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. AUTOMATIC TELEPHONE SYSTEM

Norman H. Saunders, Chicago, IIL, assignor to ' -
Kellogg Switchboard and Sunply Company,
‘Chicags, B, a corporation of Minois i

Applicatien February 2, 1942, Serial Ne. 429,232
(CL 179—17)"

40 Claims.

‘This invention relates to automatic telephone
systems, and its object is to-provide an economical
and reliable automatic telephone system. arr ang-
.ed to' providé  the various 'services which have

heretofore heen' found necessary or desu'able in

connection with the subscriber lines.

_Thig application: is a.continuation in part of
my prior application oerlal No 400 990, filed July
3, 1941,

GENERAL DESCRIPTION

10

“In addition to providing reégular telephone serv-
ice for individual subscriber lines, it is necessary -

or'at least desirable that automatic telephone Sys-
tems provide the following services:

1. Party-line service, which includes the selec-
tion of ‘the called party line and the s1gnalmg of
the desired substation thereon;.

2. Reverting- call party-line service, in Whlch a'
subscriber at one substation on a party line is- &
able to call a, subscriber at any other su.bstatlon‘

on the same party line;
3. P. B. X. service, the provision of a group of
" subscriber lines having a. common directory num-
ber, with arrangements for selecting and making
connectlon with an. idle line of the group when
the common. directory number is called;

4. Non-busy-line service, the provision of a line:

which is not made busy. when called, enabling
2. number of contemporaneous calls to be made
to.such line:

5, Call-holding  service, the provision of ar-
rangements for enabling calls to a desired sub-
station to be held therefrom, as when a- sub-
scriber is being annoyed by anonymous calls;

8. Secretarial - service, -the.provision enabling
the calls directed to a substation while the.sub-
scriber . is absent to be routed: to a secretary’s
telephone; and .

7. Intercepting servme the. provxslon ‘of ar-
rangements enabling calls to. a; disconnected sub-
station to be routed .to an intercepting operator.

It is an object of the invention to provide serv-
ices such. as those mentioned above through the

provision of equipment common to all-of the con--

necting-link circuits serving a. group of lines
(190 lines in the: illustrated  example)..

It has been chosen to illustrate.the invention as
applied to an automatic telephone system of the
type employing small-capacity primary and se-
ondary switches in tandem to-replace the Iarge-
‘capacity switclies heretofore used as line finders
alg connectors. - The disclosed tandem arrange-
mient of the small-capamty switches incorporates

15
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a number ¢f features of 1mprovement in addltmn
to those previously enumerated.

As: will be-described more ful]y heremafter the
subscriber lines are divided into- what are termed
large groups (of 100 lines each); subgroups of
small-capacity primary and secondary switching
devices are provided in each large group to handle
both: the originating and terminating calls; and
control "equipment - common to all the primary
and secondary switching devices of g large group
is provided to.position these devices for exterid-
ing originatingor finder-ac¢tion connections,
which' common control equipment alsg responds
to position ‘the required. primary and secondary
switching devices to complete terminating of con-.
nector-action connections, the digled line~desig-
nating digits  for each call being stored for this
purpose and then transferred, call-by-call, to the
common eqmpment as the common equlpment be-
comes avalilable. -

'A specific object is the pmductlon of a System '
of the character urider the'consideration wherein
control equipment common to all of the primary
and secondary switching devices of a large’ group
is provided to control the setting .of tliese devices

‘inoutgoing of ‘finder- action connections, which

common equipment also responds in substantlally
the same way' to posmon the required primary
and secondary switches for mcommg or connec-
tor action, the dialed tens and units digits for
each call being'stored for this purpose and then

‘transferred call-by-call, ‘to the common equ-

. ment as it becomes available.

40
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-nector-action connections).

A feature ‘of the d1sclosed ‘arrangement is

‘that the- dlglt-storage equipment  is -associated
- with ‘the’ ‘connecting-link  circuit - (the circuits

which control the setting-up of incoming or con-
A-further feature. is
that the dlstnbutmg device associated with each
such link ‘circuit has access to’ each secondary

-device allotted to extend connector-action calls

to the pr1mary devices, whereby no connector-ac-

- tion' calls need be lost at any time because of ‘un-

availability to the connectmg-lmk circuits of idle
connector-actmn secondary devices:
A further specific object is the production

“of a system of the character under consideration

wherein - the equipment for prov1d1ng services
such as those -enumerated hereinbefore is pro-
vided in connection with the aboVve-mentioned
common’ equipment;: whereby ‘the amount of
equipment necessary for prov1d1ng such serv1ces

'1s greatly reduced.

~Other ‘objects and features of the invention will

‘appear ‘more Tully as the descrpition progresses.




2
"The drawings

Referring now: the accompanying drawings,
they show by means of the usual circuit diagrams
g sufficient amount of the equipment involved in
an automatic telephone system embodying the
features of the invention to enable the inven-
tion to be understood.

Figs, 1 to 11 are circuit drawings of the system;

Figs. 12 and 13 illustrate the arrangement of
the system; and

Fig. 14 shows the intended arrangement of

the sheets of drawings of which Figs. 1'to 11 are
drawn. ;
The system arrangement

. Referring now particularly to Figs. 12 and 13,
the arrangement of the system will be described.
The arrangement shown in Fig. 12 illustrates

a 1,000-line aufomatic telephone system compris-~-
ing ten 100-line groups, each of which may be ar-

ranged as indicated in Fig. 13. Each of the rec-
tangles in Fig. 12 indicates a separate 100-line
group, each such group having’ originating-link
paths taken for use automatically by primary and

_secondary finder action within the group when ..-

‘the receiver is removed at.a calling substation,
each group also having terminating or connector-
action link paths, any idle one of which may be
seized when a connection is tc he completed to a
subscriber line of that group.

The selectors Si, Sti, etc. to S8, located re-
spectively"belmv'the 100-Iine groups, #1, #2, etc.
to #0,.are each-but one of a number '(ten,. for ex-

-ample). provided to handle calls originating in the .

‘associated  100-line group. In the ‘illustrated
1,000-line system, only & single rank cf selectors
is  employed, the illustrated hundreds ‘selectors.
If the system illustrated were: expanded to. a
-10,000-line system, two ranks. of:selectors would
be provided, thousands selectors and hundreds
selectors; while if it were reduced to a 100-line
system, no selectors at-all would be required, each
-originating or finder-action path being joined to
a terminating or.connector-acticn path, as will be
understood.

- The illustrated selectors, mechanically, may be
of the usual two-motion type of automatic switeh.
Where long-life is a factor, the selectors may be
of the so-called all-relay type, in which a count-

ing-relay operation oceurs responsive to dialed ®

“impulses to select any one of ten group relays, fol~
‘lowed by a hunting-relay action to select an idle
link connected up by the group relay operation.
. One selector of the latter type suitable for use
-herein is illustrated in applicant’s co-pending ap-
plication, Serial No. 346,069, filed July 18, 1940,

issued April 14, 1942, Patent No. 2,279,5631.

- Considering, for exampie, the selector SI of Fig.
112, the. rectangle within which the reference
.character Si is placed may indicate the control
_relays of the selectors, while each of the short,
heavy lines beneath this rectangle is intended to
_indicate a. group of contact sets (assumed to be
ten in the present example). Each-of these
groups of contact sets is connected up responsive
.to the dialing of a separate one of the digits 1 to
/9 and 0, as indicated. The fainter lines extend-
ing horizontally between illustrated selectors are
intended to indicate the multiple between se-
lectors.

. The links 1ncom1ng to the 100-line group #1 '

are reached from the first, or digit-1, group. of
contact sets of all of the "selectors; the links in-
-coming to the 100-line group #2 are reached from
_the second, or digit-2, group of contact sets of all

[}
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of the selectors; ete., to the 100-line group: #0,
whose incoming links are reached from the tenth,
or digit~0, group of contact sets of all of the se-
lectors. ]

Since the arrangement of any one of the-100-
line groups may be similar to those of all of the
rest of the 100-line groups, it suffices to show the
switching and circuit .arrangements of . a-single
one of the 100-line groups. 'The 100-line group
#9 has been chosen arbitrarily for this purpose.
It is the 100-line group whose incoming links are
reached through any one of the selectors respon-,
sive to the dialing of the digit 9. The switching
arrangement of 100-line group #9 is shown in
Fig. 13, while the circuit arrangements thereof
are 1nd1cated in Figs. 1 to 11,

Referring now particularly to Fig. 13 it will be’
seen that the selector S8{ cf Fig. 12 is only one
of ten seleetors provided for handling calls origi- -
nating in 100-line group #9, the other selectors
being 582 to S90, the respective groups of contact
sets of all of these selectors being corinected 'in
multiple with each other and with the corre-
sponding groups of contact sets of the selectors
reached from the other 100-line groups..

The one hundred stibscriber lines served by 100-
line group #9 are subdivided into ten 10-line
groups, each served by a separate group of pri-
mary switching devices. For example, the first
10-line group in Fig. 13 comprises.the subscriber
lines 911 to 918, indicated along the top of the
drawing and connected in multiple to the selec-
tive-position contacts of the four primary switch-
ing devices 1PA, IPB, IPC, and IPD, These
switching devices constitute the first of ten pri-
mary groups. The second primary group, includ-
ing primary switches 2PA to 2PD, serves.the sec-
ond 10-line group (lines 921 to 929) of the 100-
line group #9. The primary groups serving the
third to eighth 10-lirie groups have been omitted’
for the sake of compactness, but the primary
switching devices (SPA to 9PD and {OPA to 10PD)
which serve the ninth and tenth 10—11ne groups

" are indicated.

B
<t

The lines and line multlple for all of the 10 hne
groups except the ﬁrst have been .omitted for the
sake of simplicity, as each 10- line, group 1s simi-
lar to each of the “other. 10= line groups. 1t is
intended to be illustrated by the arrannement in
Fig, 13 that any idle one of the primary sw1tch-'
ing devices, such as {PA to IPD, for eyamnle
having access to'a group of 10 lines ¢an operate'
to make connection with a calling line; and that

‘any idle one of the said devices can operate to

make connection with any called line in the as-
sociated 10-line group.
The arrangement 1llustrated in Fig. 13 has

- been provided on the assumption that four con-

60

5

nections (incoming; outgoing, or both) within a
10-line group are sufficient. For the 100-line
group, this provides for a total of forty connec-
tions to be made with ‘calling and called lines,
which has been shown by experience to be much
more than is required: Accordingly, thé’ total

5 number of connection paths is halved’ih the sec-

ondary groups, as will now be pointed out. o
As illustrated in Fig. 13, a total of twenty
secondary switching devices (each of 10-line ca-
pacity) is- provided, and are arranged in four
groups, A to D. The secondary devices are 1SA
to. BSA in the A group, iSB to 5SB in the B group,
ISC to §SC in the C group, and ISD to §8SD in:
the D group. In each secondary.group; the se-
lective-position contacts of the switching devices -
are connected respectively: in multiple as indi-
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- cated, and the ten links thus provided extend re-
spectively to ten primary switching devices, each
in a different 10-line group. The five secondary
devices 1SA to 535A, comprising the A secondaty

group, have access to the ten A primary devices 5

1PA to H0PA; the B secondary group has access
to'the ten B primary devices 1PBto 18PB; the C
secondary group has aceess to the ten ¢ primary
switching devices {PC to I0PC; and the D sec-

ondary group has access to the tén D primary 10

‘switching devices 1PD to 18PD. Each of the
twenty secondaries;, ISA to 53D, therefore, has
access to each of ‘the 10-line groups of lines,
through the illustrated primary switching de-

vices. ‘The cotnmon secondary devices are thus 15

more efficient from 4 call-handling standpolnt
than are the primary switching devices in' that
they receive calls from and extend calls to the
large group of one hundred lines, instead of being

restricted to a small or 10-line group, as is the 20

case of the primaries. The reduction permitted
in the number of switching devices or links when
the group is enlarged is well known, and there-
fore need not be further discussed herein.

some in each group are slistted to the handling
of the originating or finder-action connections,
the remainder being ailotted to the handling of
terminating or connector-action comnections. Tt

is to be observed that devices 1SA to 3SA in sec- 30

ondary group A, are assigned. to finder action,
and are linked respeectively to the selectors S81
to 888; the devices 1SB to 3B in secondary 2Ioup
B are linked respectively to the selectors S84 to

588; and the first two devices in. each of the 25

C and D secondatry groups are linked ‘respectively
with the selectors ©87 to S80. The ten. remain- -
ing secondary switching devices fthe last two
in each of secondary groups A and B, and the

last three in each of the secondary groups C and 40

D), are assigned to connector aetion, and..are
therefore linked to the selective-pesition contacts
of the distributing devices, such as DR-—! and
DR—2. ‘

Since the 100-line group.shown in Fig. 13 is 45

group #9, calls to this group come through the
ninth group of centact. sets of: all of the selec~
tors serving all 100-line groups. Fhe link group
reached through the ninth selector group of con-

tact sets is shown by a single line extending to the 50

left from selector S81, and then hranching out
upwardly into ten lines to indicate the ten link
paths represented by the ninth seleetor group.
“These link paths are all incoming to the 100-line

group #9 of Fig. 13, and they extend respectively b5

to connecting-link ecircuits CLC—i{ to CLC—i9,
of which only the first two are indicated.

Each connecting-link circuit CLC-—{ to CLO—
10 has a selective-switching device associated
therewith termed herein a distributor.
tributors DR—{ and DR—2 are shown assceiated
respectively with the connecting-link circuits
CLC—{ and CLC—2. Each of the distributors
has -ten selective-position contaet sets, whereby

it' can associate its individual connecting-link 65

circuit with any one of the ten terminating or
connector-action paths leading to the secondary
devices assizned to conmector sction.

The circuit drowings. 70.

Reférring now to the circuit drawings (Figs.
1 to 11) of the 100-line group -#9, the equip-
ment shown in Figs,. 1 and 2 and in the lower-

most portion of Fig. 3 is common equipment con- 75

The dis- 60
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trolled from the 10-line groups of hundreds group
#9. The equipment shown in Fig. 1 includes

_ transfer relay 181, for ¢hanging over from finder

action to connector action; test-cutoff relay 102,
matching control relays. 103 to 106, controlled
accordinig to-the instant pesition of the prefer-
ence group -of relays 107 to 110 to match an idle
one of the four primary switching devices in a
calling (or called, .as the case. may be) 10-line
group with a secondary group in which there is
at least one idle secondary device allotted  for
finder action (or for ‘connector action, as.the
case may be). ‘ S

Fig, 2 shows ten paifs of tens-connecting re-
lays, each pair being associated with a separate
one .of the ten 10-line groups. Relays 201 and
211" are associated: with the first 10-line group;
202 ang 212 are associated with the second 16~
linie“ group, etc., to the last pair, relays 210. and
220, which are associated with the tenth 10-lne
group. co : R

Relays 211 to 220 are used both for firder ac-
tion and for connector action and are arratiged

" to be mutually exclusive in their operation. . Each
Of the twenty secondary switching  deviees, 25

of the relays 211 to 220 serves, when operated,
to connect up:the four primary switching devices
having -access to' the associated 19-line group of
lines. :

The relays 201 to 210 are used for finder getion
only and each serves, when operated, to connect
up theten marking ¢onductors individual respec-
tively to the ten lines of the" associated 10-line
group, whereby the selected primary device “is
caused to be'set in a position to connect with
the instant ecalling line.’ For this purpose, each
of the relays 201 to 210 has ten contact pairs,
but for the sake ‘of compaciness of the illustra-
tion, only the first, second, ninth and tenth eon-
tact pairs are illustrated. The relays 221 and
222 are control relays associated with the group
relays 211 to 220, - : o
"The relays 231 o 240 are associated respec-
tively with the ten 10-line groups. and.each of
them serves  as a cutoff relay to disconnect the
associated 10-line group from finder action, when
& call is:made from g line therein-at a time when
at least one of the primary switches of the group
is idle, but a busy condition in one or more of
the secondary groups precludes the completion
of -the finder action.. The timer RT associated
with the relays 23¢ to 248 is arranged to unlock
any eperated one of these relays at frequent in-
tervals (every ten seconds, for example) -to per-
mit & further test to be made. Relays 223 and
224 are common relays associated with cutoff
relays 231:-to: 240 to bring about the operation
thereof as above pointed out.

- The units translator shown on the lower part
of Fig.: 3, comprising the relays 304 to 3086, is
operated over: conductors f to 8 of the cable
CA—UM through contacts of ahy one of the re-
lays 281 to 218 to energizé the conductors | to
6 in the cable CA—PM according to the required
setting of the relays in any one of the four
switehing- devices of any primary group, such
as the switching devices IPA to IPD, Figs. 4 and
3, of the first primary group. Relays 301 to 305
serve also to prevent double marking in the event
that two lnes of the same :10-line group are -
calling: simultaneously. :

Although the system arrangement herein dig-
closed is not limited to any particular form of
small-capacity switching device, it has been
chosen to illustrate the invention as applied. to
-8 system using all-relay small-capacity switch-
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ing devices at the primary, secondary, .and  dis-
tributor stages. - S e

The switching devices I1PA and IPD of Fig.:13
are each shown in full in Fig. 4, but switching
devices IPC and IPD of Fig. 13 are each: indi-
cated in Fig. 3 as a broken-line rectangle, for
each of these devices may be similar to the de-
vices IPA and IPB. g o :

The switching device IPA, for example, in-
cludes the five selecting relays 411 to 415, each
of which has two sebs of selective-position con-
tacts thereon.
row (three contact pairs to a set) are assigned
respectively to the first to fifth lines of the
associated 10-line. group, while the five contact
sets shown just below the ones last named are
assigned, respectively, to the sixth to tenth lines
in the associated 10-line group. The switching
device IPA includes also a sixth or switching re-
lay 418, which remains normal when connection
is to be made, through the concerned one of the
relays 411 to 415, with one of the first five lines
in the ‘group, but is operated, along with one of
the relays 411 to 415, when connection is to be
made with any one of the sixth to tenth lines in
the associated 10-line group. The other small-
capacity switching devices are similar. ‘

In addition to the relays 411 to 416 which co-
operate as previously pointed out to select any
desired one of the illustrated ten contact sets, the
switching device IPA has associated therewith a
connection relay 418 which, among other things,
when cperated, connects up the -conductors I to
§ of the cable CA—PM to permit setting of the
relays 411 to 416 according to the marking placed
on the conductors of this cable by the units trans-
lator of Fig. 3. . Thé hold relay 417 is associated
with the switching device to exercise certain.con-
trol functions to be hereinafter described.

Also shown in Fig. 3 is a broken-line rectangle
indicative of the primary groups 2 to 10." It is
to be observed that the primary marking cable
CA—-PM extends dotted through this broken-line
rectangle, which is intended to indicate that this
‘cable multiples into the switching device of each
of the primary groups 2 to 10°as indicated in
connection with the primary switching devices
{PA to [PD of Figs. 4 and 3. ’

Of the ten. subscriber lines served by the pri-

‘mary switching devices IPA to IPD of Figs. 4

and 3, only the first and sixth lines (#81f and
#816) are shown. The tip, ring, and sleeve con-
ductors T, R, and S of each of these lines are
‘multipled to the corresponding selective-position
contacts of the associated primary devices IPA
‘to IPD. The illustrated first and sixth lines are
‘served by relay 4!{{ of device IPA; the second
relay 412 serves the second and. seventh lines;
the third relay 413 serves the third and eighth
lines; the fourth relay 414 serves -the fourth and
ninth lines; and the fifth relay 415 serves the
fifth and tenth lines of the associated 10-line
group. i '

Line #911 is the line of substation A, while
line #916 is the line of substation B. Line and
cutoff relays 481 and 462 are individual to line

#9111, while line and cutoff relays 483 and 484
are individual to line #9186,
: Whereas, the lines #91{ ahd #8186 are in-
dividual (or single-party) lines, Fig. 4A shows
lines #9817 and #9{8 which are party lines. Line
#9417 is illustrated as a ten-party line having
substations #8171 to #8170 thereon, of which
‘only substations #9171, #8175, and #8170 are
shown. The line #9189 is shown as a four-party

The contact sets in. the upper:
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line; having substations #9181 to #9184 thereon.

The line equipment of line #918 comprises line
and cut-off relays 461 and 462,. as in the case
of the individual lines. The line equipment of
line #9171, in addition to line and cutoff relays
450 and 452, includes lockout relay 453. . This
lockout relay is arranged to enable the exchange
switching equipment to be entirely disconnected
from the line while a reverting-call conversation
is being carried on over the line, which conver-
sations are likely to be quite frequent because
of the large number. (10) of substations con-
nected to line #817. . As will be pointed out here-
inafter, the common control equipment is ar-
ranged to distinguish between a party line with
a lockout relay and a party line without a lockout
relay, and to disconnect the switching equipment
from a party line over which a reverting’call
has been made, only in the event that such party
line is equipped with a lockout relay. ’

Fig. 5 shows the secondary switching devices.
ISA and 5SB of Fig. 13, each of which differs
from one of the primary switching devices (such
as IPA, Fig. 4) in that there are four contact
pairs to a set (tip, ring, sleeve, and hold).

Fig. 6 shows the distributor DR—1{ of Fig. 13,
as well as the selector S81. This selector is as~
sumed to be of the so-called all-relay type shown
in applicant’s Patent No. 2,279,531, issued April
14, 1942, hereinbefore referred to. Of the relays
of this selector, only the switching, line, and re-
lease relays 621 to 623, one of the hunting relays
824, and the group #9 relay 625 are shown. The
cther circuit apparatus and conductors of the
selector are omitted; as the details of the selec~
tor form no part of this invention. )

The connecting-link circuit CLC—1{ of Fig. 13
is shown in Figs. 7, 8, and 9. This connecting-
link circuit is accessible to the selectors over the
tip, ring, and sleeve conductors T, R, and S ex-~
tending to Fig. 7 from Fig. 6, and it is intercon=
nected through cable CA—DR~—I| to the distribu-
tor DR—I, Fig. 6.

The connecting-link circuit. CLC—I " includes
the illustrated control relays 101 to. 111 of Fig. T;
the control relays. 801 to 807 of Fig. 8; the tens,
units, and party registers TR, UR, and PR of
Figs. 8 and 9: and control relay 911 of Fig. 9. .

Along the lower portion of Figs, 8 and 9, and
in Figs. 10 and 11, there is shown common equip~
ment which is a portion of and supplemental to
the common equipment of Figs. 1 to 3. The two
p_ortmns of the common equipment are intercon-
nected by the tens and units marking cables
CA~—TM and CA—UM. . :
_ The portion of the commeon equipment ‘shown
in Figs. 8 and 9 includes the marking terminal

‘blocks B—TM and B—UM; control relays 810 and

918; ‘and the tens-, units-, and party-identifying
terminal blocks B—TI, B—UI, and B—PI. Tem-
porary jumpers may he attached to the above-
mentioned blocks for marking and identifying
purposes. : S
The portion of the common equipment shown
in Figs. 10 and 11 includes control relays 1001 to
1612, 1181 and 182, and the commeon-test equip-
ment CT. The common-test equipment CT in-
cludes control relays 1103 to 1109, The common
test equipment CT is connected by cable CA—CT
to all of the connecting-link circuits, such as
CLC—1, of the same hundreds group.

DETAILED DESCRIPTION

'I’he.disclosure having heen described generé;lly;
a detailed description of the operation of the'dis-
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closed embodiment; of the -invention: w11L riow: be
given. ‘

A call from subs»tation-fA:. to:substation B

A description will first be givén of the opera-
tions involved when the subscriber at substation
A calls the subscriber at substation B.

It is to be observed that the number of the: hne
of substation A is:911, and that the number-of the
line of substation B is 916, the lines being both
lines of the same large (100-line) group, and: both
of the same small (10=line) group: From: the de-
scription: which' is to follow, it will be: understood
how any line: of the system can call:any otherline
thereof.

In order to-cause a: connectlon‘tobe’completed
from the calling line 911 to:the: called ling 916,
the subscriber at substation A removes-hig’ re-
ceiver; waits for dial tone; which he: hears when
connection has been extended: to'a seleetor:; and
then-dials the hundreds, tens; and units digite=
9; 1, and 6—in the desired number; followed by
the final digit 1 to cause rmgmg current' to be
applied to the called line. .

Muarking tiie callmg 10 line group and the
calling line Lherem ‘

When the receiver: (not: shown) is: removed at
substation: - A, line relay 401 ‘energizes: over: the
calling line. = Assuming that at least one of the
primary switching devices. IPA:to IPD (Figsi 4 and:
3) having access to the 10-line group in which

5

10

the calling line is located is. idle, the closure.of

the inner contacts of line Trelay £01  places g
starting battery potential on: conductor ST of the
#1.-tens-group cable CA--G over: the following
circuit path: from battery, by: ‘way of the resistor
409, conductor 408, contacts of any unopersted
one of the hold relays (such as: &7-and: 427). of
the - asseciated’ primary group, conductor: 487,

conductor 498, common to all relays of the first

10-line group, inner contacts of the operated line

relay. 441, to conductor 405.

At its - lower contacts, line: relay: 404 places 23
marking ground: potentlal ont cotiduetor I in'ecable
CA—G4. The tens and units designation of the
calling line is thus marked in cable CA—G¥, -

Assuming that the operation of the'line relay
484 occurs-at: an instant when-all of the tesds re-
lays
2{8) are in a restored condition; the previously
described placing of a tens-marking battery po-
tential on ‘conductor ST of cable CA—GHl results
in the closure of an energizing circuit for group
relays 28 and 201 in series; as follows: from
battery potential on conductor ST -~of--cable
CA—Gi, through the armature and back’ ‘con-

11. to 220 (and- consequently relays: 204 to !

tact of group scutoff” relay 23F, winding of’ gro’upl

relay 201, the lower winding of group relay ZHf,
normally’ closed contacts controlled ‘by the lower
armature of relay 21, common conductor 229, the
inner Jower contacts of all"of’ the group’ relays
220 to 211 in series, and thence to ground*through
contacts of clearout and transfer-econtrol relays
222 and 221,
over this circuit.

Operatmg the units trcmslator UT

Upon operating, relay 201 connects the: meuk
conductors | t0:20 of the group-1 cable CA—GH:
respectively with: the  conductors: of units-mark
cable CA—UM. The ground: potential.placed. on
the individual. marking eonduetor {:in the:group-1
cable CA—G1 by the lower confacts of line relay
401 is thereby extended; through:the uppermost

Group: relays’ ZBI and 2II operate {

G0

0

5

S
cantacts:of relay 20t ta:conductor: [ of the units-
marking: cable CA—UM, closing: & circuit through
the- outermost. contacts: off relay 306; upper wind-
ing of relay 38, inner upper contacts of relays
302 tor 305; and thence: to batiery through: the
asseciatedi resistor. - Relay 304: operates over this
circuit. - At its upper armatuse, it places. a: mark-
ing-ground: potential. o conductor i: of. the: pri~
mary marking cable CA—PM, while ab: its: lower
armature it: connecty - conductor: 6. inv cable
CA—UM to the marking relay 306, but relay 306
is not. opnrated at this time, since: the conductor
§ in eahle: CA—UM is grounded -only when. the
sixth line in: atens group: is; calling. or' is being
called, in which ease relays 38l and. 306 are both
operated . tc ground both: the: first. and: the. sixth
conductors:in cable CA—PM..

At this peint it sheuld- be noted . that: the: re~
lays 304 to 306- are so: connected: that the mank—,
ing of only a single line can. be 1mpressed upon
the:-conductors of cable CA—PM even-though twe
or more hnes in; the:same- 10- lme group. are: call-
ing sunultaneously Por example when:. relay
306- operates, which it dees, when any .one of
the: sixth- to- tenth lines in- a; 16-line: group- is
calling or is being called, it diseonnects- the con~
ductors. ¢ to: 5 of the cable CA-UM, assomat.ed
respectively. with: the first to. ffth lines. of a
group,. whereby: only the sixth te: tenth: conduc-
torg in cable CA-UM. are effective to- operate the
relays. 301 to. 365 under that condition.  The
battery-chain. contacts carvied by relays:. 392 ta
386 insure that no- two- of- these. relays: can: be
operated. a4, the same: time.  As an adstlonal
sa,feguard the. groundﬁ potentlal through. which
conductors 2 to- 5 of. the- cable CA-PM can: -be

marked is: carried: threugh chain contacts of re-
lays 301 to 304:

. The ground potemnal a.pphed to- conductor I

of cable: CA-PM: is. effectiver to. posz’olon which-

ever one of the primary switching, devices- IPA
to-- iPD: becomes conneoted upr toe. extend the
calling line.:

Selectmg the pﬁzmary swztchfmgﬁ d,emcc& in tie
cal[mg 10~lie group

Upon. operating ‘over its. prevmusly tlaced cir-
cuit,. relay 2£i, at its Iower. armature Tocks the
lower tmmmal of its. lower wmdmg to graund
through. contacts, of relays 222" and 221, at. the
same. time dlsconnectmg its lewer. Wmchng from‘
the common conductor 229, At its. inher arma-
ature, relay 211 diSconnects’ ground; Dotential
from conductor 229 to. theleby prevent opera-
tion: of any further. group. Lelays over & circiiit
such as.-that above tracéd. The 'vénioval of
ground . potential froim’ conductor 224 also pre-
vents. operation .of transfer-canftrol relay . 224
until ‘the cirrent finder action has been’ com-
pleted:: .

.Relay 241 also connects the. conducbors A to,
D. of  the primary-control cable ‘CA-PC respec-
t1 1y ‘to- the. conducters A to D of the fisst-group
prlmary—control cahle. CA-PCI,. thereby seélect~
ing the group of. pmmary swmchmg devices- (E,PA
to- IPD) havmg access. to the 10 Ime group. con-~
taining the callmg hne .

Matehmg an: idle primary demce wzth anidle:
: finder-actwﬁ; secondarys grou:u

An’idle prxmary sw1t"h1ng device i the calls
ing. primary group is noW 7o} be matehed wd‘,h
one of the secondary groups. Having ‘ai idie
ﬁnder action seeandary “dévice- theremr, respon-
sive te the’ descubed connectmg up of the con-
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ductors of the cable. CA-PCI,
sumed that the relays 161 to {10 of the prefer-
ence group PG are all in their illustrated re-
stored condition at- this time,.in which event
secondary group A has the preference, for
ground potential is extended (through contacts
of relays 110 and 108) directly to the inner ar-
mature of the A relay - m.. of ‘the matching-con-
trol group MC.

Let it be assumed now that all four of the pri-
mary switching devices IPA to IPD, Figs. 4 and
3, of ‘the selected primary group are idle at
this time. -In this event, all four of the con-
cerned hold. relays, such as 417 and 421, are
restored, -and battery . potential is applied
through all four of the connecting relays, such
as 410 and 420, to all four of the conductors A
to- D of the associated primary-control cable
CA-PCi. Battery potential is thus.-extended,
through contacts of the operated. group relays
211, and over the four conductors - of cablé
CA-PC to the junction- of the windings of the
respective relays 103 to 106 of the-matching con-
trol group MC. Let it be assumed further that
there is at least one idle finder-action secondary
in each of the four secondary groups. In this
event, there is ground potential on the upper
terminal of the upper winding of ‘each of the
relays 181 to 106, as will now be pointed out.
"It is to be observed that the finder-action-
secondary cable CA-FS leads from equipment
iltustrated in Fig. 1 to the four secondary groups,
carrying 12 conduectors, including group con-
ductors GA to GD, assocxated respectively with
the finder-action secondary devices in secondary
groups A to D. Ag shown in Fig. 5, conductor
GA in cable CA-FS, is common to the finder-
action secondaries in secondary group A, and is
supplied with ground potential through contacts
of the hold relay 507, as-long as the secondary
device {SA is idle, and is similarly supplied with
ground potential at each other idle finder-action
secondary device in group A.. Similarly, conduc-
tors GB to GD in cable CA-FS extend to the
finder-action secondary devices in secondary
groups B to D, respectively. - By this, arrangement,
under the present assumed ‘conditions, each of the
conductors GA to GD of cable CA-FS is ground-
ed, whereby ground potential, through contacts
of the unoperated relays {61 and 102, is applied
to the upper terminal of each of the relays 103
to 106 of the matching control group MC, and
all four of these relays operate, each in series
with the connecting relay (such as 418 and 420)
of the corresponding primary device iPA to IPD.
None of the said connecting relays, however can
operate at this instant because of the indicated
~ high resistance of the upper wmdmgs of relays
103 to 106.

With preference ground potential applied, -as
described, only to the armature of the A relay
103, only relay 103 can lock itself operated,
through its lower-resistance lower winding. . Each
of the relays 103 to 106 closes an operatmg eir-
cuit for test-cutoff relay 182, whereupon relay
162 open-circuits the upper windirig-of each relay
{03 to 108, whereupon relays (04 to 166 imme-
diately restore. - Relay 103, however, remains op-
erated, and relay 410 operates, in the following
loekmor circuit: from ground, through contacts
of the unoperated relays 110 and 108, Iower ar-
mature and front contact of relay 103, the low-
resistance lower winding of relay 103, conductor
A of cable’ CA—PC, contacts of relay 211, con-
ductor A of cable CA—PCI, contacts of the un-
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It may be as-.

operated hold relay 411, and the winding of con-
necting relay 410, to battery

Finding the calling line -

The primary switching device PA"is selected -
by the operation of connecting relay 418 over its
above-traced circuit, in series with the low-re-

sistance lower winding of the locked matching-

control relay. 193. Relay 410 connects the con-
ductors 1. t6 .6 of the primary.marking cable
CA—PM respectively with. the selective relays
411 to 416. Conductor { of cable CA—PM has
been marked by ground potential applied there-
to as previously described at the units transla--
tor UT, Fig. 3, conductors 2 to § of this cable
being unmarked. As a result, relay 411 operates,
but relays 412 to 416 remain unoperated. ‘
~Upon operating, relay 411 connects up the tip,
ring, and sleeve conductors T, R, and S of the
#1{ and #6 lines in the associated 10-line group,
but the connecting up of the #6 line is ineffec-
tive at this time because switching relay 416 re-
mains unoperated, and only the #1 line of the
group (the calling line #9(1) is effectively con-
nected up. The tip, ring, and sleeve conductors
of the calling line #9!41 are thereby extended,
through the uppermost set of contact pairs of
relay 411, and thence through contacts of the
unoperated switching relay 416, to the tip, ring,
and sleeve conductors of the primary link PlA,
extending to the secondary multlple in the A sec-
ondary-group.

’ Markmg the actuated primary swztchmg demce,
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The actuated- prlmary sw1tch1ng device iPA is.
‘marked .in. the A secondary multiple to enable
the ‘finder-action secondary. switching device: in
the A group which is to operate to make connec-
tion with the actuated primary device IPA. This
marking is accomplished: only during -the time
connecting relay 4(0 is operaied, being accom-
plished as follows:

Connecting relay 410 apphes ground -potential
to the marking conductor M2 (not used on any
of -the primary switching devices -accessible
through selective positions 1 to 5 of a secondary
switch), and it applies a marking. ground poten-
tial through contacts of hold relay 417, to the
marking conductor M, illustrated as included in

, the primary link PiA, extending to the secondary

multiple.of the A-secondary group.

Selectmg a finder-action secondary device m the:
matched A group

"~ As g further result of its above-described op-

? eration, matching-control relay 103 connects up

conductor CA of the cable CA-—FS, to prepare
for the selection of a finder-action device in the
A secondary group.

At its lower armasature, test- cutoit relay I02
closes a circuit, through contacts of relay (10,
for the upper winding of relay 109 of the pref-
erence group PG, whereupon relay 169 opera,tes
and applies ground potential to conductor Ill
W1th relays 104 to 186 restored, a,nd relay I03 )
locked operated, the grounding of conductor Al
closes a circuit as follows: from ground,‘through
the lower contacts of relay 110, contacts of the
operated. relay 109, conductor 1fi, contacts: of
the operated matching-control relay 103; contacts
of the unoperated transfer reldgy 101, conductor
CA of cable CA—FS, lower contacts of the unop-
érated hold relay 507 of secondary switch ISA
(assuming device {SA to be idle), and thénce to
battery, through the winding of: connectmg relay
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- B00: Relay 500 thereuper operates:to’ seléet; de-

vieg-1SA for operation. _
' Finding the. calling. primary. device. 1PA.
-When: relay 500: operates;:it connects: up- the
associated selective relays 501 to 506, whereupon:
relay:581. operates over conductor Mi:of:link P 4,
marked: as-previously: described: through:the: ot~
ermost  contacts. ofi connecting: relay 410. The
tip, ring;: sleeve,..and’ hold: conductors: T, R, S;
and H:of the link.PI1A:are thus extended: through:
the:uppermost.contact set of rel 2y:801, and thence
through contacts. of the. unoperated: switching:
relay. 586; to-the conductors T; R;'S; and:H on:
theroutgoing 'side: of the switching:device-1SA.

Preparing «t]zeuse.leétox S81; for: operation

The:said tip; ring; and sleeve conductors: fur-
ther: extend; by. way: of: secondary. link SIA; to-
the:selector-S84; a portion of 'whose:circuits: are:
shown. in Fig: 6, The tip, ring,; and sleeve con-.
ductors of’ the: callings line: #8i4: are ‘thust.ex=.
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tended (through:devices: iPA. and. ISA) 't6: the: -

selector. 98&1:: 'The' lower. winding- of: line ‘relay:
622 is:now: energized: over: the calling line, : in
parailel.with: the:winding: of:line'relay 491, Tihe:
relay: 622 thereupon: operates;.-causing release:
relay 62% to:operate- to: prepare:the -selector-for
operation,. Releasesrelay: 623 places ground ‘po~-
tential.on:the sleeve conductor “S- of link' S1A;
and:itiplaces:ground: potential on the’ hold: con-.
ductor. Hiof ‘the said link S1A. ‘The: placing -of"
ground. potential ‘on: the hold conductor: H  of
link: StA: operates. hold relay-507 to.close a lock--
ing' circuit at.its: inner lower:'srmature- for the
operated selective relay §81. At its-uppermost
armature, relay. 507 diséonnects ground ‘potential
at’ one-point from:the group:conductor GA:-and.
places: it-upon: the associated: hold: conductor- FH;
thereby--closing: a- cireuit;- through contacts - of
thecunoperatedirelay 566; and through contaets
ofithe: operated-relay 581. over: conductor: H- in
thie-lihk P1A; for the hold-relay #17:0f the pri-
mary- device- {PA: - Relay-'417-thereupon’ oper-
ates-and-closes - & locking" circuit: 'at its inner-
lower- contaets for:the operated: selective relay-
441" The operatéd' switcHing: devices ISA- and’
fPA are-thuslocked in operatedcondition: sub~
ject o the-continued: grounded -condition of the'
held!lezd H of the secondary
ing:to-the selector S81: Fig, 8

. Seizing the calling line.. ..

As-airesult.of- the placing of ground potential
on'the sleeve conductor $ of ‘the link STA by re-
lease relay- 623; ground potential is-extended:

link S1A; extends'

z

* callihg subscriber at:substation: A that He: may:
.now' dial'tHe

digits (9, 1, 6; and'1) in-the desired
number; ‘ . :
oo -Clearing out the commaon ,equimnent.;
Refersing? again: to: the! previously ‘describsd:
operation:of, hold:relay: 66T of device: ISA; Figi.
5, thetlower :armature of. telsy: 50T disconnects:
conductor CA of cable CA—FS:fiom:the winding:.
of:connecting: relay: 580 and:prepares: tosextend
this conductor-to. conduetor 528, leading: tos the:
next - At group; finder-action: secondary: 2SA:
Relay:. 508, however, is: slightly: slow-acting: ass
indicated, to give:time forrconductor:CA.to be:
comieungroundediin the: matching-control groups
MC/ Figy 1i-before:the: extension:is made,. wlhere=:
by the operationiof any: further. secondary device:
ats thig: time'is prevented:. Relay 507 alse.diss:
connects ground potential:at-otespeint from the:
group-ground ‘condtictor GA' of 'the:cable i CA-FS,
leaving- this: conductor. groundad: threughiicont:
tacts of ' the-unoperated:Holdirelaysiof ieither. idle:
oneof the: group- Al finder-<action’ secondary-de~
vices-2SA-and: 3SAY Pigi 13:.. S
Referring again to' the préviously: déscribedi
operation of Hold relay: 617 ofd primary. device
IPAS relay £43: discontieets- thie: winding: of cont-
nectizg-relay 4461 Being: slow:restoring, as in-

- dicated! relay #46¢remains operated: for:a: slight/

30

interval:biefére: it ‘restores. - Af ity middle lowes:
armature;-relgy - 417 disconnects- gfound: froras
marking conduetor Mi! of' the link PiA} thereby
terminating thes marked dondition: of . thelpie
mary-device IPA and-openihg the initialscireuits
of“the now-locked selsetive ralay- 581 of tHes daw:

- vice iSA.

40¢
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over the sleeve conductor S of the connection:

established through the devices ISA and {PA;-ta
cutofl relay 402 of the calling-line: The sleeve
conductor S of the calling lineis' thus marked:
busy ‘in the line multiple. between ‘the selectives
Bosition -contacts éf the primary devices IPA to
iPD. Cutoff ‘relay 452 operates to disconnect
ground potential from the tip talking conductor
E of the calling line and to disconnect the wind-
ing-of-line relay 481 from the ring’ talking con<
ductor R of the calling line, following whigh the’
further flow of  current over the conductors of'
the:calling- line-is-from the battery and ground
connections therete; through the windings of: the
double-wound line relay 882 of the selector S8,
Pig: 8:

A 'dial-tone signal is- now impressed -on the
calling line' from  the common- dial-tone lead: 62T
and- through  the condenser-§26 to- inform-the
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- Rélay 847" also  applits- grovnd’ potantial 1o

conductor-48 of cahble CAITNIto ‘operate-cléay=-
out” relay- 2224 to- clear: Gut- the: common equp--
ment. - Inthe-event- tiat no-cther: line: of* thet
same 10-line~ gfoup- has-initiated: a- call" siirco:
the-receiver was- removed at ‘the calling subjsta
tion” A; the cléarifigout’ operation is alsos inis-
ifated by the restoration of'line relay*481: which:
occurs- respensive- to~ the previousiy deseribed
operation -of cut-off’ rélay- 482 In thig event;-
the inner contacts of line relay-46i remove- bate:
tery potential from conductor .485 " common® to
all the:lines of the first 10-line group, thereby
open .circulting and. restoring group relays 20t
and’ 211, Without*any further precauition: the
restoration of group relay 2i1- would “allow the
pair ‘of “group relays associated’ withh any other
10-lirie "group. to" operate immediately, to . start

& sticceeding line=finding sction before thie com-=

mon equipmert' has Had time to clear out. corr-"
pletely.” On tiie other hand; in the event that }
another Line has caliéd in the same 10-line group’
with thie_lihe: of ‘substation A (the first 10-line
group), battery potential is maintaitied. applied
to. conductor 405 by.tHe contacts of the lie re=
lay of such other’ calling line; thus:ténding to
holdrelays 201 axid 211 operated after Tine relay

. 881 has restored, as above pointed out. In‘either

event, cléarout relay 222 operates as-previously
déseribed; through contacts. of “the- cperated re<
lays 418 and 417 of the device 'tPA, and over
conductor 18, Upon- operating: relay” 282* dis=
connects ground “potential at its' lower contacts
from: the contact chain, thereby’ unlocking and
restoring group relay 211 and restoring - group:
relay 201, whether- conductor 485 remains sup=
plied; with battery potential or not.  As' long ‘as"
relay- 222 remains ‘operated, ground” potential
canrrot’ be “replaced” on” thé” common ‘operating
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conductor 229 through the chain -circuit con-
trolled by the inner lower armatures of relays
211 to 220, and no further operations of the group
relays can therefore occur for the time being.

At its upper armature, relay 222 closes a hold-
ing circuit for test-cutoff relay 102 to maintain
it operated after relay 103 restores, as it. does,
responsive to the separation of the upper: con-
tacts of hold relay &17. . .. o o

Group relay 201, on restoring, disconnects the
marking conductors of cable. CA—Gl from the
units-marking cable CA—UM, whereupon any
operated ones of the relays 361 to 305 clear out.
The previously marked conductor i of cable
CA—PM is thus unmarked, opening the initial
circuit of the now-locked selective relay 41l of
the device IPA. Group relay 211 disconnects the
conductors of the cable CA—PCI from the con-
ductors of cable CA—PC..

When relay 103 restores, it disconnects ground
potential from conductor CA of the cable CA—FS,
at the same time opening the initial circuit of
test-cutoff relay 102, but relay 102 remains oper-

_ated temporarily over conductor 225 and the up-
per contacts of clearout relay 222, o

In the operated secondary device 1SA, the
slow-restoring connecting relay 500 restores a
short interval after the described operation of
hold relay 5971, completing the transfer of con-

ductor CA of the cable CA—FS through the out-

ermost contacts of relay 508 to conductor 9%20;
extending to the succeeding finder-action sec-
ondary device 2SA, but this occurs after the said
conductor CA of cable CA—FS has become un-

grounded by the described restoration of relay &

103.

In the operated primary device IPA, the slow-
restoring connecting relay 410 restores a slight
interval after the described operation of. hold
relay 411. “When it does so, it removes ground
potential from conductor {5 of the cable CA—TM,
thereby opening the circuit of clearout relay 222,
Relay 222 thereupon finally restores and, at its
lower armature, it reapplies ground potential
through the chain to conductor 228 to thereby
permit any required further operation of group
relays 211 to 220, and consequently of group re-
lays 201 to 210,

Transferring the operating prejerence
On reéstoring, relay 222 also opens the hold-
inig circuit of test-cutoff relay 102, permitting

that relay to restore also. Upon restoring, re-
lay 102 opens the initial circuit of the upper

winding of relay 109 of the preference group !

PG.  When this occurs, relay 108 remains op-
erated in its locking circuit (closed at its upper
contacts through the upper winding of relay
i10) and the upper winding of relay 118 is ener-
gized in this locking circuit, having been short-
circuited up to this moment. Relay (18 is oper-
ated by the energization of its upper winding
to transfer the incoming control conductor from
the upper winding of relay 109 to the lower wind-
ing of relay 110. Relay 110 also prepares & cir-
cuit for the upper winding of relay 187, but this
circuit is maintained open at the middle lower
contacts of the operated relay 109 for the time
being. Relay 110, ab its lower armature, with
relay 109 in operated condition, removes ground
potential from conductor 11l so as to maintain
this conductor ungrounded until the next match-
ing operation of relays 183 to 136 has been com-
pleted. Relay 110 also disconnects ground po-
tential from the inner armature of the A match-

[
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ing-control relay 103 and transfers if, through-
contacts of the unoperated relay 108, to the inner
armature of the B matching-control relay 104,
whereby the operating preference has been trans-
ferred from secondary . group A to. secondary
group B. D
The common equipment used in the described
extension of the connection by finder action from.
the line of the calling substation A through. the
primary and. secondary devices. {PA . and ISA: -
of Figs. 4 and 5, to the selector S81 of Fig.6,.
has now been cleared out as described, and is
in readiness for further -operation, the operat-
ing preference having: been transferred from
the A secondary group to the B secondary group..

Dialing the hundreds digit 9

When the subscriber at the calling substation
A; Fig. 4, having heard the dial-tone signal trans-
mitted to -substation A from the selector S81,
Fig. 6, dials the hundreds digit 9 in the desired
number, line relay 622.of the selector S81 is
thereby :restored 9 times momentarily. = Each
time it restores, .it momentarily -opens the: cir-
cuit, of -the associated release relay. 623, but re-
lay 623, being-a slow-releasing relay as indicated,
remains operated. :As a: further result of the
series of momentary. restorations of relay 622,
nine momentary impulses. are delivered, through-
contacts of relay 628,.to the counting:circuit (not
shown), with the result that the group-9 con--
necting relay 625 becomes operated to connect
up the group of links leading to the connect-
ing-link circuits of the ninth hundreds group, of .
which the connecting-link circuit CLC—I of Figs.
7 to -9 is one. L : )
 The dialing operation is followed by a hunt-
ing operation of hunting relays such as 624, to
hunt over the links of the connected group
until an idle one is found.. It may be assumed
that the link extending to the: connecting-link
circuit CLC—1 is the first one found to be idle,
with the result that the hunting operation ter-
minates with relay 624 in operated condition.
It may be pointed out that the selector S8l is
preferably a so-called. battery-searching: selec-
tor; that is, one which must find an idle-indi-
cating battery potential on the test conductor of
the link in order that connection will be made
thereto, such a selector continuing the hunting
operation until such potential is found. The idle-
indicating battery potential is normally present

. on the sleeve conductor' S of the link extending
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to the connecting-link circuit CLC—I of Figs.
7 to 9, over a circuit path including the resis-
3;’(:1; 718, and contacts of relays 710, 704, and
.1t  will be observed that relays 625 and 624,
upon operating, lock to the hold conductor H of
the link SiA, grounded at this time at the lower
contacts of release relay 623. . ] :
.~ When the hunting operation is terminated, by
the finding of the idle link extending to the
connecting-link circuit. CLC—1{, the operation
of switching relay 62i. occurs. Upon -operating,
relay 621 locks itself to the sleeve conductor S
of the link S{A, now grounded. at the upper
eontacts of relay 623. Relay 621 also discon-
nects ground potential from the armature of line
relay 622 and transfers it to hold condustor H of
the link SfA, so as to maintain this conductor
grounded to hold relays 624 and 625 locked, as
well as to hold the devices ISA and IPA cperated.
after release relay 623 restores, as it shortly does..
Relay 621 also extends the tip, ring, and sleeve
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conductors T, R, and S of the link SiA, through
contacts of the operated relays 624 and 625 to
the corresponding conductors of the link extend-

ing fo the connecting-link circuit CLC—i. ‘Line -

relay 622, being disconnected by the operation
of switching relay 821, now -restores, and slow-
acting release relay 623 of .the selector restores
a moment later and removes ground potential
from the sleeve lead S, but this does not cecur un-
til after ground potential has been applied thereto
in-the connecting-link circuit CLC—I, as will be
described. [

Preparing the connecting-link circuit CLE—1
for operation ’

In the connecting-link cireuit CLC—{, lins -

relay 182 responds to the' described extending
operation of the selector S81 of Fig. 6 by op-
erating over the calling line. - Upon so doing, it
closes a circuit for the asscciated release relay
T04. At its upper armature, relay 184 discon-
nects the idle-indicating resistor 748 and substi-
tutes ground potential to maintain the selector
S81 and the devices ISA and IPA in operated
condition.  A{ its inner lower armature, release
relay 184 prepares a circuit for series relay 88§
and for the even-odd relays 802 and 883, while
at its lower armature it applies ground potential
to the local conductor 738, therehy preparing
certain operating ang locking circuits to. be
described. An immedigte result. of the grounding
of conductor 738 is. the closing of g circuit,
through armatures 838 and 829 for the lower
winding of relay 805 of the transfer pair.” Relay
805 thereupon operates and at armatures 845
and 817 disconnects. the odd and even counting”
conductors 821 and 822 from conductors P of
the party register PR and transfers them to the
conductors T of the tens register TR. The con-
necting-link circuit CLO—{ is thereby. prepared
Tor operation. :
Dialing “the tens digit 1

When the fens digit is dialed (the digit 1 in
the present assumed example), line relay 702 is
restored momentarily a number of times eorre-
sponding to the value of ‘the digit. - Tn order to
- explain the cpsration of the tens register TR
more fully, the description which ig to. follow
immediately will be of the complete  cperation
of the tens register TR, occurring only when the
Gigit 0 is dialed, in which. case. line relay 162 is
momentarily restored ten times, instead of only
once. :
Each time it restores, line relay 742 cpens the
circuit of release relay 184 but release relay 194
Yemains operated, being a slow-acting relay, as
Indicated. As a further result. of each of the
ten restorations of line relay 182 now being tem-
norarily assumed, a circuit is closed, through the
lower contacts of relay 182, contacts of the op-
erated release velav 104, and contacts 228, far
series relay 88f. Relay 80814 ‘operates premmptly
upon receint of the first momentary impulse.
Being a slow-restoring relay, as indicated, series
relay 281 remains operated throughout the series
of jmpulses, because of which characteristic. it
has been termed g series relay. Upon operatine,
relay 831 shunts contacts 828 at its middle upper
armature,  and opens a point in the eircuit of.
connecting relay 141 a# its upper armature, but”
these operations are material only during the:
dialing of the: party -digit, which is to follawr,
At its lower armature, relay 881 .connects ‘the
grounded local conductor 738 to conductor 81 i,
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When. the first impulse is delivered to series
relay 881, a branch circuit extends, through the
armature of relay 803 and.its back contact, to
the: lower winding of relay 202, Relay 882 ac-
cordingly operates responsive to-the first impulse
and closes a locking circuit for its lower. winding
in'series with the: lower winding of relay 893:
Relay 863 does not respond until the impulse :is
terminated; as its upper winding remains shunted
as long. as the impulse endures, . .. :

When the first impuise is terminated, the lower
winding: of relay 802. remains energized in ‘a
locking: eircuit including the lower winding..of
relay 898, the lower contacts of relay -802; the
inner lower contacts of relay 801, and the now-
grounded.conductor 811:  Relay 803 is operated
in this locking ciréuit. It disconnects. the as-
sociated impulse conductor from the lower wind-
ing of relay 802 and transfers it to the upper
winding of relay 863: ‘

When the second’impulse is delivered, relay
863 is held operated in a locking circuit in-
cluding its operated armature and front con-
tact. At the same time, this second impulse. is
delivered, through the inner upper.. contacts of
the operated relay 882, to the upper:winding of
relay 882. Relay 802 is a differential relay as
indicated. . As a result, the relay is now: deener-
gized and restored by the reverse current flow
in its upper winding. Upon restoring it opens
the locking  circuit. for.its lower windihg and
opens the deénergizing ¢ircuit of its upper wind-
ing. - The- circuit of ‘the lower winding ¢f relay
883 is thereby opened, but relay 883 remaing op-
erated for the duration: of the ' second impulse
by current flow in. its ‘upper winding. When
the second. impulse subsides, relay. 803 restores.

From the foregoing description it will be seen
that relay 802 operates responsive. to the : be-
ginning-of the first impulse: anid restores respon-
sive to the bezinning of the second impulse;. its
operation being controlled by relay 803, “which
operates at the end of the first impulse and re-
stores at the enid of-the second impulse. Relays
8082:and 803 are thus again in restored condition
at the ‘end:of the second impulse. "These 'two
relays go ‘through this same cycle of: operations
for each succeeding pair:gf impulses, reldy 806

-operating: at" the beginning of each odd-num-

bered impulse; and restoririg at the end of each
even-numbered impulse,

With series relay 861 operated, the groéund
potential on conductor 738 is extended, by way
of conductor 811, to the upper armature of relay
802. Relay 802 accordingly applies ground po-~
tential alternately to the odd and’even:impulse
conductors 821 and 822, During the receipt of .
the tens. digit (transfer relay 804 being in an
unopersted condition and transfer relay 805 be-
ing operated as described), odd and even con-
ducters 821 and 822 are extended, through ar-
matures 898 and 809 and their back contacts,
and armatures 816 and 817, to the odd and even
conductor pair'T extending to' the tens register
TR. The conductors of pair T are thus alter-
nately grounded to secure the successive opera~
tion: of relays €41 to 815 constituting the tens .
register TR. . . R C L

Upon- the first application ‘of ground potential
to the odd conductor of pair T, a-circuit is closed,’
through contacts 827, for . off-normal relay 891.
Relay 897 thereupon operates and closes a lock-
ing circuit for itself at its inner upper armsg-
ture, -over ‘conductor 184, contacts controlled by
the lower armature of relay- 789, and contacts
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of relay 188, to ground on conductor 738. Re-
lay 807 also opens its initial-circuit. At con-
tacts 836, relay 807 opens a point in the circuit
of ringing relay 707; at contacts 837 it prepares
a eircuit for connecting relay: Ti1; and at arma-
ture 838 it joins conductors 738 and 81 together
at a new point, at the same time opening the
initial circuit of the lower winding of transfer
relay 805. "Ground potential remains applied
to the lower winding of relay 868, however, over
a, circuit path from the now-grounded conductor
8i1, through contacts of the-operated relay 881,
contacts of relay 804, and armature 8218 and its
front contact. ’ :

As a further result of the first application of
ground potential to the upper, or odd, conductor
of the pair T, a circuit is closed through con-
tacts of relays 824, 825, and 822 for the first
counting relay 821. Relay 821 thereupon oper-
ates and closes a self-locking circuit at its inner
lower contacts to conductor 746, connected
‘through contacts of relay 7{0 to the grounded
"local conductor 738, At its inner upper con-
tacts, relay 821 prepares an operating circuit
for relay 822. :

When the ground potential is first transferred
from the odd to the even. conductor of pair T
(upon the first operation of relay 882, at the be-
ginning of the second delivered impulse), a cir-
cuit is closed through contacts of relays 828, 823,
and 821 for the second counting relay 822. Re-
lay 622 thereupon operates; locks itself -to con-
ductor T45; and at its upper contacts it pre-
pares a circuit for the third counting relay 823.

The third counting relay 823 is operated through

. contacts .of relay 822 upon the second applica-
- tion: of ground potential to the odd conductor
of pair T. R ”
Upon the second grounding of the even con-
ductor of the pair T, a circuit is closed thereover,
‘through contacts of relay 825 and through the
inner. upper armature and front contact of re-
lay 823, for the fourth counting relay 824. Re-
lay 824 thereupon operates and locks itself.
‘Upon the third grounding of the odd conductor
of pair T, a circuit is closed thereover, through
the ipper armature and. front contact of relay
824, the upper armature -and front contact of

relay 823, and the upper armature and front.
contact of relay 82{ for the fifth counting relay .

825. Relay 825 thereupon operates and. locks
itself. - : et i i i

As a result of the delivery of the remaining
five -impulses of the present assumed series of
ten, the counting relays 821 to 825 are succes-
sively restored. o ) : o

The restoration of relay 821 occurs upon the
third grounding of the even conductor of pair T,
as a result of which ground potential is extended
through the inner upper contacts of the operated
relays 825, 824, and 82/2, to the right-hand termi-
‘nal of relay 821, thereby short-circuifing and re-
storing relay 821; o i

Relay 822 is short-circuited and restored upon
the next application of ground potential to the
odd conductor of pair T, over a circuit path in-
cluding contacts of the operated relays 824 and
823, and contacts of the restored relay 821;

Relay 823 is short-circuited and restored upon
the next application of ground potential to the
even conductor, over a circuit path including-con-
tacts of the. operated relays 825 and 824, and
contacts of the restored relay 822;

Upon the next application of ground potential

- to the odd conductor (upon the delivery of the
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ninth impulse), relay 824 is short-circuited and
restored by ground potential exfended to the
right-hand terminal thereof, through the upper -
armature and front contact of relay 824 and the
upper armature and back contact of ‘relay 823;
and . . :
Upon the final application of ground potential

‘to the even conductor of the pair T, relay 825

is short-circuited and restored by ground poten-
tial extended to its right-hand terminal through
the inner upper armature and front contact of .
relay 825 and the inner upper armature and back
contact of relay 824. : .
In ‘the present assumed call, the tens digit
dialed is the digit 1 (of the called number 816),in -
which case only a single impulse is delivered to
the tens register TR, and not ten'impulses, as
temporarily assumed for illustrative purposes.
Accordingly, only relay 821 of the tens register
is operated, and relay 821 remains operated and -
locked at its inner lower. armature to the
grounded conductor T45. . .
At the end of the dialing of the tens digit, line
relay 702 comes to rest in an-operated condition
and slow-acting series relay 881 restores. - Upon
restoring, relay 881, at its inner lower contacts,
unlocks and restores relays 802 and 803 to pre-

~ pare them for operation in connection with the -
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next succeeding train of impulses. At its inner
upper contacts, relay 881 opens the direct hoid-
ing circuit which it maintained, through arma-

" ture 818 and its front contact, for the lower wind-

ing of relay 865 following the described operation
of off-normal rélay 887. When this ocecurs, the
lower winding of relay 805 remains energized in
s locking -circuit through the lower winding of
relay 804 and contacts of relay 805, to the
grounded coniductor 138. Relay-884 operates in
this locking circuit. At its inner upper armature,
it prepares a holding circuit for its upper wind=
ing, while at armatures 808 and 808 it disconnects
the odd and even conductors 82f and 822 from:
the conductors T of the tens register TR and
transfers.them to the conductors U of the units
register UR. - :

: Dialing the units digit 6

When the units digit 6-is dialed, and line relay
702 consequently restores six times momentarily,
slow-restoring series relay 884 is again operated.
At its inner lower -contacts, it again prepares a
locking circuit for the even-odd relays 202 -and
803, while at its inner upper contacts it extends
ground potential, from the now-grounded. con-
ductor 811, through the upper armature and
front contact of relay 894 to the upper winding
of relay 804. Relay 884 is thus held operated.
over its upper winding during the units digit,
When this holding circuit is established, a paral-
lel restoring eircuit is established for the upper
winding of differential relay 805, whereupon relay
805 restores.  Upon restoring, relay 805 prepares
a circuit for cutoff relay 806 at armature 818,
while at its inner upper and at its lower contacts,
it. open-circuits both’its own windings-and the
lower winding of relay 804.  Armatures 816 and
817 prepare for the subsequent operation of the
party register PR. - Sl

Even-odd relays 882 and 383 operate as previ-
ously described to alternately apply ground. po-
tential to odd and even conductors 821 and 822,
which are at this time extended, through arma-
tures 868 and 809 and their front contacts, to
conductors U, leading to the units register UR.
As g result, the relays 921 to 925 of .the units:
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register UR are operated as .described in con-
nection with relays 821 to 825 to record the value
of the units digit. . In this recording, relays 921

to 826 are first operated successively, responsive |

to the first fve impulses of the digit, whereafter

relay 821 is restored responsive to the sixth im-:

pulse of the digit.

When series relay 801 restores-at the end of the -

units digit, it operis the holding circuit of the

upper winding ‘of transfer relay 804 at its inner.

upper contacts whereupon relay - 804: restores,
The odd and even conductors. 821 and 822 are
now extended, through armatures 898 and 809,
and through armatures 816 :and 811, to:the party
conductors P extending to the party register PR.

Dialing the party digit 1

When the party digit 1 is dialed, a single im-
pulse is delivered over conductor 739, whereupon
the first relay 931 of the party register PR is op-
erated, and locked over conductor 748. Series
relay 881 operates as before. - Upon operating,
relay 884 closes a circuit at its inner upper con-
tacts and through contacts of the restored relays
884 and 805 for cutoff relay 868. Relay 836 there-
upon operates and locks -itself to the grounded
local conductor 738, st the same time opening a
point in its initial circuit. At armature 829, re-
lay 808 opens a further point in the circuit of
the lower winding of relay 805 to prevent reestab~
lishment of this circuit when off-normal relay 897
is-subsequently restored; at armature 827 it opens
a further point in the initial circuit of off-normail
relay 887; and at armature 828 it severs the con-
nection normally existing between series relay
80! and impulse conductor 7189, leaving relay 83!
connected temporarily to econductor 783 through
the middle upper contacts of relay 881.

When series relay 881 restores at the -end of

the party digit, it completely. opens impulse con--

ductor 139 to.prevent any further response of the
~ impulse-responding and recording equipment in
the event that the calling subscriber inadvertent-
ly transmits a further series of impulses.

Seizing the common equipment for connectm
action

The tens, units, and party. digits (1, 6,-and 1)
having been recorded respectively in the registers
TR, UR, and PR, the common equipment may
now be called in to set up the connection as in-
dicated by the recorded digits.

Connecting relay Ti! of the connectmg-hnk
circuit CLC—I! is arranged to.connect the con-
necting-link - circuit CLC—I to the .common
equipment a2t a time when it is not in use by
any other connecting-link circuit.
pose, relay T4l and the corresponding relays.of
the other connecting-link -circuits are.chained
together, as indicated, in substantially the same
manner that relays 21! to 220 are chained to-
gether.

Let it be assumed now that none of the relays
such as 71! of the other connecting-link circuits
is operated when series relay 184 festores at the
end of the party digit. Under this connection,
relay 711 thereupon operates over the following
circuit: from ground, on chain-in conductor 135
of the first connecting-link circuit (CLC—I{),
through chain armature 72{ and its back eon-
tact, chain-out conductor 73§, the similar chain
conductors and contacts of the other connecting-
link circuits, chain-end conductor 137 (common
to all the connecting-link circuits), centacts con-
trolled by armature 722, conductor 149; contacts

For this pur- "
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of ‘series relay 821, contacts 837 and 826, con-
ductor 741, lower contacts of relay 119, the wind-
ing of connecting relay Ti1, conductor C of cable
CA—DR—I, and thence through the winding. of
connecting relay: 600 of the distributor DR—I, to
battery. Relays 600 and 711 operate in series
through the above-traced :circuit. Relay 600
connects up the selecting relays 63! to 695 and
switching relay 688, -while connecting relay Tii
locks itself to chain-in conductor T35 at arma-
ture 122, at the same time disconnecting  itself
irom-the common chain-end conductor 737; at
armature 121 -it disconnects chain-in conductor
1358 from chain-out conductor 738, thereby open-
ing the chain and removing ground potential
from- the: chain-end conductor 737 to prevent
contemporaneous - operation of the connecting
relay of any of the ather connecting-link circuits:

As g further result of the operation of connect-
ing relay T#l, connection is made with the asso-
ciated common conductors 81, 82, H, RC, SW, B
and ST of cable CA—CT. The incoming sleeve
conductor 8 is transferred, at armature 723, from
its Iocal ground connection, to ground over con-
ductor ‘Si; at armature 724, the outzoing sleeve
conductor 'S is connected to conductor S2; at
armature 7128, the upper winding of hold relay
781 is connected ‘tothe common hold conductor
H; at armature 7128, reverting-call relay 785 is
connected to  the ccmmon  reverting-call con-
ductor RC; at armature 727, the winding of
switching relay 18% is connected to the common
switching conductor SW; at armativre 7123, the
winding of busy relay 798 is connected to the
commen “busy - conductor - B; . and, ‘at armature

129, eround potential is applied to the common
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start conductor ST, in cable CA—CT.

At armature 730, relay TH! grounds the indi-
vidual transfer conductor 147 to energize trans-
fer relay /1, individual to the party register PR.
Relay ‘91t thereupon operates and transfers the
associated conductors 1 to 8§ from the common
code conductors -in cable CA—CO to the respec-
tive .terminals | to 8 in the party-identifying
connecting block B—PT. :At armature 912, relay
811 opens a point in the ringing-control circuit
and applies ground potential to the access point:
of the ten digit conductors of the party register
PR, while at armatures 913 and 9i4 it grounds
conductors ‘1984 and 882 respectively, being the
access points to the digit conductors controlled

by the tens and units registers TR and UR.

Common transfer relays 810 and 940 being 4t
this time in normal condition, the conductors i
to © of the tens register TR and, of the units reg-
ister: UR respectively extend to the termingls of

. the ‘blocks B-—TT1 and B—UT, whereby the circuit
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arrangements are in readiness for the tens, units,
and party. digits which have been- dialed to be

;y identified, whereby the appropriate class of serv-

ice can be given according to which line, and
which station thereon, is being called.

The line now being called is .one requiring no
special service treatment, in-which case the iden-
tity of the lineis not required to be made known .
in the .common eguipment. The  jumpers run
from the blocks B—TI, B—UI, and B—PT there-
fore no not include a jumper set indicative of the
currently called tens, units, and party dlglts (1,
6,.and 1), ‘

In the common equxpm\.nt CT (Fig. 11), con-
duetor -S4 is normally grounded, through con-
tacts.of relays 1184 and 1 {08, whereby ground po-
tential is maintained on the incoming conductor
S of the connecting-link circuit CLC—1 (Fig. D)
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after connecting relay Tii has operated as de-
scrlbed

" The grounding of siart conductor ST of cable
CA-—CT results in the operation of transfer-
start relay 1103. Relay 1163 applies battery po-
tential, through resistor {115, to conductor 13
in cable CA—TM, thereby extending battery po-
tential to the upper terminal of transfer-controi
relay 221, In the event that none of the fens
relays 2if to 220 is operated at this time, there
is ground potential on the:common chain-end
conductor 229, and transfer control relay 22{
thereupon operates. Upon operating, relay 221
closes a direct locking circuit for itself at its
middle lower armature; at the same time discon-~
necting itself from the chain-end conductor 228,
while at its inner lower armature it removes
ground potential from the starting point of the
associated chain to preclude the operation of any
of the relays 211 to 220 for the time being. Relay
221 also applies ground potential to conductor 228
to bring about the operation of transfer relay 161,
to complete the changeover from finder action to
connector action.

Relay 221 also applies ground potential tc con-
ductors 11 and 12 of cable CA—TM. The placing
of ground potential on conductor {{ closes a cir-
cuit at this time through contacts of relays 1081
and 1009 for common transfer relays 819 and 918

‘in parallel, - Hach of these relays thereupon op-
erates.” Relay 818 disconnects the associated con-
ductors | to @ of the tehs register TR from the
identity block B—TI and transfers them respec-
tively to the conductors | to 8 of the tens-mark

cable CA—TM, -while relay 810 correspondingly :

disconnects the conductors i to 0 of the units
register UR from the block B—UT and transfers
them to the corresponding conductors of the
units-mark cable CA—UM. . As a result of this,
the first conductor (1) in cable CA—TM bhe-
comes grounded hecause the digit | has been set
up in-the tens register TR wherein relay 821 is
energized. - At the same time, the sixth conductor
(6) becomes grounded in the units-mark cable
CA—UM because the digit 6 has been set up in
the units register UR, wherein the relays 921 to
925 have been successively operated, and relay
221 has been restored.

As a result of the above-mentioned grounding
of conductor I in the tens-mark cable CA—TM, the
upper winding of tens relay 2{1 is energized, op-
erating the tens relay 21| o record the called tens
digit 1.

In. the un1ts translator UT, the grounding of
the digit 6 conductor in the units-mark ecable
CA—UM results in the closure of a circuit for
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thereby connecting the connecting relays such as
418 and 429 of the devices IPA to IPD of Figs. 4
and 3, respectively to the matching-control re-

. lays (838 to 198, so as to energize the high resist-

[
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ance upper winding of each of the windings 103
to (28, provided in each case that the primary
switching device with which the matching-con-

trol relay is associated in the selected tens group

(the first tens group in the present example) is
idle, ‘and provided that at least one connector-
action secondary switching device in' the group
having access to the concerned primary switching
device IPA to IPD is idle. In the present ex=
ample, the upper, winding of relay 183 cannot en-
ergize, because the switching device IPA is in use;
and connecting relay 418 has been disconnected,
as described, at the upper contacts of hold relay
417. It may be assumed, however, that the pri-
mary switching devices IPB, {PC, and [PD are
all idle, in which case each of the connecting re-
lays therein is still connected to the correspond-
ing ones of the conductors B, C, and D of the cable
CA—PCI. It may be assumed further that at
least one connector-action secondary in each of
the four groups. (shown most clearly in Fig. 13)
is idle, in which case ground potential is main-
tained on each of the group conductors GA %o~
GD of the cable CA—CS. The upper winding of
each of the relays 104 to 106 is energized in this
event. - The upper winding of relay 104, for ex-
ample, 'is energized over the following -circuif
path: from ground, through the vppermost arma-
ture and back contact of hold relay 817 of the
connector-action secondary 9SB in' secondary
group B, conductor GB of cable CA—CS, contacts
of the operated transfer relay 181, contacts of re~
lay 102, the high-resistance upper winding of re-
lay 104, conductor B of cable CA—PC, contacts

- of relay 211, conductor B of cable CA—PCI, up-
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pver contacts of hold relay 427, and the winding
of connecting relay 420, to battery. Matching’

control relay 104 operates over the above-traced

circuit, but relay 420 does not operate because-of -
the high-resistance of the upper winding of relay
io4. .

Each of the relays IU4 to 186 attempts to close
a locking circuif for itself and an operating cir-
cuit for the connecting relay, such as 428, con--
nected in circuit therewith, but at this time only

U relay 184 is able to close a locking circuit for it-

the lower winding of relay 301 through contacts -

of relays 302 to 305, Relay 301 thereupon cper-
ates to ground conductor 1 in‘the primary mark-
ing cable CA—PM. At its lower contacts, relay
301 extends the grounded conductor & in cable
CA—UM to,the winding of relay 306, whereupon
relay 3086 operates to mark the associated conduc-
tor 6 in cable CA—PM. Conductors | and 6 of
the primary cable CA—PM are thus marked by
ground potential, in accordance with the called
units digit 6.

Matching for connector action

"When relay 211 operates as above described to 7

record the tens digit | which has been stored
in- the tens register TR of Fig. 8 and transferred
thereto, it connects the conductors of the cable
CA—PCI of the first tens group respectively to
the - conductors of the primary cable CA—PC,

GO

self, assuming that the B secondary group now
has the preference. ’

It was explained hereinbefore how the prefer—
ence was transferred from the A group tothe B
group by the operation of relay 139 during the
described finder action and the consequent op-
eration of relay 110 at the termination thereof.
Provided no other finder-action call has been
handled in the 100-line group in the meantime,
relay 18 is still in operated condition and relay
198 has not operated. In this event, ground
potential is extended, at the second armature
from the bottom of relay {10 and through its
front contact, and thence, through the middle
armature and back of contact of relay (08, to
the inner armature of relay 184. With relays 104
to 188 operated (relay 183 remaining unoperatéd
for the reason previously stated), the preference.
ground potential on the inner armature of re-
lay 104 is disconnected from the inner armatures
of relays 185 and 1068, preventing locking cir-
cuits from being closed for these relays, and a
locking circuit for relay 184 is closed as follows:

" from the preference ground potential on the in-

ner armature of relay 104, through the front con-
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‘tact of this darmatiite; the Iow-resistance lower
winding of relay 184, ahd thénce to battery over
a portion of the circuit previously traced through
the winding. of relay 420. Relay 104 remains
operated in this locking  circuit and-relay 429
operates. As a further resilt of the operation of
relays 184 to 106, test-cutoff relay 102 is operated,
and is maintained operated at the contacts of the
locked relay (84. . Relay 192 operis the initial
circuit of each of the operatéd matching-control

=
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relays, whereupon relays 105 -and (0§ restore, -

leaving only matehing-control relay: {04 operated.
Fz‘ndz‘ngr the called line

When connecting relay 420 operates as de-
seribed, it connects the conductors | to 6 of the
cable CA—PM respectively to the selective relays
421 to £28 of the primary switching device IPB,
-whereupon relays 421 and 426 operate over the
conductors | to 6 of the cable CA—PM, which
have been marked by the previously described op-
eration of relays 381 and 308 of the units trans-
lator UT in accordance with the units digit 6 in
the called number. The. tip, ring, and sleeve con-

“duetors 'T, R, and S of the link PIB are there- .

upcn connected, through contacts of relays 428
and 421, to the tip, ring, and sleeve conductors
T R, and S of the called line #816. These con-
ductors, however, are open for the time being
in the secondary multiple.

‘Finding tiie operaied primary device IPB -

As a further result of the operation of  test-
cuboff relay {62, following the described operation

of matching-control relay 184, a circuiif is-closed. .,
at the lower contacts of relay. 182, through the

inner armature and front contact of relay #18
(relays 18 and (89 are in operated condition at
this time under the assumption previously made)
for tHe lower winding of relay | £0. Relay 189 being
in cperated condition under the present gssump-
tion, a branch :circuit exists, through the lower
contacts of relay {08, forthe lower winding there~
of. Relay 118 is held operated by, its lower wind-

ing “for the time being, but relay {89 restores, .

being g differential relay as indicated. Upon:re-
storing; reloy 188 again grounds conductor ilf,
at this time extending ground potential, threugh
contacts of the operated relays 184 and {04,
and over conductor CB of cable CA—CS, to the
lower armature of hold relay 5i7 of the B-group
connector-action se‘condary §SB.- In the event
that the device §SB is in-use, relay 847 is in op-
erated condition, and this conneching  ground
votential is therefore exterided to device 4SB,
mg, 13, Let it be assumed, however, that the de-
vice 5SB'is idle, in which event relay 841 is not

13
lay 516, to the distributor side 6f the secohdary
deévice,

Finding the operdted sécordary device 5SB

The connecting relay 510 of the device 5SB
also marks conductor Mi of the link S5B to enable
the distributor DRI, Fig. 6, associated with the
connecting-link circuit CLC—1{ of Pigs. 7 to 9 to
find the device $3B. . . .

- Keeping in mind that connecting relay 660 has
leen operated in series with relay Ti1 of the con-
riecting-link cireuit; the grounding of conductor
Mi{ of link S5B by relay 510 results in the closure
of g circuit through contacts of connecting relay
608 for selecting relay 604 of the distributor
DRI, whereupen relay 604 operates to extend
the con’ductors T, R; and S of the link S5B,

- through contacts of Telay 606, to the conductors

20

T, R, and 8: of the termingting or connector-
action-end of the conhecting-link cireuit CLC=-I,

-at the same tinie extending the hold conductor I-I

of the link 58B to ground through contacts of the
unopetrated switching relay 606: At itslower con-
tacts, relay- 604 locks to- conductor I of cable
CA~~DR~~{; now grounded at contacts of relay

ST

Ag descrlbed the devices IPB 5SB, and DR—1
have been successively-operated tolink a conhec- |
tion between the called line of substation B (tele-
bhone number .9161) " and the- terminating or
connector-gction side of the link ecircuit CLC=={
of Figs. 7t0 9. With connecting relay. 1if oper-
ated, the sleeve conductor of the calléd line is
now’ tested by line-test relay 1108 to determine
thie-busy -or idle condition of the called line to
thereby  determine: whether busy: relay 708 or
switching relay 709 is to  becéme: operated after
a slight interval, when the _common control equip-
ment shéwn ifl Figs. 1 t0'3 has ¢légied out.

Initiating the clediing ot of the COMTNON
Equipnient
The way in which holding dircuits are estab-
lished for the" operated devices 58B and  IPB:
the temporary seélected condition of these devices
is terminated; and the clearing out of the com-

mon equipment is indtiated, wilknew be described.

in operated condition, and ground: potential on -

the associated conductor CB is extended to con-
necting relay §{8. Cennecting relay 818 is there-
upon operated to connect up the windings of re-~
lays 511 to §i6. When this occurs, relay &t} is
operated over the marking conductor Mi of the
link PiB to find the primary device iPB which
has made connection with the called line as-de-
scribed. The circuit for relay 511 is from ground,
through-the outermost contacts of connecting re-
lay 420, middle lower armature and back contact
of hold relay 427, conductor M! of link PIB,
contacts of relay 58, and the winding of relay
541, to battery. Upcn operating, relay 5!l extends
the tip, ring, sleeve, and hold conductors T, R, S,
and H of the link PIB through its Uppermost st
of four contact pairs, and theérce through the
back contacts and four upper armatiurés of re-
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Upori.the deseribed operation of selecting relay

" 604 of the distributor DR==1, to:lintk the such dis-

tributor with the secondary device 58B, a circuit
is closed for the lower winding of hold relay 517,
over hold' conductor B of the link S5B, through
corttacts of the'operated rélay 604 and of the

urioperated relay 606. Relay 5171 thereupon oper-
- ates and closes a locking circuit at its inner lower

contacts for the operated selecting relay 5if, to
maintain relay 511 operated after its initial cir-

“cuit is opened Relay 511 4180 disconnects ¢on-
,ductor CB of the cable CA—CS from the winding

of connectmg relay 510 and’ Pprepares’ to extend
this lead; throtigh doritacts of relay 510 and over
condtictor 521 to the secondary device 4SB. Be-
ing slow-releasing as mdlcated connectmg rélay
563 remains operated for s shght interval to pre-
vent prémature extensmn of the said lead to
conductor 521.

At its upper armatuze, relay EH dlsconnects
ground potentlal at ofie point from group con-
ductor GB of tiié cable CA—CS, leavmg this con-
ductor grounded. gt similat ¢ontacts of any other
idle connector-action secondary ‘dévice in the B
group.

Reldy 51T also grotinds the assocxated hold con-
ductor H at its upper armature, thereby closmg
a cifcuit, through contacts of the unoperated re-
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lay 516, through contacts of the operated relay
514, and over conductor H of the link PIB, for
the winding of hold relay 421 of the device IPB.
Hold relay 421 thereupon operates. At-its lower-
‘most contacts, relay 427 separates conductors 4617
‘and 488 at onepoint, and at its inner lower arma-
ture it-closes-a locking circuit from the grounded
lead K of the link PIB to maintain relay 421
operated after its initial circuit has been opened.
With switching relay 426 in operated condition,
‘the lower: winding thereofis in series with. the
locking circuit-for selecting relay 421, so as to
maintain relay 426 operated after its initial cir-
cuit has beenopened. At its upper armature, re-
‘1zy 427 disconnects the connecting relay 420 from
conductor B of the cable CA—PCi, thereby mark-
ing the device 1PB as busy to the matching-con-
trol ‘unit MC, Fig. 1. :Being slow-releasing, as
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~called line is busy. The tesulting ground po-
-tential on the sleeve lead thereof shunts line-

Lt

indicated, relay 420 does not restore immediately,

but remains operated a slight interval for reasons
pointed.out in connection with relay 410 in device
iPA. i : ‘ ! )

At its.middle lbxver armature, relay 427 ter- .

minates the marked condition of the lead M/ of -

the link PiB and applies ground potential to con-

ductor 15 of the cable CA—TM. Clearout relay.

222 thereupon operates as previously explained.
At its upper armature; relay 222 grounds conduc-
tor 225 to maintain test cutoff relay 102 operated
after matching-control relay (04 restores, as it
does when its circuit over the associated B lead
is opened, as described, at the lower contacts of
relay BI1. - L

With transfer-control. relay 221 in operated

condition, the grounding of conductor {8 of cable
CA—TM. results in the grounding of conductor
44 of the cable CA—TM.

Initiating the testing operalion

When ground potential is applied as described
to conductor 14 of cable CA—TM, relay 1187 of
the cycle group (comprising relays 1164 to 1i8T)
operates. A$ its inner upper contacts, relay {187
1ocks itself to conductor i I;.grounded at the upper
contacts of transfer control relay 221, By this
locking ‘circuit, relays 1107 and 222 are main-
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tained operated as long as relay 221 is held oper- .

ated, thus avoiding their premature restoration’

responsive to the restoration of the now-discon-

nected slow-acting connecting relay 420, which *

occurs shortly. :

The operations now occurring depend . upon

whether the called line (#9186, Fig. 4), to which
the connecticn has been extended, is idle or is
busy. ' e . .
The called line is busy .
‘Let it be assumed that the called line #3518,
Fig. 4, is busy. In this case, a guarding ground
potential is being maintained on the associated
sleeve conductor S to hold cutoff relay 464 op-
erated. It has been described previously that
the sleeve conductor 8 in cable CA—DR—I has
been extended on the one hand through arma-
ture 724 and over conductor S2 of the cable
CA—CT to the common test equipment CT, and

has been extended on the other hand, through

the devices DR—I of Fig. 6, 5SB of Fig. 5, and
{PB of Fig. .4, to the sleeve conductor S asso-
ciated with the called line #9i8. Conductor S2
of Cable CA—CT normally extends, through the
winding of line-test relay 1108, to ground at the
contacts of relay 0i04, enabling relay 11088 to
operate in series with the cutoff relay of an idle
called line. Under the present assumption, the

el
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test relay 1188, preventing its operation. In this
event, ground - potential is not applied -to the
switching conductor SW:in cable CA—CT,; and
relay 4§88 remains connected to the grounded
conductor 4. The lower winding of relay 1106
is accordingly ehergized in parallel with the
winding of.relay !{87. - The operation of relay
1i85 is delayed somewhat by the illustrated
short-circuited upper winding thereof. ) o

:After a slight interval, relay 1108 operates and
applies a reverting-call test to determine whether
the calling and called lines are identical. More
in particular, relay 1196 opens. points .in the’
associated RC and H leads at armatures 1119
and §128 respectively; it short-circuits line-test
rclay. §188 at armature 1121; at its lower con-

‘tacts it closes a circuit for the associated slow-

operating relay 1i85; and at the contacts con-
trolled by armature 1121, it removes ground from
the right-hand terminal of reverting-call test re-
lay 1188, Since the calling and called lines are
not identical in the preseént assumed example,
reverting-call test relay (403 is not shunted over
the called-line multiple, and therefore now. op-
erates in series-with lead St and in the hclding

‘circuit of switching relay 621 of selector S8,

and that of cutof relay 882 of the calling line.
Upon operating,. relay: {109 applies ground .po~
tential, ai its uppsr armature and front contact,
through contacts f116,-to conductor B of cable
CA~CT, thereby closing a circuit through con--
tacts 128 for busy relay 108.

Upon operating, busy relay 168 locks itself at
its lower armature to the grounded local con-
ductor "788. At the back contact of its lower
armature, relay 108 disconnects ground potential

‘from conductor 745, thereby unlocking angd clear-

ing out the velays of the party register PR, and

-unlocking snd restoring off-normal relay 807.

At contacts 837, off-normal relay 887 open-
circuits and restores connecting relays 11 and
£38. On restoring, connecting relay {1 frees

-the conductors of the cable CA—CT and re-

establishes the chain cireuit toj chain-end con-

~ductor 137, .

Relay 7{! also removes ground potential from
conductor 747, restoring relay 9il. At arma-
tures 843 and 94, relay 9i1 removes ground po-
tential from the access point of the register con-
tacts of the tens register TR and units register
UR, thereby terminating the marked condition
of the conductors | to 0 in each of the cables
CA—TM and CA—UM., R

As a result of the removal of ground potential
from start conductor ST of cable CA—CT, trans-
fer-start relay 183 restores and removes battery
potential from conductor i3 of the cable CA—TM,
permitting transfer-control relay 221 to restore.

The restoration of relay. 221 results in the re--

“moval of ground potential from conductor. ii,

5

“relays 101 and 182 to restore.

whereupon ¢learout relay 222 restores, as .does
relay {401. : D

The restoration of relays 221 and 222 sllows
The portion of
the common equipment shown in Figs. 1 to 3

“is thereby cleared out.
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In the portion of thé common - equipment
shown in Fig. 11, relay 1108 restores when-lead
Si is disconnected by relay T, and relays 1106
and 1487 restore, responsive to. the ungrounding

“of conductor 1, thereby clearing out the common

test equipment CT.
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The common equipment is now completely
cleared out. .

In the connecting-link mrcult CLC—! busy
relay 108, at its inner upper contacts; applies
busy-tone signaling current from common lead
138, through contacts 117 and condensér 114, to
the incoming tip talking condicter, Wheleby a
busy-tone signal is transmitted’ to - the calling
substation to inform the  subseériber:thereat of
the busy condition of the called line.

It should be mentioned at:this point that the
described operations resulting in the- givihg of a
busy-tone signal and-in-the denying-of the con-
nection may result also from an‘open: condition
of the sleeve lead of the called line (such as re-
sults for example when-an unequipped line: is
adverently called), for the line-test ‘relay {1983
can cperate to prevent the returning of -the busy
signal only in the event that the sleeve conductor
of the called line is closed to bat‘ery, through ‘the
cutoff relay. -

Thc; callqd ;lz’ne is. idle

Let it be assumed now that the desired line is
idle 'when called. In this event, with conneecting
relay Tt in operated conditien, the completion
of the connection to the called line results'in the
energization of line-test relay 1108 in series with
cutofl relay £84 of called line #8(6 over conduc-
tor 52 of cable CA—C'T, contacts 124, sleeve con-
doctor S of cable CA—DR—I, and thence by way
of devices -DR—1, 8SB, ‘and 'IPB, to the sleeve
conrductor of the called line; Relay 404 operates
to clear the'called line for ringing and talking
purposes,- while the line=test relay 1188 discon-
nects conducter 14 from the lower winding of re-
lay- 1186 and prepares to ground th=- assoczated

switching .conductor SW. .

Under the assumption now being made, whet
conductor {4 of cable CA—~TM is grounded 2s de-
seribzd, through contacts of the operated trans-
fer confrol relay 241, as a result of the grounding
of conducter 15 by held relay 417, the resulting
-operation of relay {1087 extends ground potential
{frem conducter {4), through contacts of the op-
erated line-test relay 1488 and the upper con-
tacts of relay {487, to conductor SW-of the cable
CA—CT, thereby closing an opersting circuit,

through centacts 127, for switching relay 709 of 50

the connecting-link circuit CLC—I.

Switching relay 189 now operates. At its inner
upper armature, relay 709 makes g new applica-
tion of ground potential to sleeve conductor S
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conductor: 741, thereby permitting the final clear-

ing ‘out of- the common eqmpmen’c as prev;ously
described. .

Initlating the ringing o'peration

. As previously indicated, each party lihe may

have 2s many as ten substations connected there-

<to) each of which is signalled by ‘& separate code.

The codes ‘are selected according to the setting

‘of-the party regls}:er PR (Fig; 9), which  selects

one or the other of the ten conductors of cable
CA—CO, leading ¢ the code machine CM. The
code machine CM- may ke of any desired type or
construction, but is illustrated as a multi-cam
code machine having cam contacts 931 to 948,
each of which may be arranged to transmit a
distinctive code. The code machine CM also has
caln contacts 928, through which groung poten-

‘tial is normally applied to pick-up conductor 143,

being momentarily removed: just prior to the be-
ginning of a code period.

The" previously operated off- nermal relay 807
has a further duty in that it acts as a pick-up
relay to start the ringing operation .at the be-
ginning of the code period. The lower armature
of relay 769 transfers the locking conductor 744
for off-normal relays 807 from its previously exist-
ing- connection 'with the grounded local conduc-
tor 138, to the normally grounded pick-up con-
ductor 743, Nothing happens as a result of this
transference - until the pick-up. position ‘of the
code “machine CM is next -reached, whereupon
the resulting ungrounding of pick-up conductor
143" permits off-normal relay 857 to restore and
open a further. point in its previously. existing
locking eircuit. Off-normal “relay 881 cannot,
therefore, ‘reoperate when conductor 743 is subse-
quently regrounded.’

When offcnormal relay 8@1 restores, it com-
pletes the ringing relay circuit at armature 836:
from ringing relay 707, over conductor 142, con-
tacts 836, conductor” 742, the back contact of
armature §42 and the said armature, conductor
§03, lower contacts of the uncperated relays 935
o 832, lower armaturfe and front contact of the

. operated relay §31, contac*s of the restored reldy

of the cable CA—DR-—I to maintain the called

sleeve grounded after relay Ti{ has restored; at
armatures 715 and 716 it completes the ringing
circuit, over the assaciated condiictors T and R
of the cable CA—DR-—I, to the called line; at
armature T47 it closes a ring-back ecircuit path
through condenser Ti4; and at its inner lower
contacts it closes a branch circuit for auxiliary
relay 118, Auxiliary relay 71§ thereupon operates.
At its inner lower armature, relay 710 discon-
nects ground potential from conductor 745, there-
by clearing out registers TR and UR; at. the
front contact of its inner lower armature, relay
718 closes a locking circuit for itself and a holding
circuit for relay 789 from - the grounded. loecal
conductor 788; it additionally applies ground po-
tential to conductor I in cable CA—DR—1I so as
to maintain the connection intact to the called
line after: relay 11l hasrestered; and at its lower
contacts. it open~circuits and restores relays T#1
and 689. The restoration of- relay Ti( frees the
conductors: of.'tha: cable. CA—CT ‘and: ungrounds
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811, and thence over conductor { of the code cable
bA—'CO to cam ¢onfacts 931 of the code ma-
chine CM. Accordingly, ringing/rélay 787 is op-
erated in accordance with the code generated at
contacts 931,

Each . time Tinging relay 167 cperates, 1t re-
moves ground potential from the tip talking con-
ductor now extended to the called line and sub-
stitutes ringing current over lead 734 from. the
generator G. This ringing current. passes over
the tip conductor to the called line, and returns
over the ring conductor through contacts 7(6,
contacts of relay 7068, and through the winding
of ring-trip relay 76§ to battery.

Being of the usual retarded type, as indicated,
trip relay 706 does not operate in: the ringing
circuit so long as the call is unanswered (there
being the usual blocking condenser in the ring-
ing -circuit). When the call is answered, how-
ever, trip relay 786 operates over the called line,
its return circuit to ground being either through
the back contact of the armature of relay 787,
or through the front contact of the armature of
this relay, to ground through the generator G,
depending upon whether the response gccurs. dur-
ing the transmission of ringing current or during
a silent interval.

Upon operating; relay 786, connects: the Wind-
ing of busy relay 108 in parallel’ with the wind-




16

ing ‘of auxiliary relay 710, whereupon busy re-
lay 108 operates as a ring-cutoff relay. Upon op-

erating, relay 708 locks itself to the grounded -

local conductor 738 at its lower armature, while
at its upper and middle upper armatures it cpens
the ringing circuit and completes the talking
circuit to the called line.

" 'Back-bridge relay T08 now operates over the
called line, and makes an additional applica-
tion of. ground potential, through contacts of the

10

unoperated hold and reverting-call relays 181 - -

.and 109,.to the local conductor 728.
- The calling and called subscribers may how
converse with each other as described.

Clearing out the established connection

. When the conversation has been terminated
and the subscribers at substations A and B have
replaced their receivers, the established connec-
tion is cleared out, as will now be described. The
order in which the clearing-out operations. oc-
cur depends upon which of the two subscribers
replaces his receiver first.

The calling subscriber hangs up first

Let it be assumed that the calling subscriber
‘at substation A is the .first to replace his re~
ceiver, - Under this condition, the resulfing res-
toration of line relay 182 is followed a moment
later by the restoration of slow-releasing relay
704. Series relay 801 does not respond at this
time because it has been disconnected at contacts
828. At its lower armature, relay 104 disconnects
ground potential at one point from local con-
ductor 138, leaving this conductor grounded at
contacts of the operated back-bridge relay 762.
At its .upper armature, relay ¥04 disconnects
ground potential from the associated sleeve con-
ductor.S of the link incoming to the connecting-
link circuit from the selectors, but no idle con-
necting battery potential is applied to this sleeve
~ conductor at this time because resistor 748 is
maintained disconnected at contacts of relay T18.
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As a result, the selector S8¢ and the devices ISA

and IPA can now clear out as wiil be described,
‘but the connecting-link circuit CLC—{ is not
marked as idle to the battery-searching selectors
because of the absence of battery potential on
the sleeve lead of the associated link.
Responsive to the stated removal of ground
potential from the sleeve conductor, the calling
line is marked as idle, and cutoff relay 402 re-

stores, to reconnect line relay 481, enabling find-

er action to. cccur the next time the subscriber
at substation A removes his receiver to initiate
a call,

45
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Switching relay 621 of selector S8i also re-
stores when ground - potential is removed from .

the associated sleeve lead. Upon restoring, re-
lay 621 disconnects ground . potential from the
associated hold conductor H, whereupon relays
624 and 625 restore, completmg the clearing out
of the selector.

Removal of ground- potentlal from the lead
H of the link S{A by the selector S8{ restores
any operated ones of the relays-58i to 507 of the
device iSA, clearing out this device. Ground
potential is thereby disconnected from the hoid
conductor H of the link PiA, permitting any op-
erated ones of the relays 411 to 411 to restore,
clearing out the primary device IPA. . - .

When the subscriber at the called substatlon
- B replaces his receiver, back-bridge relay. 783 re-
stores and removes ground potential from con-
ductor 138. When this occurs, relays 108 to T10,
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and 806, are unlocked and permitted to restore.
The restoration of relay Tid reconnects battery
potential, through resistor 118, to the sleeve con-
ductor S of the link over which the connecting-
link circuit- CLC—1 is seized, thereby marking -
this link as idle. :

The restoration of relay 789 opens the talking
circuit at armatures 719 and 716, while, at the
inner upper armature of relay 709, ground po--
tential is removed from the sleeve lead of the

connection to the called line, marking the.called -

line as idle and restoring cutoff relay 404.

At the inner upper contacts of relay Tif, the
holding circuit of any operated one of the re-
lays 601 to 686 of the distributor DR—I is opened
resulting in the clearing out of the distributor,
and in the removal of ground potential from the -
hold conductor H of link S5B, When this oc-
curs, any operated ones of relays 511 to 517 are
permitted to restore. The device 5B is thereby
cleared out. A result is that the ungrounding
of the hold conductor H of the link PIB permits-

-any operated ones of the relays 42! to 421 to

restore, clearing out the link IPB.

. The established connection has now been re-
leased as described and the apparatus involved
therein is available for use in setting up further
connections.

The: called subscriber hangs up ﬁrst

Let it be assumed now that the called sub-"
scriber is the first to replace his receiver upon
completion of the conversation over the connec-
tion established as described. - Under this as~
sumption, the only immediate result is that back-
bridge relay 103 restores and removes ground

potential at one point from conductor 138, leav-

ing this conductor grounded at contacts of re-
lease relay 104. The connection between the
two lines remains intact under this condition un-
til. the calling subscriber replaces his receiver,
whereupon the restoration of line relay 102 is
followed by the restoration of release relay 104
to ‘cause the connection from the calling line
to the connecting-link. circuit to clear out ds

- described, and to cause the connection from the
connecting-link circuit to the called line to clear
‘out as.described.

Further operation of the preference group PG

From the description hereinbefore - given, it
is apparent that, beginning ‘at a time when. re-
lays 107 to 110 of the preférence group PG are -
all in a restored condition, relay 1089 is operated
by test cutoff relay (82 when the first call (finder
action or connector action) .is handled by tae
common equipment; that relay 110.operates in
‘the locking circuit of the upper winding of re-
lay 189 when the first call is cleared outf ana
relay 182 restores; that relay 109 is restored and
relay. 110 is maintained operated by relay 1062
when the next call is handled; and that relay
{10 restores when this second call is cleared out
of the common equipment and relay ‘102 re-
stores. It follows that relay 189 operates upon
each odd-numbered operation of relay {02, and
restores upon each even numbered operation of
relay 102, and that relay (10 operates upon each
odd-numbered restoration of relay 102, and re-
stores upon each even-numbered restoration of
relay 102,

‘When relay 189 restores upon the second oper-
ation (finder action or connector action) of re-
lay 102, it completes a circuit for the upper wind- -
ing of relay 107 which is from ground, through
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contacts of the operated relay 110, middle lower
contacts of relay 109, inner armature of relay
108 and its back contact, and through the upper
winding of relay 107, to battery. Relay 107,
therefore, operates on the receipt of the second
call, and relay 108 operates in the locking cir-
cuit of the upper winding of relay 101 when
the second call is cleared out. When relays 109
and 118 next reach the same condition (with
relay 109 restored and relay 110 operated), on
receipt of the fourth call at the common equip-
ment, a holding circuit is closed for the lower
winding of the operated relay {08, while the
differential relay 107 is restored responsive to the
current flow in the reverse direction in its lower
winding. The circuit of the upper winding of
relays 181 and {08 is thereby opened, with the
result that relay 108 restorés upon the clearing
out of the fourth call, along with relay 110, plac-
ing all of the relays 107 and {10 again in the
illustrated restored condition.

By the illustrated connections to the inner
armatures of matching-control relays 103 to 106

from the front and back contacts of the middle

lower and lowermost armatures of relay 108,
which armatures are in turn connected to the
front and back contacts of the second lower-
most armature of relay 110, the preference
ground potential is shifted successively from one
to another of the inner armatures of relays
103 to 106 in a continuous cycle as the calls
(both finder action and connector action) arrive
at the common equipment and are cleared out.
By this arrangement the calls are more or less
uniformly distributed amongst the four primary
switching devices having access to any one ten=
line group, and amongst the four secondary
groups, ‘both for finder action and fpr ‘connec-
tor action. .

Matching in other than the currently
preferred group

It is to be observed that the back contacts of
the inner armatures of matching-control re-
lays 103 to 106 are chained together, each to
the inner armature of the next succeeding re=
lay, and that the back contact of the inner arma-
ture of relay 106 is connected fo the inner arma-
ture of relay 103, thus making the chain con-
tinuous. In this way, when any relay which has
the preference fails to operate, either because
the primary switching device in whose ecircuit
the relay is included (as hereinbefore described)
is busy, or because all of the devices in the cor-
responding secondary group are busy, the pref-
erence ground potential is extended, through the
then unoperated inner armature of the con-
cerned matching-control relay, to the inner ar-
mature of the next succeeding relay in the chain
circuit. If the next succeeding mafching-con-
trol relay is also unable to operate, for either
(or both) of the reasons stated, the preference
ground potential is then extended to the third
matching-control relay from the preferred one,
and may be extended to the fourth, if the third
is unable to operate. In this way, even though
the preference ground potential is in each case
applied to a specific matching-control relay, and
the corresponding group is thereby given pref-
erence, operation can take place in any other
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Finder qctz'on delayed

Ajs previously stated, relays 281 to 246 are pro-
vided to withdraw the' calling 'ten-line group
from finder action temporarily at any fime when
the starting of attempted finder action is delayed
for an interval of, say, a second after the serially
related group relays, such-as 28f and 211, have
operated responsive to the removal of the receiver
at a calling ;substation. This provision will now
be explained. ’ .

Let it be assumed that the subscriber at sub-
station A removes his receiver and brings about
the operation of line relay &6l at a tinie when at
least one of the devices IPA to IPD isidle, result-
ing in the operation of group relays 281 and 2i1
in series over conductor 8T in-cable CA—GH.

As previously explained, relay 281 connects. up
the mark conductors of cable CA—G!, individual
to the calling: ten-line group, to the conductors
of cable CA—UM to cause the units transiator
UT to be sei according to which line in the group
is calling, and relay 211 connects the matching-
control relays MC over the cable CA—PCH to the
devices 1PA to IPDof the calling ten-line group,
with the expected result that one or the other
of the matching-control relays 103 to {68 will
operate and lock itself as hereinbefore described.

Let it. be assumed, however, that the only idle
one of the devices [PA to IPD is the device I1PA,
and that all of the finder-action devices in the
secondary group A (including the secondary de-
vice ISA of Figs. 5 and 13); are busy. Finder
action, therefore, cannot take place for the lack
of an idle iink path. In this event, ground poten-
tial has been removed -at all points from con-
ductor GA in cable CA—FS, by hold relay 507 of
the device I1SA and by the similar relays of the
devices ZSA and 3SA, Fig. 13.. As a result, no
energizing circuit exists for the Upper winding of
matching-control relay 103 because of the stated
condition of the A secondary group. No.circuit
exists for the upper winding of any cne of the
matching-control relays 104 to 186 because of the
stated busy condition of the devices IPB to IPD.
Therefore, none of the relays 103 to 106 can op-
erate, and relay 102 remains unoperated, allowing

cutoff-control relays 223 and 224 to respond.

When any one of the relays 211 to 226 operates,
it closes a circuit for the lower winding of relay
2238 in series with the associated one of the cutoff

- relays 231 to 240.. In the present assumed ex-
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group than the preferred one in the event that

operation is unable to take place in the preferred
group. : -

75

ample, relay 211 is operated and closes a. circuit
for relay 231 as follows: from ground, through.the
contacts of the common release timer RT, relay
231, inner upper contacts of relay 21 1, conductor

+226, contacts of test-cutoff relay 102, conductor

221, the high-resistance resistor 238, and the lower
winding of relay 223, to battery. Relay 231 is
preferably so” wound and adjusted as not to op-
erate over the above-traced circuit because of the
current-limiting effect of the high-resistance re-
sistor 230. :Relay 223, however; being & sensitive
relay, is able to operate, but the operation thereof
is delayed considerably by the retarding effect of
the upper winding thereof, which is normally
short-circuited as shown. Ordinarily, the above-
traced circuit is opened by test-cutoff relay: 102,
responsive to the operation of one or another of
the matching-control relays MC, preventing relay
223.from operating. - In the present assumed ex-~
ample, relay 102 is unable to operate as stated,

and the above-traced circuit for. relay -223 re-

maing . closed,. enabling relay 223 to operate.
Upon operating, relay 228 rémoves the short cir-
cuit from around its upper winding so as to enable
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it to release quickly when its’ circuit is subse-
quently opened, and-it applies ground potential to
the junction of the associated resistor:and the
winding of the normally energized relay 224,
thereby short-circuiting the winding of relay 224.
Relay 224 restores after a slight interval, and
when it does, it places a shunt around the: high-
resistance resistor 239 and.the contacts of:tests
cutoff relay 102, thereby completing a low-resist-
ance operating circuit for relay 23! in series with
the lower winding of relay.223. : Relay.231. oper-
ates when this occurs. Upon so doing, it discon-
nects conductor ST of cable CA—G1 from the cir-
cuit of .relays 281 and 2{1.and closes.a locking
circuit for itself.as follows: from ground, through
contacts of the common release timer RT, the
winding of relay 231, conductor ST of the. cable
CA-—GI,; conductor 405, contacts of the operated
line relay 401, conductor 488, lower contacts of

relay. 411, and thence to battery through. resistor ¢

409.

Relays 201 and 211 restore responsive-to the
operation of relay 281. At its inner upper con-
tacts, relay-211 disconnects relay 233 from in cir-
cuit with relay 231, whereupon relay 223 imme-
diately restores and removes -the short-circuit
from:around the winding of relay 224, permitting
relay 224 to immediately reoperate. The relays
223 and 224 are, therefore, in readiness to time the
finder action initiated at any other ten-line group
and to-lock out any other such group from finder
action.in. the.event that matching (at the match-
ing-control:circuit MC) cannot take place.

It is evident that one or:more.connections may
become released in the next few seconds to en-
able the desired finder action to occur. The con-
tacts of .the release timer RT preferably open
momentarily -at short.intervals. of, say, ten sec-
onds to.allow any operated  ones of the: relays
231 -to .240 -to release and .unlock. When. such
an .opening of the contacts of RT occurs, the-op~
erated ‘group-cutoff .relay. 23! restores. When
this . occurs, provided the calling -subscriber -at
substation A has not replaced his receiver:to al-
low line relay 481 to restore, relays 281 .and ‘2#i
may again:operate to thereby again attempt the
"~ finder action. If such:action is successful on:the
second attempt, it takes place as previously de-
scribed. " On- the other:hand, if 1t is unsuccess-
ful, relays 223 and 224 again-operate as described
to-bring about.a second. operation of cutofl relay
231 to again clear:the common.-equipment. -This
may be repeated a.number of times, either until
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hold relay “507 is accordingly Deing . maintained
operated over the hold conductor‘H of the link
SIA and that matching has taken- place between
the finder-action portion of the A secondary
group and an idle A primary device in one of; ‘the
ten-line groups. "In-this event, conductor CA: of
the cable CA—-F'S hasbecome. grounded by ma,thh-‘

-~ ing- control relay 103 t0 cause the co*mectmg re-

30

relays 102 and f03.
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the calling subscriber replaces his receiver to .

wait a while before making his call, or until-a
finder-action path becomes available and the.de~
sired. finder action accordingly takes place.: -

Safeguarding secondary action, '

A special safeguard is provided to prevent false
secondary action when a secondary (either finder-
action or. connector-action) of ‘a-group becomes
idle while a succeeding secondary of:a group-is be-
ing matched with an idle primary device,.as will
now be described. As previously explained, the
busy or idle condition of the-secondary deviee-is
indicated by whether or not-the hold relay (such
as 5071 of the device ISA, and 517 of the'device
5SB) is operated. If the hold relay %87, for ex-
ample, is- operated, conductor -CA - of the "cable
CA—FS is disconnected from connecting" relay
500 and is transferred -as previously - described
throug«hkcontacts of relay 500 and over conductor
. 920 to the next succeeding device-2SA. Let it'be
assumed now that the device 18SA is'in use and
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1ay (similar to 5898) of a succeeding device to’ be-

come operated. “In this event,-if. hold relay-381,

should restore before the ensuing finder -action
has been completed, the grounded. conductor CA
of _cable CA—FS would’ ‘be prematurely - discon=
nectéd from the connecting relay of the succeed-
ing secondary device and be reccnnected to-con-
necting relay 508 of the device ISA, which opera-
tion under certain conditions might resultin- a
douible connection or in loss of the call. Such a
contingency, however, is prevented by the mam-
tenance of ground potential on the lockingcen-
ductor LA of the cable CA—FS-by relay 183

With ground potential on conductor LA, and re-
lay 507 operated,.a temporary - locking circuit-is
completed for the upper winding of relay 507 to
hold this relay operated’ independent of the con-~:
tinued grounded condition of the hold conductor
H of the link SIA. Therefore, even though’ the:
link S1A should be freed at this time, relay “5071-
still remains operated by its upper winding until
the current finder action has been terminated,

Whereupon ‘relay ‘587 restores when conductor
TA becomes ungrounded upon the restoration of
‘The same is true of “the
corresponding relay of the next succeemng sec-
ondary device, if operated. -

Similarly, if connector action is ensuing in - the
B secondary group, through" the .device 4SB-of
Fig. 13, which may occur when the dev1ce*58B
is in use, and hold relay 517 is therefore oper-y
ated, premature restoration.of relay 517 s pre-
vented by a lockmg circuit.for the upper winding
of this relay over conductor LB of the cable
CA—CS;, grounded through contacts of matchmg-
control relay. 1084 and test-cutoff.relay 102.

5  The same provision.is- -extended .to all finder-

Mctlon and connector-action secondary devices as
a safeguard against false. secondary action. under
the condition stated.

Reverting~-call service .

Arrangements, lymg partly in the 1nd1v1dua1
connecting-link 01rcu1ts (such as CLC—:I, -Figs.
7 t0.9) and partly in the common equlpment
are provided for enahling:directory-number re-
verting-call service to be given to the pazty-line
subscribers. "By a reverting call is meant’ ‘one
made by one party-line subscriberto anothel sub-
seriber on the same party line.

City party-line service ordinarily -does notiin-
clude -more than four-party service, -while:-a
rural party ‘line.often has as many as ten-sta-
tions-connected- thereto.  Moreover, a consider=
gble -portion .of the. callg .originating on rural
party ‘lines "are for -other psgrties on -the:.same -
line. - For this .reason, it .is .desirable -to make
provisions;enabling all of the exchange switch--
ing .equipment -to .be -released -and returned. to
common use while g reverting-cail conversation
is being carried .out ocn a rural party g, | T
is .ordinarily uneconomical,. however, 1o make
such provisions in connection with" the four-
party lines which renders service to c‘ty -sub-
scribers, because of the relatively small portion
of reverting calls on such lines. A portion of
the switching equipment, therefore, must be-held :
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in- the -connection’ during: a reverting-call cor-
versation en a city party line in order to guard
the line against intrusion; arid to supply talking
current to the line. Arrangements are provided,
therefore, for releasing all of the switching
equipment,  or not, during’ a reverting-call con-

versation, depending upon  whether the  con-.

cerned party line is; for-example, a- ten-party
rural line or is; for example, a four-party city
line. - Such provisions wiil be explained subse-
quently, - o

Fig. 4A shows the ten-party rural line #9171
and the four-party. city line #918;  The line

equipment of four-party line #9818 (having sub~

10

-stations 8181 to’ 8i84 thereon) 'is similar to the 15

line circuits of the individual lines. of Fig. 4 in.
that it comprises simply a line relay 461 .and.a;

cutofl relay 482. The line equipment. of the:

ten-party rural: line #9471 (having ten: substa~-

tions; 9{7¢ 1o 9170 thereor{),. in: additien to
- Hne and cutoff relays 451 and 482, is provided

with a lockout relay 453 which enables the line’

to: be placed in a lockout conditicn during g

reverting-call. conversation, and to be main-:

tained guarded, while talking current is‘supplied;

to the line

451,
Reverting-call service on ten party-lines

It is now assumed that the subseriber at sub-
station 2174 on the ten-party rural line: #9117
(Fig. 4A) desires to converse with the subscriber
at substation 9078 on the same party line. For
this purpose, the subscriber at substation. ¢{7i
removes his receiver; waits for dial tone; dials
the desired number 8176; replaces- his receiver,
to permit the ringing code.of the called sub-
station to be transmitted back over the calling
party line;.and removes-hig -receiver to converse
with- the called substation when the applica~-
tion of ringing current is discontinued upon the

through the windings of line relay.
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the ninth- hundteds: group and: to- seléct an’ idle:
link in.-the group. It may: be assumed that. the
link" exteriding 'to' the connecting-link circuit:
CLC—1" of Figs. T to 9'i§ the first one found to be:
idle and'is, therefore, selected; with the results:
as previously. described; :

When the*tens, units;, and party digits -(1,.%7,
and-0) are dialed, operations.as previously de-
seribed .occur with-the result that these ‘digits:
are recorded’ respectively 'in’ tens register TR,.
units.register UR; and barty register PR, of: Figs..
8.and 9. : L - :

Following the dialing of the party digit, con-
necting relays 71t and 600 are energized in series
over their previously: traced: circuit: _Relay T
thereupon makes: connection with:the conductors
in cable. CA—CT: and: brings about the operation
of party-digit transfer relay 911 over conductor
147, L :

In the common test equipment CT, the grounds
Ing of start conductor ST of the cable CA-—CT
by relay Tli results in the previously: described:
operation: of transfer-start relay 1103 to place:
an energizing. potential on: conductor 13.. The.
result, as previously described, is that the portion
of the common equipment shown in Figs. 1 to 3
is called into service, and that ground potential:
is returned on conductor {1 when this has been

" accomplished, bringing gbout. the energization of
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common-transfer relays: 8§10 .and 910, whereby
the recorded tens-and units. digits are transferred:
over cables'CA—TM and CA—UM to .cause the
connection to: be extended from: the cornecting~

* link ‘circuit CLC—I: to the desired called!line: sub-

35

40

answering of-the subscriber at called. substation

9178, . ‘ , .
- When the receiver (not shown). is removed at
the calling substation #3(74. (Fig. 44), line relay-
451 operates over the calling line. At .its lower
contacts, line relay 451 extends. battery poten-
tial over conductor 495 to start conductor ST of
cable CA—G{ (see  Fig. 4), while at its inner
armature -it applies marking ground- potential,
through contacts of relay 453, te-conductor 1 in
the said cable GA—G. ) ;
Responsive to the-above grounding of start
conductor ST and mark conductor 7 in. cable
CA—GI, primary and secondary finder opera-
tions. occur as previously explained to..complete
a: connection. from the tip, ring, and sleeve con-
ductors of calling line #8171 to a. selector. It

may .be assumed that the connection is ex- -

tended through primary and secondary devices,
-APA and ISA of Figs. 4 and 5 to the selector
Sel of Fig. 6, whereupon dial tone from com-
ductor 627 is transmitted back to the calling
line. . When this connection is completed, and:
ground potential is consequently’ applied to the'
sleeve conductor of the calling line, cutoft relay
432 cperates to lock itself to the sleeve conduc-
tor independent ‘of the’contacts of relay 458;
and to disconnect line relay 45! which' there~
upon restores. Lockout relay 4583, preferably ad-
Justed ‘to operate-slightly after the' cutoff relay-
Has cperated, opens the initial- circuit  of the
now-locked’ cutoff relay 4852. LT
When the: hundreds-digit-9-is dialed; selector
S81 operates- as: previously’ discussed: to: select
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stantially as hereinbefore described: ‘It may be

" assumed that the terminating end of the connec-:

tionito line #9417 (Pig. 4A) is by way of primary:

device IPB of Fig. 4 and secondary..device S5B.
(Fig.: 5), to which connection’ is made by the

device DR—I:iof Fig. 6. - .

- When the cennection has been set up to: the:
desired line, and. hold relay 427 of the primary-

device IPB has operated, the resultant ground-

ing of conductor 1% at the contacts of relay 4271

causes clearout relay 222 to.operate as previously,

deseribed. The ground potential on' conductor

1§ is'Turther. extended, through contacts of the-
operated fransfer: control relay 22,0 conductor

' ¥4/in cabie CA—TM, operating relay {87 of the

common test equipment CT, to:lock itself to con-
ductor i1 of the cable CA—TM, grounded: at
contacts:of relay 221: . :

Since’ the calling line is. also the. called line,
the sleeve conductor of the terminating portion
ci’ the conzection is connected: to the grounded-
sleeve conductor S-of. the multiple of the con-
cerned line #8911, whereby line-test relay 1198
is shiunted-and- thereby. prevented from energiz-
ing in series with cutoff relay 452. The opera-
tion of relay {87 of the cycle group in the com-
mon test equipment CT is accordingly: followed
by the operation of the slow-operating cycle re-
lay: 1186, through- contacts of the non-operated
line-test relay 1 188:.. -

‘When relay 486 operates to shunt line-test re-
lay 0188 and to remove the local shunt from
around reverting-~call test relay 1489, relay 1189
does not operate;, being shunted by ground po- -
tential applied to the right-hand terminal there-
of over the following circuit path:

From ground, through the inner upper con-
tactsiof. relay {194, contacts 1421 of relay 1108,
conductor S2 of cable CA—CT, contacts 724,
conductor S in cable” CA~-DR~I; through the
operated:device DR—I (Fig. 6) ;-sleeve conducton
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S of link S5B, through the secondary device 5SB
(Fig. 5), sleeve conductor S of link PIB, through
the ‘operated device IPB (Fig. 4), to the sleeve
conductor S of the called line multiple #9817
(Fig. 4A), and thence through the primary de-
vice §PA, sleeve conductor S of link P {A, through
the device ISA, sleeve conductor S of link SiA,
threugh the selector S8t, the sleeve-conductor S
incoming to the connecting-link circuit CcLC—I,
front contact of armature 123 and the said arma-
ture; and conductor. St of cable CA—CT, to the
left-hand términal of reverting-call test relay
i109. : . .

The failure of reverting-c¢all test relay 1189 to
operate when the local shunt is removed-there-
from at the contacts of armature 1121 estab-
lishes that the call:being made is'a reverting call.
Since relay 1109 does not operate, it does not
place ground potential on busy lead B of cable
CA—CT. : ;

‘A moment later slow-operating relay {105 is
operated, through the Jower contacts of the re-
lay 1186. -Upon operating, relay 1405 locks itself
to ground, through the lower contacts of relay
{10%; removes the shunt from its retarding upper

winding to permit it to release quickly when.

open-circuited; and at its upper contacts it oper-
ates relay 1104. ’ .
At its lower contacts, relay 1104 locks itself to

ground -at the lower contacts of relay 1101; at
its inner lower contacts it short-circuits the lower
winding of relay 1106 so as to cause relay 1106 to
release shortly; at its middle lower armature it
removes the shunt from around. resistor 1126;
while at its inner upper armature it removes the
ground connection previously existing, through
_contacts 1121, to the associated: terminating
sleeve lead .S2. The previously. traced shunt path
around the winding of reverting-call test relay
{108 is thus opened at the inner upper contacts
of relay 1104, When this occurs, the entire hold-
ing current over the incoming sleeve of the con-
necting-link . circuit CLC—I of Fig. 8 flows
through the winding of relay 1108. The relays
which derive their current over this holding cir-
cuit are switching relay 621 of Fig. 6 and cutoff
relay 652 of Fig. 4A. Additionally, the low-re-
sistance winding of leckout relay 453 draws hold-
ing current from the sleeve conductor S of line
multiple 917.. Because of the presence of lockout
relay 453 in the line circuit of line #8117, a sub-
stantially heavier holding current. is drawn at
this time than is the case when the reverting call
is. being made from a line such as line #9183,
whose line. circuit does not contain a lockout
relay. With resistor 1125 having been introduced
by relay $104, the current through relay (108
tends to be reduced somewhat. Nevertheless, tie
marginally adjusted relay 1108 is able to operate
because of the additional holding current re-
quired by the presence of ‘the above-mentioned
lockout relay 653 in the holding circuit, Upon
operating; relay 1188, at its inner upper contacts,
cpens a point in the connection through which
ground potential would otherwise be applied to
hold conductor H, while at its upper contacts it
opens the initial circuit of the now-locked relay
1104 and attempts to apply ground potential to
the associated busy conductor B, but is prevented
from so doing by the open condition of contacts
i116. : S

A moment later, relay 1106 restores responsive
to being. shunted at the inner lower contacts of
relay 1104, When it restores, it again removes
the local shunt from around the winding of line-
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test relay 1108, but relay 1108 again fails - to-
operate .at this time because its terminals are
connected respectively to leads Sl-and S2, which |
are connected together through the common,
sleeve connection over the above-traced shunt
path. At armatures 1119, the restored relay 1106
applies ground potential to reverting-call conr '
ductor RC.- At armature 1120, relay - 1106 .at-
tempés to -apply ground potential to ‘hold con-
ductor H, but is prevented from so doing at the.
inner contacts of the operated reverting-call
test relay 1108, - N
In the connecting-link eircuit - CLC—I, the de- -
seribed grounding of conductor RC of cable CA—

5 CT results in the operation of reverting-call re--

lay 185 through contacts 126. At armature T12,
relay 105 opens the connection through which
ground potential is ordinarily applied to the in-
coming sleeve conductor S through contacts of
the operated release relay 764, but this operation
is of no effect as long as relay 711 or relay 702 re-
mains operated. At its iower armature, relay 105
prepares 2 circuit for switching relay 109; at its
inner lower contacts it closes a temporary locking
cireuit for release relay 164, through contacts
of busy relay 708, to the grounded local conductor

788; and at its inner upper contacts it closes &

parallel. circuit for auxiliary relay 1i0. Relay
110 thereupon operates. :
- At its innner lower armature, relay T10 closes
a locking circuit for itself and a holding circuit
for relay 705; at its inner upper contacts, it
makes a multiple application of ground potential
to the hold conductor H in cable CA—DR—I 50
as to maintain the connection established with the
called line after relay Tii has restored, while at
its lower contacts it open-circuits and restores re-
lays 711 and 600. : R
Upon restoring, relay Til frees the conductors
in cable CA—CT to allow the common equip-
ment to clear out. When this occurs, the outgo-
ing sleeve conductor, conductor S in cable CA——
DR—I, has no ground potential applied thereto in

connecting-link circuit CLC—{, for switching re- ..

lay 109 is not in operated condition at this time..
The connection to the 'called line, however, is-
maintained intact by the ground potential ap-:
plied to conductor H of cable CA—DR—I at the.
inner upper contacts of relay T18. k
Although contacts T12 of reverting-call relay
105 are open, the incoming sléeve conductor S is
maintained grounded temporarily (following the
restoration of relay T11), at the front contact of
the upper armature of line relay 702, through the
contacts controlled by armature 723. SRS
As g further result of the described operation
of reverting-call relay 705, busy-tone lead 133 is
connected through the upper contacts of ‘relé.y :
165, through the back contact of armature 117
and the said armature, and condensér T4 to the
tip talking conductor to give a busy-tone signal
to the calling. subscriber.: The subscribers are
preferably instructed to wait, on reverting calls,
for this signal and to réplace the receiver when
the signal is heard. . ’
~ When the receiver is replaced on the calling
line, responsive to the above-mentioned busy-tone
signal, line relay 1062 restores and opens the
original circuit, at its lower armature, of release
relay 164. Relay T64, however, does not restore
at this time, being held operated in a iocking cir-
cuit including its lower armature, conductor. 738,
inner lower contacts of busy relay 108, and the
inner lower contacts of reverting-call relay 105, -
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At its upper armature, line rélay ‘702 removes
ground ~potential from the incoming sleeve .con-
ductor S, armature ‘712 being in operated con-
dition as:pointed out.: When: this. occurs, switch-
ing relay 621 restores to clear.out the selector
Sei. The restoration of relay 621 results in the
removal of holding :ground potential ‘from con-
ductor H of ‘link SiA, whereupon the secondary
and primary devices [SA and IPA of Pigs. 5 and

4 respectively clear out and are returned to com-

mon use. ‘The connection established by finder
action and selector operation between the calling
line and ‘the connecting-link' circuit CLC-—1 is
thus atutomatically broken when the-calling sub-
seriber replaces his receiver, the terminating per-
tion of ‘the connection being held as previously
mentioned at the inner-upper contacts of relay
Til.

In the calling line circuit (l"xg 4A) cutoff relay
452 now restores-and reconnects line relay 451 to
the line, but the latter relay does not now oper-

dte, for the receiver has been replaced at the
Cutoff relay 452 also’

calling substation (#3{71).
temporarily disconnects itself -from the sleeve
lead. A slight interval later, however, lockout
relay 453 ‘(which is only slightly slow restoring)
restores and reconnects cutofl relay 452 to the
associated sleeve lead.

As g further result of the restoration of line
relay 162, a circuit is.closed ‘at the lower arma-
fure and back contact thereof, through contacts
of ‘the operated relays 704 and 765, for switching
relay 128. As is indicated by the cross-hatehed
upper portion thereof, relay 709 is rendered slow-
operating, as by being provided with a copper
collayr around the armature end of its core. As'a
result, the operation of switching relay 799 is
delayed a sufficient interval to permit the above-
described restoration of lockout relay 453 (Fig.
4A) to occur before relay 169 operates.

Upon operating relay 709 locks itself ‘to the
grounded local conductor 138 at its inner lower
contacts, through the inner lower contacts of the
operated auxiliary relay 710; at ‘armatures Ti5
and 71§, it closes points in the ringing circuit;
and at its inner upper armature it -reapplies
ground potential to sleeve conductor S in cable
CA—DR~-|, now extended through the operated
devices DR—I ‘SEB,and {PB, to the multlple of
the concerned party line #9317 (Fig. 4A). When
this ‘occurs cutoff relay 452 :reoperates, through
contacts of the restored lockout relay 453, and
again locks itself to the associated sleeve lead S
indevendent of the contacts.of the relay 453. At
the same time, cutoff ‘relay 452 disconnects the
windings of line relay 451 to prevent interference
with the ringing operation which ‘is ‘about to
ensue. Lockout relay 453 also reoperates. At
its upper contacts, relay 453 again renders the
cireuit of cutoff relay 452 dependent upon the
closed .ihner contacts of the latter relay. -

As a further result of the described operation
of .switching relay 189, locking conductor 144 of
off-normal relay 887 is disconnected from local
conductor 738 and is transferred to the normally
grounded pick-up conductor 748.

When the pick-up .cam .contacts 930 of the
code machine CM (Fig. 9) rnext.remove ground
potential from pick-up conductor 743, off~normal
. rélay 807 is unlocked and restored as hereinbefore
explained to'connect ringing relay 167, at arma-
ture 535, to.the origin.point of the digit contacts
of relays.831-to 935, comprising the party.register

PR. Transfer relay 911 having been restored, and.
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the ' digit-’0 ‘having been delivered to the party
register PR, all:the relays of this register are in
restored condition and ringing relay 797 is there-
by connected to conductor O-in cable CA—CO,
controlled by the tenth code cam contacts $49.
Ringing relay 187 is accordingly controlled in
accordance with the tenth party c¢ode. . Each
time it operates, ringing relay 107 applies ring-
ing current-to-the ‘called line, through the com-
mon:lead 134, from the :generator G, the return
path to battery and .ground being through the
winding of trip relay 706.

It will'be understood, of course, that the r1nger
at -the calling substation responds.to the -code.
along with the ringers at-all-of the other substa-
tions on-the:line. The calling subscriber is thus
able to:determine ‘when the call ‘has-been an-
swered.

“When ‘the. called subscnber«at~substat10n 94708 .
(Fig. 4A) responds, by removing his receiver, trip
relay 786 responds to operate busy.relay 188 as a
ring-cutoff - relay. - Upon. operating, relay T08

- opens the ringing-circuit and:completes the .con-
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nection over the itip-and ring conductors between
the concerned line and back-bridge relay -708.

Back-bridge -relay 703 now ‘operates over .the
called line. ~At this'time, it does not apply a hold-
ing ground corinection to:conductor-7138 as in the
case of anon-reverting call, being prevented from
doingso by the now-open lower contacts of revert-
ing-call rélay ‘195. ' :

“As a further result of its operatlon ‘busy relay
188, ot its inner lower contacts, opens the local -
holding circuit of release relay 784, with the result
that relay ‘184 shortly restores.

Upon restoring, release relay 704, at its inner
lower armature, opens. the initial operating cir-
cuit. of switching relay 789, while at its lower
armature: it removes ground potentlal from local
conductor 738 unlocking and restoring relays 165,
188, 7189, ‘arid 10, ‘Back-bridge relay 143 re-
stores 1espon51ve ‘to the restoration of relays 798
and 108." “Revertingzcall ‘relay 705 is. rendered

“slightly slow—releasmg, as by the indicated con-

ducting sleeve around the core thereof, where~
by it does not restore until after back-bridge
relay -1803 has restored. Reapplication of ground
potential to conductor 138 through ‘the contacts
of back-bridge relay 783 is' thus prevented.

Thae econnecting-link circuit 'CLC—1is now
completely ¢leared out, and idle-indicating bat-
tery potentidl, through resistor 718, is reapplied to
the ‘incoming sleeve conductor S'at contacts of
the restored relay 118 to endble this connectmg-
link éircuit to be again taken for:use.

‘Upon “the ‘restoration of auxiliary relay 713,
ground potential is removed from hold conductor
H in cable CA—DR—I, causing the switching
devices DR—1 of Fiz. 6,'S5B and IPB of Figs. 5
and 4, to élear-out. By this operation, the con~
nection of the connecting-link circuit CLC—I{ and
the concerned line #9817 of Fig. 4A is broken.
Ground potential is thereby removed from the
associated sleeve conductor S of the #8917 line

‘multiple; whereupon cutoff relay 452 immediately

restores; lockout relay 453 being slightly “slow-
restoring. as ‘previously  explained. Upon the
Testoration ‘of cutoff relay 452, line relay 44l is
reconnected to the associated line. At this time,
because the receiver is off at the called substa-
tion #8170, line relay 451 immediately operates.
Upsn so doing, it cleses a locking circuit.at its
inner contacts, through the inner lower.armature -
of.the opérated lockout relay 453, for the latter
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relay. Lockout relay 458 is thus maintained oper-

ated. and the associated sleeve lead S is main-
tained guarded by ground potential, as long as

line relay 851 remains operated. Because of the -

open condition of the back contacts of the inner
and lower armatures of lockout relay 453, no
start-ground and mark-ground. connections are
extended by the reoperated line relay. Cutoff
relay 492, being maintained. disconnected at the
upper contacts of relay 453, is-not reéoperated
when line relay 451 operates and closes the above-
mentioned locking circuit for relay 453.

When the calling subscriber, at substation
#9471, removes his receiver responsive to the ces=
sation of the operation of his ringer (resulting
from the answering of the called subscriber at
substation #9178), the two subscribers may con-
verse with each other as desired, talking current
being supplied. over line #3141 through the wind-
ings .of line relay 451.

‘When the conversation has been terminated and
the two subscribers replace their receivers, line
relay 45! restores thereby unguarding the asso-
ciated sleeve lead S and permlttmg lockout relay
453 to restore.

Revertzngfc,all service on four-party Zines

©+The way in. which reverting-call service is
handled on the four-party city lines will now be
explained. For. this purpose, it -will be assumed
that the subscriber at substaticn #918( (Fig.
4A) on four-party line #9118 desires to converse
with the subscriber at substation #9184 on the
same:line. For this purpose, the subscriber at
substation #9481 removes his receiver; waits for
dial tone; and then dials the digits (9, 1, 8 and
4) in the desired number.

It may be assumed that, when the receiver is
removed, .the primary and secondary devices
{PA and. ISA of Figs. 4 and 5 operate to extend
the connection from the.multiple of the calling
line #918 to the selector S81 (Fig. 6). It may
be assumed further that the selector S81, on re-
sponding ‘to the hundreds digit 9, makes con-
nection with the connecting-link' circuit CLC—I
of Figs. 7 to 9.

When' the ‘connecting-link circuit CLC—{ is
seized by the selector S81, it prepares itself for
operation as hereinbefore described.

The tens, units, and party digits, when dialed,
are recorded in the registers TR, UR, and PR of
Figs. 8 and 9, following which connecting relay
T operates “as previously described to con-
nect with the ‘common test equipment CT of Fig.
11 over cable CA—CT. Transfer-start relay {103
thereupon operates to apply battery -potential
to conductor 13 of the cable CA—TM to cause
the ‘common ‘equipment of Figs. 1 to 3 to be
changed over for: connector action, whereupon
relays 818 and 9i0 are operated, the recorded
tens and units digits are transferred as previous-
1y .described to-cause the connection to be es-
tablished to the called line.

It may he assumed that the primary ‘and sec-
ondary- dev1ces operated to connect with the
called line are IPB and 5SB of Figs. 4 and 5, the
connection also including device DR—I, Fig. 6.
When this connectlon has been completed and

?rounded as_ herelnbefore described, the pre-
viously. described operation of cycle relays 1104
to. 1187 of the’ common test equipment CT is
1n1t1ated L

Since the cal1ed line is also the ‘calling line,
the called line tests busy. Line-test relay. 1108
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consequently fails to.operate:. As a result, relay

1106 operates over the associated conductor {4;-
locally shunts line-test relay 1108; and removes

the local shunt from the winding of reverting- -
call test relay 1109 to make  the prev1ously de-

scribed reverting-call test.

Since the call under consideration is a revert-
ing call, relay 11069 fails to operate at this-stage,
Whereby the associated busy lead B 1n cable
CA—CT is not grounded. ’

A moment later, relays 1135 and | 104 operate
successwely, and relay 1184 removes ground po--
tential from the terminating sleeve conductor’
82 and inserts resistor 1126  in series with-re
verting-call test relay-1189. At this time, revert-
ing-call test relay 1188 does not operate, even
though all of the holding current for switching
relay 621 of selector S81 (Fig. 6) and cutoff re-:
lay 426 of the calling line -circuit - (Fig: 4A)
passes through relay 1188. With current-limit-
ing resistor 1126 now in circuit and with no in-
crease of normal current flow. over the sleeve
conductor (such as is occasioned by a compara-
tively low resistance lockout relay such as 453),
‘the current flowing through the marginally - ad-‘
justed reverting- call test relay is insufficient to
operate the relay.

With reverting-call test relay 1109 remammg
in an unoperated condition, the: restoration- of
relay 1106 (which occurs responsive to the shunt-
ing of the lower winding thereof at.the inner
lower contacts of relay 1104) results in the ap-
plication of ground potential, through contacts
i118, 1120, the contacts of relay 1189, to. hold
conductor H, At the same time, ground po-
tential. is applied, .through contacts [{IT and
1119, to the reverting-call conductor RC.. .

In CLC—I, Fig. 7, hold relay 181 operates over
hold conductor H of cable CA—CT, . through
contacts 125, and reverting-call relay 705 op-
erates over conductor RC, through contacts 726.
As previously explained, reverting-call relay 105,
at its inner lower contacts; closes a local holding
circuit for release relay 104; at its middle lower

5 armature it prepares an operating circuit for

switching relay 709; at armature 712 it opens
the normal incoming sleeve ground. connection;
at armature Ti3 it disconnects signal lamp- 131;
and at its inner upper armature it closes a paral-
Iel circuit for auxiliary relay T19. .

Hold relay 101, upon operating, closes a.lock-
ing circuit for its lower winding to local ¢on-
ductor 738, while at.its lower armature it pre--
pares a holding circuit for release relay 7104
under the control of back-bridge relay 703.

‘When auxiliary relay T10 responds to the c¢lo-
sure of its circuit by the inner upper contacts
of reverting-call relay 788, it accomplishes the °
hereinbefore described circuit changes, includ-
ing the open-circuiting and restoration of con-
necting relays 71{ and €69. The common equip-
ment is freed by the restoration of relay 111,

" The Ppreviously discussed busy-tone signal is
transmitted over the calling line through the
upper contacts of reverting-call relay 705,

prompting the calling subscriber to replace his-
receiver.

When the receiver is replaced at the calling sub-
station #8121 (Fig. 4A); line relay 102 restores.
With contaets 112 of revertmcr-call relay 105 now .
open, the upper armature of line relay 102 re-
moves ground potential from the incoming sleeve
conductor S, permitting cutoff relay 462 to restore,
and permitting the selector S81 of Fig. 6 to clear
out as previously described, as a result of which
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ithe primary and secondary finders(IPAand I1SA
-of7Figs. #:.and. 5: ¢lear-out, leavingithe ‘connection
between'the .connecting-lirik. ¢iretit {CLC—1gnd
{the:.coneerned line:only that-estaklished: by con-
mector.action through the devices iPB,:53B,and
DR—f. -

"This being a ;reverting call, the: restoratmn of
Jine relay 1102:is not'followed by the restoration.of
-release relay 184 as that-relay is held-operated-in
-a-¢ircuit which includes the.inner lower contacts
-of -rélays 785 and 708 :and thelower contacts-of
relay 7104, “Consequently, ‘local -conductor 138 'is
‘maintained-grounded to mamtam relays 104, 795
and-T#0 locked operated.

Asa - further result-of ‘the restoration of line re- :

lay 102, switching relay 799 is operated,: through
‘the lower-contacts of line velay 103, inner lower
contacts of release rélay 704, and the-middls lower
armature-and front contact of-reverting-call relay
105,
ground ‘potential to -the :sleeve “conductor S in
cable' CA—DR~—I ‘to regard-the-sleeve -conductor
of the multiple of-the-concerned hne #9818 and fo
‘reoperate cutoff relay "462.

‘The ringing operation occurs as:a result-of‘the *

‘transferal of the: holding circuit of relay 807 -to
pick+up conductor 143 at the lower armature-ci
switching relay 199, with the result that relay 807
restores when the code-machine’CM of Fig. 9 next
‘arrives inpick-up position. "~ .

‘The.code signaling ringing current is 'sent out
-as ‘previously ‘described by ringing relay T.M, in
accordance with whichever one.of the .ten codes
‘has been selected by the setting of party register

PR (Fig. D, code #4 in the present assumed eX~

ample.

“When the sibseriber at substa,tlon #9184 re-
.moves his receiver to answer .the call, .trip relay
T06 operates as previously described to operate
busy relay 788, whereupon . busy frelay 188 .opens
£the ringing cireuit and.connectsback-hridse relay
103 ‘to the concerned.line to supply talking cur-
rent.

With hold _relay 19! now-operated ‘and lncked
the operation .of back-bridge.relay 1183 results in
the closure: of a.circuit, through.the lower arma-
ture and front contact. of.relay 18{.for the slow-
acting release relay 784. This.circuit holds re-
Jease relay 184 operated.after the temporary:lecal
‘holding circuit -therefor has been .opened at the
inner.lower.contacts of relay 168. -With relay.104
thus held. operated to maintain:ground- potential
.on local conductor 138. relays 104, 785, :and 728

to.T10 are 'held operated to keep-the connecting- ...
dink -circuit. CLC—! ‘from-clearing out, :and relay -

7169 maintains ground potential on the associated
‘terminating sleeve conductar.S.to maintain .the
concerned party line #9148 .guarded for the.dura-
tion of the reverting call.conversaiion.

.ings.of .back-bridge relay 183,
- 'The subscribers.at substations #0181:and-#£6484
may-converse with.each.other.as described, when

ithe.subscriber .at the _substation #9484 again re- »

moves his receiver responsive 1o the.cessation .of
+the operation-ofhis ringsr. = . '
When the conversation has -been -terminated
:and the two subseribers have replaced their ve-
ceivers,the restoration of back-bridge relay 183 is
followed: shortly by:the restoration of-slow-acting
release relay 1964, ' At its lower contacts, relay

404 removes-ground-potential from-thelocdl con-

ductor 728, whereupon relays 181, 185,.and 388:to

‘Switching -relay 799 ‘thereupon -applies *

4B

Talking .
eurrent is supplied to the line through the Wmd— -

23
.cuit. “The devices:DR—1,58B,'and: IPB clearr uut
as previously pointed out
) Non- busll-lme service !
Line #4855 : (Fig. 4B) "is ‘equipped -to :serve .as

" »what is referred to-herein -as-a “non-busy”-line.

110

By:this; it ismeant-that- the makingrof one calling
connection to such .2 line'does not-preclude .the
.making -of -one.or.-more additional calling ‘con~
-nections.to the line while-the first connection -re-
‘maing.established thereto. These additional:con-
‘nections -are ‘made :to :the line: despite the fact

. ‘that ‘thernormal guarding potential-isiplaced:on

ithe -sleeve .conductor .thereof whenever -the -line
dsicalled. - Such-additional -connections:are-made
possible by the non=busy-line :service .provisions
{includingirelay.#102) of the portion of the:com-

‘mon: equipment shown:in Figs. 10 and .11,

“"The.line: shown in Fig.-4B.may be one-used.for
ranswering <inquiries <and 'the like. .. One:example
‘of:such a line lisione Jeading to a:fire stdtion-in
&-comparatively :small-ecommunity -over “which
calls arereceived from theresidences of voluntary
firemen:regarding the:locationiof:a fire:after: the

--common.fire signal -has:been:sounded.

Letitberassumed now that #955 has beencalled. -
-and-that a-connection has been-extended-to tte"
dine ‘'of Fig. 4B over:the:tip; ring,-and sleeve-con-
:ductors -of - the -associated #9855:multiple: ““When
this occurs, the placing of ground.potential on the
:sleeve lead -S:of .this multiple -results in ‘the ¢lo-
:sure rof a-cireuil, through ‘the lower contacts of

. dine-relay:412-and of cutcfi:relay 412, for tinging

440
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crelay #£1¢.  When -this -occurs, -ringing relay -4H

5 -operatesrtortransferithe called line from:in con-

-nection: with:line relay 413 into ‘connection with
sthe :indicated Yinging leads, “thereby :applying
ringing :current to-the called line. :At-its lower
contacts, relay 471 .icloses :a ecircuit ‘for -the .

grounded sleeve -conductor-to battery through

ithe winding-of cutoff relay 412, -Cutoff relay #T2
-is-preferably slow-operating:as - indicated by ‘the
‘shaded mupper portion thereof,to thereby prolong
‘the ringing:operation.

‘Uponyoperating, cutoff .relay: 4'! closes;a Jock-
Ang-cireuit-for:itselfl o the associgted sleeve:con-
ductor: and:disconnects:ringingirelay-4T1{. Being
-slow-restoring as indicated, ringing relay ‘&11{ re-
‘mainsroperated for:aninterval and then restores,
terminating the application of ringing currentto
-the:called. line.

As will be .pointed:out- heremafter no ringing
‘current-is applied-to a.called non-busy line such
-a8:#955, from-a -connecting-link ‘circuit, such as
-CLC—I-0f Figs. 710 9. '

Lietittbe assumed .now that, while the connec-
ition is maintained with the non-busy line #955
qover ~the liné ‘multiple ‘thereof, another call ‘is
nmade-to:such line. It may be assumed, for:ex-
.ample, that:this:other edll . made to line #955-is
fromsithe line of substation A (Fig.:4) from-which
:eonnection has been extendedithrough the:devices
ABA,18A,.6nd S8l to the-conmecting-link-circuit
CLC—I1 of Figs.-7:t0:9. - Following ‘the seizure
-of -the -connecting-link ‘circuit CLC-=! ‘under
-these circumstances, .the ‘tens .:and -units “digits
5:and 5 arerecordéd on the tens:register TR and
tthe units :register UR, while the:assigned party
-digit 5:is:récorded.on.the party register PR.

“Therdialing of the'final digit in:the called:num-
‘ber,the party:digit's, is follewed by the pr eviously
-described operation ¢f ednnecting relay 1! to-as-
.sociate ‘the -connecting=link :circuit CLC-—1 iwith
the:common-testequipment CT:of Fig..11.. Atithe

T18 restore, clearing .out the:connectingslink '.cir— %5 ssame ~time,  condtctor 747 -is ‘grfounded by :con=
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tacts 730 of relay T11 to operate transfer relay 91 l
individual to party register PR.

With relay 811 in operated condition, and Wlth
relays 810 and 910 not yet operated, ground po-
‘tential (through armatures 913, 914, and 812 of
relay 941) is.extended through the set registers
TR, UR, and PR respectively to the fifth ter-
minal of each of the identity blocks B—TI,
B—UI, and B—PI. The ground potential ex-
tended to the fifth-terminal of block B—TT, for
example, is through contacts 913, over conductor
801, and thence through contacts of the operated
relays §25, 824, 823, 822, and 82!, to {he associated
common digit-5 conductor, and thence through
contacts of the unoperated relay 818 to the digit-5
terminal of the block B—TI.

From terminal § of block B—TT, jumper J21
extends to the terminal associated with the up-
per winding of non-busy line relay 1102, whereby
the upper winding of this relay is energized. As
indicated, relay 1102 is a marginal relay; it is not
operated except when energized by current flow
through both of its windings at the same-time.
At the same time, the ground potential on
digit-5 terminal of block B—UI is extended, by
‘way of jumper J22, and through contacts con-
" 'trolled by the lower armature of relay 102, to the
lower winding of the said relay 1192. Relay {102
now operates, for current is-flowing through both
of its windings. )

The identifying potential placed on the fifth
terminal of party block B—PI is not required
at this time for identification purposes, since the
‘concerned line #9585 is' not in fact a party line
and the assignment of a party digit in the num-
ber thereof is merely for the purpose of caus-
-ing the calling subscriber to dial a party digit to
complete the required sequence of opﬂratlons in
the connecting-link circuit.

Upon operating, non-busy-line relay 1482 at its
lower armature locks its lower winding to the
grounded conductor (i14, which is a local ex-
tension of the now-grounded start conductor ST
in cable CA—CT. Although a relay such as (182
is unable to operate except when both windings
are energized, the characteristics of the relay are
such that it will remain operated with current
flow in -only one winding. It is, therefore, un-
necessary to close a locking circuit for each of the
windings.

At its upper contacts, relay 1{02 joins con-
ductors SW and B of cable CA—CT.

Along with the described operation of relay

1102, the normal sequence of operations previ-.

cusly described is oceurring in the common equip-
ment. These operations include that of transfer-
start relay 1183 to place an energizing potential
on conductor {4 .of cable CA—TM to cause the
common equipment of Figs. 1 to 3 to be changed
over from finder action to connector action.
‘When this has been accomplished, and transfer-
control relay- 221 has operated, the consequent
grounding of conductor {i in cable CA—TM re-
sults in the closure of a circuit through con-
tacts of relays 1i{8! and 1109 for operating trans-
fer.relays 810 and 9i9. Relays 819 and 910 dis-
connect the associated digit conductors from
blocks B—TI and B—UT and transfers them to
the cables CA—TM and CA—UM with the here-
inbefore described results. As a consequence, the
marked condition of the #5 terminal in each of
the blocks B—TT and B—UT is terminated, open-
ing the circuit of the upper winding of relay 1102,
‘Relay 1182, however, remains operated in its lock-
ing circuit which includes its lower winding, the
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front contact of its inner lower armature and

the said armature, conductor 14, and the asso-

ciated grounded conductor ST in cable CA—CT. "
- When the portion of the common equipment

‘shown"in Figs. 1 to 3 has caused the connection

to be set up from the connecting link. circuit.
CLC—1 -to called line #8955 in accordance with
the transferred tens and units digits 5 and 5,
ground - potential is applied as previously:de-.
scribed to conductor {4 in cable CA—TM, start-
ing the cycle portion of the common test equip--
ment CT into operation to cause the called line
to be tested. It may be assumed that the con- :
nection includes the devices IPB and 5SB of
Figs. 4 and 5, in addition to the. dev1ce DR—-I of -
Fig. 6.

The- terminating. sleeve conductor S2 in cable
CA—CT is thus connected to the sleeve conductor
S in the #8355 multiple (Fig. 4B). Under the as-
sumption previously made, the sleeve conductor
S of this multiple is grounded at this time be-
cause the associated line is in use.by virtue of
a previous connection thereto. Under this con~
dition, line test relay 1188 is unable to operate i
and the now-grounded conductor 14 remains in
connection with the lower winding of relay 1106,
Upon the operation of relay 1108, line test relay
{108 is excluded from the circuit and reverting-
call test relay 1109 is inserted in the circuit as
previously described. Since the call now being
made is not a reverting call, relay 1109 is-not
shunted and, therefore, operates in the holding

- circuit of the originating portion of the connec-
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tion (including the selector S81, Fig. 6). - At its

upper contacts, relay 1109 applies ground po-

tential, through contacts (116 to conductor B’
of cable CA—CT. This ground potential is also

extended, through the upper contacts of the op- -
erated relay 1102, to the sw1tch1ng conductor SW -
in cable CA—CT.

In the connecting-link circuit CLC—I, busy re-
lay 108 operates over lead B of cable CA—CT, and
switching relay 709 operates over lead SW in
cable CA—CT. Relay 709 brings about the .op-
eration of relay 110, whereupon relay Ti0 op-
erates as previously described to open~circuit and
restore connecting relays T{{ and 600. .

The common equipment is freed by tne re-
storation of relay Til.

Off-normal relay 807 (which is unlocked along :
with the relays of party register PR, at the lower
contacts of relay 708) is slow-restoring, as indi-
cated, whereby it does not prematurely restore
relay T11 at contacts 837 before relays 709 and

‘110 have operated, and relay 710 has taken over

the holding of ground potential on lead -H of -
cable CA—DR—I to. maintain the terminating

portion of the connection.

With the party register PR having been cleared
out by the operation of busy relay 708, ringing
relay 187 cannot operate, and with relays 798
to Ti0 in operated condition, the talking circuit is
complete through contacts of relays 788 and 709. .
Back-bridge relay 703 does not operate at this
time because the non-busy-line circuit of Fig. 4B -
includes the blocking condensers 414 and 415,
talking current being supplied to the called line
through line relay 473.

Still other connections, as desired, may be set
up contemporaneously to the line shown in Fig.
4B regardless of the fact that the line is already

‘n use.

‘With respect to the connection from any g1ven :
calling line to the line of Fig. 4B, such connec- -
tion is cleared out as will now be pointed out.
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In the case of the - connecting-link circuit
CLC—I, when the receiver.is replaced on the call-

ing line the resultant restoration of line relay
702 permits release relay 784 to restore and re-=" .

move ground potential from local conductor 7138,
whereupon relays 708 to 110 restore. The portion
of the connection between the calling line and
the connecting-link circuit CLC—1 is cleared out

when the incoming sleeve conductoi  is ‘tn- -

grounded at the upper armature of release relay
184, while the portion of the connection. between

the connecting-link circuit CLC—I and the line

-of Fig. 4B is cleared out responsive to'the re-
moval of holding ground from conductor H of
cable CA—DR—I by relay T10.

It will be understood, of course,, that addltlonal
lines, as desired, may be provided with non-busy-
line service by equipping any such line with a line
circuit such as that shown in Fig. 4B and by pro=-
viding each such line with a relay such as. 1102,
The jumpers, such as J21 and J22, for.each addi-
tional relay are cross- connected with -the ap-
propriate terminals of blocks B—TI and" B—UI
according to the tens and units digits in the di-
rectory number of any such other line accorded
non-busy-line service.. Conductors SW,: B: and
{1i{4 may be multipled to the corresponding con-
tacts of the additional non-busy-line relays as
is meant to be shown by the 1nd1cated common
connections. leading from these conductors im-
mediately to the right of the contacts of relay
1102,

Call-hold sermce '

As previously explained, call-hold service en-

ables the switchboard attendant to.discover the &

identity of any line from.which a call is made
to any other line temporarily providéd with call-

hold service, in order.that the originators of mis~

chievous and ‘annoying calls. may be diséovered,
For this purpose, each of ‘the connecting-link
circuits is provided with special:call-hold: facili-
ties. . Those of the -connecting=link circuits
CLC—i of Figs. 7 to 9 include hold relay 16i,
operable . from . the cominon -‘test  equipment,
When operated at a time:when reverting-cail
relay 789 is'not operated, relay 701 prepares to
hold the connection intact between the calling
and called lines, as long as ‘the receiver is not
hung up at the called substation, and it prepares
to light the associated signal lamp 731 when the
receiver is.replaced at the calling substation,
signalling the attendant to.trace the connection
to discover the identity of the calling line.

For every line-or substation which is to be tem-
porarily provided with call-hold service, a relay
such as {101 is provided. Relay 1101 “is illus-~
trated as being temporarily. individual to the fifth
party-line substation on line #9117, Fig. 4A (tele-

phone #9178); the associated jumpers JI8, Ji9,

and J20 being cross-connected in blocks B—TT,
B-—UI, and B—PTI in accordance with the tens,
units, and party digits (1, 7, and 5, respectlvely)
in the directory number of the' concerned line.

Assume now that a call'is made from line #91t
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;A5 g result.of the dialing of the tens and units
d1g1ts 1.and: 7, and of the party digit 5, the digits

1,7, and .5 are recorded respectively .on the. reg-
isters TR, UR, and PR, following which connect-

“ing relay Til.ioperates. to. associate. connecting-

link circuit CLC—I with the common.test equip-
ment CT, and. transfer relay 914 is:operated to
cause the terminals in blocks B-—TI, B—UI, and
B—PI to. be marked:in accordahce w1th the set-
ting of the tens, units, and party registers.

The ground potential on the first terminal.of
block B-—TI is extended through temporary
jumper Ji8. to the. upper winding: of relay 1101
(temporarlly individual to #8115) ; ‘the identify-
ing ground potential on the seventh terminal of
block : B—UI is ‘extended by.way of temporary
Jumper JI8 to the lower winding of relay 1i01; )
and the identifying ground ‘potential on the ﬁfth ‘
terminal -of " block. B—PI is_extended through
temporary jumper J20 -to the lower. armature of
relay {i81.

Both W1nd1ngs of relay Ilﬂl now receive cur-
rent, whereby the relay is operated. Upon oper-

“ating, relay {101 locks its lower winding to the

associated locking conductor {114, at the same
time d1sconnect1ng the associated jumper .J19,
The ground potential received over jumper J20
at the lower armature of relay 1101 is now €X~
tended, to the hold conductor H in cable CA—CT,
thereby closing a -circuit, through contacts 125,
for the upper winding of hold relay, 10i. Relay -
161 thereupon operates and locks its lower wind-
ing; to local conductor 738.":

A shoit mterval after relay 4181 is operated
and locked as above described, the portion of-the
common equipment shown in Figs. 1 to 3:is oper-
ated to prepare itself for connector operat1on
(responswe o the operation of transfer - start
relay-1183), and applies ground potent1a1 to-con-
ductor 1 in cable CA—TM to. operate relays 810
and 910. %0 transfer. the stored tens and. units
dlglts over the cables CA—TM and CA—UM to
calse the connection to be set up to the desired
line as hereinbefore described.

The connection set; up to the, des1red hne may
be. assumed to include pr1mary deV1ce IPB of
Fig. 4 and the secondary device 5SB of Fig, 5, to
which connectlon is made by dlstnbutor DRF—I
of Fig. 6.

When this connectlon has been completed con-
ductor 14 in cable CA—TM .becomes grounded
temporarlly as - previously pointed out, starting
the common equipment CT to test the called line
to determine whether or not the connection is
to be made or denied., et it be assumed that
the called line is idle, in which case the resulting
testing operation causes’ sw1tch1ng lead SW in
cable CA-~CT to'bécome groundéd to bring about

- the operation of switching relay 109’ to prepare'
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(Fig. 4) for example to substation #9175 on party :

line #91i17.

It 'may be assumed that the removal of the |

receiver ‘at the calling ‘substation A results ' in
operatlon of the devices IPA ‘and ISA of Pigs; 4
and 5 to extend connection to the ‘selector S81
of Fig. 6, and that the dialing of the hundreds
digit 9 results in the connection being extended
as previously described to ‘the connectmg-hnk
circuit CLC—I{ of F1g 700 .

70

the ringing. circuit at armatures TI5 and 146.
Since the substation being ‘called ‘on the. party

line #9817 (Wig. 4A) is the fifth Substation, the’

operation of code-ringing relay 787 is controlled
in accordance with the digit 5, which’ has been
set up on the party.register PR, Fig. 9.

When the called subscriber responds, tr1p relay
1086 temporarily operates and causes relay. 1088:t0
operate. and lock to thereby. open the ringing
circuit and complete the talking circuit.  Back-
bridge relay 703 is now operated over.the called

- line. - With relay 181 in operated and locked con-
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dition, back-bridge relay . 103 maintains . relea.se
relay 104 in operated cond1t1on 1ndependent of
line relay 702, .

Let it be assumed now that the one calhng
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from substation A, Fig. 4;:i5 a'mischiévous person

who desires to annoy the:subscriber at telephone

#9115, and ‘that the: calling:subscriber refuses
either.to .identify himself.or to tell from’ where
he-is.calling.. In this event, the called subscriber
ab.substation #8175 does not replace his receiver
until the connection has been. traced by the cen-
tral office attendant.. i

When the -calling. subscrlber ab substamorr A
replaces his receiver; line relay 762 restores, hut
release reldy 704 remains operated through con-
tacts of back-bridge relay 163 and the operated
hold relay 781, whereby: the connection® between
the ‘calling line and the connecting-linkcircuit

CLC-=} is maintained intact by the maintenance :

of ground potential ‘on the incoming sleeve ¢on-
. ductor S-at the upper contacts of relay 784.. With
. line'relay: 762 restored, 4 circuit is closed through
the .upper contacts: therect, through the upper

sontacts of -hold relay 184, and -contacts 43, for o

signal lamp 13i. Lamp 131 thereupon becomes
lighted to- identify theé connecting-link ‘eircuic
CLC=1 .as the one through which a connection
from ail -anonymous calling line-is being held
from the' called-line: ‘The circuit of lamp 181 in-
cludes- thé .connected common conductor 132
which may have-a signal relay therein to cperate
a common alarm to attr aet the attendant s at-
tentlon .

“As-is well known the connectmn between the
calhng hne and - the connectmg—hnk c1rcurt
CLC-f:can be traced as follows:

In the selector S8i, the energized condxtlon of
relays 624 and 625 shows ‘that this selector-is in
connection w1th the con'lectmg hnk c1rcmt
CLC—I1;

In- the secondary dev1ce SA, the energlzed
condition’ of -selecting relay 50! with switching
relay 585 not énérgized, shows that: the device
{SA i§ in cohmnection with the-device IPA} and
“In‘ the deV1ce {PA; the energized.condition of
relay @il; -with relay 4i6 not operated, shows
that-the’ dev1ce is in. connectmn with lme #9“
of substation A. :

- ‘When the attendant hastraced the connectlon
hé niay bridge a portable- test- telephone across
the talking' conductors. and - converse with' - the_
subdceriber:-at the called substation -and “inform

_him of the identity of the calling line.- ‘

" When: the ‘receiver is- replaced at the called i

substation, the restoration -of back-bridge- relay
103 “pérmits- release relay- 784 to restore, where-
upon the connectron is cleared out as prevrously
descrlbed

P, B: X sermce

As prevxously explalned -the pmtlon ef the
ommon equipment -shown in. Figs:. 10 and 11
1ncludes a 'relay-such- as 1819 for each.: P B. X,
group. Conductors (R
1009 are:common to. all such P. B. X re}ay,

Relay. IGIB is llustrated as assocciated with the

P. B, X. grouphaving: directory #9991, :

Tet it be-assumed that the connecting-link
cireuit CLC—JI :of Figs. 7 to.9:has been seized .in
a-call destined for P.B. X: group: #9991, and that
the tens, Tmits, and party. digits 9; 9, and:1 have
been recorded in the registers TR, UR, and PR
respectively. . In this event; wheir connec ting re-<
lay THl opérates to -make connectionr- with the

common test-equipment CT of Fig. 11 and oper~ -

ates transfer relay 941 to extend marking ground
potential - to the selected -contacts of ‘identity

blocks B—TI, B—UI, and B—FI, relay- 4010 s

- operated” over temporary “jumpers JI6 and i1

&t
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responsive: to: identifying. potential-on the ‘ninth -
terminal of ‘each ‘of the blocks B--TI and B-_UL.
Upon operating; relay 1810 locks.its:lower winid= -
ing ‘to- conductor 11i& at-its-lower armature,
while at its inner upper armature it opérates. the:
common -cutoff rélay #1889 .to prevent subsequent
operation -of transfer relays §19 and 84950 as‘ )
to enable the tens and units marking te Le i
to the conductors of thie cables CAS TV &nd -
CA=UM only through the contacts of tne 0p° ‘
ated P. B: X. rélay 1910; :
At its middle-uppet and upper almatm‘
1040 connects’ conductors | 1ahd 12 of he cable -
CA—TM respectively to' jumpers J4 ‘andvJ3;
preparatory to placing: units and- ‘tens’ markmd
onh the-conductors of - the cabres CA——UM and ’
CA—TM, : :
‘When, as- the result of the operauon -of trans- :
fer-start’ relay 1103 to apply poténtial to- cons
auctor 13 of cable CA~—TM; transfer control re=
18y 221 opetates to-cause the associated portxon
of the common eqmpment to be-‘changed: over
from finder action to cohnector action,” condie-
tors 11 and 12'in the cable CA~~TM are grounded
as -previousiy efplamed The: ground’ potential
‘on -conductor {1 is now exténded, through con-
tacts. of relay 1619; and jumpéer J4, to the sixth -
telmmal in-the units-mark block' B—UM; therex
by grounding the sixth conductor in units-mark
table - CA——UM" to- determme that the P, B.-X!
lihe to which connection is'to be made is-one’hav-

. ing the digit 6 as the umts dlgl’c of its 1nd1v1dual
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directory number;

The above mentioned: g‘roundmg of: ccnductor‘
{2 :0f the cable. CA=-TM results‘in the extensi
of ground. potential, through the ,upper'contacts
of relay 19§8; to-the jumper J3, whence it is exs -

tended to one. or:ianother of the:terminals of tens- -

mark: block . B—TM: of Fig. 8, depending upon
the busy. or:idle.condition- cf. the lines in the
P. B, X: group,.all of which-have the same units
digit (6) in their. respectwe 1nd1v1dua1 drreetcny
numbers. . .

‘The first hne in the P B. X group is lime #8!8
,(I‘lg _4) .- Accordingly; -the above. mentioned -

‘jumper:dJ 3_e'xt“ends to.the uppeér armature -of

cutoff relay 404..  If line #9186 is idle;and cutoll
relay. 464::4s: :consequently  not: operatéd, the

~ground potential.on. Jumpe1 “J8 is. further ex- -

terided; by Wway.of jumper Jb; tothe:first’ terminal
in sthe “block B=TM.to thereby ground the first

- conductor-in.cable CA==TM.: On. the: other:hand,

12, 111, and cutoff Telay. |
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if the first ling in: the B:;:B: X. group is busy, the
resulting. operated condition: of ‘cutofi relay. 404
causes ‘the ground potential ion jumper 53 to be
exteinded to'the upper srmature of the next cut-
off relay, 4047, associated. with the second P. B, X
line #926, If ‘this second line.is .idie ‘ground

-potential is extended; through.jumper 8, to the -

second. terminal dn blockB—TM. in.Fig. 8.. ‘On
the other hand; if the:.second line is alsp in!use
and: relay ;8047 is"consequently in an operated
condition; the-ground -potential onjumper J& is
further extended to -the jumper associated with -
the. first idle: succeedmg liner of the. P. B X,
group

M. As a resuIt cmnecho‘q is. made ‘with
first P. B, X Tine 916 ‘through the' devices
{PB and 58B; the dlstrlbutor DR—I making con-
nection with the device 5SB. :
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"'When. the ‘¢onnection: is made’ and- test-start
conductor “i4 'in cable CA—TM is consequently
grounded as hereinbefore described, the previous-
Iy described testing operation. cf the common test
equipment. CT, Fig, . 11,.is initiated. Since the
line connected with is idle under the assumption
previously  made, the line test .relay 1188 is'in
cperated condition, whereby ground potential is

extended. ‘through contacts of relays {108 and:

1£07 -to -the :switching conductor -SW  of cable
CA—CT to thereby operate switching relay 709
in’ the connecting~link circuit CLC—1. to cause
the connection to be completed at the connect-
ing-link circuit to'the called line #8186, :
- The subsequent operations. are-as prevmusly
described, relays (889 and 16810 clearing out.- when
ground potential is removed from conductor ST
of ‘cable. CA—CT -upori. the . operation of relay
718 (and consequent restoration of. relay Til),
responsive to the: prevmusly mentmned operatlon
of relay 799. :

When a call is made to the P B X gloup ‘at
a time when Il of the intervening lineés except
the last (line #9886) .are in use, the ground po-
tential incoming on jumper J3 is extended to the
upper armature of relay 404’"; . The upper arma-
ture of the final cutoff relay 484’ may be strapped
o the back contact thereof, whereby the incom-
ing ground potential is extended to the associated

jumper-J3¥,-whether cutoff relay 404’’ is-operated 5
The terminating connsction-is’ accord- .

or not.
ingly directed to 'the final line (#886) of the
P. B. X, group when all the intervening lineg are
in -use, whether this final line be busy or:idle.
The common test equipment CT thereupon oper-
ates as previously described to'test the connected
line #9285, 'If the’line'is idle, -the-connection
is‘caused to be completed at the connecting=link
circuit” CLC—1 by “the -operation : of ‘switching
relay 798. Buf, if line #8086 is busy at this time,
the connectionis denied’ at the:connecting-link
circuit, ‘and ‘busy relay 708 is operated as pre-
vmusly described to send back g busy-tcne signal

over the ¢alling line.

““By the previously descrlbod arrangement each
of-the P. B X. lines is in a dlfferent tens group
of ‘the concerned hundreds group of lines, thus

distributing the. comparatively heavy P B. X..

trafiic throughout the several téns groups to avoid
overloading of any one of them. *

It will 'be understood, of cotirse; that fewer
lines than ten may be. included in a P, B.-X.
group.- ‘In the event that more lines than ten
are required in a P. B.X, group, a second P. B, X.
call number may be-assigned-to the lines of the
P. B, X. group in excess of ‘ten, an’' additional
relay similar to /{00 being operated responsive
to the calling of this second P. B. X, call number
to cause connection to be extended to: the first
idle one’ of the P:. B. X. lines in ‘excess of .the
initial ten. ‘In:this event, a subscriber calling
the first P, B. X! -call number- and receiving: .a

- busy signal may then call'the other P, B. X, call

number of the same group to make connection
with one-of the lines associated therewith.

I nterceptmg service

) t is' common practlce iy telephone exchanges
»to mtelcept calls intended for disconnected lines
and for disconnected substations on party lines.
This intercepting service is ordinarily provided
for a definite length of time following the dis-
connection in order to acguaint the subscribers
withy the fact of-such ‘disconnection before the

concerned. number's::are reassigned.. The inter- !
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cepting operator:also ordinarily informs the call=
ing stibscriber of .any. new- number assigned to
the concerned party.: The arrahgements exem-
plified by relay 1883 enable intercepting service
to--be  given readily, and: with a minimum of
equipment, in.the illustrated system.

- In rorder to'.explain:how intercepting service
is: given. in the  disclosed :system, ‘let it be. as-<
sumed: that substation. #9175 (Fig.'4A) on party
ling ‘#9171 has been disconnected, such.as may
occur when the subscriber: has.moved to a new
location. Relay- 1038 is one:of'a number of relays
which may. be provided for:intercepting service,
and any onhe of them: can be: temporarily. asso-
ciated with any.directory: number- assigned to
the :associated - hundreds group.  Relay 1068 . is
shown as temporarily identified with party . #5
on line #3171 by jumpers Ji3 to Ji5.. - Jumper
JI3 connects the upper winding. of ‘relay 1008
to tens terminal: #1 in block B—TI; jumper. JI4
conunects the lower: winding of relay 1668 to units
terminal #7 in block B-—UI; while jumper JI5
connects the lower armature of relay 1808 to
party terminal #5 in block B—PI. As a result,
when. g call is ‘made (through the connecting-

Jlink circuit: CEC—I: of Figs. 7 to. 9, for example)

intended: for  the now-disconnected substation
#9115 on. party line #9847, (Fig. 4A), the setling
of the registers. TR, UR; and PR in: accordance
with the tens, units, and party:digits: 1, 7, and 5,
followed by the operation: of relay: 81, causes
identifying potentialsito be.extended over jump-
ers Ji3 and J14 to operate relay. :{008. - Party-
identifying potential is extended over-jumper Ji5;
resulting in. the -closure of a circuif, through the
lower contacts .of the opérated relay (228, and

- over:conductor 1843 for call relay 1864, -
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<When reiay 1881 operates, it disconnects trans-
fer relays: 840 and 919 to prevent the-recorded
tens and.Units digits from being. subsequently .
tran sferred over cable CA=-TM and CA—UM.. -

Relay: 1881  also connects conductor i2 fo
Jumper. Jf, and it:connects the-associated con-
ductor {1 to jumper J2. : As a result, when con-
ductors. 12. and {1l become grounded subsequently.
by the operation of transfer control relay 2214,
the resultant extension of ground. -potential to,
jumpers ‘Jt- and. J2. causes- the 8 conductor in
each of the cables CA—TM ‘and CA—UM to
become -energized to therepy fransfer the tens

.and units digits 0 and 0 to the-portion of the

common equipment shown in figs..1 to 3; - The
call is thus extended to line #8838 (not shown)
which is ‘assumed to be a line leading. to the
switchboard of the intercepting operator.

The- usual test of the -called line now’ takes
vlace. - If line #9890 is in use, the previously de=
scribed ‘testing operation causes the connection
to ‘be. denied - at the connecting-link circuit
CLC—I and a busy-tone signal to be returned by
the operation of busy relay.188.. On.the other
hand, if:the intercepting line #3888 is idle; con-
nection:is made thereto through the connecting-
link circuit CLC—1F as in the case of g, call‘to a
regular subscriber’s. line.. 'The call- mtemeptmg
operator may then converse with the calhng sub-
scriber and: give him such information as may
be desired.

‘ erceptmg-servme relay 1808 is cleared out
when connecting relay T{l of the connecting~
link circuit CLC—I clears out at the end of the
testing operation.

- Secretarial service - :
As previously explained, releys 1904 and (005
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afe: associated in - common: with-as many: pairs-
of secretarial-service relays, such-as (006 and:

1007, as: may be provided, each such. pair of re-
1ays: being -assigned to. a- separate secretarisl-
service subscriber. By the running of-the tem-
porary jumpers J8 to Ji2, as will be hereinafter
discussed, relays. 1806~ and 1007- are. assigned: fo
the provision of secretarial service for substation
A; being the qu}osi‘zatlon cn 1nd1v1dual line’ #91!
(Fig. 4). :

A subscriber to secretarlal service may condl-

tion the secretarial relay equipment-assigned. to
his-line to divert :calls from his station to the
line of a common secretary; the intercepting op~

erator in the assumed.-example.

. Let it ‘be assumed now that the subscriber:at
substation ‘A desires. to have his calls answered
temporarily by the ¢common secretary, which may
occur ‘'when he is going to be absent for a time.
Inthis event, the calling subscriber at substation:
A, Fig. 4, removes his receiver and dials the num-
ber (911) assigned to his line, followed by the
party digit 9. The 'c'omplete number called is
9119,

It may be assumed tha,t the connéction is ex~

tended;, on the removal of the receiver, through
devices' IPA and 1SA of Figs. 4 and 5, to the
gelector 'S8, and that the selector 581 extends

connection to the connecting-link circuit CLC—I -

of Figs. 7 to 9,"when the hundreds digit 9 is
dialed.

TR, UR, and -PR, following which connecting
relay 711 is operated to-associgte the:-connecting-

link circuit CLC=1 with: the equiptrent CT (Fig..

11), and transier reiay §il of the party register
PR is operated to identify the recorded teus,
units,  and party digits.. "When - ‘this’ ‘occurs,

ground potential on terminal | of the tens block:

- B=TI i5 extended, through temporary jumper
J8;to the upper winding of-relay 1886; ground
potential on-terminal-i of the units block. B—UI
is' extended through temporary jumper J9 to.the
loWer winding of relay- 1006; and ground poten-
tial on the ninth terminadl in block B—PI is ex-
tended, through the temporary jumper Jl@, to
the lower armatire-of relay 10086.

Relay 1066 now ‘operates because ‘of the ‘ener-

gization of ‘both its windings, and ‘locks itself to

the -associated -¢onductor. {114, At its: lower

armature, relay 006 extends the ground poten-

tial received: over jumper J 0, over common -con~
ductor 015, to conneeting relay 'i004. Relay
1004 thereupon operates to prepdre a cireuit for
the lower winding of relay (001. v

As the result of the operation-of transfér: relay
163 and the consequent placing of battery po-
tential on conductor 13 of cable CA—TM, the
common equipment of Figs. I to 3 is changed
over to connector action-and-conductors ‘H and
12 of the cable CA—TM are grounded, where-
upon relays-818 and 910.operate to-cause the-re-
corded tens and units digits (1 and 1) - to be
transferred . over: the cables CA—TM.  and
CA-—UM to cause-connection to be-set:up from
the connecting-link circuit CLC—I to the calling
line,; such'as by way-of the devices {PB and ‘55B
of Figs. 4 and 5, as well as the devxce D’%—-—! of
Fig. 6.

The operation of relays 810 and -$i§- removes
energizing ground potential-from-jumpers J8 and
J8, but relay 1886 remains operated in its lock-
ing circuit to conductor £1{4. Jumper Ji0 (con-
nected to terminal § of block B—PI) remains
grounded to hold relay- 1004 operated.

In this.event, the tens, units, and party
digits: (1, 1, and-9) are set up on the registers.

&
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" Whén ‘connection: has ‘been: extended : to:"the
calhng line:as above pointed out, line test relay:
1:108iis. unable to operate because the calling and
called lines. are the same.  “Accordingly, when
conductor (4 in:cable CA—TM is grounded as a -
result of the completion: of the:connection. by the
primary. device IPB. (Fig. 4), the resulting:op~'.
ergtion-of relay. 107 is followed by ‘the-operation

of: relay 1106 :(through contacts of relay i108):.

A - moment later; relay (188 operates to-.apply
the reverting-call test. - The purpose of this op=

~ eration-at this timeis to insure that the one call-:
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ing to-divert the normal calls from-the concerned
lLine to the line of the common secretary is.some-
one calling from the-concerned line. If-the‘call
is from any line-other ‘than the concerned ‘line,
reverting-call test relay 109 operates-and.at.its-
inner contacts prevents the relay operations: now
about to be described from:oceurring..

In the present. assumed example, the: call isin:
fact from the concerned line and reverting-call
test relay 1109 is unable :to operate, since the
calling and caxled lines are the same.

When ' the: previously -described revertmg-call .
test. is completed, and relay {106 restores with -
relay - 1104 operated, conductor. RC of -cable.
CA—CT is grounded as hereinbefore -described -
to -bring -about the operation of reverting-call
relay 185 in the connecting-link circuit CLG—1;
At the same time, the ground potential placed.on

- the-lead RC closes. a. circuit: through the upper.
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contacts. of the operated connecting relay 1004,
conductor (042, and -contacts of relay 1006 for.
the* lower winding of relay 1807. Relay 1007
thereupon operates and closes a locking circuit
for itself at its inner:lower contacts, while at
its: lower -contacts is connects. jumper Ji2 to call
relay 0081, This latter operation is of no. effect
at ‘this time, as the jumper Ji2 is not now 1den— :
tified in the block B—PL. . ; B

.In the connecting-link ' circuit CLC—I aux-,
hary relay Ti0 responds.to the:: opera,tlon of
reverting-call- relay 105, with the  result: that-

connecting relay 7Ti1 is open-circuited’ and-re-
5 stored. Ground potential is thereby removed

from: start conductor ST of the cable CA——CT, .
clearing out the common- equipment and restor=
ing relays 1004 to 1006. Relay (001, however, )
remains locked operated.

In the connecting-link circuit CLC—I, a. busy-
tone signal is returned at the upper contacts:of
reverting-call-relay -105, indicating to ’@he calling
subseriber. that the connection has been com-" :
pleted:-back to his own line and that he should -
replace-his reeeiver. ‘When the- receiver .is :re-
placed ringing current is projected. out.on the
eailing line’'as hersinbefore described, giving :the
calling - subscriber -a -further indication -of the -
successful- ‘completion of the conneection. -This
ringing current’ is-terminated when the calling"
subscriber “again removes his receiver,-and :the
final clearing:out, of the connection 'occurs when °
he agdinreplaces his receiver, : o

The:subseriber at substation A (Flg 4) . if he :
s0 desires, may now cail-the secreta,nal,operator
directly, telephone number 900,.in the event that
he desires to give her ahy special instructions.

With' relay 1807 now operated and locked, any
further calls ‘to ‘the. line.of substation. B are:di-
rected to the: mterceptmg operator as will now be
pointed.out.

~Relay 1006 again opera’ces as-a' resu]t of the
dialing of the tens and units digits 1.and 1'in the.
‘desired -number (9111), The following of these
digits by the party'digit 1 results in the identify-
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ing’ of ‘terminal [ of block B—PI: by ground :po=
tential, closing a circuit over the dssociated jump-

ers J12, through.contacts of the operated relays-
1006 and 1087, and over conductor :1043; for call

relay 1981. < Relay 108§ thereupon operates.: At
the back: contact of its inner armature,: relay
1801 open-circuits transfér relays: 810 and 910
to prevent the transference of the digits recorded

in the tens and: units register TR and UR.:Re-

lay 1081 also extends the associated conductors
12 and {{ through the jumpers Jl-and J2 to the
terminals 6 and 0 of the B—=TM and B-=UM.
As 'a result, when:transfer control:relay 221 op=-
erates to ground conductors 12 and i1, it:marks
the ‘0 conductor. in' each of :the cables. CA—TM

and CA—UM, through theé contacts of ‘the op~
thereby causing’ the ‘econnec-

erated relay 1091,
tion to be extended to the line of the common
secretary, who is also the mtelceptmg operator
1n the present assumed example. =" . vEal
When' the subscriber  at substation B returns
from his absence and again desires to. have his
‘calls come:to-his own teélephone; ‘he may call the
number. 911 assigned to his line, followed by the
party digit 0. Relay 1986 is again:operated over
jumpers J8.and J8, résponsive to ithe tens and
units digits 1 and 1. By .virtue of the dialing of
the party digit:-0, the tenth terminal in ‘blotk
_ B—PI is marked, whereby. ground. potential  is
" extended, ‘through :jumper. J¢i. and contacts of
relay - 1806 to. common conductor- {014, thereby
operating disconnect. relay (085. “When relay

1805 operates, it prepares a circuit for the upper

or restoring winding of differential relay:180T:

When the reverting-call test is made success-
fully-in the common equipment CT . as herembe-
fore described, the resulting application of
ground potentlal to conductorRC results‘in the
closure of a circuit, through thé upper contacts
of relays 1806 and {098, for the upper winding
of the differential relay - 1081.. Relay 1807 is
thereupon restored, disconnecting both its wind-
ings. - At its lower contacts, relay 1007 discon-
nects jumper J12 from call: relay 1601, permitting
subsequent ralls to the line of substatlon B Fig
4, to be completed in the usual way

I claim:
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controlled“means in .any link " circuit effective

. when' g called party line is also the calling line

&
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for,:placing -a- first reverting-call’ condition on

" thelink ‘circuit provided the concerned party line

is'one-of the first group, and for placing a second
reverting-call .condition on the link circuit pro-
vided the concerned party line is one of the sec-
ond group. - s

3. In'a- telephone system a group of telephone
lines, a group of link cireuits serving said-lines
when called, eachlink circuit having an originat-
ing 'end and a terminating end, switching means
fori-connecting - the originating end of any one
of ‘said: link circuits with: a callmg line and for
connecting -thé terminating end with a desired

called cne of 'said lines, at least a portion of
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- fortransmitting~

said' lings being party lines; a first group-of said
barty. lines being equipped with lockout individ-
ual line:i¢ircuits, a- second group of said party
lines-being equipped with normal individual line
circuits, test=controlled theans in any link circuit
effective when g called party line is also the call~
ing line for-placing-a first reverting-call condi-
tion-on the link circuit provided the concerned
party.lineé is'one of the first group, and for plac-
inga sécond reverting-call-condition on the link
circuit  provided the concerned party line is one
of the second group,; means effective when. either

~said first condition or said second condition is

placed-on' & -link: circuit :for -clearing -out the’
originating portion ¢f the connection when: the
receiver is replaced at the calling substation. and
signaling current over.the ter=

- minating ‘portion -of the connection to the-.called -
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1. In a telephoneé system,; g group of telephone ‘

11nes a- group of link circuits serving’ said: lines
when called, each link circuit having an o11g1nat-
ing end and a terminating end, switching means
for connecting the  originating-end of -any ‘one
of said link circuits ‘with a calling line and for
connecting the terminating end-with g de51red
called one of said lines, test" ‘equipmerit common
to all said link cireuits, means for: renderlng said
test equipment temporarily individual to any:'one
of said link Cnc:ults during the procéss of set-
ting up a connection -through' such. link ecircuit,
and means in each link circuit controlled from
said common test equivment depending upen the
called line: being alse the ¢alling line for corre-
spondingly conditiening ‘the link circiit:

2. In a telephone: system, a groiip of telephone
lings, a-group of link circuits serving said lines
when called, sach link circuit having sn originai-
ing end and a terminating end, switching means
for connecting the'originating end  of any onz
of said link circuits with a calling line and for
connecting the terminating end ‘with a desired
called one of said lines, at least a portion of said
lines being party lines,; g first.groupcf said party
I'neg being equipped with. lockout individual lihe
clyrcults, a second group of said party lines being
equipped with normal individual line circuits, tegt-
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line, means-effective when said first condition is
placed onva link circuit for clearing out the ter:
minating portion of the connection when the call
is aniswered; permitting talking current to be sup=

plied from the concerned individual lockout line

circuit, -and smeans effective- when the ‘said: sec~
ond condition is placed-on a link circuit for hold-+
ing the:terminating portion of the connection
Intact -to- permit ‘talking current ‘to: be  supplied
to. the coneerned-line from:the link circuit.

4. In a télephone system, a group of telephone
lines, a' group of'link: circuits serving said lines
when called, each-link circuit having mechanism
for recording the digits designating the called
line, class-of-service relays associated respective-
ly with' classes-of service to.be accorded to cer-
tain of said'lines when called, said class-of-serv-
ice:relays being common to all said link circuits;
means effective when the line-designating digits
have-been sét up in. the recording mechanism of
alink'circuit for temporarily rendering said class-
of-service .relays . individual to such link circuit,
means thereupon-effective, if the called line is
one of said certain lines, for operating the class+
of=service reldy associated with the class of serv=
ice to ke accorded to 'the:called line: designated
by the recorded digits, and means effective when
any one of said class-of-service relays is-operated
for conditioning the link -circuit to: provide the
class ¢f service with which such rela,y is asso-
ciated.

‘5, Iy & telephone ‘system; a’ group of telephone
linés,'a group of. link circuits serving said lines
when called, each link circuit having mechanism
forirecording the .digits désignating the called
line, calls'to .certain of said lines being arranged
to be diverted to respectively corrésponding other
lines, diverting relays-associated respectively with
said certain limes, said’ diverting relays being
common to all'said link:circuits, means effective
when' the line-designating.digits have been set
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up-in:the-recording mechanism:of ‘a:link :circuit
for- temporarily rendering: sai@t: diverting: relays
individual:to such-link:circuit; means: thereupon
efféctive; if'tHe called line:is-one ofisaid certain
ones;-for operating the diverting relay -associated
wifh ‘the ‘callediline: designatediby: the recorded

digits: and: means efféctiverwhen.any one:of said:
diverting relays is operated for divertingthe cail

from'. the called: line to- the cmrespondmg one
of’said’ otHer: lines:

67 In:g . telephone system; agroup of telephone
linesi- a:group-of . link circuits: serving said:lines
When called, each:link-cireuit: having. mechanism
for .recording: the: digits.designating. the: called

lite; calls to: certain of. said-lines being arranged !

to be' diverted to-another: line, .diverting relays
associated: respectively: with :said: certain lines,
said:diverting relays being: common- to-all said
link-circuits; means effective: when the: line-desig-
nating: dzg1’ss :have: been:set up: in:the:recording
miechanism- of-a:link:circuit for:temporarily ‘ren-
dering'sgid. diverting: relays: individual ‘to such
link circuit; means: thereupon:-effective; if. the
callediline is one-of said certain lines, for operat-
ing the diverting relay associated with the called
line. designated: by the: reeorded:digit; and means
effective: wherr any one of said.diverting relays is
operated: for-diverting: the:call’ from: the called
line to:said:s other:line:.

7. In:atelephone system; & group of: telephbne
lines; a: group-of:1ink :circuits serving  said-lines
when: called, -each: link: circuit -having: an: origis
nating: ‘end’ -and:al terminating: end, . switching

- means for connecting:the: originating: end:of any
one of: said: link: circuits:with a.calling line and
for: connecting: the: terminating end with a dé-
sired:called.one:of:said lines, at leastrone of said
lines being :accorded: non-busy-line service; test-
controlled “means if:said:link: circuits :;mormally,
eﬁective 0 deny: the: completion-of-a:connection
toany-busy-called: line, and: ;other:test-controlied
means effective to:nullify: the stated efféct of the
first-named test-controlled means:when & connec-
tion.is: to:be  completed: to :a: line: accorded: non-
busy-line service; whereby:the:connection is:com-
pleted: to “the last:namred. lime: regardless -of

. whether such:line bebusy or:idle when called:.

8. In:a telephone system; a group of telephone
lines; a.group: .of link :circuits: serving- said:lines
when' calléd; each:link ccircuit having: ‘amn origi-

nating end” and: a. terminating: end; switching
means.for-connecting the originating rend:of :any
one; of said:link: circuits-with -ar calling~line and
for: connecting: the:terminzting  end: with- a. de-
sired: called: one of said=lines; one: of: said: lifres
being: accorded’ non-busy=linie. service, test-con=
trolled means -in’ said:link-circuitsynormally-ei=
fective:to deny:the completion: of a connection
when .the: called:lineis: in:use; and!means:asso=
cigted: with: said*link:circuits forrcausing: an at+
tempted: conneetion:to: be completed: to-the said
lineraccorded non=busy-line service regardiess of
‘whetherrsaid-line:be busy:or idie:when-called, the
last-named! means: including: & relay- individual
to the called line.

9. Tna telephone:system; a:group: of telephone
lines, a:group- of: link:circuits serving:said . lines
whesr:called;. each link: circuit: having. an origi~
nating --end: and: &-terminating: end;. switching
means for connectinghthe originating ‘end-of. any
oneof said:link .circuits with:a calling line and
forcommecting:the: terminating: end’ with: a- de-
sired called:one:of said: lines; one of:said lines
being accorded nonsbusy-line: service, test-con-
trolled: means. in:said:link. circuits: normally. ef-

' 9,833;744

fective: to- deny; the ‘completion of: a conneetion

" when' the called: lineis;in. use;.and: means:asso=

&
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ciated with:said:link circuits:for-causing.an at= "

tempted: conneetion: to: be completed to: the :said
line accorded non=busy-line service regardless:.of

whether: said:line be: busy or. idle when called, the
last-mamed means-including: a.relay: operated ire-

sponsive ‘to-the calling: of:the: directory number
assignedito.asline. accorded non-busy-line service.

10. In:z télephone system; a: group: of;telephene
lines; a- group:of:link- circuits serving sald“lines

when called, each link-circuit having an-orfgi*

nating: end and: a: terminating: end,. switching .
means:for: connecting: the originating: znd of-any

ofisaid-linK: circuits. with .a; calling-line.and for -

connecting the ‘terminating’ end ‘with- a. desired
called: one” of szid lines,-each link:circuit having
mechanism .for recérding- the-digits: designating

‘the: called line, one of: said:lines being-accorded

non-busy-line service; a:service:relay-assoeiated

with said one- line: and:common:; to -all: said " link

circuits; means-effective when the-line-designat+
ing digits -have. been- set up-in "the: recording:
mechanism: of a link: circuit- for témporarily

‘rendering-said - service. relay- individual: to-such
link -circuit, means: thereupon: effective, depend:

ent upon the designation of the: said’ one:line -

“having been set: up :in the recording: mechanism
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of the link circuit, foroperating:said service:relay, -

-and means: controlled-by :said seryice relay. when:

operated for conditioning the:link circuit:to com= -
plete connection to the. called hne whether' it 1s

‘busy or idle.:

11; In-a-telephone system o group of: telephone
lines; - group of link:circuits serving said:lines
when  called, each:link: circuit- having anorigi~
nating end.-and. a; terminating. ‘end;. switching
nreans for connecting: the-originating-end:of any

-one of. said:link. circuits- witha-calling line*and :

for: connecting the -terminating end” with:a-de-
sired: called-one of:said:lines,’ one: of said ‘lines:
being sccorded- non-busy-line service,: testzcon=
trolled. means-in-said: link; circuits normally-ef-
fectiveto- deny the-completion of a connection’
when~the-called line isin:use; means.associated
with said link.circuits for: causing an-attempted

_‘connection to -be completed to the -said: line-
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accorded: non-busy-line service regardless of'
whether: said: line be:busy or idle when:called;
means:in-each:link circuit- normally effective:to
transmit. ringing current to the: called:line; but
rendered ineffective to-transmit ringing: current.
to.the -said line-accorded non-busy-line service;"
and. a-line: circuit individual to the lastihamed
line: for applying ringing  current’ thereto: re=
sponsive:to-the extension of a connection-to: such
line -through any one of said link circuits. :

12: In a- telephone system, a group: of ‘tele-
phone-lines, a group of:link. circuits:serving said
lines when- called, each: link- circuit -having an
originating.end and- a terminating end, switch-
ing; means for connecting the -originating end of
any one of said:link. circuits with-a calling line
and for conneeting -the terminating end with a
desired ‘called-one:of-said :lines; at least ‘one of
said:lines being-accorded: non-busy-line “service,
test-controlled means:in said: link circuits nor-
mally -effective to-deny the completion of‘a con-
nection: when: the . called line is in ‘use, ‘means
associated -with said link circuits for causing an
attempted ‘connection to be completed to a line

-.accorded: non-busy-line = service :regardless -of

5

whether: said::line ‘be:busy or idle when called;
each: of said- link . circuits including  a holding
relay, responsive: to.current: flow. over ‘the called’
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11ne for- holdihg . the terminating. portion “of.a
connection until:the receiver. is replaced on the
called line, the said line accorded non-busy-line
service - being’ composed : of two: inductively

coupled sections, a switchboard section: and.‘a

line: section,  said - switchboard. section being
opagque--to -direct current; whereby nocurrent

flows thereto from a link circuit which hasiex-

tended connection ‘tosuch line; the said means

for holding the terminating portion of the con=.

nection from the called line being' accordingly
ineffective when the' called’ llne is one accordpd
non-busy-line service.

13. In a telephone syStem 8 group of ‘tele=

phone lines, a-group of link circuits. serving said
lines' when called, means in:each link: circuit
normally effective:after a connection has been

completed therethrough from a calling.line to a’

called line for clearing out the originating por-
tion of the ‘connection when'the receiver is re-
placed on-the calling line whether the receiver

has been replaced on the called line or not, ¢ach

link circuit' containing a  hold -relay, said ‘lines
being of two classes, means: ‘effective when the
called line is a liné of one class and ineffective
when the called:line is @ line '6f the other: class
for .operating. the hold Telay in the link circuit

through* which the eall is extended, said -hold"
relay being efiective’ when opsrated to maintain:

the entire-connection “intdct until the recewer
is replaced on the called line.:

14.°In  a - telephone .system, ‘s -group: of tele—
phione lines, a- group of link: ‘cireuits serving said
‘lines when' called, means ‘in-each link - eircuit

normally ‘effective. after & connéction has been 3

completed therethrough from a calling line to a
called line for clearing -out the originating por-
tion of the connection when the’receiver is re~
placed ‘on thecalling line ‘whetHer the receiver
has been replaced on the called line'or hot, edch
link. circuit containing a hold relay, said lines
being of two classes, means efféctive when: the
called line is 'a lin€ of one class and ineffsctive
when the ‘¢éalled Iine'is a line of the other c¢lass
for:operating” the hold relay:in the link circuit

10
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responsive 'to the operation of said.common eall-
hold relay for operating thé individual call-hold
relay: of ‘the. currentlyassociated link circuit,
and means controlled by -the last-named call-
hold relay for removing the clearing out. of the
connection from under the control of the calhng
line.

16; In -a telephone system a gloup of tele-
phone lines, a.group of link circuits serving said
lines when called, switching: means for extend-
ing a calling line t0 any one of said link circuits,
and for.extending such link circuit to any called .

- line of said group, each link circuit having mech-
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anism for recording the digits designating the
called line, .the clearing out of the connection
between:the calling line-and the link circuit be-
ing normally under the control .of the. calling
line, a -call-hold relay common to all said link
cireuits -and assigned 06 a.specific one of the
lines -of said group, means -effective ‘when the
line-designating digits have been set up-in the
recording mechanism of a link circuit. for tem-

-porarily zrendering 'said call-hold  relay : tem-
_porarily individual- to 'such link ecircuit, means

for-thereupon operating said call-hold relay sub-
ject to the designation of the line with which

" said relay ‘is associated having been set - up on

the recording mechanism of the link, means re-
sponsive.to the operation of said common call-
hold relay for conditioning the. currently: asso-
ciated link 'circuit to remove the clearing out

of -the connection from under the control of the

calling line. .

= 17.'In. & telephone system, a group of tele-
phone-line terminals having a block of telephone
numbers assigned thereto, each line terminal

" bearing a separate telephone number, a-group of

40
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through which' the call is” extended, ‘said hold .

relay being effective when operated. to maintain

the entire connection intdet until the recewer
is replaced on- the "called line,” and means for
sigrialing the switchboard attendant responsive
to the receiver being replaced on the calling line
provided the hold- relay is operatéed’ and :the
connection is being held from the ¢alled line..
15. In a telephone system, a group of tele-
phone lines, a group of link cireuits serving said
lines when called, switching means for extending
a calling line to any one of said' link: circuits
and for extending such.link circui} to any called
lire of said groug; each link circuit having mech-
anism for recording the digits designating the
called line; the clearing cut. of the’connection
between the calling. line -and- the link: gircuit
being normally under the ‘control of the calling
line, a call-hold relay common .to all said link
circuits and assigned to a 'specific: one of the
lines of said group, means: efféctive 'when the
line-designating digits have been set up in.the
recording mechanism of a-link. circuit for tem-
porarily rendering said call-hold: relay  tem-
porarily individual to- such' link' circuit,” means
for thersupon operating said common.call-hold
relay subject to-the designation of the line with
which said relay is associated having been seb
up on the recording mechanism of the:link, each
link having an-individual call-hold relay, means
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P. B. X. lines connected respectively to. certain
of said line ferminsls, a group of link circuits
serving said line terminals when called, switching
means for extending a calling line to any one of
said link circuits and for extending such link cir-
cuit to any called terminal of -the group, each
link circuit having mechanism for recording tele-
phone -numbers -in said block, switch-control
equipment common to all said link circuits, means
effective when & telephone number has been set
up in the recording mechanism of a link circuit
for rendering said common equipment tempo=
rarily individual fo such link circuit, said common
equipment : being normally - effective 'to operate
said switching means to extend the currently
associated link circuit to the line terminal whose
telephone number is recorded, a P. B. X. service
relay included in.said-common equipment and
having assigned thereto the telephone number of
a.line terminal other than any of said P. B. X.
line terminals, means controlled by the recording
mechanism of the currently associated link cir-
cuit for operating said P. B, X, service relay when -
its said assigned-telephone number is recorded,
and means controlled by said relay, when oper- -
ated, for causingz said common equipment to
operate the switching means to extend the link
circuit to one or. another of said P: B. X, line
terminals instead of to:the line terminal to which
the recorded telephone number is assigned.
18. Ina telephone system; a- group of tele-
prhone-line terminals, a group of P. B, X. lines
connected respectively to certain of said termi-

nals, a group of link eircuits serving said ter- ©

mlhals when called, switching means for extend-

= ing a calling line to any one of said link circuits
~and, for extending such.link circuit-to any called

75

termmal of the ‘group, each link circuit having
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mechanism for recording. telephone -numbers-ass
signed; to: saids terminals; s$witch=control: equip=
ment: common:to.- a1l said: link: circuits, means

. effective when a. telephone: nuntber: has-beenset

up: in:the recording -mechanism:of- a"linkK :circuit
for: rendering: said.-common. equipment: tempo-
rarily individual to such link circuit, said com-
mon equipment being:normally effective t0 oper-
ate-said switching means to extend:the currently
associated link circuit to:the line terminals. whose
telephone number:is:-recorded, a P! B. X. service
relay:included in'said:common equipment, means
controlled: by the recording mechanism: of the
currently associated: link. circuit: for operating
said:P: B: X. service relay subject: to-a. specific
telephone" number being. recorded, and ‘means
controlled by said-relay for causing said common
equipment: to- operate the switching ineans to
extend the link:circuit to one or ancther of said
Pi'B. X. line terminals:according to the busy or

‘ 1dle condition of the connected lines.

-19. 'In a telephone system, groups of telephone

hnes groups - of “switches ‘having "access respec-

tively: to. said: groups of lines, a.P..B:. X, group
of  telephone lines: comprising: a line.of. each of
said- groups: of lines; - there being a common
P B..X. telephone number: assigned ‘to’ the lines
of’s2id P. B. X, group; and means effective when
said common tel‘ephone* number ‘is -called for
operating: a switch in one or another of said

‘groups ‘to- make .connection with an: 1d1e P. B X. ‘

line.

20. In a telephone system a group of: telephone
lines divided into tens groups, the lines:in each
tens:group bearing respectively the'same units
designations as the'lines in any other tens group,

butieach said tens group bearing ‘a separate tens

designation, certain of said telephone lines com-
prising a P. B. X, group, each said P. B. X. line
‘being - a line of a:different tens group, but all
bearing the same units designation; final tens
switches -having access respectively: to said tens
groups . of lines, there being'a common call hum-
ber assigned to said"P. B. X. group, means re-

sponsive . to the ‘calling of said common  call -

number for causing one or another of said final
switches to be positioned according to ‘the units
designation ‘of the P. B. X! lines, the one posi-
tioned: dependmg on the busy or 1d1e condition
of: the P. B. X. lines.

21. In atelephone system, a- group of telephone
lines;-a group of link circuits serving: said lines
when called, -switching means for .extending a
calling line to:any one of said link circuits and
for:extending such link circuit to any: called line
of the group; each link circuit having mechanism
for recording the digits' designating the called

‘line; an intercepting-service relay common to all

said link circuits and assignable to- any specific
one of the lines of said group which has been dis-~
connected, means efféctive ‘when the line-desig-
nating digits have been set up in the recording
mechanism of a link circuit for rendering said
intercepting-service relay temporarily individual
to:such link circuit, means for: thereupon operat-
ing said intercepting-service relay subject to-the
designation of the disconnected line with which
said relay is associated having been set up-on the
recording mechanism of the link, an intercepting

line, and means controlled by said intercepting-
° service relay, when operated, for: diverting the

terminating portion of the connection from the
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disconnected: called line to said intercepting line. -

22. In' a telephone system; & -group of tele-
phone:lines including party lines; a-group of link

75
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circuits-serving said:lines: when: called switchinv
means for extending a-calling:one to any-onerof -
said: link: circuits and for:extending such link ¢ir~
cuit’ to any called:line: of said group, each: link .
circuit having mechanism for.recording the digits .
designating:the called line-and: designating - the-
called substation on a called party: line,.an:in-
tercepting-service relay. common:to:all said link
circuits.and assignable-to ahy specific substaticn

:which has been:disconnected from any party line

of 'said group, means effective when the line and "

party-designating digits have:been set up:in-the

recording mechanism of a-link circuit- for tem:
porarily rendering said intercepting-service relay
temporarily individual to such:link circuit, means
for thereupon operating said intercepting-service
relay subject to-the designation of the discon=

‘nected substation with which said.relay-is:asso-

ciated having been set up on the recording mech-
anism of thelink, an-intercepting line; and means
controlled by said intercepting-service relay, when

" operated, for diverting the terminating portion-of

the: connection from.the line .of ‘the dlsconnected
substation to said intercepting: line. .. :
23. .Ina telephone system, subscriber: lmes ha.v- ‘

- ing directory numbers assigned respectively there-

to, switching means normally responsive: to the

‘calling of any such:directory number for extend-

ing' the call to the line to-which such :number-is
assigned, means associated with g specific one-of
said lines for diverting calls for such-line.to-a’
specific other line, means for: extending a.con- '
nection from a’'calling line to said-diverting'means
incident to. the: calling of .the directory number
assigned to said ‘specific line, and means-con-
trellable over one slich connection-for:rendering
said diverting means effective, and: controllable
over another for rendering it ineffective.. ..~
24.'In a telephone system, subscriber lines-hav---
ing directory numbers assigned respectively there--
to, switching means normally responsive:to:the
calling of any such directory:number for extend-
ing the:call to the:line to-which such:number-is
assigned, means associated with a specific one of
said lines for diverting. calls: for: such-line:to-a
specific other line, means for extending a:con-
nection from g calling line to.said diverting means
jnecident to the calling of the directory number-as-
signed to said specific line; meanscontrollableover
one -such connection for rendering said diverting
means effective, and controllable over another for -
rendering it ineffective; and-means for:preventing
said- rendering means- from being- controlled over
a-connection from a:line other than sald spec1ﬁc
line. =~ ’
25. In-a telephone system, subscnber lines hav-

. ing direetory numbers assigned respectively there- -

to, switching means normally- responsive-to the:
calling of any such directory number for extend=
ing the'call to the line to which such number:is -
assigned, means associated with g specific one:of”
said lines for diverting calls for such line to:a
specific other line, means for extending a connecs
tion from a calling line:to said diverting means
incident: to the:calling of the' directory number
assigned to .said specific line; and means con=
trollable over .one such connection responsive: to.
the suffixing-of a spécific digit to the called:di~
rectory number for rendering said diverting means
effective, and controllable over another connec- .
tion responsive to the suffixing of ‘another speciﬁc,
digit to the called directory number for render-
ing said diverting means ineffective.’

26. In a' switching system including a Iarge
group -of lines divided into small groups; primary:
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‘switching. devices each comprising & group of re-
Jays adapted.to make connection-selectively. with
any line of a small group, a plurality of primary .
devices beingprovided for each said small group of
lines, the lines of each small group being multipled ;. 5
toall of the said primary devices assigned thereto,
secondary switching devices similar to said pri-
mary switching devices, said secondary switching
devices. being arranged in a number of groups
equal to the number of primary switching de-:10
vices assigned to & small group of lines, said sec-
ondary - devices being : multipled togéther by
groups, each of said secondary groups havirg ac-
cess to a primary device assigned to each small
group of lines, and means for selectively operating .y
the relays .constituting any. secondary switching
device to make connection with a primary device
assigned to any small group of lines, and for se-
lectively operating the relays eonstituting the last
said primary device to make connection with a‘,ny,_,zo
line in the small group to which it is assigned.

27. A relay-type switching device comprising a
group of separately operable relays, there being a
separate pair of link paths associated with each
relay, each relay béing adapted when operated to.., .
prepare each of the two associated link paths, o' 2°
further selective relay selectively operable to com-
plete either of the two link paths prepared by the
operation of any cne of the first-named relays,
conductors over which the operation of all of theﬁ-.ﬁ_,ﬁO
said relays are controlled, & conrecting relay op- =
erable when the switching device is idle ‘to con-
nect said conductors to the said selective relays,
and a hold relay for disabling said connecting re-~
lay when the switching device isin-use. .- £35

28. In a switching systém), lines divided into’
groups, primary switching, devices assigned to
eath group, each such device being operable to
make connection with any line in the group to
which it is assigned, secondary switching devicesﬂ,),m
operable to make ‘connections in- tandém: with"
operated primary switching devices; equipment
provided in cemmon for operating said _primary
and secondary switching ;,dévices,' meang effec-
tive when g connection is to be extended from 45
a secondary switching device. th,r‘oughk a primary -
switching device to one of said lines*for taking
said common equipment into use dang for oper-
ating it to cause the connection to be extended,

means effective after the connection has been 50 -group of lines divided into.small groups; groups

extended for freeing the common ‘equipment’ for
use in extending other connections, means effec-
tive as long as the common equipment is asso-
ciated with the operated primary and secondary
devices for holding them operated, and means ps
controlled over ‘the. established connection ‘for"
closing and maintaining s holding circuit for the
operated secondary:device and for closing and
maintaining & holding circuit for the operated
primary device through the operated secondary 60
device, and means for insuring that both hold- """
ing circuits are established before the said com-
mon equipment is freed from eithier of said oper-
ated devices. T o o ]

29, In a switching system, lines divided into 65
groups, groups of primary switching devices as-
signed respectively to said groups of lines, groups
of secondary switching devices, the devices in
each secondary group haying access to'a prim%;y
device in each of the primary groups, a portion xp
of the devices in -each secondary group being
assigned to outgoing service, the remaining sec-
‘ondary devices in -each secondary group being
assigned to incoming service, a single group of
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trol equipment, effective; whether a connection is
-being extended. from, or-is; b
-one of said.lines for operating any.idle one of

; heing . extended: to,

the associated primary devices-to make connec-
tion .with, the line, and.means in said control

-equipment: depending . upon; whether the call is
being extended from-the line or is being extended
:to the line for: causing an outgoing or an incom-
Ang secondary device:in the concerned: secondary
-8roup to.make connection. with the last said pri-
-mary.device.- . e :

:80..Ina s_witclﬁiﬁé s§Stehi ;‘“_l‘é.l_‘g_e"gi*c‘)upé‘df lines;

-each. large group being divided into small groups;
groups of primary. switching devices assigned re-
-Spectively. to. said »small- groups:of -lines;  each
large:groub of lines haying groups of secondary

switching: devices assigned thereto, the devices in
each secondary group-having access to a. primary
device. in each. of .the: primary groups assigned

-to the:same:large ‘group.-of lines;.a portion of

the -devices ineach secondary group being -as-
signed. to- outgoing - service, the- remaining sec-
ondary devices in each.secondary .group being
assigned to incoming:service ;rSeparate incoming
link paths for each large group of lines; selectors

.having access:to.all- said - incoming: link -paths;

means respensive -to a call .being. originated on

+-any.one. of ‘said lines for causing:a-connection to
:be extended therefrom, through gn idle; primary

switching. device: assigned to the:small group in

.which .the calling;:line is located; "and ‘thence
.through an idle secondary. device to-an idle one

of said selectors; means controlled’ over the call-

ing line . for -setting: said-selector in:accordance

with the large group in which the:desired called

ling - islocated; : said . selector ‘heing responsive

.thereto to extend connection. to-an idle incom-

ing link path-.assigned to.the. called-large group;

-means:controlled over the «calling line for indi-

cating .the:small : group. containing the desired
called line and for indicating which line therein

1s the desired called line; means responsive there-

to for setting an idle primary device-in the called

-small group on. the. called line and: for setting
.8 secondary- device. in the: called ‘large -group. on
:the last-named primary, device;: and- distributing

means for.connecting the incoming link: path in
use with the last-named secondary device.
31, In a switching system: including: a. large"

of primary-switching .devices. assigned respective-

1y to-said small group of. lines; groups of second-

ary switching devices; the.devicesin each second-
ary group,_having'access,.tq,a,’primary device in
each of the small groups;. incoming link paths;
means. for causing a: connection to.be extended
from. any calling -one. of- said:lines, through an.

idle primary. switching device assigned to. the

small group: in which the calling line ‘is ‘located,
and through an idle secondary device to an idie

{incoming lirk ‘path; means controlled over the

calling: line .for:indicating: the’ smaill :8roup .comn-
taining the desired called: line and for:indicating -
which -line therein is” the : desired icalled line;

-Imeans. responsive thereto for setting an idle pri-

mary devicein’ the called small’ group “on: the
called: lihe and: for setting ‘a secondary device.on

the last-named priniary device; and distributins
‘means thereafter opérable for conrecting: the in-
“coming’ link" ‘path
‘secondary dévice.”

path- in: use - with' the last-named

32. In & switching system including a large

_group of lifies divided into small groups; groups of
common control equipment, means in said con- 75

primary. switching devices assigned respectively




» means Tor calis-
ing a connéction to be extended frot one tailing
one of said lines throvgh an idle Pritnary switch-

of ‘the small groubs; ik pa

ing device ‘assighéd 16 the small group in which
the -Galliag 1ihe-1§ located, and thiough an idle
secondary device to an idle link path; means
cohtrolled over the Galling lifie’ and through the
operated primary and secondary device for stor-
ing an indicatioh of the siaall group cohtaining
the desired called line aiid an-indication 6f whith
-line in the siiall gioup is-the desired called line;
_commion contrel. fieans;  feans - effective after
hoth said indications are-stored-for catising said
common cortrol iieans 16 opérate-in nccordance
therewith to position & -idle primary dévice in
the called stiall grotip on the called line and for
positioning an idle secondary device oh tHe last-
namied primarydevice, and distributing meahs for
interconnecting the link path i e with'the last-
-named secondaty dévice.- . :
33, In an automatic/switehing s¥stem, & group
of - lines, lirks ‘comnion-to said lines, switching
‘equipment arranged . to - eonhect any ode ‘of said
links ihdividually to any oné of said lies, control
equipment corimon to s4id lihes and links; ¥neans
responsivesto @ cdll Beifg originated on 4 calling
one of said lines‘for ¢ausing said cominioh ‘equip-
ment to operate said switching equipmient to link
a-connection by finder aection between a calling
line and an idle ‘one’of said links, digit storage
nieans operable over-the ¢alling lihie to -stofe digit
information indicative of the designiation -of ‘the
desired called line, andaneans. fér operating said
common equipment-in-décéidarice With-thé stored
digit information to operate said switching equip-
ment to link a path by connector a¢tion from the
last-named link to the désiréd ealled one of Said
lines. : w

34, In an automsatic switching systein includ-’

‘ing s large- group 'of lines dividéd -ifto -srnail
grouips, groups of ‘primaty switching devices 45-
signed. respectively to:sald small:grotips 6f:dines,
groups-of secoridary switehing déﬁiCé’s',‘iﬁheréViééfs
in.each secondary-group. having aceess to 4 pri-
mary device in gach'of the smallgfoups, thehum-
. ber of :groups of secondary switchiiig Gevices be-
ing equal to-the number of primary devices ds-
" signed to a small éroup oflines; &’ parate match-
ing -relay for each :group -of ‘gecondary devices,
means résponsive to:acall being originatedih dny
.one of -said sinall groups foi associdtitig said
matehing relays réspectively with the prifnary
switching devices:assigned to the ‘cohcérned simall
group of lines, inears controlled by said-matching
~ relays for causing c¢onnection to be extended from
the calling line tlirough ah idleprimary switc¢hing
device -and an -idle-secondary switéhing. device
having access thereto, storage means controlled
over the calling line for storihg digit information
_indicative of the:small group containing ‘the de-
sired called line -and:indicative of ‘which line in
the small group is the desired called line, means
controlled in accordance with the digit informa-
tion stored for -associating:said-matching relays
“respectively with the primary devices assigned to
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sécondaty device to which the -calling Tife -has
been exterided with the ‘secondary device to which
‘the called line has been ‘extended: - R
35. Th & switching ‘syStem including a large
gioup of lines divided into-stall ‘groups; groups
of primary switching devices assignéd respective-
ly to’said small groups of lines; groups of second-
ary switching devices; the-devices in ‘each’ sec-
ohdafy group havig -access to a primary device
in each “of the small-groups; control ‘equipment
common to all ‘of ‘said devices, means effective
When 4 call is originated on any line in ‘any
sinall-gfoup for rendering said-cominon -control
“equipthent temporarily individual to the ‘small
gvoup containing the calling line; means con-
trolled by ‘said cominon equipment for causing an
idle primary device in the concerned smail group
to make connection with the calling line and for
Causitig 2 secondary device having aceess to the
Tast-hamed primaiy device t0° make ‘connection
therewith; seans efféctive for thereupon freeing
said ecoimmon equipnient and returning it tocom-
‘Moh tise; and means responsive to said ‘common
éqiliprhent beihg rendered temporarily individual
1o & Small group containing a Calling line'at a
‘tifie When 1o tandem connection can bé linked,
throdgh 30 idle prindary device in the concerned
grolip and an idle secondary device having ‘access

“thereto, Tor Teturiing the common equipineént to

cominon use and -for témporarily preventing

 furthe? associatiofl of the ‘cominon equipment

with the last-named small group.

36, Tn a switching system ihcludihg a large
group of lines divided into small groups; groups
of primary switching devices assi s1ed respectively
to said small groups of lires; groups of secoligary

. switching devices; thie devices ineach secohdary
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‘the called small group, means controlled by said

_matchihg relays for causing ‘an idle primary de-
vice in the called small group to.make conhection
with the desired called line and Tor calisifig ah
jdle secondary switching device havirg access to
_{He last-nained primary device T make cofriéc-

‘Fioti therewith, and mesns for ihtercohnecting the

5o

group having access to & primary device in gach .
of ‘the small gfoups; control equipnient ‘commcen
to all of 5aid devices, means effective when a call
is originiated oh &ny litie in any small group for
rendering $aid common control equipmert tem-
‘poratily individual to the small group contalning -
the calling line; riéans controlled by said commion
‘equiptuerit for causing an idle primary ‘device 1h
‘the cohcerned $mall group to make ‘cohnection
with thie calling line and for causinga secondary
dévice Haviig aécess 1o the last-hamed primary ..
dévice to make connection therewith; means-effec-
}ive foF theretpon freeingsaidcormmoneduipment
‘afid Tetuitning it to Coinmon use; ‘means respon- .
sive to said combion equipment being rendered
téniporarily individual to 'a small group contain- .
ing a calling line at a time when no tandem
‘confiéction, can be linked, through an ‘idle ‘pri-.
Thary device ih the concerned group and an‘idle
Secondary device having access theréto, for ie- -
“fiifning the common equipment to cOmmOnN "lise
‘arid for temporarily preventing further ‘assotix-
tion 'of the “common equiprent with the 1ast-
riafed Sthall ‘group, and Theans effective “Aipon
+the ‘elapse of a predetermined time intefval for
‘agaih-enabling the common equipment to betoine -
associated with the last-named small-group.:
37. In a switching system, a group:of -tevices,
each of said devices being operable wheén‘idle’to
-extend ‘a connection, each devite Havirg ‘e -held
relsy ‘and means for ‘cperating it wheh the de-
vice is‘in use, said hold relay restoring-wheh the
device again becomes idle, an operating conductor -
‘orthally extending to the first device, ‘the held
Telay of the first device having trafisfer-contaets
‘effgctive ‘when ‘the relay -is operated ‘for- t¥afs—
‘ferring ‘the-opérating condiictor-to ‘the next suc-

“#5 “ceeding ‘device, said-conductor being transteryed
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in a similar manner through contacts of the hold
relays of all busy onegs of said devices to an idle

one when only a part of the devices are:in use, -

means effective when one of said devices is to be
operated for. closing an operating circuit for the
first idle device over said operating conductor, the
device being responsive to the closure of the said
circuit for operating to extent a connection there-
through, and means effective while a device is be-
ing operated for closing a temporary holding cir-
cuit for the holding relay of any busy one of said
devices to prevent the extended operating circuit
from being broken in case any preceding device
becomes idle during the time a succeeding device
is being operated.

38, In a switching system; primary and sec-
ondary switching devices, each such switching de-
vice being composed entirely of selectively oper-
able relays through whose contacts a connection
may be extended; means effective when a call is
originated on a calling line for operating one of
said primary switching devices to make connec-
tion with the calling line, and for operating one
of said secondary switching devices to make con-

nection with the operated primary switching de- .

vice; means controlled over the calling line for
setting another secondary switching device to
make connection with another primary switching
device, and for operating the said other primary

switching device to make connection with the

called line; and means for interconnecting the two
last-named secondary switching devices together
to afford a connection from the calling line to the
called line.

39. In a switching system including a large 3

group of lines divided into small groups, groups
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of small-capacity primary switching devices as-
signed respectively to said small groups of lines,
small-capacity secondary switching devices hav-
ing access to said primary switching devices, each
of the said primary and secondary switching de-
vices being :composed entirely of selectively oper-
ableé relays, and means effective responsive to the
origination of a call on any line in any one
of said small groups for causing an idle one of said
brimary ‘devices assigned to the calling small
group to make connection with the calling line
and for causing an idle one of said -secondary
devices to make connection with the last-named

‘primary device.

40. In a switching system including a large
group of lines divided into small-groups, sroups of
small-capacity primary switching devices as-
signed respectively to said small groups of lines,
small-capacity secondary switching devices hav-
ing access to said primary switching devices, each
of the said primary and secondary switching de-
vices being composed entirely of selectively oper-
able relays, means effective responsive to the
origination of a call on any line in any one
of said small groups for causing an idle one of
said primary devices assigned to the calling small
group to make connection with the calling line
and for causing an idle one of said secondary de-
vices to make connection with the last-named
primary device, control means common to all of
said switching devices, and means effective when
any one of said switching devices is to be oper-
ated for causing said common control means to
bring about the selective operation of the relays
constituting such switching device, °
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