 
receipt of any one of said different group call 
numbers, a trunk group relay individual to each 
trunk group, contacts on said trunk access relay 
and contacts on said counting relays for selec 
tively energizing any one of said trunk group 
'elays dependent ligor) the tit}k group call nuin 
ber received, means controlled by the energized 
One of Said trunk group relays for completing one 
of the partially extended trunk connections to the 
corresponding cailed trunk group, and means re 
sponsive to the completion of said one trunk con 
nection for releasing Said counting relays to 
thereby release the operated trunk access and 
trunk group relays. 

26. In a telephone system, a plurality of groups 
of trunks each having a different group call num 
ber, a group relay operated in response to the 
receipt of any one of said different group call 
numbers for partially extending trunk connec 
tions to all said trunks in said plurality trunk 
groups, a trunk access relay common to said trunk 
groups and a trunk group relay individual to each 
trunk group, means for energizing Said trunk 
access relay independently of said group relay 
and for energizing any one of said trunk group 
relays dependent upon the trunk group call num 
ber received, and means controlled by the ener 
gized one of said trunk group relays and Said trunk 
access relay for completing one of the partially 
extended trunk connections ot the corresponding 
called trunk group. 

27. In a telephone system, a plurality of groups 
of trunks, an automatic Switch having a group 
relay for extending trunk connections to said 
trunks, counting reiays in Said Switch responsive 
to trunk calls to any One of Said trunk groups for 
operating Said group relay, a trunk access relay 
operated through contacts on a plurality of said 
counting relays in response to trunk calls to any 
one of said piirality of trunk groups, a trunk 
group relay individual to each trunk group, a cir 
cuit competed by the operated trunk access relay 
through contacts on Said counting relays for ener 
gizing the trunk group relay corresponding to the 
called trunk group, and unitS relays in said switch 
controlled by the energized trunk group relay 
for completing the trunk connections to the trunks 
in said called trunk group. 

28. In a telephone system, lines divided into 
groupS and having group and unit designations, 
a link for interconnecting said lines, a class of 
Service marking for each of said lines correspond 
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ing to said group and units designations, means 
responsive to the initiation of calls on said lines 
for connecting said link to said, lines, restricted 
service relays in said link, said relays operated 
singly or in combinations in response to Said Con 
nections in accordance with the class of Service 
markings of the calling lines, a plurality of ti'unk 
groups accessible to said link, a trunk access re 
lay common to Said trunk groups, means. Con 
trolled by the operated ones of said relays for 
preventing certain ones of Said calling lines from 
operating said trunk access relay in case a par 
ticular one of said trunk groups is called and for 
permitting the operation of Said trunk access 
relay in case said certain ones of Said lines call 
a different one of Said trunk groups, and means 
responsive to the operation of Said trunk acceSS 
relay for connecting an idle one of said trunks 
in said different trunk group to the caling line. 

29. In a telephone System, a plurality of groups 
of trunks, a special service lead individual to each 
trunk, a plurality of Switches having access to 
said trunks, a special service conductor individual 
to each switch, a common control path common 
to all said SWitches and all Said trunks, means 
responsive to the initiation of a trunk call to any 
one of said trunk groups through any one of 
said Switches for temporarily assigning said 'Com 
non control path exclusively to Said. calling 
Switch and to said called trunk group; nealis 
responsive to said temporary assignment for tem 
porarily connecting the individual Special Service 
conductor of Said calling SWitch, Said common 
control path, and the individual Special service 
lead of an idle one of said trunks in the called 
trunk group in a Series circuit; means for con 
pleting a trunk connection between said calling 
SWitch and said idle one of Said trunk lines, means 
responsive to the completion of said trunk con 
nection for disassociating said common control 
path from said calling Switch and from said 
called trunk group to open said Series circuit and 
to thereby restore said common control path for 
use by other calling Switches, and means in said 
connected trunk controlled Over said temporary 
Connected series circuit dependent upon the orig 
ination of Said trunk call. 

30. In a telephone System, a group of trunks, 
a plurality of Switches having access to said 
trunks, apparatus common to said switches, 
means responsive to the initiation of a trunk call 
to Said trunk group through any one of said 
Switches for temporarity assigning said common 
apparatus exclusively to said calling switch, 
means responsive thereto for completing a trunk 
connection between said calling switch and an 
idle One of Said trunks, means responsive to said 
completion of said trunk connection for causing 
Said first means to disassociate said common ap 
paratus from Said calling switch to thereby re 
Store said common apparatus for use by other 
calling SWitches, a Special restricted service lead 
individual to each switch, a special restricted 
Service conductor individual to each trunk, means 
in Said common apparatus for temporarily con 
necting the individual special restricted service 
lead in Said calling switch with the individual 
Special restricted Service conductor of said one 
connected trunk only during said temporary con 
nection of Said common apparatus, and means 
in Said connected trunk controlled over said last 
mentioned temporary connection dependent up 
on the origination of said trunk call. 

31. In a telephone system, a group of trunks, 
a Special Service lead individual to each trunk in 
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said group, a plurality of switches having access 
to said trunks, a special service conductor in 
dividual to each Switch, means responsive to the 
initiation of a trunk call to said trunk group 
through any one of said switches for completing 
a trunk connection between said calling Switch 
and an idle one of said trunks to establish a 
trunk connection, means for temporarily con 
necting the individual Special Service lead of Said 
connected trunk With said special Service con 
ductor of said calling Switch only during the 
trunk connection completing period and for dis 
connecting said special Service lead from Said 
special service conductor after the establishment 
of said trunk connection, and means in Said con 
nected trunk controlled over Said temporary Con 
nection dependent upon the origination of Said 
trunk call. 

32. In a telephone System, a trunk, subscribers' 
lines and a toll line having access to Said trunk 
for extending calls, means responsive to a call 
on any one of said lines for selecting and estab 
lishing a connection between the calling line and 
said trunk, timing means in said trunk normally 
operative in case the calling line is a subscriber's 
line for automatically releasing the established 
connection after a predetermined time, a Special 
service lead in said trunk, means for momentar 
ily marking said iead in case the calling line is a 
toll line only during the Seiecting period of Said 
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trunk and for removing said marking in response 
to the establishment of the connection between 
the calling toll line and Said trunk, a relay in 
said trunk energized and locked in response to 
Said momentary marking of Said lead, and means 
controlled by the operation of said relay for dis 
abling said timing means to prevent the auto 
matic release of said established connection. 

JOHN H. WOSS. 
ROY W. JONES. 

REFERENCES CITED 
The following references are of record in the 

fie of this patent: 
UNITED STATES PATENTS 

Number Nanne Date 
1,292,499 Martin ------------ Jan. 28, 1919 
1,681,034 Gardner ----------- Aug. 14, 1928 
1,767,594 Lomax ------------ June 24, 1930 
1899,536 Tharp ------------- Feb. 28, 1933 
1984,703 Rummelt ---------- Dec. 18, 1934 
2,133,415 Baker et al. --------- Oct. 18, 1938 
2,135,921 Saunders ----------- Nov. 8, 1938 
2,149,646 Voss --------------- Mar. 7, 1939 
2,173,924 Toomey ---------- Sept. 26, 1939 
2,279,531 Saunders ---------- Apr. 14, 1942 
2,292,371 Ferrell ------------ Aug. 11, 1942 
2,302,587 Ulrich ------------- Nov. 17, 1942 
2,377,453 Rhoads ------------ June 5, 1945 


