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13 Claims.
The present invention relates to telephone sys-

tems and more particularly to improved auto-

matic switching apparatus of the character of
that disclosed and claimed in U. S. Patent
No. 2,070,874, John H. Voss and Thomas F.
Crocker, issued Pebruary 16, 1937, which appara-
tus is connected and arranged to handle switch-
board traffic.

It is the principal object of the present inven-
tion to provide, at an operator switchboard posi-
tion in a telephone system, improved position
equipment of the character of that disclosed and
claimed in the copending application of Smart S.
McAndrew, Serial No. 339,475, filed June 8, 1940,
in order to facilitate the answering of calls and
the extension and supervision of established
connections at the operator switchboard posi-
tion in a ready and efficient manner.

A further and more specific object of the in-
vention is to provide, at a number of operator
switchboard positions in a telephone system, im-
proved position equipment which is so connected
and arranged that automatic switches individual-
ly associated with the operator switchboard posi-

tions may be selectively controlled to select lines :

accessible thereto without interfering. in any
way with each other in the selection of the lines.

The invention is illustrated as being embodied
in a telephone system comprising a central office
of any suitable type, a private automatic branch
exchange or P. A. B. X, an intermediate branch
exchange or I. B. X of the automatic type and a

distant exchange of any suitable type. A switch-.

board is arranged in the P. A. B. X which com-

prises a number of operator positions. Further a -

to'l switch train is arranged in the P. A. B. X
which comprises a number of groups of switching
links individually associated with the operator
positions, each switching link including an an-
swer switch and a call switch, the answer switch
and the call switch of each switching link hav-
ing access to trunk lines and toll lines intercon-
necting the central office, the I. B. X and the dis-
tant exchange with the P. A. B. X.

In accordance with one feature of the inven-
tion, the telephone system comprises a plurality
of lines, a plurality of operator positions, a plu-
rality of automatic switches. individually asso-
ciated with the operator positions and having
access to-the lines, normally effective means se-
lectively controllable from each of the operator
positions for causing the associated switch  to
‘operate and se'ect any particular one of the lines
thereby to complete a connection between the
operator position and the last-mentioned line,

[5]

10

20

30

oY
(]

40

and means controlled while one of the switches
is operating to select a given line for restricting
the operation of each of the other of the switches,
whereby each of the other of the switches is oper-
ative to select any particular one of the lines
excepting the given line while the one switch is
operating to select the given line.

In accordance with another feature of the in-
vention, the system comprises a plurality of ‘de-
vices at each of the operator positions individual-
ly corresponding to the lines, the devices at the
operator positions corresponding to the same line
constituting a group, a plurality of relays in-
dividually associated with the devices, the relays
associated with the same group of devices con-
stituting a group, means responsive to the first
device operated in any given group of devices for
causing operation of the associated relay in the
associated group of relays and for preventing
operation of the remainder of the relays in the
associated group of relays, and means responsive
to the operation of any given relay in any given
group of relays for causing the associated switch
to operate and select the corresponding line,
thereby to complete a connection between the as-
sociated operator position and the last-mentioned
line. More particularly, any given relay in any
given group of relays is operative to-mark the
corresponding line and to initiate operation of
the associated 'switch, means being provided
which is controlled when one of the switches se-
lects a marked line for arresting operation of the
switch. More specifically, the relays are of the
marginal type and are so'connected and arranged
that, when any given relay in any given group of
relays is energized, it completes a locking circuit
for itself which prevents adequate energization
of the remainder of the relays in the given group
of relays and consequently operation of the re-
mainder of the relays in the given group of re-
lays.

Further features of the invention pertain to the:
particular arrangement of the circuit elements of
the system, whereby the above-outlined and
additional operating features are attained.

The novel features believed to be characteris-
tic of the invention are set forth with' particu-
larity in the appended claims. The invention,
both as to its organization and method of oper-
ation, together with further objects. and ad-
vantages thereof, will best be understood by refer-
ence to the following specification taken in con-
nection. ‘with the accompanying drawings in
which Figure 1 illustrates the general arrange-
ment of a telephone system embodying the pres-
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ent invention: Figs. 2 to 11, inclusive, taken to-
gether, illustrate the details of a system having
incorporated therein the features of the inven-
tion, as briefly out’ined above; and Fig. 12 illus-
trates the mode of combining Figs. 2 to 11, in-
clusive, to form & unified system.

Description .of the apparatus incorporatled in the
telephone sysitem

Referring now more particularly to Fig. 1 of
the drawings the telephone system there illus-
trated comprises a central office 20, a P. A. B. X
30, an I. B. X 40 and a distant exchange 50. The
central office 20 and the distant exchange 50 are
of any well-known type, each serving a number

10
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of subscriber substations not shown; while the . .

P. A. B. X 30 and the I. B. X 40 are of the auto-
matic type, each serving a number of automatic
subscriber substations. More particularly, the
P. A. B. X 30 serves a number of subscriber sub-
stations, including the subscriber substations T3
and T4; while the I. B, X 40 serves a number of
subscriber substations, including the subscriber
substations TI and T2. The central office 20 and
the P. A. B. X 30 are interconnected by a group
of one-way trunk lines, including the trunk line
205, extending from the central office 20 to the
P. A. B, X 30, and a group of one-way trunk lines,
including the trunk line 200, extending from the
P. A. B. X 30 to the central office 20. TheI. B.X
40 and the P, A. B. X 30 are interconnected by a
group of two-way trunk lines; including the trunk
line 210, extending therebetween; while the dis-
tant exchange 50 and the P. A. B. X 30 are in-
terconnected by a group of two-way toll lines, in-
cluding the toll line 215, extending therebetween.

The central office, 20 the I. B. X 40 and the
distant exchange 50 respectively comprise an op-
erator position 240, an operator position.260, and
a toll operator position 250; while the P. A. B. X
30 comprises an automatic dial switchboard pro-
vided with & number of operator positions, in-
cluding a first operator position 900 and a last
operator position 816, Each trunk line in the
group of trunk lines extending from the central
office 20 to the P. A. B. X 30 terminates at the
operator position 240 in the central office 20 and
in an incoming trunk line circuit in the P. A.B. X
30, the trunk line 205 terminating at the oper-
ator position 240 and in the incoming trunk line
circult 300. Similarly, each trunk line in the
group of trunk lines extending from the P. A. B. X
30 to the central office 20 terminates in an out-
going trunk line circuit in the P. A, B. X 30 and
at the operator position 240 in the central office
20, the trunk line 200 terminating in the out-
going trunk line circuit 360 and at the operator
position 240. Also, each trunk line in the group
of trunk lines extending between the I. B. X 40
and the P. A. B. X 30 terminates in a.trunk line
circuit in the P. A, B. X 30, and at the operator
position 260 in the I. B. X 40, the trunk line 210
terminating in the trunk line circuit 400 and at
the operator position 260. Finally, each toll line
in the group of toll lines extending between the
distant exchange 50 and the P. A. B. X 30 termi-
nates at the operator position 250 in the distant
exchange 50 and in a toll line circuit in the
P. A. B. X 30, the toll line 215 terminating at the
operator position 250 and in the toll line circuit
500.

The I. B. X 40 is provided with a switch traln
ccmprising a number of finder-connector links,
iricluding the finder-connector link 230. Also, a
telephone line having a line circuit individually
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associated therewith extends to each of the sub-
scriber substations in the I. B. X 40, the telephone
lines 220 and 225 respectively extending to the
subscribersubstations T and T2and having theline
circuits 221 and 226 respectively associated there-
with. Finally, & number of trunk circuits are
provided in the I, B. X 40 which are individually
assoclated with: trunks terminating at the oper-
ator position 260 in the I. B.-X 49, the trunk cir- .
cuit 236 being individually associated with the
trunk 235 terminating at the operator position
260. It is noted that each finder-connector link
in the I. B. X 40 has access to each telephone line
therein and to each trunk terminating at the
operator. position 260.

The P, A. B. X 30 is provided with a local switch
train comprising & number of local finder-se-
lector links, including the local finder-se-
lector.link 948, and a number of local connectors,
including the local connector 944, Also, tele~
phone lines having line.circuits individually as-
sociated therewith extend to each subscriber sub-
station in the P. A. B. X 30, the telephone lines
930 and 935 respectively.extending to the sub-
scriber substations T3 and T4 and having the line
circuits 931 and 936 respectively associated there-
with. A number of trunk circuits, including the
trunk circuit 600, is provided in the P. A. B. X
30. It is noted that each of the local finder-se-
lector links has access to each telephone line in
the P. A, B. X 30, to each local connector and to
a number of trunks individually extending to the
trunk circuits, the trunk 680 individually extend-
ing to the trunk circuit 600.

Further the P. A. B. X 30 is provided with a
toll switch train comprising a number of groups
of switching links individually associated with the
operator positions, one of the groups, including
the switching links 800 and 902, being individually
associated with the first operator position 900,
and another of the groups, including the switch-
ing links 912 and 916, being individually associ-
ated with the last operator position 910. Each of
the switching links comprises a finder and a se-
lector, the switching links 800, 902,9i2and 8i6re-
spectively comprising the finders 700, 803, 913and
817 and the selectors 820, 904, 914 and 918. Also
it is noted that each of the switching links in
the group, including the switching links 800 and
902, is commonly associated with a cable 801 ex-
tending to the first operator position 930; while
each of the switching links in the group, includ-
ing the switching links 812 and 916, is common-
ly associated with a cable 811 -extending to the
last operator position 910.

It is noted that each of the finders has access
to a group of trunks individually extending to the
group of outgoing trunk line circuits, this group
including. the trunk 305 extending to the out-
going trunk line circuit 360; to a group of trunks
individually extending to the group of incoming
trunk line circuits, this group including the trunk
350 extending to the incoming trunk line circuit
300; to a group of trunks individually extending
to the group of trunk line circuits, this group.in-
cluding the trunk #60 extending to the trunk line
circuit 400; to a group- of trunks individually- ex-
tending to the group: of toll line circuits, this
group including the trunk 598 extending to the
toll line circuit 5008; and to a group of trunks in-
dividually extending to the group of trunk cir-
cuits, this group including the trunk 670 extend-
ing to the trunk circuit 600.. Similarly, each of
the selectors has access to the group of trunks
individually extending to the group of outgoing
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trunk line circuits, this group including the
trunk 305 extending to the outgoing trunk line
circuit 360; to the group of trunks individually
extending to the group of trunk line circuits, this

group including the trunk 460 extending to the

trunk line circuit 400; to the group of trunks in-
dividually extending to the group of toll line cir-
cuits, this group including the trunk 590 extend-
ing to the toll line circuit 500; and to a group of
trunks individually extending to the local eon-
nectors in the local switch train, this group in-
cluding the trunk 945 extending to the local con-
nector 941.

Each operator position at the switchboard in
the P. A. B. X 30 comprises position equipment in-
cluding position apparatus, the position .equip-
ment provided at the first operator position 500
and at the last operator position 910 respectively
including the first position apparatus 1100 and
the last position apparatus 1000. ‘

The operator position 240 in the central office
20, as best shown in Fig. 2, the operator position
260 in the 1. B. X 40, as best shown in Fig. 2, and
the toll operator position 250 in the distant ex-
change 50, as best shown in Fig. 2, are connected
and arranged in a conventional manner. Also
the subscriber substations TI and T2 in the
I B. X 40, as best shown in Fig. 2, comprise con-
ventional substation equipment; while the line
circtiits and trunk circuits respectively associated
with the telephone lines and the trunks in the
I. B. X 49, as best shown in Fig. 2, are connected
and arranged in a conventional manner. Further
the finder-connector links in the switch train in
the I B. X 40, as best shown in Fig. 2, are con-
nected and arranged in a conventional manner;
preferably, each of these links comprising a finder
-and a connector of the well-known Strowger type.

Preferably, each of the outgoing trunk line cir-
cuits is identical to the outgoing trunk line cir-
cuit 360, shown in Fig. 3; which is connected and
arranged in a conventional manner; while each
of the incoming trunk line circuits is identical to
the incoming trunk line circuit 300, shown in Fig.
3. The incoming trunk line circuit 300 comprises
& repeater 340 and a number of relays, including a
ring-up relay R310, a start relay R320 and a cut-
off relay R330, connected and arranged in a man-
ner more fully described subsequently.

Preferably, each of the trunk line circuits is
identical to the trunk line circuit 400, shown in
Fig. 4, which comprises a repeater 450 and a
" number of relays, including a control relay R410,
a start relay R420, a cutoff relay R430 and a line
relay R440, connected and: arranged in s manner
more fully described subsequently. )

Preferably, each of the toll line circuits is iden-
tical to the toll line ecircuit 500, shown in Fig. 5,
which comprises a repeater 501 and a number of
relays, including a ring-off relay. R510, a start
relay R520, two control relays R530 and. R560, a
cutoff relay R540, a ring-up relay R550, a guard
relay R565, a timer relay R570, g hold relay R515
and two count relays R580 and R585, connected
and arranged in a manner more fully described
subsequently. :

Preferably, each of the trunk circuits is identi-
cal to the trunk circuit 600, shown in Fig. 6, which
comprises a repeater 660 and a number of relays,
including a cutoff relay R610, a start relay R620,
a line relay R630, a hold relay R640 and a recall
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conventional substation equipment; while the line »
circuits associated with the telephone lines in the

- P, A, B. X 30, as best shown in Fig. 9, are con-
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nected and arranged in a conventional manner.
Further the local finder-selector links and the
local connectors in the local switch train in the
P. A. B. X 30, as best shown in Fig. 9, are. con-
nected and arranged in a conventional manner;
preferably, each of the local finder-selector links
comprising a local finder and a local selector, the
local finders, the local selectors and the local
connectors- being of the well-known Strowger
type. .
Preferably, each of the switching links 800, 902,
912, 918, etc., shown in Figs. 7, 8 and 9, are iden-
tical, each of these switching links comprising a
finder and a selector. ‘The finder of each switch-
ing link, such as the finder 700, shown in Figs. 7
and 8, of the switching link 800, is connected and’
arranged In a manner substantially identical to
that of the finder shown in Fig. 7, part 1 and Fig.
7. part 2 of the previously mentioned Voss and
Crocker patent; while the selector of each switch-
Ing link, such as the selector 820, shown in Fig. 8,
of the switching link 880, is connected and ar- -
ranged in a manner substantially identical to
that of the selector shown in Fig. 8 of the previ-
ously mentioned Voss snd Crocker patent. More -
particularly, the finder 700 comprises a switch-
ing mechanism 710 of the Strowgar type, includ-
ing a main wiper set provided with g number of
wipers T11 to 1186, inclusive, and capable of both
vertical and rotary movements, and an associ-
ated main contact bank, including ten vertical
levels of contact sets arranged in circumferen-
tially spaced-apart relationship. Also the mech-
anism 710 includes a vertical control wiper 111,
capable of vertical movement, and an associated
vertical control contact bank TI8. The mecha-
nism 710 is provided with a vertical magnet M7i8
for moving the wiper set thereof in the vertical
direction, a rotary magnet M120 for moving the
wiper set thereof in the rotary direction and a
release magnet M722 for releasing the wiper set
thereof and for causing the wiper set thereof to
be returned to its normal position. Finally the
switching mechanism 710 has a number of sets of
switch springs S723 and S124 operatively asso-

ciated therewith, which are controlled in accord-

ance with the movements of the wiper sef there-
of, in a manner more fully described subse-
quently. o

Further the finder 700 comprises a group of
relays, including a switching relay R130, a trans-
fer relay R7T40, a step relay R150, a start relay
R185, a test relay R760 and a connect relay RT70,
connected and arranged in a manner more fully

- described subsequently. Moreover, the finder 700
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relay R650, connected and arranged in a manner

more fully described subsequently.

The subscriber substations T3 and T4 in the ,

P. A. B. X 30, as best shown in Fig, 9, comprise

75

has individually associated therewith s link
listening or talk key K780 and a monitor key, not
shown, which are operative to associate the finder
100 with the cable 901 extending to the first op-
erator position 860. Finally, & number of super-
visory lamps L7125 and LI26 are associated with
the finder 700 for supervisory purposes.

Each operator position at the switchboard in
the P. A. B. X 30, such as the first operator posi-
tion 900 and the last operator position 918, shown
in Fig. 9, comprises position equipment including
a trunk circuit, a telephone instrument, key
sender apparatus, a number of control keys oper-
-ative selectively to render different types of serv-
ices over connections established at the operator
position, and position apparatus. More particu-.

larly, the trunk circuit, the telephone instrument
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and the control keys in the position equipment at
each operator position are connected and ar-
ranged in the manner of the trunk circuit, tele-
phone instrument and control keys in the.posi-
tion equipment, shown in Fig. 21, part 1, Fig. 21,
part 2 and Fig. 21, part 3, of the previously men-
_ tioned Voss and Crocker patent; while the key

~ sender apparatus in the position equipment ab

each operator position is connected and arranged

“in the manner of the key sender apparatus in
the position equipment, shown in Fig. 22, part 1,
Fig. 22, part 2 and Fig. 23 of the previously men-
tioned Voss and Crocker patent.

The first position apparatus 1100 in the posi-
tion equipment at the first operator position 900
comprises, as best shown in Fig. 11, a number of
group line keys, including the group line keys
K150 -and KI1155, a number of individual line
keys, including the individual line keys K1160
‘and K165, a number of group line supervisory
lamps, including the group line supervisory lamps
Lt148 and L{149, a number of individual line
answer lamps, including the “individual line
answer lamps L{ (4T and Li{ 145, and a number of
individual line busy lamps, including the indi-
vidual line busy lamps Li{46 and L1i44. Also,
the first position apparatus (100 comprises a
number of lockout relays, including the lockout
relays R1125 and RI1130, individually associated
with the individual line keys, the locking relays
RI125 and R1130 being respectively individually
associated with the individual line keys KI1{65
and Ki160. : i .

Similarly, the last position apparatus 1008 in
the position equipment at the last operator posi-
tion 910 comprises, as best shown in Fig. 10, a
number of group line keys, including the group
line keys Ki050 and KI1055; a number of indi-
vidual line keys, including the individual line
keys K1060 and KI1065, a number of group line
supervisory lamps, including the group line super-
visory lamps L1048 and 1.1049, a number of indi-
vidual line answer lamps, including the indi-
vidual line answer lamps L1047 and L1045, and a
number of individual line busy lamps, including
the individual line busy lamps 1.1046 and I1.1044.
Also, the last position apparatus 1000 comprises a
number of lockout relays, including the lockout
‘relays R1025 and R1030, individually associated
with the individual line keys, the locking relays
RI1025 and Ri030 being respectively individually
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associated with the individual line keys K1065

and Ki060. ‘

Further, it is noted that a number of line mark-
ing relays including the line marking relays R11708
and R1188 are commonly associated with the in-
dividual line keys in both the first position appa-
ratus 1100 and the last position apparatus 1000
in a manner more fully explained subsequently.
Further, in connection with the last position ap-
paratus 1000 and the first position apparatus
1100, it is noted that the group line keys K050
and Ki150 commonly correspond to the group of
incoming trunk line eircuits, including the incom-
ing trunk line circuit 300; while the group line
keys Ki1055 and K155 commonly correspond to
the group of trunk circuits, including the trunk
circuit 600. Similarly, in the last position appa-
ratus (000 and the first position apparatus 1108
the individual line keys Ki060 and Ki160 com-
monly correspornd to the individual toll line cir-
- cuit 500 in the associated group of toll line cir-
cuits; while the individual: line keys KI1065 and
K1165 commonly correspond to the individual
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trunk line clrcuit 400 in the associated group of
trunk line circuits. :

More particularly, it is noted that the individ-
ual line keys which correspond to the same circuit
constitute a group. For example, the individual
line keys K1065, K1165, etc., constitute a group,
while the individual line keys K1060, K1180, etc.,
constitute a group.. Also, the lockout relays which
are associated with the individual line keys in &
given group of individual line keys constitute a
group.. For example, the lockout relays R1028,
RI1125, etc., respectively individually associated
with the individual line keys K 1065, Kf 165, etc.,
in this group of individual line keys, constitute
a group; while the lockout relays R1030, R1130,
ete., respectively individually associated with the
individual line keys. K{i060, K160, etc., in this
group of individual line keys, constitute a group.
Further, it is noted that each group of lockout
relays has & line marking relay individually as-
sociated therewith, the group of lockout relays
including the lockout relays RI1025, RI1285, etc.,
having the line marking relay RI170 individual-
ly assoclated therewith and the group of lockout
relays including the lockout relays R1030, R1130,
etec., having the line marking relay RI180 in-
dividually associated therewith.

A better understanding of the connection and
arrangement of the apparatus incorporated in
the telephone system will be facilitated from a
consideration of the detailed operation of the
various pieces of apparatus incident to the han-
dling of the various toll and trunk calls at the
switchboard, as will 2ppear hereinafter.

Local call from a subscriber substation in the
P. A. B. X to the switchboard in the P. A. B. X

In order to extend a call from a subscriber sub-
station, such as the subscriber substation T4 in
the P. A. B. X 30 to the switchboard therein, a
call operation is first performed at the calling
subscriber substation T4, thereby to cause the
line circuit 936 individually associated with the

‘telephone line 935 extending -to the subscriber

substation T# to operate. Upon operating, the
line circuit 936 initiates operation of one of the
local finder-selector links, such as the local find-
er-selector link 940 in the local switch train,
wheretpon the local finder-selector link 940 oper-
ates to seize the telephone line 935 exiending to
the calling subscriber substation T4. When the
local finder-selector link 940 seizes the telephone
line 935 extending to the calling subscriber sub-
station T4, the line circuit 936 operates to mark
the telephone line 935 as busy to the local con-
nectors having access thereto and the local find-
er-selector link 940 is rendered responsive to a
digit dialed thereinto. The subscriber at the sub-
scriber substation T4 then dials a predetermined
digit thereat, thereby to cause the local finder-
selector link 940 to operate and select an idle
trunk in the associated group of trunks extend-
ing to the group of trunk circuits. Assuming that
the local finder-selector link 940 operates to seize
the trunk 680 extending to the trunk circuit 600,
when the trunk 680 is thus seized a circuit is
completed for energizing in series the upper and
lower windings of the line relay R630 in the trunk
circuit 600, this circuit extending from ground
by way of the lower winding of R630 and the
winding 662 of the repeater 660 to the line con-

- ductor C682 of the trunk 680, and from battery

by way of the upper winding of the line relay
R630 and the winding 66f of the repeater 660
to the line conductor C681 of the trunk 680, the
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line conductors C681 ang C682 of the trunk 689 extinguished condition of the supervisory lamp
being connected by way of the local finder-selec- L125. When the talk key K780 of the finder 700
tor link 940 to the telephone line 938, Accord- of the switching link §g0 is .operated away from
ingly, at this time, an operative connection is its normal position there 1is completed, at the
completed between the calling subscriber substa- 5 contacts 181 thereof, a circuit for energizing the -
tion T4 and the repeater 660. . upper winding of the connect relay RT10, this
When thus energized the line relay R630 oper- circuit extending from ground in the position
ates to complete, at the contacts 631, an obvious equipment at the first oberator position 900 by
path for returning ring-back tone current over way of the conductor C1790 in the cable 801, the -
the trunk 680, the local finder-selector link 940 10 contacts 781 of the talk key K180, the condiictor .
and the telephone line 935 to the calling sub- C705 in the cable 901 and the upper winding of
scriber substation T4, thereby to simulate at the RT10 to battery, When thus energized the con-
subscriber substation T4 g ringing condition. - nect relay R110 operates to complete, at the con-
Also the line relay R630 completes, at the. con- tacts. 718, holding circuijt for energizing the
tacts 632, an obvious circuit for energizing the 15 lower winding thereof, this circuit extending from
winding of the hold relay R640, thereby to cause ground in the position equipment at the first op-
the latter relay to operate, Upon operating, the erator position 909 by way of the conductor C7194
hold relay R640 completes, at the contacts 642 - in the cable 981, the contacts 786 of the talk key
and 644, an obvious metallic connection, includ- K180, the conductor C706 in the cable 901, the
ing the windings 663 anq 664 of the repeater 20 contacts 178 and the lower winding of R779 to
660, between the line conductors C67f and C612 battery. Also when this holding circuit is com-
of the trunk 670. Further the hold relay R640 Dleted, apparatus in the position equipment gt
completes, at the contacts 646, an obvious path the first operator Position 900 operates, therehy
for applying groung potential to the control con- to cause ground Dotential to pe ‘femoved from
ductor C683 of the trunk 680, thereby to mark the 95 the conductor C790 in the cable 801 in order posi-
trunk 680 as busy to the local finder-selector links ~ tively to brevent any of the other Switching links
having access thereto, the trunk 680 being pre- in the associated group of switching links from
viously marked for selection due to the comple- being connected to the cable 901, as the switching
tion of an obvious path for applying battery po- link 800 in this group of switching links is oper-
tential by way of- the resistor 617 to the contro] 3o atively connecteqd to the cable 901 at this time,
conductor C683 thereof. Finally the hold relay Further, at the contacts 182, 185 and 181, oper-
R648 completes, at the contacts 645, an obvious ative connections are completed to the position
circuit for energizing the winding of the start equipment at the first operator position 900 by
relay R620, thereby to cause the latter relay to - Wway of the conductors C191, C192 ang ‘C195 in the
operate. Upon opérating, the start relay R620 35 cable 991 gnq the conductors C811, C813 and
completes, at the contacts 622, an obvious path C814 extending by way of the finder 700 ang’ the
for applying battery potential by way of the up- - trunk 82f to the selector 820, : ‘
Per winding of the cutoff relay R610 to the con- Also the. connect relay R170 intérrupts, gt the -
trol conductor C673 of the trunk 670, thereby contacts 173 and 776, the normally prepared con.. -
to mark the rotary position of the trunk 670 in 40 nection bstween the wipers T11 and 3¢ 2 of the
the main contact banks of the switching mecha-. switching mechanism 71p Of the finder 109 and
nisms of the finders having access thereto. Pur. the conductors 802 and 8§03 extending by way of
ther the start relay R620 completes, at the con- the finder 700 and the trunk 821 to the selector
tacts 625, an obvious path for applying ground _ 820; brepares, at the contacts 172 ang 115, a con-
potential to the contro] conductor C675, the con. 45 nection between the wipers 11 and 142 of the
trol conductor C615 being commonly assoclated  switching mechanism 110 of the finder 709 and
Wwith the group of trunk eireujts including the  the position equipment at the firgt operator po-
trunk circuit 600, The application of ground po- sition 900 by way of the conductors C792. and
tential to the controj conductor C675 completes Ci04 in the cable 901; and completes, at the con-
obvious multiple circuits for Muminating the 50 tacts 111 ang 174, a connection between the po-
group line supervisery lamps I.i 049, L1149, ete., sition equipment at the first operator position
at the various operator positions at the switch- 900 and the selector 820 by way of the conductors
board in the P, A, B, X 30, thereby to indicate C10! and C103 in the cable 904 and the con-
to the operators thereat that there is g call wait- ductors C802 ang C803 extending by way of the
ing to be answered on a trunk in the group of 55 finder 700 ang the trunk 821 to the selector 820,
trunks including the trunk 670, . t'r .
The call on the trunk 670 may be answered at contacts 718, a circyit traced hereinafter for en-
any operator position at the switchboard. For ergizing the winding of the test relay R160; in-
example, the operator at the first operator posi- terrupts, at the contacts 11§, g point in a cireuit
tion 900 at the switchboard may answer the call 60 traceq hereinatter for Muminating the super-
on the trunk 670 by first selecting, in the event visory lamp L1725, prepares, at the contacts 112
this has not breviously been done, an idle one a circuit traced ‘hereinafter for energizing the: h
of the switching links in the associated group of winding of the start relay R155; and prepares; -
Switching links and then by operating the group at the contacts 113, a path traced hereinafter
line key Kt(55 away from its norma] position. 65 for short-circuiting the lower winding of ‘the -
In order to select an idle one of the switching start relay R155. Further the connect'relay R170 .
links in the group of switching links individually completes, at the ‘contacts 119, g furtheér con-

switching link is idle and then operates the talk 70 way of the conductor.C107 in the caple 901, the
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the finder 100 of the switching link 808 is in
readiness to be operated in order to route a call
to the first operator position 800.

When the operator at the first operator posi-
“tion 900 operates the group line key Ki156 away
from its normal position there is completed, at the
contacts 1151 thereof, an obvious path for apply-
ing ground potential to the marking conductor
C1076 in the cable (080. This application. of
ground potential to the marking conductor ci016
in the cable 1090 marks the vertical level in the
vertical control contact banks of the switching
mechanisms of the finders of the switching links,
wherein the trunk 670 extending to the trunk cir-
‘cuit 600 is terminated. Also, at the contacts

{156 of the group line key K156, there is com-
pleted an obvious path for applying ground po-
tential to the start conductor C1018 in the cable
1081 extending to the first operator position 800,

which ground potential is forwarded by way of 2

the position equipment at the first operator po-
sition 900 to the start conductor C1078 in the cable
901. This application of ground potential to the
start conductor C1078 in the cable 901 completes

the previously mentioned circuit for energizing »:

the upper winding of the start relay R155, this
circuit extending from the grounded start con-
ductor CI10718 in the cable 901 by way of the
contacts 112, the set of switch springs S7124 and
the upper winding of R155 to battery. When
thus energized the start relay R155 operates to
complete, at the contacts 155, an obvious point
in multiple with the set of switch springs S124
in the previously traced circuit for energizing the
upper winding thereof, to complete, at the .con-
tacts 158, an obvious circuit for jlluminating the
supervisory lamp 1,125, thereby to indicate to the
operator at the first operator position 900 that
the switching link 800 is busy at this time. Also
the start relay R155 completes, at the contacts
151, an obvious holding circuit for energizing the
lower winding of the switching relay R130, there-
by to render the switching relay RI130 exceed-
ngly fast to operate when the upper winding
-hereof is energized, the switching relay R130 be-
ng of the polarized type. Further the start relay
2155 completes, at the contacts 157, & circuit for
mnergizing the vertical magnet M1 18, this circuit
wxtending from ground by way of the contacts
151, 131, 152 and 745 and the vertical magnet
V{118 to battery. When thus energized the verti-
»al magnet MTi8 operates to drive the wiper set
»f the switching mechanism
rertical direction and to complete, at the con-
.acts 119, an obvious circuit for energizing the
winding of the step relay R150, thereby to cause
the latter relay to operate. Upon operating, the
step relay R150 interrupts, at the contacts 152,
the previously traced circuit for energizing the
vertical magnet M1i8 and prepares, at the con-
tacts 151, a test circuit traced hereinafter for
energizing the lower winding of the transfer re-
lay R140. The vertical magnet MT18 then re-
stores to interrupt, at the contacts 119, the pre-
viously mentioned circuit for energizing the
winding of the step relay R150, thereby to cause
the latter relay to restore. Upon restoring, the
step relay R150 interrupts, at the contacts 151,
a point in the previously mentioned test circuit
for energizing the lower winding of the trans-
fer relay RT40 and recompletes, at the contacts
7152, the previously traced circuit for energizing
the vertical magnet MT118. - Accordingly, the ver-
tical magnet M118 and the step relay R150 inter-
act in the manner described above, thereby to

110 one step in the

" of the vertical control wiper
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cause the wiper set of the mechanism 1108 to be
driven step by step in.the vertical direction until
the vertical control wiper 711 engages & con-
tact in the associated vertical control-contact
bank 148 having ground potential thefeon.

In the present example, -the vertical magnet
M118 is energized intermittently six times,
whereupon the vertical control wiper 117 engages
the contact in’ the associated vertical control con-
tact bank 118 terminating the marking conductor
C1016 having ground potential thereon, where-
upon..the previously mentioned test circuit for -
energizing the lower winding of the transfer re-
1ay RTAO is completed. This cireuit extends from
the grounded. marking conductor C1076 by way
111 and engaged con-
tact in the assoclated_vertical'control contact
bank 118, the contacts 143, the lower winding of
R140, the contacts 151 and 145 and the vertical
magnet M118 to battery. When this series cir-
cuit is completed the vertical magnet M1(8 re-
mains in its operated position, thereby to retain
the step relay R150 in its operated position and
the transfer relay R140 is operated shortly there-
after, the transfer relay R140 being of the slow-
to-operate type. Upon operating, the transfer
relay R140 completes, at the contacts 142, a hold-
ing circuit for energizing the upper winding
thereof, this circuit extending from ground by
way of the contacts 151, 131 and 142 and the
upper winding of R140 to battery. Further the
transfer relay RT40 interrupts, at the contacts
143, the previously traced series circuit for en-
ergizing the lower winding of the transfer relay
vertical magnet MT118, thereby to
cause the vertical magnet M1i8 to. restore.
Finally, the transfer relay RTA0 interrupts, at
the contacts 145, a further- point in the pre-
viously traced circuit. for energizing the vertical
magnet M718 and prepares, at the contacts T44,
a circuit traced hereinafter for energizing the
rotary magnet M7120. Upon restoring, the ver-
tical magnet MT18 interrupts, at the contacts 119,
the previously mentioned circuit for energizing
the winding of the step relay R150, thereby to
cause the latter relay to restore.

Upon restoring, the step relay R150 interrupts,
at the contacts 15, a further point in the pre-
viously traced series circuit for energizing the
lower winding of the transfer relay RT40 and
the vertical magnet MT18 and completes, at the
contacts 152, the previously mentioned circuit for
energizing the rotary magnet M120. This circuit
extends from ground by way of the contacts 151,
137, 152 and 144 and the rotary magnet M120 to
pattery. When thus energized the rotary magnet
MT120 operates to drive the wiper set of the
switching mechanism 110 one step in the rotary
direction and to complete, at the contacts 121,
an obvious circuit for energizing the winding of

. the step relay R150, thereby to cause the latter

65

relay to operate. Upon operating, the step relay
R150 interrupts, at the contacts 152, the previ-
ously traced circuit for energizing the rotary
magnet M120, thereby to cause the rotary magnet
M120 to restore. Accordingly, the rotary magnet

“MT20 and the step relay RI150 interact in the

70
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above-described manner,

wiper set of the switching
driven step by step in the rotary direction until
the control wiper T43 of the wiper set. of the
switching mechanism 1 10 engages the contact in
the associated contact set terminating .the con-
‘trol conductor C613 of the trunk 670; whereupon
a circuit is completed for energizing in series the

thereby to cause the
mechanism T10 to be
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upper winding of the switching relay R130 in the
finder 700 and the upper winding of the cutoff
relay R610 in the trunk circuit 600. This circuit
- extends from ground by way of the contacts 751,
the upper winding of R130; the contacts 162, the 5
control wiper 113 of the switching mechanism
110, the control conductor C673 of the trunk 610,
the contacts 622 and the upper winding of R610
to battery. When this series circuit is completed
the switching relay R7130 operates exceedingly
fast, thereby to interrupt, at the contacts 181, a
further point in the previously traced circuit for
energizing the rotary magnet M120 in order posi-
tively to prevent further operation of the switch-
ing mechanism Ti8. Also the switching relay
R130 completes, at the contacts 735, a holding
circuit for energizing the intermediate winding
thereof, this circuit extending from ground.by
way of the contacts 157 and 135 and the inter-
mediate winding of R130 to battery. Purther the
switching relay R130 completes, at the contacts
736, an obvious path for short-circuiting the up-
per winding thereof, thereby to decrease the se-
ries resistance of the previously traced circuit for
energizing the upper winding of the cutoff relay
R610, whereupon the latter relay is operated.
Upon operating, the cutoff relay R610 completes,
at the contacts 643, a holding circuit for ener-
gizing the lower winding thereof, this circuit ex-
tending from ground by way of the contacts 645
and 613 and the lower winding of R610 to bat-
tery. Further the cutoff relay R610 completes,
at the contacts 612, a multiple point in the pre-
" viously traced circuit for energizing the upper
winding thereof, interrupts, at the contacts 614,
the initial path for applying battery potential to
the control conductor C683 of the trunk 688 and
interrupts, at the contacts 6il, the previously
mentioned path for causing ring-back tone cur-
rent to be returned over the trunk 688, the local
finder-selector link 940 and the telephone line
935 to the calling subscriber substation T4, there-
by to indicate to the subscriber thereat that the
call has been answered at the switchboard in the
P. A. B. X 30. Finally, the cutoff relay R610 in-
terrupts, at the contacts. 615, the previously
traced multiple circuits for illuminating the
group line supervisory lamps 11049, Ll {49, etc.,
at the various operator positions at the sthch-
board in order to indicate to the operators there-
at that the call on the trunk in the group of
trunks, including the trunk 670, has been an-
swered at one of the operator positions at the
switchboard.

Further the switching relay R130 completes,
at the contacts 138, a holding circuit for ener-
gizing the lower winding of the start relay R1%5,
this circuit extending from ground by way of
the contacts 138 and 7159, the lower winding of
R155 and the resistor 127 to battery. Fihally the
switching relay R130 completes, at the contacts
131 and 7132, an operative connection between the
position equipment at the first operator position
800 and the repeater 660 in the trunk circuit 600, .
thereby operatively to connect the first operator
position 900 at the switchboard: to the calling
subscriber substation T4. More particularly, the
position equipment at the first operator position
900 is connected by way of the line conductors
C102 and C104 in the cable 901, the contacts 112
and 115 and the contacts 131 and 132 to the line
wipers 111 and T2 of the switching mechanism
110. Further this-connection extends from the
line wiper 11t of the switching mechanism 710 by
way of the line conductor C671 of the trunk 670,
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the winding 663 of the repeater 660, the contacts
642 and 644, the winding 664 of the repeater 660
and the line conductor C672 of the trunk 670
to the line wiper 142 of the switching mechanism
710. Also the windings 663, 664 and the windings
661, 662 of the repeater 660 are inductively
coupled, the windings 66f and 662 of the re-’
peater 660 being included in the previously traced
loop circuit extending from the repeater 660 by
way of the trunk 680, the local finder-selector
link 940 and the telephone line 835 to the calling
subscriber substation T4, Hence, at this time,
an operative connection is completed between the
calling subscriber substation T4 and the first

-operator position 900 at the switchboard in the

P. A. B. X 30, whereupon the operator at the first
operator position 800 is advised concerning the

"extension of the call, and then extends the call

in a manner more fully explained hereinafter.
After the operator at the first operator position
900 answers the call she returns the group line
key K155 back to its normal position, thereby to
interrupt, at the contacts 1157 thereof, the pre-

.viously ‘mentioned path for applying ground po-

tential to the marking conductor C1076 in the

" cable 1090 in order to remove the marking from

the corresponding contacts in the vertical control
contact banks in the switching mechanisms. of
the finders of the switching links.  Also, at the
contacts 1156 of the group line key KI15§5, the
previously mentioned path for applying ground
potential to the start conductor CI1078 in the
cable 109§ is interrupted, thereby to interrupt
the previously traced circuit for energizing the
upper winding of the start relay R155, the latter
relay remaining in its operated position at this
time due to the completed holding circuit for
energizing the lower winding thereof.

In view of the foregoing explanation of the
mode of operation of the finder 100 of the switch-
ing link 800 in the group of switching links asso-
ciated with the first operator position 900 to seize
the trunk 670, it will be understood that the finder
903 of the switching link 962 in this group of
switching links is operative in a similar manner
to fiind the trunk 610. In other words, the oper-
ator at the first operator position 900 may answer
the call on the trunk 670 by utilizing any one of
the switching links in the associated group of
switching links merely by operating the link key
of the finder of the selected switching link in
combination with the group line key K155, in.
the manner previously explained.

After the operator at the first operator position
900 answers the call on the trunk 610 and re-
ceives the information concerning the extension
of the call she operates the key sender apparatus
in the position equipment at the first operator
position 900, thereby to control the operation of
the selector of the selected switching link. More
particularly, assuming that the call on the trunk
670 is answered at the first operator position
800 by utilizing the switching link 800, the
selector 820 is controlled in order to seize one
of the trunks accessible thereto, after which the
call is extended by way of the seized trunk to its
destination. After extending the call to its
destination the operator at the first operator po-

.sition 900 returns the talk key K180 of the finder

700 of the switching link 800 back to its normal
position, thereby to interrupt, at the contacts 786

‘thereof, the previously traced holding circuit for

energizing the lower winding of the connect
relay R110 and to interrupt, at the contacts 182,
185 and 181, the plfeviously traced connections
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between the various conductors in the cable 901
and the varlous conductors extending by way of
_the finder 708 and the trunk 821 to the selector
828. The connect relay R110 then restores to in-
terrupt, at the contacts 171, 114 and 172, 118,
the previously traced connections between the
finder 700 and the selector 820 and the position
equipment at the first operator position 900. Also
the connect relay R110 completes, at the con-
tacts 118 and 116, a direct connection between
the finder 700 and the selector 820, thereby to
complete an established connection, including the
calling subscriber substation T4, the telephone
line 935, the local finder-selector link 940, the
trunk €80, the trunk circuit 600, the trunk 670

and the switching link 800 independent of the

first operator position 900. Further the connect
relay R7110 completes, at the contacts 171/, an
obvious multiple circuit for illuminating the
supervisory lamp L7125 and interrupts, at the con-
tacts 113’, a further point in the previously men-
tioned path for short-circuiting the lower winding
of the start relay R155. Further it is noted that,
at the contacts 184 of the talk key K180 of the
fiinder of the switching link 800, there is prepared
a circuit traced hereinafter for illuminating the
supervisory lamp L728. :

The supervision and release of the estabhshed
connection, including the switching link 800, is
primarily under the control of the operator at the
first operator position 900 and is effected in the
manner explained in the previously mentioned
Voss and Crocker patent.

More particularly, when g release operation is
performed at the calling subscriber substation T4 35
the local finder-selector link 840 is released and
the line circuit 936 is controlled, thereby to mark
the telephone line 935 extending to the sub-
scriber substation T4 as idle to the local con-
nectors having access: thereto.
finder-selector link 940 is released the previously
traced circuit for energizing the upper and lower
windings of the line relay R630 in the trunk cir-
cuit 600 is interrupted, thereby to cause the lat-
ter relay to restore. Upon restering, the line re-
lay R630 completes, at the contacts 633, a cir-
cuit for energizing the lower winding of the re-
call relay R650, this circuit extending from
ground by way of the contacts 624 and 633 and
the lower winding of R650 to battery. When thus
energized the recall relay R650 operates to com-
plete, at the contacts 651, a holding circuit for
energizing the upper winding  thereof and for
illuminating the supervisory lamp L1726, this cir-
cuit extending from ground by way of the con-
tacts 623, the upper winding of R650, the contacts
651, the control conductor C614 of the trunk 670,
the control wiper 114 of the switching mecha-
nism 710, the conductors C804 :and C8i3 in the
finder 100, the contacts 184 of the talk key K780
of the finder 700 and the supervisory lamp L1286
to battery. The illumination of the supervisory
lamp L1126 indicates to the operator at the first
operator position 900 that the established con-
nection routed by way of the switchmg lmk 800
has been released.

Also the line relay R630 mterrupts at the con-
tacts 632, the previously mentioned circuit for
energizing the winding of the hold relay R640,
thereby to cause the latter relay to restore short-
ly thereafter, the hold relay R640 being of the
slow-to-release type.. Upon restoring, the hold
relay R640 interrupts, at the contacts 642 and 644,

the previously mentioned direct connection be-

tween the windings 663 and 864 of the repeater

When the local
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§68, completes, at the contacts 643, an obvious
path for applying battery potential by way of the
resistor 616 to the line conductor C672 of the
trunk 8§70 and completes, at the contacts 841, an
obvious path for applying ground potential to the
line conductor C8T1 of the trunk §70, the appli-
cation of ground and battery potentials to the
line conductors C687(1 and C812 of the trunk 670
being utilized for supervisory purposes. Further
the hold relay R640 interrupts, at the contacts
645, the previously traced multiple circuit for
energizing the winding of the start relay R620
and the lower winding of the cutoff relay R610,
thereby to cause the start relay R620 to restore
shortly thereafter, the latter relay being of the
However, the cutoff relay
R619 remains in its operated.position due to the
completed circuit for energizing the upper wind-
ing thereof. Upon restoring, the start relay R620
interrupts, at the contacts 621 and 623, the previ-
ously mentioned paths for applying battery and
ground potentials to the line conductors C612 and
C611 of the trunk 670. Also the start relay R620
interrupts, at the contacts 624, the previously
traced circuit for energizing the lower winding
of the recall relay R650 and interrupts, at the
contacts 823, the previously traced holding circuit
for energizing the upper winding of the recall re-
lay R856, thereby to cause the recall.relay R650
to restore.

The operator at the first operator position 900
then operates the talk key K180 of the finder
7100 away from its normal position, thereby to
cause reoperation of the connect relay R118 in
35 the finder 700, in the manner previously ex-
plained. Upon reoperating, the connect relay
RT110 again connects the position equipment at
the first operator position 800 to the switching
link 800, thereby to enable the operator at the
first operator position 900 to release the switch-
ing link 800.

In order to release the switching link 800 the
operator at the first operator position 900 con-
trols the position equipment thereat, thereby to
cause ground potential to be applied to the re-
lease conductor C708 in the cable 901. This ap-
plication of ground potential to the release con-
ductor CT08 in the cable 801 completes a path
for short-circuiting the lower winding of the
start relay R155, this path extending from the
grounded release conductor C108 in the cable 901
by way -of the contacts 113’, the lower winding
of R155 and the contacts 759 and 738 to ground.
When the lower winding of the start relay R155
is thus short-circuited the latter relay restores.

At this point it is noted that, when the wiper
set of the switching mechanism 110 of the finder
700 is driven one step in the vertical direction,
the sets of switch springs S723 and S724 are
respectively actuated into engagement and dis-
engagement. When the set of switch springs
S123 is actuated into engagement a circuit traced
hereinafter is prepared for energizing the release

‘magnet M122; and when the set of switch springs

S124 is actuated into disengagement the pre-
viously traced original circuit for energizing the
upper winding of the start relay RI5% is inter-
rupted.  Accordingly, upon restoring, the start
relay R155 interrupts, at the contacts 159, the
previously traced path for short-circuiting the
lower winding thereof and completes, at the con-
tacts 156, the previously mentioned circuit for
energizing the release magnet M722, the last-
mentioned circuit extending from ground by way
of the contact 156, the set of switch springs S723
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and the release magnet M122 to battery. When
thus energized the release magnet M122 operates
to release the wiper set of the switching mecha-
nism 710, whereupon the wiper set of the switch-
ing mechanism 7110 is returned to its normal
position. Also upon restoring, the start relay
R17155 interrupts, at the contacts 151, the pre-
viously traced holding eircuit for energizing the
upper winding of the transfer relay R740 and
the previously traced holding circuit for ener-
gizing the intermediate switching relay R130,
thereby to cause the latter relays to restore.
When the wiper set of the switching mechanism
_T10 is returned -to its normal position the sets
of switch springs S723 and S724 are respectively
actuated" into disengagement and engagement.
When the set of switch springs S723 is actuated
into disengagement the previously traced circuit
for energizing the release magnet M122 is inter-
rupted, thereby to cause the release magnet M722
to restore. Finally, the start relay R155 inter-
rupts, at the contacts 158, the previously traced
original circuit for illuminating the supervisory
lamp L1125, thereby to cause the supervisory lamp
L125 to be extinguished when the selector 820 is
reieased in order to indicate that the switching
link 800 is idle at this time. Also, the release of
the selector 820 is under the control of the op-
erator at the first operator position 900, and is
effected in the manner explained in the previous-
ly mentioned Voss and Crocker patent. When
the selector 820 is released the previously men-
tioned alternative ecircuit for illuminating the
supervisory lamp L125 is interrupted, as previous-
1y explained. :

The operator at the first operator position 200
then returns the talk key K780 of the finder 700
of the switching link 800 back to its normal posi-
tion, thereby to interrupt, at the contacts 786
thereof, the previously traced holding circuit for
energizing the lower winding of the connect relay
RT10, whereupon the laiter relay restores. At
this time, both the finder 700 and the selector
820 of the switching link 800 are completely re-
leased and the switching link 800 is available
for further use.

When the finder 700 of the switching link 800
is released the previously traced circuit for ener-
gizing the upper winding of the cutoff relay R610
in the trunk circuit 800 is interrupted, thereby
to cause the latter relay to restore. Upon restor-
ing, the cutoff relay R6I8 recompletes, at the
contacts 614, the previously mentioned path for
applying battery potential by way of the resistor
617 to the control conductor C683 of the trunk
680 in order to mark the trunk 680 as idle to the
local finder-selector links having access thereto.

At this time, the apparatus utilized in the es-
tablished connection between the calling sub-
scriber substation T4 and the first operator posi-
tion 900 at the switchboard is completely released
and available for further use.

Similarly, it will be understood that an opera-
tor at any other operator position at the switch-
board in the P. A, B. X 30 may answer the call
on the trunk 670. For example, the operator at
the last operator position 910 may answer the
call on the trunk 670 by operating the group line
key K105% away from its normal position after
selecting one of the switching links in the asso-
ciated group. More particularly, when the opera-
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ble 1080, thereby to complete a path substantially
identical to that previously traced for marking
the vertical level in the contact banks of the
switching mechanisms of the finders of the .
switching links wherein the trunk 670 is termi-
nated. Also, at the contacts.1056 of the group
line key KIi055, there is completed an obvious
path for applying ground potential to the start
conductor C(010 in the cable 1092 extending to
the position equipment at the last operator posi-
tion 810. This application of ground potential
to_the start conductor C1070 in the cable 1092
causes ground potential to be forwarded by way

- of the position equipment at the last operator
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position 910 and the start conductor, not shown,
in the cable 911 into the finder of the selected
switching link, thereby to cause operation of the
finder of the selected switching link, in the man-
ner previously explained, whereupon an operative
connection is completed between the calling sub-
scriber substation T4 and the last operator posi-
tion 910. After the call is answered at the last
operator position 910 the operator thereat returns
the group line key K1055 to its normal position,
thereby to interrupt, at the contacts 1057 and
1056, respectively, the previously mentioned paths
for applying ground potential to the marking
conductor CI1016 in the cable 1090 and to the
start conductor C1070 in the cable 1092, for the
purpose previously explained. After the operator
at the last operator bosition 810 answers the call
on the trunk 870 she is advised concerning the
extension of the call and then operates the posi-
tion equipment at the last operator Dosition 9(0
in order to cause the call to be extended in the
manner previously explained. The extension,
supervision and release of the connection at the
last operator position 810 are the same as that
previously explained in connection with the first
operator position 900.

Call from the central office to the P. A B X

In order to extend a call from the .central
office 20 to the switchboard in the P, A B. X 30,
the operator at the operator Position 240 in the
central office 20 first selects an idle trunk line
in the group of trunk lines extending from the
central office 20 to the P. A. B. X 38, such as the
trunk line 205, and then operates the apparatus
at the operator position 240, thereby to cause
ringing current to be projected over the trunk
line 205. The projection of ringing current over
the trunk line 205 completes a cireuit for ener-
gizing the upper winding of the ring-up relay
R310 in the incoming trunk line circuit 300, this
circuit extending from the line conductor C206
of the frunk line 205 by way of the contacts 331,
the condenser 343, the contacts 3{{ and the
ubper winding of R310 to the line conductor C207
of the trunk line 205, the line conductors C206
and C207 of the trunk line 205 having ringing
voltage impressed therebetween. When thus
energized the ring-up relay R3(0 operates to
complete, at the contacts 312, g holding circuit
for energizing in series the lower winding there-
of and the lower winding of the start relay R320,

- this circuit extending from ground by way of the

tor at the last operator position 910 operates the .

group line key K1055 away from its normal posi-
tion there is completed, at the contacts (057
thereof, an obvious path for applying ground po-
tential to the marking conductor C1076 in the ca-

75

lower winding of R310, the contacts 312 and 335
and the lower winding of R320 to battery. When
this holding circuit is completed the ring-up relay
R310 remains in its operated position while the
start relay R320 operates. Also the ring-up relay
R310 interrupts, at the contacts 3i {, the pre-
viously traced original circuit for energizing the
upper winding thereof. Upon operating, the start
relay R320 completes, at the contacts 323, a path
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for applying battery potential by way of the up-
per winding thereof to the control conductor C358
of the -trunk 350, thereby to mark the rotary
position of the trunk 350 in the main contact
~ banks of the switching mechanisms of the finders

of the switching links having access thereto.
Further the start relay R320 completes, at the
contacts 324,.an obvious path for applying ground
potential to the control conductor C356 in the
cable 1090, thereby to complete obvious multiple
circuits for illuminating the group line super-
visory lamps L{048, L{148, etc., at the various
operator positions at the switchboard in order
to indicate to the operators thereat that there is
an incoming call from the central office 20 to the
P. A. B. X 30 on one of the trunks in the group
of trunks, including the trunk 350.

This call may be answered at any one of the
operator positions at the switchboard. For ex-
ample, in order to answer the call on the trunk
350 at the first operator position 800, the operator
thereat operates the group line key Ki150 away
from its normal position, thereby to complete,
at the contacts 1151 thereof, the previously traced
path for applying ground potential to the start
conductor C1078 in the cable 1081 extending to
the first operator position 900 in order to initiate
operation of the finder of the previously selected
switching link in the associated group of switch-
ing links. Also, af the contacts 1152 of the group

line key K150, there is completed an obvious

path for applying ground potential to the mark-
ing conductor C1013 in the cable 1090, thereby to
mark the vertical level in the vertical control
contact banks of the switching' mechanisms of
the finders of the switching links, wherein the
trunk 350 extending to the incoming t{runk line
circuit 300 is terminated.

The operation of the finder of the selected
switching link in the group of switching links
associated with the first operator position 900
to seize the trunk 350 is substantially the same
as that previously explained; and after the trunk
350 is seized by the finder of the selected switch-
ing link the group line key X150 is returned to
its normal position, thereby to interrupt, at the
contacts {151 and 1152 thereof, the previously
traced path for applying ground potential re-
spectively to the start conductor C1078 in the

cable 1091 and to the marking conductor C1073

in the cable 1090.

When the finder of the selected link asso-
ciated with the first operator position 800 seizes
the trunk 350 ground potential is applied to the
control conductor C353 thereof, thereby to com-
plete an obvious holding circuit for energizing
the upper winding of the start relay R320 and
to complete an obvious circuit for energizing the
winding of the cutoff relay R330. When thus
energized the cutoff relay R330 operates to com-
plete, at the contacts 333, an obvious holding cir-
cuit for energizing the winding thereof and to
interrupt, at the contacts 335, the previously
traced holding circuit for energizing the lower
winding of the ring-up relay R310 in series with
the lower winding of the start relay R320, thereby
to cause the ring-up relay R310 to restore, ring-
ing voltage being impressed between the line con-
ductors €206 and C207 of the trunk line 205 only

momentarily by the operation of the apparatus 7

at the operator position 240 in the central office
20. Also the cutoff relay R330 interrupts, at the
contacts 336, the previously mentioned path for
applying ground potential to the control con-
ductor C356 in the cable 10980, thereby to inter-
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rupt the previously traced multiple circuits for
illuminating the group line supervisory lamps
1.1048, 11148, etc., at the various operator posi-
tions at.the switchboard in order to indicate to
the operators thereat that the call on the trunk
in the group of trunks, including the trunk 359,
has been answered at one of the operator posi-
tions at the switchboard. Finally the cutoff relay
R330 completes, at the contacts 332, an opera-
tive connection between the operator position 240
in the central office 20 and the repeater 340 in
the.incoming trunk line circuit 300, this connec-
tion extending from the line conductor C206 of
the trunk line 205 by way of the contacts 332,
the windings 341 of the repeater 340 and the
contacts 322 to the line conductor C20T1 of the
trunk line 205, the line conductors C206 and
€201 of the trunk line 205 being .operatively con-
nected to the operator positicn 240 in the cen-
tral office 20. Also it is noted that the windings
341 and 342 of the repeater 340 are inductively
coupled, thereby to establish a connection between
the trunk line 205 extending from the operator
position 240 in the central office 20 to the incom-
ing trunk line circuit 300 and the trunk- 350
seized by the finder of the switching link opera-
tively associated with the first operator position
900. :

The subsequent extension and supervision of
the connection at the first operator pesition 903
are the same as that previously explained. The
release of the established connection is initiated
by the operator at the operator position 240 in
the central office 20 and is accomplished when
the operator at the operator position 240 operates
the apparatus thereat, thereby to cause ring-off
current to be projected over the trunk line 205.
The projection of ring-off current over the line
conductor C205 completes an alternative circuit
for energizing the upper winding of the rinz-up
relay R310, this circuit extending from the line
conductor C206 of the trunk line 205 by way of
the contacts 321, the condenser 343, the contacts
311 and the upper winding of R310 to the line
conductor C207 of the trunk line 205, the line
conductors C206 and C201 of the trunk line 205
having ring-off potential impressed therebetween
at the operator position 240 in the central office
20. When thus energized the ring-up relay R310
operates to complete, at the contacts 312, a hold-
ing circuit for energizing the lower winding
thereof in series with the supervisory lamp L7217,
this circuit extending from ground by way of the
winding of R310, the contacts 312 and 334, the
control conductor C355 of the trunk 350, the con-
trol wiper 114 of the switching mechanism 710 cf
the finder 706, the conductors C804 and C8(3 of
the finder 100, the contacts 784 of the talk key
K180 and the supervisory lamp L126 to battery.
The operator at the operator position 240 in the
central office 20 then orerates the apraratus
thereat, thereby to interrupt the projecticn of
ring-off current over the trunk line 205 in order
further to interrupt the previously traced circuit
for energizing the upper winding of the ring-up
relay R310. The illumination of the supervisory
lamp L7126 indicates to the operator at the first
operator position 800 that the established ccn-
nection routed by way of the switching link 809
has been released, whereupon the operator at the
first operator position 800 effects the release of
the switching link 800, in the manner previcusly
explained. - ) :

When the switching mechanism 7(0 in the
finder 700 of the switching link 800 is released
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the previously traced multiple holding circuit for
energizing the upper winding of the start relay
R320 and the winding of the cut-off relay R330
is- interrupted, thereby to cause the start relay
R320 to restore immediately and to cause the cut-
off relay R330 to restore shortly thereafter, the
cutoff relay R338 being of the slow-to-release
type. Also when the switching mechanism 710
in the finder 100 of the switching link 800 is

released the previously traced holding circuit for -

energizing the lower winding of the ring-up relay
R310 is interrupted, thereby to cause the latter
relay to restore. At this time the equipment
utilized in the established connection between
the operator position 248 in the central office 20
and the first operator position 800 in the
P. A. B. X 30 is completely released and available
for further use. : . )
Also it is noted that the operator at any other
operator position at the switchboard in the
- P. A, B. X 30 may answer the call on the trunk
350. Tor example, the operator at the last oper-
ator position 910 may answer the call on the
trunk 350 by operating the group line key K1050
in combination with the talk key of the finder of
one of the switching links in the group of switch-
ing links individually associated with the last
operator position 910. More particularly, the

group line key K1050 is operated away from its
normal position, thereby to complete, at the con-.

tacts 1052 thereof, an obvious path for apply-
ing ground potential to the marking conductor
Cl1013 in the cable 1080 in order to mark the,
vertical level in the contact banks of the switch=
ing mechanisms of the finders of the switching

- links, wherein the trunk 350 is terminated. Also,

at the contacts 1051 of the group line key K1050,
there is completed an obvious path for applying
ground potential to the start comductor CI1070

in the cable 1092 extending to the last operator:

position 310, thereby to initiate operation of the

finder of the selected switching link in the group -

of switching links individually -associated with

the last operator position 810. The subsequent
operation of the apparatus at the last operator 45
position 910 to answer, to extend and fo super-,
vise the established connection, and the subse-:

" quent release of the established connection are

the same as that previously explained.
Call fromtheI.B.Xtothe P.A.B. X

In order to extend a call from the I, B, X 40
" to the switchboard in the P. A. B. X 30, the
operator at the operator position 260 in the I. B. X
48 first selects an idle trunk line in the group
of trunk lines extending between the I. B. X 40
and the P. A, B. X 30, such as the trunk line
210, and then establishes a connection thereto.
When a connection is established at the operator
position 260 to the trunk line 210, a circuit is

completed for energizing in series the upper and -

lower windings of the. line relay R440 in the
trunk circuit 400, this circuit extending from
ground by way of the upper winding of R440
and the winding 451 of the repeater 450 to the
line conductor C21i of the trunk line 210; and
from battery by way of the lower winding of
R440 and the winding 452 of the repeater 450 to
the line conductor €212 of the trunk line 210,
the line conductors C211 and C212 of the frunk
line 210 being connected together at the operator
position 260 in the I. B. X 40.

“When thus energized the line relay R440 op-
erates to complete, at the contacts 441, a cir-

40 the first operator position 900.
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R320, this circuit extending from ground by way
.of the contacts 441 and 433 and the winding of
R420 to battery. When thus energized the start
relay R420 operates to complete, at the contacts
423, an obvious path for applying ground po-
tential to the control conductor C464 of the trunk
460, thereby to mark the trunk 460 as .busy to
the selectors of the switching links having access
thereto. Also the start relay R420 completes, at

10 the contacts 424 and 425, obvious paths for ap-

plying ground potential to the control conductors
CA461 and.CA88, respectively, in the cable §098.
The application of ground potential to the con-
trol conductor C461 in the cable 1090 completes

18 obvious circuits for illuminating the individual

line busy lamps LI046, L1146, etc., at the various
operator positions at the switchboard in the
“P. A, B. X'30, thereby to indicate to the oper-
ators thereat that the trunk line 210 extending

20 between the P. A. B. X 30 and the I B. X 40 is

‘busy at this time. The application of ground

. potential to the control conductor C#68 in the

cable 1090 completes obvious circuits for ithimin-
ating the individual line answer lamps L1047,

25 L1471, etc, at the various operator positions at

the switchboard in the P. A B, X 30, thereby to
indicate to the operator thereat that there is a

~ call waiting to be answered on the trunk 460

operatively associated, by the trunk line circuit

30 400, with the trunk line 210.

The call on the trunk 460 may be answered at
any one of the operator positions at the switch-

~ board in the P. A. B. X 30.- For example, in
. .order to answer the call on the trunk 460 at the
388 first operator position 900, the operator thereat

operates the individqual line key K165 in com-
bination with the talk key of the finder of a
selected one of the switching links in the group
of switching links individually associated with
Assuming that
the switching link 800 is selected at this fime,
the talk key K180 of the finder 708 of the switch~
ing link 800 is operated away from its normal
“‘Position, in the manner previously explained.

- When the individual line key KI165 is oper-
ated away from its normal position, there is
completed at the contacts 1167 thereof an obvi-
ous path for applying battery potential by way of
the resistor 1122 to the marking conductor

60 Cl080 in the cable 1090, thereby to mark the

rotary position of the contact sets in the con-
tact banks of the switching mechanisms of the

- finders of the switching links in the group of

switching links individually associated with the

65 first operator position 900, wherein the trunk

460 is terminated. Also, at the contacts 1166 of
the individual line key K1165, there is completed
an obvious circuit for energizing in series the
winding of the line marking relay RIIT0
and the upper winding  of the lockout relay
RI125. When thus energized, the lockout relay
R1125 and the line marking relay R1110 operate.
Upon operating; the lockout relay R1125 com-
pletes at the contacts 1126 an obvious holding
circuit for energizing in series the lower winding
thereof and the winding of the line. marking
relay R1170, whereby both the upper and lower
windings of the lockout relay R1125 are ener-

70 gized in multiple series relationship with respect

to the winding of the line marking relay R1170.
Also, upon operating, the lockout relay Ri125
completes at the contacts 1129 an obvious path
for applying ground potential to the start con-

cuit for energizing the winding of the start relay 75 ductor C1078 in the cable 1091 extending to the
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first operator position 300, thereby to complete
the previously traced circuit .for energizing the
upper winding of the start relay R85 in the

finder 108 of the selected switching link 800 in

order to initiate operation of the finder 700 in
the manner previously explained.. Further, the
lockout relay RI1125 completes at the contacts
{128 an obvious path for applying ground po-
tential to the control conductor CI017 in the
cable 1091 extending to the first operator posi-
tion 800, thereby to complete an obvious path
for applying ground potential to the control con-
ductor C1077 in the cable 90! extending to the
first operator position 900. = This application of
ground potential to the control conductor C1071
in the cable 801 completes an obvious circuit for
energizing the winding of the test relay R760 in
the finder 700, thereby to cause operation there-
of. Upon operating, the test relay. R160 inter-
rupts at the contacts 762 the previously traced
connection between the control wiper 113 of the
switching mechanism 710 and the upper winding
of the switching relay R130, and completes at the
contacts 761 an obvious connection between the
control wiper 115 of the switching mechanism
710 and the upper winding of the switching re-
lay R730. Accordingly, the operated test relay
R160 transfers the upper winding of the switch-
ing relay R130 from the control wiper 713 to the
control wiper 115 of the switching mechanism T10
for a purpose more fully explained subsequently.
Further, the lockout relay RI1125 completes at
the contacts 11271 an obvious path for applying
ground potential to the marking conductor clio1a
in the cable 1080, thereby to mark the vertical
level in the contact banks of the switching mech-
anisms of the finders of the switching links,
wherein the trunk 460 is terminated. o

Upon operating, the line marking relay RI170
completes at the contacts 1174 .an obvious path
for applying ground potential to the control con-
ductor C466 in the cable 1090, thereby to com-
plete an obvious holding circuit for energizing the
winding of the start relay R420 .in the trunk
circuit 400. Also, the line marking relay RII70
interrupts at the contacts t174, 1172, 1173, etc.,
obvious paths for applying battery potential by
way of the resistor 1193 to the various marking
conductors including the marking conductors
C1080, C1082, etc., for a purpose more fully ex-
plained hereinaiter. .

At this point, it is noted that, when the previ-
ously mentioned circuit for energizing the upper
and lower windings of the lockout relay R1125
in multiple series relationship with respect to the
winding of the line marking relay RI110 is com-
pleted, incident to the operation of the individual
line key K1165 and the lockout relay R1125, re-
sistance ground potential is applied by way of the
lower winding of the lockout relay R1125, the
contacts 1126, and the contacts 1166 of the in-
dividual line key K165 to the control conductor
C1164. This application of resistance ground po-
tential to the control conductor C1164 positively
prevents the upper winding of any of the other
lockout relays in the group of lockout relays in-
cluding the lockout relay RI1(25 from being ade-
quately energized in order to cause operation
thereof due to the facts that the resistance of
the lower winding of the lockout relay R#125 is
extremely low and that each of the lockout re-
lays in this group of lockout relays is of the
marginal type. Thus it will be understood that.
when any one of the individual line keys K1065,
K 1165, etc., in this group of individual line keys

2,268,019

is operated, the associated lockout relay R1025,
RI1125, etc., is operated only in the event that
there is no previously operated lockout relay in
this group of lockout relays and, upon operat-
ing, the lockout relay in this group of lockout
relays positively prevents operation of any other

* lockout relay in this group of lockout relays.
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The finder 100 of the selected switching link
800 then operates in the manner previously ex-
plained, thereby to cause the switching mecha-
nism 110 to seize the trunk 460; whereupon a
circuit is completed for energizing the upper

- winding of the switching relay R130 in the finder

700, this circuit extending from ground by way
of the contacts 157, the upper winding of R130,
the contacts 161 and 733, the control wiper Ti5
of the switching mechanism 710, the marking
conductor C1080 in the cable 1090, the contacts
1167 of the individual line key K1165 and the
resistor 1122 to battery. When thus energized
the switching relay R130 operates to interrupt,
at the contacts 133, the previously traced circuit
for energizing the upper winding thereof and to
complete, at the contacts 135, the previously
traced holding circuit for energizing the interme-
diate winding thereof. - ;

After the finder. 100 of the selected switching
1ink 800 operates to seize the trunk 460 the oper-
ator at the first operator position 900 returns'the
individual line key K165 to its normal position,
thereby to interrupt, at the contacts | 187 thereof
the previously mentioned path for applying bat-
tery potential by way of the resistor 1122 to the
marking conductor CI1080 in the cable 1090, and
to interrupt at the contacts {166 thereof the pre-
viously mentioned holding circuit for energizing
the upper and lower windings of the lockout re-
1ay R1125 in multiple series relationship with re-
spect to the winding of the line marking relay
RI1110, whereupon these relays restore. Upon re-
storing, the lockout relay R1125 interrupts at the
contacts. 1128 and 1129, respectively, the previ-
ously traced circuit for energizing the upper
winding of the start relay R155 and the previ-
ously traced circuit for energizing the winding of
the test relay R160 in the finder 100. The start
relay R155 remains in its operated position; how-
ever, the test relay R160 restores. Upon restor-
ing the test relay R160 completes at the contacts -
162 a circuit for energizing the winding of the
cut-off relay R430 in the trunk circuit 400, this
circuit extending from ground by way of the con-
tacts 157, 736 and 762, the control wiper T3 of
the switching mechanism 710, the control con-
ductor C463 of the trunk #60, the contacts 421
and #f{1 and the winding of R430 to battery.
When thus energized the cutoff relay R430 oper-
ates to.complete, at the contacts 431, an obvious
holding circuit substantially - identical to -that
previously traced for energizing the winding
thereof and to interrupt, at the contacts 433,
the previously traced circuit for energizing the
winding of the start relay R420, thereby to cause
the latter relay to restore. Upon restoring, the
start relay R420 interrupts, at the contacts 4285,
the previously mentioned path for applying
ground potential to the control conductor C468
in the cable 1090, thereby to interrupt the previ-
ously traced circuits for illuminating the indi-
vidual line answer lamps L1047, Li{47, etc., at
the various operator positions at the switchboard
in order to indicate to the operators thereat
that the call on the trunk 460 has been answered
at one of the operator positions at the switch-
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board. Alse the cutoff relay R438 completes,

&} the contacts 435, an alternative path for apply-

ing ground potential to the control conductor
C487 in the cable 1898, thereby to retain com-
pleted the previously mentioned circuits for il-
‘luminsating the individual line busy lamps L{0485,
L1146, etc., at the various operator positions at
the switchboard. Further the cutoff relay R430
completes, at the contacts 432, a circuit for ener-
gizing the winding of the control relay R4i{8,
this circuit extending from ground by way of the
contacts 441 and 432 and the winding of R410
to battery. When thus energized the control re-
lay R410 operates to complete, at the contacts
413, a holding circuit for energizing the winding
thereof, this circuit extending from ground by
way of the contacts 434 and 418 and the winding
of R&10 to battery. )

Further, the lockout relay RI{25 interrupts at
the contacts 127 the previously mentioned path
for applying grounc potential to the marking

- conductor C1074 in the cable {086. Upon re-
storing, the line marking relay Ri170 interrupts
at the contacts ({74 the previously mentioned
path for applying ground potential to the control
conductor C&66 in the cable {098, thereby to in-
terrupt the previously traced holding circuit for
energizing the winding of the start relay R420 in
the trunk circuit 380 as previously explained.
Further, the line marking relay R{178 recom-
pletes at the contacts 1174, 1172, 1178, etc., the
previously mentioned paths for applying battery
potential by way of the resistor {483 to the vari-
ous marking conductors Including the marking
conductors C1883, C1882, etc. The appiication
of battery pctential by way of the resistor 1193
to the marking conducter C1889 in the cable 1686
completes & path including the coniro! wiper 715
of the switching mechanism 7i8 and the con-

tacts 734 for applying battery potential to the

conductor C888 extending by way of the finder
780 and the trunk 821 to the selector 828, the
test relay R785 being restored at this time o
interrupt at the contacts 783 an obvicus path for
applying ground potential to the conductor CSHB.
This application of batiery potential to the con-
ductor C385 extending by way of the finder 780
and the trunk 82{ o the selector 829 causes oper-
ation of meter apparatus, not shown, in the se-
lector 828, thereby to register the answering of &
call at the first operator position §68 upon a
trunk in the group of trunks including the trunk
450,

It is noted that, after the individual line key
K1153 is returned to its normal position, battery
potential is appliad by way of the winding of the
line marking relay R11{10 to the control conductor
C1164, thereby to render each of the individual
line kevs in this group of individual line keys
operative to cause operation of the associated
lockout relay in this group of lockout relays. -

The extension and supervision of the estab-
lished connection at the first operator position
800 are the same as that previously explained.
The release of the established connection is initi-
ated when the operator at the operator position
260 in the I. B. X 40 operates the apparatus
thereat, thereby to interrupt the connection to
the trunk line 2{8. When the connection to the
trunk 210 is interrupted, the previously traced
circuit for energizing the winding of the line re-
lay R440 in the trunk line circuit 400 is inter-
rupted, thereby to cause the latter relay to re-
store. Upon restoring, the line relay R440 com-
pletes, at the contacts 442, a path. for applying
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ground potential to the control conductor C465
of the trunk 460, this path extending from
ground by way of the contacts 442 and 412 to the
control conductor C465 of the trunk 466. This
application of ground potential to the control
conductor C465 of the trunk 460 completes a cir~
cuit for illuminating the supervisory lamp 1.726
at the first operator position 900, this circuit ex-
tending from the grounded control conductor
C465 of the trunk 460 by way of the control wiper
114 of the switching mechanism 710 and the con-
ductors C804 and C813 in the finder 100, the con-
tacts 784 of the talk key X180 and the supervisory
lamp L1126 to battery. The illumination of the
supervisory lamp L1726 indicates to the operator
at the first operator position 800 that the estab-
lished connection, including the switching link
800, has been released. : .

The operator at the first operator position 980
then effects the release of the switching link 800,
in the manner previously explained. When the
switching mechanism 710 is released the previ-
ously traced circuit for energizing the winding of
the cutoff relay R430 in the trunk circuit 400 is
interrupted, thereby to cause the latter relay to
restore shortly thereafter, the cutoff relay R430
being of the slow-to-release type. Upon restor-
ing, the cutoff relay R430 interrupts, at the con-
tacts 438, the previously traced holding eircuit
ior energizing the winding of the control relay
R140, thereby to cause the latter relay to restore.
Further the cutoff relay R340 interrupts, at the
contacts 435, the previously mentioned path for
applying ground potential to the control conduc-
tor C487 in the cable 1998, thereby to interrupt
the previously mentioned cireuits for lluminating
the individual line busy lamps L4046, L1148, ete.,
at the various operator positions at the switeh-
board, thereby to indicate to the opetrators there-
at that the trunk 488 is idle at this time. The
apparatus included in the established connec-
tion between the operator position 260 in the 1. B.
X 40 and the first operator position 808 in the
P, & B. X 38 is completely released and avail-
able for further use at this time, :

The call on the frunk 460 may be answered at
any other operator position at the switchboard
in the P A. B. X 88. Por example, the call on
the trunk 488 may be answered a} the last oper-
ator position 91€ at the switchboard by operat-
ing the individual line key K065 in combination
with the talk key of the finder of g selected cone
of the switching links in the group of switching
links individually associated with the last oper-
ator position 918. More varticularly, when the
individual line key K 1065 is operated away from
its normal position there is completed, at the
contacts 1067 thereof, an obvious path for apply-
ing battery potential by way of the resistor 1022
to the marking conductor C1082 in the cable
1090. The application of battery potential to
the marking conductor C1082 in the cable {080
marks the rotary position of the contact sets in
the contact banks of the switching mechanisms
of the finders of the switching links in the group
of switching links  individually associated with
the last operator position 910, wherein the trunk
460 is terminated. Also, at the contacts 1066 of
the individual line key KI065, there is com=-
bleted an obvious circuit for energizing in series
the upper winding of the lockout relay RI1025 and
the winding of the line marking relay RI170,
thereby to cause operation of the lockout relay
Ri025 and the line marking relay RI11710. Upon
operating, the lockout relay Ri025 completes, at
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the contacts 1028, an obvious holding circuit for -

energizing in serles the lower winding thereof
and the winding of the line marking relay RI170,
whereupon the upper and lower windings of the
lockout relay R1025 are energized in multiple
series relationship with respect to the winding
of the line marking relay R1I1T0 in order to pre-
vent operation of the other lockout relays in this
group of lockout relays in the manner previously
explained.

Also, the lockout relay R1025 completes at the
contacts 1021 an obvious path for applying
ground potential to the marking conductor
CI074 in the cable 1090, The application of
‘ground potential to the marking conductor C1074
in the cable 1090 marks the vertical level in.the
contact banks of the switching mechanisms of the

finders of the switching links, wherein the trunk-

460 is terminated. Further, the lockout relay
RI1025 completes at the contacts 1028 and 1029,
respectively, obvious paths for applying ground
potential to the control conductor C{071 in the
cable 1692 and to the start conductor CI(870 in
the cable {1092. The application of ground po-
tential to the control conductor CI10Ti and to the
start conductor C1070 causes operation of the
finder of a selected switching link in the group of
switching links individually associated with the
last operator position 910 in the manner pre-
viously explained.

Upon operating, the line marking relay RI170-

completes at the contacts 1{14 the previously
mentioned path for applying ground potential
to the control conductor C466 in the cable 1080,
thereby to complete the previously traced holding
circuit for energizing the winding of the start
relay R420 in the trunk line circuit 400 as pre-
viously explained. Purther, the line marking re-
lay R1170 interrupts at the contacts 1171, 1172,
1173, etc., the previously mentioned paths for
applying battery potential by way of the re-
sistor 1193 to the various marking conductors
including the marking conductor C1080, C1082,
ete., for the purpose previously explained. The
subsequent operation of the apparatus individu-
ally associated with the last operator position
910 to answer the call and to extend, to supervise
and to release the established connection is the
same as that previously explained.

Call from the distant exchange to the P. A. B. X

In order to extend a call from the distant ex-

change 50 to the switchboard in the P. A. B. X:

30, the operator at the toll operator position 250
in the distant exchange 50 first selects an idle
toll line in the group of toll lines extending be-
tween the distant exchange 50 and the P. A. B. X
30, such as the toll line 215, and then operates the
apparatus at the toll operator position 250, there-
by to cause ringing current to be projected over
the toll line 215. The projection of ringing cur-
rent over the toll line 215 completes a circuit
for energizing the winding of the ring-up relay
R550 in the toll line circuit 500, this circuit ex-
tending from the line conductor C216 of the toll
line 215 by way of the contacts 511, the winding
502 of the repeater 501, the winding of R550, the
winding 503 of the repeater 501 and the contacts
513 to the line conductor C2{T of the toll line
215, the line conductors C216 and C2{T of the
toll line 215 having ringing voltage impressed
therebetween. The ring-up relay R550 is thus
energized for a short time interval, after which
the operator at the toll operator position 250 in
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thereat, thereby to interrupt the projection of
ringing current over the toll line 215. Accord-
ingly, the ring-up relay R550 operates and then
restores. Upon operating. the ring-up relay R559
completes, at the contacts 551, an obvious path
for short-circuiting the winding of the control
relay R530. thereby to cause the latter relay to
restore, an obvious circuit for energizing the
winding of the control relay R530 being normally
completed from battery by way of the resistor
546. Shortly thereafter the ring-up relay R550
restores, thereby to interrupt, at the contacts -
551, the previously mentioned path for short-
circuiting the winding of the control relay R530
in order to cause the latter relay to reoperate.
Upon restoring, the control relay R530 completes.
at the contacts 531, a circuit for energizing in
series the upper and lower windings of the start
relay R520, this circuit extending from ground
by way of the contacts 531, the lower winding
of R520, the contacts 543 and the upper winding
of R528 to battery. Shortly after the start re-
lay R520 is thus energized this relay operates.
the start relay R520 being of the slow-to-operate
type. Upon operating, the start relay R520 com-
pletes, at the contacts 521, an obvicus holding
circuit substantially identical to that prreviously
traced for energizing in series the upper and
lower windings thereof, and completes, at the
contacts 522, an obvious path for applying ground
potential to the control conductor C594 of the
trunk 590 extending to the toll line circuit 500,
thereby to mark the trunk 590 as busy to the
selectors of the switching links having access
thereto. Further, the start relay R520 completes,
at the contacts 525, an obvious path for applying
ground potential to the control conductor C5§91
in the cable 1090. This application of ground
potential to the control conductor C397 in the
cable 1090 completes obvious multiple circuits for
illuminating the individual line answer lamps
L1045, L1145, etc., at the various operator posi-
tions at the switchboard in the P. A. B. X 30,
thereby to indicate to the operators thereat that
a call on the trunk 590 is waiting to be answered.

The call on the trunk 590 may be answered
at any one of the operator positions at the
switchboard in the P. A. B. X 30. For example,
in order to answer the call on the trunk 590 at
the first operator position 900, the operator there-
at operates the individual line key Ki160 in
combination with the talk key of the finder of a
selected one of the switching links in the group
of switching links individually associated with
the first operator position 900. Assuming that
the switching link 800 is selected at this time, the
talk key K180 of the finder 700 of the switching
link 800 is operated away from its normal posi-
tion, in the manner previously explained.

When the individual line key K{160 is oper-
ated away from its normal position there is com-
pleted, at the contacts 1162 thereof an obvious
path for applying battery potential by way of the -
resistor 1122” to the marking conductor C1081 in
the cable 1090, thereby to mark the rotary posi-
tion of the contact sets in the contact banks of
the switching mechanisms of the finders of the
switching links in the group of switching links
individually associated with the first operator
position 800, wherein the trunk 590 is terminated.
Also, at the contacts 1161 of the individual line
key K1160, there is completed an obvious circuit
for energizing in series the winding of the line
marking relay RI180 and the lower winding of
the lockout relay Ri(30. When thus energized,
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the lockout relay Ri130 and the line marking
lay RI180 operate. Upon operating, the lockout
relay R1130 completes at the contacts 1131 an
obvious holding circuit for energizing in series
the upper winding thereof and the winding of
the line marking relay RI180, whereby both the
upper and lower windings of the lockout relay
RI130 are energized in multiple series relation-
ship with respect to the winding of the line
marking relay RI1186. Also, upon operating, the
lockout relay RI130 completes at the contacts
1133 an obvious path for applying ground po-
tential to the start conductor C1078 in the cable
1091 extending to the first operator position 900,
thereby to complete the previously traced cir-
cuit for energizing the upper winding of the start
relay R156 in the finder 100 of the selected
switching link 800 in order to initiate operation
of the finder 700 in the manner previously ex-

plained. Further, the lockout relay R1130 com- 9

pletes at the contacts 1132 an obvious path for
applying ground potential to the control con-
ductor CI0TT in the cable 10891 extending to the
first operator position 800, thereby to complete
an obvious path for applying ground potential to
the control conductor CI077 in the cable 801 ex-
tending to the first operator position 900, This
application of ground potential to the control
conductor of C1077 in the cable 901 completes an
obvious circuit for energizing the winding of the
test relay R760 in the finder 100, thereby to cause
operation thereof.. Upon operating, the test re-

Ire- -

30

lay R760 interrupts at the contacts 162 the pre- .

viously traced connection between the control

wiper 113 of the switching mechanism 710 and -

the upper winding of the switching relay R730,
and completes at the contacts 761 an obvious
connection between the control wiper 715 of the
switching mechanism 710 and the upper winding
of the switching relay R730. Accordingly, the
operated test relay R160 transfers the upper
winding of the switching relay R130 from the
control wiper 713 to the control wiper 745 of the
switching mechanism 710 for the purpose pre-
viously explained. Further, the lockout relay
RI1130 completes at the contacts 1134 an obvious
path for applying ground potential to the mark-
ing conductor C1075 in the cable 1080, thereby to
mark the vertical level in the contact banks of
the switching mechanisms of the finders of the
switching links, wherein the trunk 590 is termi-
nated.

Upon operating, the line marking relay RI1180
completes at the contacts 1184 an obvious path

for applying ground potential to the control con- )

ductor C586 in the cable 1090, thereby to com-
plete an obvious circuit for energizing the wind-
ing of the cutoff relay R540 in the toll line cir-
cuit 500. When thus energized, the cutoff re-
lay RB540 operates to complete at the contacts
542 an obvious circuit for energizing the wind-
ing of the control relay R560, thereby to cause
the latter relay to operate. Also, the cutoff re-
lay R540 interrupts at the contacts 543 the pre-
viously traced holding circuit for energizing in
series the upper and lower windings of the start
relay R520, thereby to cause the latter relay to
restore. Upon restoring, the start relay R520 in-
terrupts at the contacts 525 the previously men-
tioned path for applying ground potential to the
control conductor C597 in the cable 1090, thereby
to interrupt the previously mentioned circuits for
illuminating the individual line answer lamps
L1045, L1145, etc.,, at the various operator posi-
tions at the switchboard in order to indicate to
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the operators thereat that the call on the trunk
590 is being answered at one of the operator po-

sitions at the switchboard. Upon operating, the

control relay R560 completes at the contacts 564
an obvious path for applying ground potential to
the control conductor C598 in the cable 1090,
thereby to complete obvious multiple circuits for
illuminating the individual line busy lamps
L1044, L1144, etc., at the various operator posi-
tions at the switchboard in order to indicate to
the operators thereat that the trunk 590 is busy
at this time, .

Also, the line marking relay RI180 interrupts
at the contacts 1181, 1182, 1183, etc., obvious

‘paths for applying battery potential by way of

the resistor 1193’ to the various marking con-
ductors including the marking conductors cilosi,
C1083, etc., for the purpose previously explained.
At this point, it is noted that, when the pre-
viously mentioned circilit for energizing the up-
per and lower windings of the lockout relay
RI130 in multiple series relationship with respect
to the winding of the line marking relay R1180
is completed, incident to the operation -of the in-
dividual line key K160 and the lockout relay
RI130, resistance ground potential is applied by
way of the upper winding of the lockout relay
R1130, the contacts 1131, and the contacts 1161
of the individual line key K168 to the control
conductor CI1165. This application of resistance
ground potential to the control conductor CI 165
positively prevents the lower winding of any of
the other lockout relays in the group of lockout
relays including the lockout relay R1130 from be-
ing adequately energized in order to cause oper-
ation thereof due to the facts that the resistance
of the upper winding of the lockout relay RI130
is extremely low and that each of the lockout re-
lays in this group of lockout relays is of the
marginal type. Thus, it will be understood. that,
when any one of the individual line keys K060,
K1160, etc., in this group of individual line keys
Is operated, the associated lockout relay R1030,
RI1130, etc., is operated only in the event that
there is no previously operated lockout relay in
this group of lockout relays-and, upon operating,
the lockout relay in this group of lockout relays
positively prevents operation of any other lock-
out relay in this group of lockout relays. S
The finder 700 of the selected switching link
800 then operates in the manner previously ex-
plained, thereby to cause the switching mecha-
nism TI10 to seize the trunk 590; whereupon the
operator at the first operator position 900 re-
turns the individual line key K160 to its normal
position, thereby to interrupt, at the contacts
1162 thereof the breviously mentioned path for
applying battery potential by way of the resistor
1122’ to the marking conductor Ci081 in the ca-
ble 1090, and to interrupt at the contacts 1161
thereof the previously mentioned holding circuit
for energizing the upper and lower windings of
the lockout relay R1{30 in multiple series rela-
tionship with respect to the winding of the line
marking relay RI180, whereupon these relays re-
store. Upon restoring, the lockout relay RI130
interrupts at the contacts (132 the previously
traced circuit for energizing the winding of the
test relay R760 in the finder 180, thereby to cause
the latter relay to restore. Upon restoring, the
test relay R160 completes at the contacts 762 the
breviously traced path for applying ground po-
tential to the control wiper T13 of the switching
mechanism 710 of the finder 100, thereby to com-
blete a holding eircuit for energizing the winding
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of the cutofl relay R540 in the toll line circuit
500, this circuit extending from the grounded

control wiper 113 of the switching mechanism

716 of the finder 100 by way of the control con-
ductor C595 of the trunk 590, the contacts 545
and the winding of R540 to battery.

Further, the lockout relay R1130 interrupts at
the contacts 1134 the previously mentioned path
for applying ground potential to the marking
conductor C075 in the cable 1090. Upon re-
storing, the line marking relay R1180 interrupts
at the contacts 1184 the previously mentioned
path for applying ground potential to the control
conductor C596 in the cable 1080, thereby to in-
terrupt the previously traced original circuit for
energizing the winding of the cutoff relay R540
in the toll line circuit 500. Further, the line
marking relay Ri{80 recompletes at the contacts
1181, 1182, 1183, etc., the previously mentioned
paths for applying battery potential by way of
the resistor 1193’ to the various marking con-
ductors including the marking conductors cilosi,
C1083, etc. The application of battery potential
by way of the resistor 1193’ to the marking con-
ductor C1081 in the cable 1080 completes a path
including the control wiper T15 of the switching
mechanism 110 and the contacts 734 for apply-
ing battery potential to the conductor C805 ex-
tending by way of the finder 100 and the trunk
821 to the selector 820, the test relay R160 being
restored at this time to interrupt at the contacts
163 an obvious path for applying ground poten-
tial to the conductor C805. This application of
battery potential to the conductor C805 extend-
ing by way of the finder 1700 and the trunk 821 to
the selector 820 causes operation of meter appa-
ratus, not shown, in the selector 820, thereby to
register the answering of a call at the first opera-
tor position 800 upon a trunk in the group of
trunks including the trunk 590.

1t is noted that; after the individual line key
K160 is returned to its normal position, battery
potential is applied by way of the winding of the
line marking relay R1180 to the control con-
ductor C1165, thereby to render each of the indi-
vidual line keys in this group of individual line
keys operative to cause operation of the asso-
ciated lockout relay in this group of lockout re-
lays.

The extension and supervision of the estab-
lished connection at the first operator position
900 are the same as that previously explained.
The release of the established connection is in-
itiated by the operator at the toll operator posi-
tion 250 in the distant exchange 50. More par-
ticularly, the operator at the toll operator posi-
tion 250 in the distant exchange 50 operates the
apparatus thereat, thereby to cause ring-off cur-
rent to be projected momentarily over the toll
line 215, thereby to cause operation and subse-
quent restoration of the ring-up relay R550 in
the- toll line circuit §00. Upon operating, the
ring-up relay R550 completes, at the contacts
551, the previously mentioned path for short-cir-
cuiting the winding of the control relay R530,
thereby to cause the latter relay to restore.
Upon restoring, the control relay R530 completes,
at the contacts 531, a series circuit for energiz-
ing the lower winding of the start relay R520
and for illuminating the supervisory lamp L126,
this circuit extending from ground by way of the
contacts 531, the lower winding of R520, the
contacts 544, the control conductor C593 of the
trunk 590, the control wiper Ti4 of the switch-
ing mechanism 710, the conductors C804 and
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€813 in the finder 700, the contacts 184 of the
talk key K180 and the supervisory lamp L126 to
battery. The illumination of the supervisory
lamp L7126 at the first operator position 900 in-
dicates to the operator thereat that the estab-
lished connection, including the switching link
800, has been released. Also, when this circuit is
completed the start relay R520 operates to com-
plete an obvious holding circuit substantially
identical to that previously traced for energiz-
ing the lower winding thereof. The operator at
the first operator position 900 then effects the
release of the swtiching link 800 in the manner
previously explained. When the switching mech-
anism Ti0 is released the previously mentioned
holding circuit for energizing the lower winding
of the start relay R520 and the previously traced
holding circuit for energizing the winding of the
cutoff relay RS540 are interrupted, thereby to
cause the start relay R520 to restore immediate-
ly and the cutoff relay RS540 to restore shortly
thereafter, the cutoff relay R540 being of the
slow-to-release type.

Upon restoring, the cutoff relay RG540 inter-
rupts, at the contacts 542, the previously men-
tioned circuit for energizing the winding of the
control relay R560; however, the latter relay
does not restore immediately, the control relay
R560 being of the slow-to-release type. Also, the
cutoff relay R580 completes, at the contacts 541,
a circuit for energizing the windings of the ring-
off relay R510, this circuit extending from ground
by way of the contacts 541 and 561 and the wind-
ing of R510 to battery. When thus energized
the ring-off relay R510 operates to complete, at
the contacts 512 and 5i4, an obvious path for
projecting ring-off current over the toll line 215
to the toll operator position 250 in the distant
exchange 50, thereby to indicate.to the operator
thereat that the connection has been released
in the P. A. B. X 30. Also, the ring-off relay
R510 completes, at the contacts 515, an obvious
circuit for energizing the winding of the guard
relay R565, thereby to cause the latter relay to
operate. Upon operating, the guard relay R565
completes, at the contacts 568, an obvious alter-
native path for applying ground potential to the
control conductor C594 of the trunk 580, thereby
to mark the trunk 590 as busy to the selectors
of .the switching links having access thereto.
Further, the guard relay R565 completes, at the
contacts 567, a holding circuit for energizing the
winding thereof, this circuit extending from
ground by way of the contacts 541, 566, 581 and
567 and the winding of R565 to battery. Shortly
after the guard relay R565 operates, the control
relay R560 restores to interrupt, at the contacts
561, the previously traced circuit for energizing
the winding of the ring-off relay R510, thereby
to cause the latter relay to restore shortly there-
after, the ring-off relay R510 being of the slow-
to-release type. Upon restoring, the ring-off
relay R510 interrupts, at the contacts 512 and
514, the previously mentioned path for project-
ing ring-off current over the toll line 215 and
interrupts, at the contacts 515, the previously
mentioned original circuit for energizing the
winding of the guard relay R565. Further, the
control relay R560 interrupts, at the contacts
564, the previously mentioned path for applying
ground potential to the control conductor C598
in the cable 1090, thereby to interrupt the previ-
ously traced circuits for illuminating the indi-
vidual line busy lamps- L1044, Ll 144, etc., at the
various operator positions at the switchboard in
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order to indicate to the operators thereat that
“the trunk 690 is idle at this time.

Also, the guard relay R588 completes, at the

contacts 566, a circuit for energizing the wind-
ing of the timer relay R570, this circuit extend-
Ing from ground by way of the contacts 641, 566
and 6§77 and the winding of R570 to battery,
When thus energized the timer relay R510 oper-
ates to complete, at the contacts §11 and 872,
a circuit for energizing the winding of the hold
relay RS515, this circuit extending from ground
by way of the contacts 541, 568, 572 and 87! and
the winding of R57§ to battery. Shortly after
the hold relay R576 is thus energized this relay
operates, the hold relay R515 being of the slow-
to-operate type. Upon operating, the hold re-
lay R575 completes, at the contacts 5§79, a hold-
ing circuit substantially identical to that previ-
ously traced for energizing the winding thereof
and interrupts, at the contacts 571, the previ-
ously traced circuit for energizing the winding
of the timer relay RS§T0, thereby to cause the
latter relay to restore. Also, the hold relay
R575 completes, at the contacts 618, a circuit for
energizing the winding of the count relay R588,
this circuit extending from ground by way of
the contacts 541, 566, 518 and 683, the winding
of R585 and the resistor 507 to battery. When
thus energized the count relay R585 operates to
complete, at the contacts 587, a path for short-
circuiting the upper winding of the count relay
R580, this path extending from one terminal of
the upper winding of the count relay R580 by
way of the contacts 518, 583 and 587 to the other
terminal of the upper winding of the count relay
R580.

Upon restoring, the timer relay R570 inter-
rupts, at the contacts 5§71 and 572, the original
circuit for energizing the winding of the hold re-
lay RS75 and sets the armature RA510 thereof
into vibration, whereupon the previously traced
holding circuit for energizing the winding of
the hold relay R575 is alternately completed at
the contacts 572 and 573. After a predetermined
time interval the armature RA570 assumes an
intermediate position, thereby to interrupt, at
the contacts 572 and 5713, the previously traced
holding circuit for energizing the winding of the
hold relay R575 in order to cause the latter re-
lay to restore. Upon restoring, the hold relay
RS5T% interrupts, at the contacts §18, the previ-
ously traced path for short-circuiting the upper
winding of the count relay RS580, whereupon .&
circuit is completed for energizing in series the
upper winding of the count relay R588 and the
winding of the count relay R585, this circuit ex-
tending from ground by way of the contacts 541,
566, the upper winding of R580, the contacts 581,
the winding of R685 and the resistor 507 to bat-
tery. When thus energized the count relay R580
operates. Also, upon restoring, the hold relay
R575 recompletes, at the contacts 571, the previ-
ously traced circuit for energizing the winding
of the timer relay R510, thereby to cause the lat-
ter relay to operate, whereupon the previously
traced circuit for energizing the winding of the
hold relay R575 is recompleted. The hold relay
RS515 then reoperates to complete, at the con-
tacts 578, a path for short-circuiting the wind-
ing of the count relay R585 in series with the
upper winding of the count relay R580, this
path extending from one terminal of the upper
winding of the count relay R580 by way of the
contacts 9718 and 584, the winding of the count
relay R585 and the contacts 5871 to the other
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terminal of the upper winding of the count relay
R580. When this short-circuiting path is com-
pleted the count relay R585 restores. However,
the count relay R580 is retained in its operated
position due to a completed holding circuit for
energizing the lower winding thereof, this hold-
ing circuit extending from ground by way of the
contacts 541, 566, 5718 and 582 and the lower
winding of R580 to battery. Also, the hold re-
lay Rb76 interrupts, at the contacts 517, the
previously traced circuit for energizing the wind-
ing of the timer relay R610, thereby to cause the
timer relay R570 to restore and effect the restora-
tion of the hold relay R515 shortly thereafter.
Upon restoring, the hold relay R515 interrupts,
at the contacts §18, the previously traced holding
circuit for energizing the lower winding of the
count relay R580, thereby to cause the latter
relay to restore shortly thereafter, the count
relay RB80 being of the slow-to-release type.
Finally, the hold relay R515 interrupts, at the
contacts 676, a holding circuit for energizing
the winding of the guard relay Rb565, the last-
mentioned circuit extending, when completed,
from ground by way of the contacts 644, 566,
516 and 667 and the winding of R565 to battery.

- When this holding circuit is interrupted the
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guard relay RS65 restores to interrupt, at the
contacts 568, the previously mentioned path for
applying ground potential to the control con-
ductor C594 of the trunk 590 snd to complete,
at the contacts 569, a path for applying battery
potential by way of the winding of the cutoff
relay R540 to the control conductor C594 of the
trunk §90, this path extending from battery by
way of the winding of R540 and the contacts 523
and 569 to the control conductor C594 of the
trunk $90. This application of battery potential
to the control conductor C594 of the trunk 590
marks the trunk 590 as idle to the selectors of
the switching links having access thereto. The
apparatus included in the established connection
between the operator position 250 at the distant
exchange 50 and the first operator position 900
in the P. A. B. X 30 is completely released and
available for further use at this time.

The call on the trunk §90 may be answered
at any other operator position at the switch-
board in the P. A. B. X 30. For example, the
call on the trunk 580 may be answered at the
last operator position 910 at the.switchboard
by operating the individual line key K060 in
combination with the talk key of the finder of a
selected one of the switching links in the group .
of switching links individually associated with
the last operator position 910. More particu-
larly, when the individual line key KI1060 is
operated away from its normal position there
is completed, at the contacts §062 thereof, an
obvious path for applying battery potential by
way of the resistor 1022’ to the marking con-
ductor CI1083 in the cable 1080. .The applica-
tion of battery potential to the marking con-
ductor C1083 in the cable 1090 marks the rotary
position of the contact sets in the contact banks
of the switching mechanisms of the finders of
the switching links in the group of switching
links individually associated with the last opet-
ator position 910, wherein the trunk 590 is ter-
minated. Also, at the contacts 1061 of the indi-
vidual line key K060, there is completed, an
obvious circuit for energizing in series the lower
winding of the lockout relay Ri030 and the wind-
ing of the line marking relay R1180, thereby to
cause operation of the lockout relay R1030 and
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the line marking relay Ril80. Upon operating,
the lockout relay R1030 completes, at the ‘con-
tacts 1631, an obvious holding circuit for ener-
gizing in series the upper winding thereof and
the winding of the line marking relay Rf180,

whereupon the upper and lower windings of the

lockout relay R1030 are energized in multiple
series relationship with respect to the winding of
the line marking relay R{ 188 in order to prevent
operation of the other lockout relays in this
group of lockout relays in the manner previously
explained.

- Also, the lockout relay R1030 completes at the
contacts 1034 an obvious path for applying
ground potential to the marking conductor CIi018
in the cable 1090. The application of ground po-
tential to the marking conductor CI015 in the
cable 1090 marks the vertical level in the con-
tact banks of the switching mechanisms of the
finders of the switching links, wherein the trunk

/590 is terminated. Further, the lockout relay
R1030 completes at the contacts 1032 and 1033,
respectively, obvious paths for applying ground
potential to the control conductor C1071 in the
cable 1092 and to the start conductor C1070 in
the cable 1082, The application of ground po-
tential to the control conductor CI1071 and to
the start conductor C1070 causes operation of
the finder of a selected switching link in the
group of switching links individually associated
with the last operator position 910 in the manner
previously explained. -

Upon operating, the line marking relay R{180
completes at the contacts (184 the previously
mentioned path for applying ground potential to
the control conductor C596 in the cable (090,
thereby to complete the previously traced circuit
for energizing the winding of the cutoff relay
RS540 in the toll circuit 500 as previously ex-
plained. Further, the line marking relay R1180
interrupts at the contacts 1181, 1182, 1183, etc,,
the previously mentioned paths for applying bat-
tery potential by way of the resistor 1193” to the
various marking conductors including the mark-
ing conductor C1081, Ct083, etc., for the purpose
previously explained. The subsequent operation
of the apparatus individually associated with the
last operator position 8t0 to answer the call and
to extend, to supervise and to release the estab-
lished connection is the same as that previously
explained. .

At this point, it is noted that the resistance of
each of the resistors 1022, 1022°, 1122, 1122’ etc.,
is relatively low in order to cause the finders of
the various switching links to switch through
upon marking battery by way of these resistors
as previously explained, whereas the resistance
of each of the resistors 1193, 1193’, etc,, is rela-
tively high in order to prevent the finders of the
various switching links from switching through
upon metering battery by way of these resistors.

Extension of calls from the switchboard in
- theP.A.B. X

As previously explained, when the operator at
any one of the operator positions at the switch-
board in the P. A. B. X 30 operates the position
equipment thereat to answer a call to the switch-
board, she operates the position equipment at the
operator position further, thereby to extend the
call from the switchboard to its' destination.
More particularly, the key sender apparatus in-
cluded in the position equipment at the operator
position answering a call to the switchboard is se-
lectively controlled. thereby selectively to govern
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the operation of the selector of the selected
switching link in the group of switching links
individually associated with the operator position.

For example, a call answered at the first oper-
ator position 900 at the switchboard upon the
finder 100 of the switching link 800 may be ex-
tended by way of the selector 820 to a subscriber
substation, such as the subscriber substation T3
in the P. A. B, X 30, by selectively controlling
the key sender apparatus at the first operator
position 900, thereby to cause the selector 820 of
the switching link 800 to seize an idle trunk in
the group of trunks extending to the local switch
train in the P. A. B, X 30, For example, the
call may be extended from the selector 820 of the
switching link 800 by way of the trunk 945 and
the local connector 841 in the local switch train in
the P. A. B. X 30 and the telephone line 930 to
the called subscriber substation T3. The opera-
tion of the local connector 941 incident to the
selection of the telephone line 930 extending to
the subscriber substation T3 is in accordance
with conventional practice.

After the subscriber at the called subscriber
substation T3 answers the call, the operator at
the first operator position 900 returns the talk
key K180 of the finder 100 of the switching link
800 back to its normal position, thereby to com-
plete an established connection to the called sub-
scriber substation T3 independent of the position
equipment at the first operator position 900.
The release of this established connection is pri-
marily under the control of the operator at the
first operator position 900 and is effected in ac-
cordance with conventional practice in order to
cause the selector 820 of the switching link 800
to be released. When the selector 820 is released
the local connector 941 is released; whereupon the
line circuit 93( individually associated with the
telephone line 930 extending to the subscriber
substation T3 operates, thereby to mark the tele-
phone line 930 as idle to the local connectors hav-
ing access thereto.

Also, a call answered at the first operator posi-
tion 900 at the switchboard upon the finder 700
of the switching link 800 may be extended by
way of the selector 820 to the operator position
240 in the central office 20 by selectively con-
trolling the key sender apparatus at the first op-
erator position 800, thereby to cause the selector
820 of the switching link 800 to seize an -idle
trunk in the group of trunks extending to the
group of outgoing trunk line circuits. For ex-
ample, the call may be extended from the selector
820 of the switching link 800 by way of the trunk
305, the outgoing trunk line circuit 360 and the
trunk line 200 to the operator position 240 in the
central office 20,

The operator at the operator position 240 then
answers the call and extends it to its destination
in the central office 20 in accordance with con-
ventional practice. The release of this estab-
lished connection is primarily under the control
of the operator at the first operator position 900
and is effected in accordance with conventional
practice in order to cause the selector 820 of the
switching link 808 to be released. When the se-
lector 820 is released a release signal is trans-
mitted over the trunk line 200 to the operator
position 240 in the central office 20, whereupon
the operator at the operator position 240 re-
leases the connection in the central office 20 in
accordance with conventional practice. '

Further, a call answered at the first operator
position 800 at the switchboard upon the finder
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100 of the switching link 800 may be extended by
‘way of the selector 820 to the operator position
260 in the I. B. X 40 by selectively controlling the
key sender apparatus at the first operator posi-
tion 900, thereby to cause the selector 820 of the
switching link 800 to seize an idle trunk in the
group of trunks extending to the group of trunk
line circuits. For example, the call may be ex-
tended from the selector 820 of the switching
link 800 by way of the trunk 460, the trunk line
circuit 400 and the trunk line 210 to the operator
position 260 in the I. B. X 40, .

The operator at the operator position 260 then
answers the call and extends it by way of the
switch train in the I. B. X 40 to its destination,
in accordance with conventional practice. The
release of this established connection is primarily
under the control of the operator at the first op-
erator position 900 and is effected in accordance
with conventional practice in order to cause the
selector 820 of the switching link 800 to be re-
leased. When the selector 820 is released a re-
lease signal is transmitted over the trunk line
210 to the operator position 260 in the I. B. X 40;
whereupon the operator at the operator position
260 releases the connection in the I, B. X 40, in
accordance with conventional practice.

Finally, a call answered at the first operator
position 900 at the switchboard upon the finder
700 of the switching link 800 may be extended by
way of the selector 820 to the toll operator posi-
tion 250 in the distant exchange 50 by selectively
controlling the key sender apparatis at the first
operator position 908, thereby to cause the selec-
tor 820 of the switching link 800 to seize an idle
trunk in the group of trunks extending to the
group of toll line circuits. For example, the call
may be extended from the selector 820 of the
switching link 800 by way of the trunk 580, the

toll line circuit 500 and the toll line 215 to the-

operator position 250 in the distant exchange 50.

The operator at the operator position 250 then
answers the call and extends it to its destination
in accordance with conventional practice. The
release of this established connection is primarily
under the control of the operator at the first op-
erator position 900 and is effected in accordance
with conventional practice in order to cause the
selector 820 of the switching link 800 to be re-
leased. When the selector 820 is released a re-
lease signal is transmitted over the toll line 215
to the operator position 250 in the distant ex-
change 50, whereupon the operator at the oper-
ator position 250 releases the connection in the
distant exchange 50 in accordance with conven-
tional practice.

Delayed calls in theP. A.B. X

The operator at each operator position at the
switchboard in the P. A. B. X 30 may set up a
delayed call by utilizing any one of the switching
links in the group of switching links associated
with the operator position. For example, the
operator at the first operator position 900 may
set up a delayed call by utilizing the switching
link 800 in the group of switching links individ-
ually associated with the first operator position
900. More particularly, the finder 700 of the
switching link 800 is first controlled in order to
extend the delayed call in one direction and then
the selector 820 of the switching link 800 is con-
trolled in order to extend the delayed call in the
other direction.

For example, the finder 700 may be controlled
to extend the delayed call by way of an idle trunk
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in the associated group to the local switch train
in the P. A. B. X 30 and therefrom to a subscriber
substation therein by operating the talk key K780
of the finder 700 in combination with a delayed
call key, not shown, in the position equipment at
the first operator position. When the talk key
K180 and the delayed call key are thus operated
the finder 100 operates. automstically to find a
trunk extending to an idle delayed call selector,
not shown, accessible thereto in the manner ex-
plained in the previously mentioned Voss and
Crocker patent. ‘

Also, the finder 700 may be controlled to ex-
tend the delayed call by way of an idle trunk
line in the associated group to the operator posi-
tion 240 in the central office 20 by operating the
talk key K180 of the finder 700 in combination
with the group line key K1150. When the talk key
K180 and the group line key Ki150 are thus oper-
ated the finder 100 operates automatically to
find an idle trunk in the group of trunks, includ-
ing the trunk 305, in a manner similar to that
previously explained.

Further, the finder 700 may be controlled to
extend the delayed call by way of any particular
trunk line in the associated group to the oper-
ator position 260 in the I. B. X 40 by operating
the talk key K780 of the finder 700 in combina-
tion with the corresponding one of. the individ-
ual line keys in the associated group. For ex-
ample, the finder 100 may be controlled to ex-
tend the delayed call by way of the particular
trunk line 2{0 in the associated group to the
operator position 260 in the I. B. X 40 by oper-
ating the talk key K180 of the finder 700 in com-
bination with the individual line key KI165 in
the associated group. When the talk key K180
and the individual line key Ki165 are thus oper-
ated the finder 700 operates automatically to
seize the particular trunk 460 in the associated
group connected by way of the trunk line cir-
cuit 400 to the trunk line 210 extending between
the operator position 260 in the I. B. X 40 and
the P. A. B. X 30, in the manner previously ex-

5 plained. At this point it is noted that the finder

100 operates to seize the particular trunk. 460 in
the associated group, regardless of the idle or
busy condition thereof, in view of the fact that
the upper winding of the switching relay R730
in the finder 700 is energized by way of the con-
trol wiper T!5 instead of the control wiper 713
in the switching mechanism 7110 in the present
example. Accordingly, the idle or busy. condi-
tion of the particular trunk 460 in the associated
group exercises no control upon the operation of
the finder 700 to seize the particular trunk 460,

Further, the finder 700 may be controlled to
extend the delayed call by way of any particular
toll line in the associated group -of toll lines to
the toll operator position 250 in the distant ex-
change 59 by operating the talk key K180 of the
finder 700 in combination with the correspond-
ing one of the individual line keys in the associ-
ated group. For example, the finder 700 may be ’
controlled to extend the delayed call by way of
the particular toll line 215 in the associated group
to the operator position 250 in the distant ex-
change 50 by operating the talk key K180 of the
finder 700 in combination with the individual line
key KI160 in the associated group. When the
talk key K780 and the individual line key K1160
are thus operated the finder 700 operates auto-
matically to seize the particular trunk 590 in the
associated group connected by way of the toll line
circuit 500 to the toll line 215 extending between
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the operator position 250 in the distant exchange
50 and the P. A. B. X 30, in the manner previ-
ously explained. At this point it is noted that
the finder 100 operates to seize the particular
trunk 580 in the associated group, regardless of
the idle or busy condition thereof, in view of the
fact that the upper winding of the switching re-
lay R130 in the finder 100 is energized by way of
the control wiper 118 instead of the control wiper
713 in the switching mechanism 740 in the pres-
ent example. Accordingly, the idle or busy con-
dition of the particular trunk 580 in the associ-
ated group exercises no control upon the oper-
ation of the finder 700 to seize the particular
trunk 590. ’ .

The control of the selector 820 to extend the
delayed call to a local subscriber substation in the
P. A, B. X 30, to the operator position 240 in the
central office 20, to the operator position 260 in
the I. B. X 40 or to the operator position 250 in
the distant exchange 50 is the same as that pre-
viously explained. Finally, the release of a de-
layed call routed by way of the switching link 800
is primarily under the control of the operator at
the first operator position 800 and is effected in
the manner previously explained.

Locql callsinthe P,A. B.X and thel. B. X

Local calls in the P. A, B. X 30 are completed
and released between the automatic subscriber
substations therein by way of the local switch
train in the P. A. B. X 30 and entirely under the
control of the subscribers at the subscriber sub-
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stations in accordance with conventional prac- -

tice.

Also, local calls in the I. B, X 40 are completed
and released between the automatic subscriber
substations therein by way of the switch train in
the I. B. X 40 and entirely under the control of
the subscribers at the subscriber substations in
accordance with conventional practice. Furth-
ermore, calls in the I. B. X 40 between the sub-
seriber substations and the operator position 260
are completed in either direction by way of the
switch train therein in accordance with conven-
tional practice. _ .

Conclusions. .

From the foregoing it is apparent that a tele-
phone system is provided which comprises an ex-

change, including an automatic switchboard pro- -

vided with a number of operator positions, and
improved switching apparatus selectively control-
lable from the operator positions for performing
the various toll and trunk services in an efficient
manner, thereby to insure that the toll and trunk
calls may be easily set up and supervised at the
operator positions at the switchboard.

While there has been described what is at pres-
ent considered to be the preferred embodiment of
the invention, it will be understood that various
modifications may be made therein and it is in-
tended to cover in the appended claims all such
modifications as fall within the true spirit and
scope of the invention.

What is claimed is:

1. In a telephone system, a plurality of lines, &
plurality of operator positions, a plurality of
automatic switches individually associated with
said operator positions and having access to said
lines, means responsive to the presence of a call
on any one of said lines for transmitting a signal
to each of said operator positions identifying the
one line, normally effective. means selectively
controllable from each of said operator positions
for causing the associated switch fo operate and
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select any particular calling one of said lines,
thereby to extend the call on said last-mentioned
line to said last-mentioned operator position to
be answered, and means controlled while one of
said switches is operating to select a given line
for restricting the operation of each of the other
of sald switches, whereby each of the other of
said switches ig operative to select any particular
one of said lines except said given line while said
one switch is operating to select said given line.

2. In a telephone system, a plurality of lines, a
plurality ‘of operator positions, a plurality of
automatic switches individually associated with
said operator positions and having access to said
lines, means responsive to the presence of & call
.on any one of said lines for transmitting a signal
to each of said operator positions identifying the -
one line, a plurality of devices at each of said
operator positions individually corresponding to
said lines, the devices at said operator positions
corresponding to the same line constituting a
group, a plurality of relays individually associ-
ated with said devices, the relays associated with’
the same group of said devices constituting a
group, means responsive to the first device oper-
-ated in any given group of devices for causing op-
eration of the associated relay in the associated
group of relays and for preventing operation of
the remainder of the relays in the associated
group of relays, and means responsive to the op-
eration of any given relay in any given group of
relays for causing the associated switch to se-
lect the corresponding line, thereby to extend the
call on said last-mentioned line to the associated
operator position to be answered.

3. In a telephone system, a plurality of lines,
a plurality of operator positions, a plurality of
automatic switches individually associated with
said operator positions and having access to said
lines, normally effective means selectively con-
trollable from each of said operator positions for
causing the associated switch to operate and
select any particular one of said lines, thereby
to complete a connection between the operator
position and said last-mentioned line, and means
controlled while one of said switches is operating
to select a given line for restricting the opera-
tion of each of the other of said switches, where-
by each of the other of said switches is operative
to select any particular one of said lines except
said given line while said one switch is operat-
ing to select said given line.

4. In a telephone system, a plurality of lines,
a plurality of operator positions, signal means
for indicating at said operator positions the idle
or busy condition of each of said lines, a plu-
rality of automatic switches individually asso-
ciated with said operator positions and having
access to said lines, normally effective means se-
lectively controllable from each of said operator
positions for causing the associated switch to
operate and select any particular one of said
lines regardless of the idle or busy condition
thereof, thereby to complete a connection be-
tween the operator position and said last-men-
tioned line, means controlled when an idle line
is selected by one of said switches for rendering
it busy and for governing said signal means, and
means controlled while one of said switches is
operating to select a given line for restricting the
operation of each of the other of said switches,
whereby each of the other of said switches is
operative to select any particular one of said
lines except said given line while said one switch
is operating to select said given line. ¢
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5. In a telephone system, a blurality of lines,
& plurality of operator positions, a plurality of
automatic switches individually
said operator positions and having access to said
lines, position equipment at each of said operator

whereby the opera-
other of said switches is re-
stricted to that of selecting any particular one of
said lines except a given line while one of said

lines, a plurality of normally effective devices at
each of said operator positions individually cor-
responding to said lines, any given device at any
given operator position being operative only
when it is effective to cause the associated switch

given operator position and said last-mentioned
line, and means controlled by the -operation of
any given device at any given -operator position
for rendering ineffective only the other of the
corresponding devices at the other of said op-
erator positions.

7. In a telephone system, a plurality of lines,
a plurality of operator Positions, a plurality of
automatic switches individually associated with
said operator Dositions and having access to said
lines, each of said switches
Select & marked line, thereby to complete a con-
nection between the associated operator posi-
tion and said last-mentioned line, means con-

being operative to
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for initiating operation of the associated switch,
when one of said switches se-

at each of said
corresponding to

operator positiong individually
said lines, any given device at

erator positions.

8. In a telephone system, a plurality of lines,
a plurality of operator Dositions, a plurality of
automatic switches individually associated with
said operator
lines, each of

normally effective devices at each of said op-
erator positions Individually corresponding to
said lines, any given device at any given operator
position being operative only when it is effective
to initiate operation of the associated switch,
mmeans controlled when one of said switches se-
lects a marked line for arresting operation there-
of, and means controlled by the operation of
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any given device at any given operator position
for rendering ineffective only the other of the
corresponding devices ‘at the other of said op-
erator positions, ' ,
9. In a telephone system, a plurality of lines,
& plurality of operator positions, a plurality of
automatic' switcheg Individually associated with
sald operator positions and \having access to said
lines, each of said switches being operative to
select & marked line, thereby to complete a con-
nection between the assoclated operator position
and said last-mentioned line, a plurality of nor-
mally effective devices at each of said operator
positions individually corresponding fo said lines,
any given device at any given operator position
being operative only when it.is effective to mark
the corresponding line and to initiate- operation

10. In s telephone system, a plurality of lines,
& plurality of operator positions, a plurality of
automatic switches individually associated with
said operator positions and having access to said
lines, a plurality of devices at each of said oper-
ator positions individually corresponding to said

-the devices at said operator positions cor-
responding to the same line constituting g group,
& plurality of relays individually associated with
said devices, the relays associated with the same
group of said devices constituting g group, means

ator position and said last-mentioneq line.

11. In a telephone system, a plurality of lines,
a plurality of operator positions, g plurality of
automatic switches individually associated with
i and having access to said
& plurality of deviceg at each of said oper-
ator positions individually corresponding to said
lines, the devices at said operator positions cor-
responding to the same line constituting g group,
8 plurality of relays individually associated with
said devices, the relays associated with the same
group of said devices constituting a. group, a plu-
rality of normally effective operating circuits ang
& plurality of holding circuits for said relays,
means responsive to the first device operated in
any given group of devices for completing the
operating circuit of the associated relay, thereby
to cause operation thereof, means responsive to
the operation of any given relay for completing
the holding circuit thereof and for causing the
associated switch to select the corresponding line,
thereby to complete a connection between the
associated operator position and said last-men-
tioned line, and means controlled when the hold-
ing circuit of any given relay in any given group
of relays is completed for rendering ineffective
the operating circuits of the other of the relays
in said given group of relays in order to prevent
operation thereof.

12. In a telephone system, a plurality of lines,
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. a plurality of operator positions, & plurality of
automatic switches individually associated with

said operator positions and having access to sald

‘ switches being’ operative to
select & marked line, thereby to complete a con-
‘nection between the associated operator position
and sald last-mentioned line, a plurality of de-
vices at each of said operator positions indi-
vidually’ corresponding to said lines, the devices
at sald operator positions corresponding to the
same line constituting a ‘group, & plurality -of
relays individually associated with said devices,
the relays associated with the same group -of
. said devices constituting a group, means respon-
- sive to the first device operated in any given
. group of devices for causing operation of the as-
sociated relay in the associated group of relays
- and for preventing operation of the remainder
“. of the relaysin said given group of relays, means
responsive to the operation of any given relay
in any given
corresponding line and for initiating operation
of the associated switch, and means controlled
when one of said switches selects & marked line
for arresting operation thereof.

lines, each of sald

10

2,268,019

13. In a telephone system, & plurality of lines,
a plurality of operator positions, 8 plurality of
automatic switches indivldually.assocuted -with
said operator positions and having access to sald
lines, a plurality of keys at each of sald-oper-
ator positions individually ‘corresponding to sald
lines, the -keys at sald operator positions cor-
responding to the same line constituting & group,
a plurality of relays individually associated wi
sald keys, the relays associated with the same
group: of said keys constituting & group, & plu-
rality of operating circuits for sald relays, each’
of sald keys being operative to complete the
operating circuit of the associated relay, the re-
lays in any given group of relays being so con-
nected and arranged that only the relay in said
given group of relays the operating circuit of
which is first completed is operated, and means

. responsive. to:-the operation  of any given relay
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_in ‘any . glven group

of - relays- for causing the
associated switch to select the corresponding line, -
thereby. to complete & connection between the
associated operator position and said last-men-
tioned line. :

: o THOMAS F. CROCKER.



