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1

This invention relates to a communication sys-
tem and more particularly to an automatic
switching system wherein trunks or subscribers’
stations are automatically interconnected under
control-of signals transmitted from calling sub-
scribers” stations to a central switching station.

An-object of the present invention is to provide
2 switching system of improved efficiency and
rapidity- of operation with  the capability of
properly handling a plurality of diverse normal
and abnormal conditions.

A:feature of this invention relates to the use
of electron discharge tubes having one or more
contro] discharge gaps to control switches and
circuits.

Another feature of this invention relates to the
use of electron discharge tubes having a plurality
of :electrodes, certain of those electrodes being
employed to control switches and circuits when s
call is originated at a line associated with that
tube, and others of those electrodes being. em-
ployed to control switches and circuits when &
call is terminated at a line associated with that
tube.

Another feature of this invention relates to the

use of a plurality of electron discharge tubes each
having a plurality of electrodes adapted to con-
tro] switches and circuits, and apparatus opera-
tive to select any one of those tubes by applying
suitable potentials to certain of the electrodes
thereof.
" Another feature of this invention relates to the
use of electron discharge tubes having a plurality
of electrodes, certain of which are employed to
control apparatus and circuits determining the
associated line’s class of service.

Another feature of this invention relates to the
use. of electron discharge tubes  confrolling

switches and circuits, and apparatus responsive

to the condition of a selected one of those tubes
to indiéate the busy, idle, or vacant condition of
the associated subscriber’s line.

Another -feafure of this invention relates to:

the wuse of electron” discharge tubes controlling
switches and circuits, and apparatus responsive
to a busy condition of a selected one of those
tubes operative to perform a revertive test on that
selected -tube to ascertain whether the calling
and called lines are identical.

Another feature of this invention relates to the
use - of -electron discharge fubes controlling

switches and circuits, and apparatus operable to"

verify the busy condition of any line associated
with any 'of those tubes and to establish s moni-
toring connection.
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Another feature of this invention relates to
the grouping of the subscribers’ lines and assoei-
ated switching equipment into frames, to the as-
sociating of an electron discharge tube with each
of the subscribers’” lines, and to the associating
of an electron discharge tube with each of the
frames, with all of the electron discharge tubes
associated with the subseribers’ lines in each
frame being atranged in lock-out and with the
electron - discharge tubes associated with the
frames also being arranged in.lock-out whereby
it'is insured mot only that but one subscriber’s
line in each frame. can control circuits and
switches for the establishing of o connection, but -
also that but one frame can function at any one
time. :

Another feature of this invention relates to the
use of a plurality of common release circuits for
restoring the controlling circuits and tubes to
their normal or idle condition at certain stages
of each call, and apparatus operative automati-
cally to render these common release circuits al-
ternately or.:sequentially operative on succeed-
ing major phases of each call and to lock the
operative circuit in use for the duration of that
Phase.

Another feature of this invention relates to the
use of a plurality of common release circuits for
restoring the controliing circuits and tubes to
their normal or idle condition at certain stages
of each call, and apparatus responsive to a time-
out condition in' one of those common release
circuits to.render another of those ‘common: re-
lease circuits operative and to lock that other
common release circuit in use,

Another feature of this invention relates to-the
use of: a plurality of outgoing trunk circuits, ap-~
paratus for testing the busy, idle, or vacant condi-
tion of ‘those trunks as g group, and apparatus
and circuits for automatically hunting those
trunks to locate anidle one thereof .

Another feature of this invention relates to
the use of ‘a plurality 'of outgoing trunk eireuits,
and apparatus and circuits for establishing a
certain order of preference in which those trunks
are:selected for 'use at one time, and a different
order.of ‘ preferénce in.which  those trunks are
selected for use at another iime.

Another feature of this invention relates to
the use'of a plurality of lines as private branch
exchange trunks, and apparatus for testing the
busy, idle, or vacant condition of - those trunks
as & group, and apparatus and cireuits for ‘auto-
matically-hunting those. trunks to locate ‘an idle
one thereof, SRR
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Another feature of this invention relates to ap-
paratus and circuits for intercepting calls to cer-
tain lines so that wheh an attempt is made to
establish a connection to an intercepted line, this
apparatus becomes operative to divert the con-
nection to an outgoing trunk to an operator.

A further feature of this invention relates to
methods and equipment for equalizing the load
through the switches and circuits by establishing
an automatically changing preference for certain
of the circuits on succeeding calis, and abparatus
for cancelling this preference when a predeter-
mined humber of those circuits become Lusy.

Further objects and features of this invention
will become apparent in the following description
of an exemplary embodiment thereof.

Although the principles of this inventicn may
be employed in a variety of applications and em-
bodiments, the exemplary system herein disclosed
comprises an unattended automatic telephone
switching systemn adapted to handle expeditiously
a plurality of diverse normal and abnormal con-
ditions. The illustrative embodiment is a modi-
fication of an improvement upon the selecting
system disclosed in Patent 2,582,959, granted
January 22, 1952, to E. Bruce and N. L. Hall.

Fig. 1 shows the arrangement of Figs. 4 to 49,
inelusive, of the drawings;

Figs. 2 and 3 represent, in outline form, the
various major elements of an exemplary system
embodying the invention;

Tigs. 4 and 5 show two horizontal group eircuits
and two class-of-service circuits, which are ele-
ments of a first line-link frame, with Fig. 5 addi-
tionally showing a frame connector circuit;

Figs. 6 and 7 disclose two-way operators’ trunks,
with Fig. 7 also showing an auxiliary portion of
one of the line circuits;

Figs. 8 to 11, inclusive, show another portion of
the first line=link frame;

Figs. 12 to 15, inclusive, show common release
and time-out circuits;

Figs. 16 to 18, inclusive, show another portion
of the first line-link frame;

Fig. 19 represents & portion of another line-link
frame;

Figs. 20 ahd 21 disclose register connectors;

Tigs. 22 and 23 show alarm, timing and miscel-
laneous circuits;

Fig. 24 shows anothér portion of the first line-
link frame;

Fig. 25 shows a portion of the tertiary switches
associated with and ¢comprising a part of the sec-
ond line-link frame;

Tig. 26 represents another portion of the first
line-link frame;

Fig. 27 shows another portion of the tertiary
switches shown in Fig. 25;

Figs. 28 and 29 show two groups of junctor cir-
cuits; )

Fig. 30 discloses a busy-verification circuit;

Fig. 31 discloses a ringing connector;

Figs. 32 and 33 disclose a first ringing-inter-
rupter circuit; )

Fig. 34 is a representation of a second ringing~
interrupter eircuit embodying apparatus similar
to that shown in Figs. 32 and 33, and also discloses
a common ringing-interrupter transfer circuit;

Figs. 35 to 42, inclusive, show & register circuit,
with Fig. 41 additionally containing a representa-
tion of a second register circuit;

Fig. 43 is a general representation of a ringing
circuit;

Fiss. 44 and 45 show another ringing circuit in
detail; :
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Figs. 46 to 49, inclusive, show a number group
and connector circuit; .

Fig. 50 demonstrates the manher in ‘whi¢h Figs.
9 and 3 of the drawings should be arranged; and

Tig. 51 is a chart showing exemplary ringing
codes and the operation of the ringing-~interrupter
and ringing circuits.

GENERAL DESCRIPTION

Refer now to Figs. 2 and 3, arranged as shown
in 'Fig. 50, which represent, in outline form, the
various major elements of an exemplary system
embodying the invention, and indicate the man-
ner in which these elements cooperate to provide
anh sutomatic switching system operative auto-
fnatically to interconnect the subscriber’s lines
associated therewith. )

In the exemplary embodiment, certain of the
switching operations are performed under the
control of multielement gaseous discharge tubes.
In addition to other utilizations thereof, one of
these tubes is associated with each subscriber’s.
line and with each trunk. A specific type of tube
has been disclosed herein, although other types
may be employed. The disclosed tube is provided
with eight electrodes comprising a left-hand pair
of control electrodes, a right-hand pair of control
electrodes, three main anodes, and a main cath-
ode, Normally, in the case of a tube associated
with & subseriber’s line, the left-hand control
electrodes, the main cathode, and one of the main
ainodes are employed in the process of originat-
ing a call, the right-hand control electrodes, a dif-
ferent main anode, and the main cathode are
employed in the process of terminating a call, and
the main cathode and the remaining main anode
are employed in controlling and determining the
class of service of the associated subscriber’s line.

in general, one or more line-link irames are
provided, line-link frame No. 0 and line-link
frame No. 1 béing shown in Fig. 2.  Each line=
link frame comprisés one or more horizontal
groups, an upper ahd a lower horizonial group
being shown for each line-link frame in Fig. 2.
Each Hhorizontal group comprises a primary
switch, an originating secondary switch, a ter-
minating secondary switch and a tertiary switch.
Thus, line-link frame Ne. 0 is illustrated as hav-
ing two horizontal groups, and comprises pri-
mary switches 228, 221, 222 and 223, ferminating
secondary switches 228 and 229, originating sec~
ondary switches 232 and 233, and tertiary
switches 304 and 362. Line-link frame No. 1 is
also illustrated as having two horizontal groups,
and comprises primary switches 224 to 227, ter-
minating secondary switches 233 and 231, origi~
nating secondary switchies 234 and 235, and ter-
tiary switches 383 and 304. It is to be under=
stood that this equipment may be expanded as
desired to meet particular requirements.

The switches employed as primary, secondary,
and tertiary switches, and elsewhere in the sys-
tem, are cross-bar or other form of coordinate
switches. Details of a specific type or form of
cross-bar switeh mechanism suitable for use in
the exemplary embodiment set forth herein are
presented in United States - Patent 2,021,329
granted to Reynolds on November 19, 1935.

The primary cross-bar switches such as 220
and 221 comprise a plurality of horizontal levels
of contacts, conventionally ten, and a plurality
of vertical rows of contacts, conventionally ten
or twenty per switch, with any number of pri-
mary switches being provided intermediate the
switches 228 and 221, 222 and 223, etc. A select
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magnet is associated with each horizontal level
of contacts on each switch, and the select mag:-
nets associated with each horizontal level of all
the, primary switches in a horizontal group are
controlled by g primary select gaseous discharge
tube such as'tube 285 or 237. A hold magnet is
associated with each .vertical row of contacts on
each switch, and the hold magnet associated with
each vertical level of each primary switch is con-
trolled, in part, by a primary line tube such as
tube 288 or 233. Hach primary switch veitical
- row and the associated primary line tube is in-
dividual to a subscriber’s line, o2 trunk, or to
- & plurality of other types of ultimate equipment
as will be seen. For example, the first and last
vertical rows of contacts in primary switch 22§
and the associated primary line tubes 238 and
232 are individual to the subscribers’ lines 251
and 202, respectively, the first and last vertical
rows of contacts in primary switch 222 and ihe
associated primary line tubes 248 and 241 are
individual te lines extending to a private branch
exchange switchboard, and the first vertical rows
of contacts in primary switches 224 and 225 and
the associated primary line tubes 242 and 243 are
individual to lines extending to trunk cireuit No.
0 and to trunk circuit No. 5, respectively. There
is.110 necessary correlation between the lines and
the. position-at which they appear on the pri-
mary switches within the system, and -the above~
described association is merely representative.

The horizontal levels of contacts of each group
of primary line switches and the vertical rows
of contacts in the originating secondary and ter-
minating secondary switches are interconnected
by conductors customarily called “line links.”
These primary-secondary linie links provide paths
for  establishing -connections between the sub-
seribers or trunks and the secondary switches
and are distributed over the vertical rows of both
the originating secondary and terminating sec-
ondary switches, as shown in Fig. 2.

A select magnet is associated with each. hori-
zontal level of contacts of each originating sec-
ondary switch, and these originating secondary
select magnets are controlied by individual origi~
nating secondary select tubes such as tube 244 or
tube 245. - The horizontal levels of each of the
originating secondary line switches are multi-
pled to the corresponding horizonial levels. of
corresponding originating secondary lins switches
in other line-link frames.  For example, the up-
per and. lower horizontal levéls of originating
secondary switch 232 in line-link frame No. 8 are
multipled, respectively, to the upper and lower
horizontal levels of the corresponding originat-
ing secondary line switch 234 in line-link frame
No. 1. These multipled originating : secondary
switch horizontal levels are then connected to in-
dividual junctors, e. g., the multipled upper hori-
zontal levels of originating secondary switches
232 and 234 are connected to junctor tA in Fig. 3,
the multipled léwer horizontal levels of originat-
ing secondary switches 283 and 235 are conneet-
ed to junctor 28 in Fig. 3, and so on. Thus, the
originating secondary select tubes such as 744
and 245 in effect control the selection of a par-
ticular associated junctor.

The junctors are divided into two groups with
junctors 1A and B being a part of junctor sub-
group No. 1 and associated with junctor subgroup
circuit No. 1, and with junctors 2A and 2B being
a-part of junctor subgroup No. 2 and associated
with junctor subgroup circuit No. 2. It is to be

understood that a junctor subgroup comprises
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a’ piurality-of -individual junctors and that more
than two-subgroups of junctors may be provided.:
The terminating end of each junctor is linked
to a horizontal level of contacts of -one of the
tertiary switches, and. this- horizontal level is:
multipled to the corresponding horizontal levels
of contacts in the corresponding tertiary switches
in the other line-link frames. For example, junc-
tor 1A is linked to the upper horizontal level of
contacts -of ;tertiary switeh 30f which is a.part
of line-Iink frame No. 0, and this horizontal level
is multipled to the corresponding horizontal level
of contacts of tertiary switch 383 which is a part
of line-link frame No. 1. '

The tertiary switches are of the cross-bar or
coordinate type and are accordingly provided with
select and-hold magnets associated with their
horizontal levels and .vertical rows of contacts,
respectively. ‘

The horizontal levels of contacts of the ter-
minating secondary switches in each line-link
frame are linked to and distributed over the ver-
tical rows of contacts of the tertiary switches in
the same line-link frame. Thus, as an exem-
plary arrangement, the upper group of -horizon-
tal levels of contacts in the terminating second-
ary switches 228 and 228 in the line-link frame
No. 0 are linked to the vertical rows of contacts
of tertiary switch 381 in line-link frame: No, 0,
the lower group of horizontal levels of contacts
in the terminating secondary switches 228 and
229 in line-link frame No. 0 .are .linked to the
vertical rows of contacts of tertiary switeh 302
in line-link frame No. 0, and the upper and lower
groups of horizontal levels, respectively,. of con-
tacts in the terminating secondary switches 238
and 231 in line-link frame No. 1 are linked to the
vertical rows of contacts of tertiary switches 303
and 304, respectively, in line-link frame No. 1.
The terminating secondary switches are provided
with hold masgnets associated with the vertical
rows of contacts and with select magnets asso-
ciated with the horizontal levels of contacts. A
terminating secondary select tube is provided to
control each terminating secondary select magnet.

A plurality of registers are provided and, nor-
mally, but one number group and number group
connector circuit. 'The register circuits record
the dial pulses, cooperate with the number group
circuit to select and test the condition. of the
terminating line or trunk, and perform a plurality
of additional control functions.. Any junctor may
be associated with any of the registers which are
idle through the medium of the register connec--
tor which also comprises an electronically. con-:
trolled cross-bar switch.

A plurality of ringing-interruptor circuits are
provided, normally arranged to be sequentially
operaple on a time basis under control of g ring--
ing-interrupter transfer circuit. - A plurality of
ringing circuits are also provided which, in coop-
eration with: the ringing-interrupter circuits,
transmit a variety of types of signais. Fach of
the junctor circuits may be associated with any:
of the ringing circuits which are idle through the
medium of the ringing connector which also
comprises an. electronically controlled cross-har
switch. Responsive to the selection of a par-
ticular ringing circuit, the number group -and
connector circuit associates the selected register
circuit- with the selected ringing circuit.

The common release . circuit shown in Fig. 2
performs manifold controlling functiong . com-
prising, in general, the supplying of suitable
potentials to.the several circuits during the func- :
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tiontfig of those eireuits in Gttempting to establish
a connection, and the rémoval 6f those potentials
from the several circuits at cerfain times in the
noimal operation thergof to restore those ‘circuits
to theii normal of idle ¢ondition, and at cerfain
times under abnormal opetation of those eircuits
to perform a similar function.

Liet it now be assuined that the subsciiber at
station 201 desires to communicate with the sub-
scribed at station 212. Subscriber 201 will there-
fore 1ift the Teceiver or remove the handset from
its eradle to close the switchhook contacts which
cavses a discharge to be initiated in the asso-
ciated line tube 238. This line tiube is arranged
in lock-out with the other line tubes in the same
horizontal group, such as line tubes 238, 248, and
247 ‘whereby none of these other line tubes may
be discharged as long as line tube 238 remains
conductive. The initiation of a discharge through
1ine tube 238 sets the common release circuit into

operation. Responsive to which line-link frame
ineludes the discharged line tube, the commen
release eircuit connects positive main anode bat-
tery to conductor 248 or 249, the circuits by which
this is accomplished being alse arranged in lock-
out whereby only one frame is rendered operative
at any ohe time. Under the assumed conditions,
this battery will be applied via conductor 248 to
all of the primary seleet tubes in line-link frame
No. 0, including tubes 236 and 237 and to the
tubes intermediate tubes 235 and 237.

The common release ecircuit also transmits a
positive potential via eonductor 258 and through
an individual impedanee and through a back con-

tact of an off -normal relay in each of the junetors 3

which is idle. Assuming all junactors are idle,
this potential is transmitted through each of
those junctors, and through conductors 808 and
306, respectively, to the associated junctor sub-
group circuit. The junector subgroup circuits are
provided with delay networks fuhctioning to
establish eertain prefefences in accordance with
the number of idle junctors in each junctor sub-
group and ih accordance with a prearransed se-

quenitially changing preference for purposes of &

traffic equalization. The junctor subgroup cir-
cuits then transmit a positive potential to mark
all of the available idle paths between all of the
stibseribers’ stations and all of the junctots.
Thus, junctor subgroup eircuit No. 1 transmits a
positive potential via conductor 307, through back
contacts of all of the idle hold magnets in origi-
nating secondary switch 232 and to a control
element of each of the primary select tubes which
is associated with a primary switeh horizontal
level associated with one of the vertical rows of
contacts of originating secondary switch 232, as,
for exaimple, to primary select tubes 236 and 251.
Similarly, junctor subgroup circuit No. 1 trans-
mits a Dpositive potential via conduetor 208,
through the back contacts of all of the idle hold
magnets in originating secondary switch 234 and
t6 a control element of each of the primary select
tubes which is associated with a primary switch
horizontal level associated with one of the vertiedl
rows of éontacts of originating secondary switch
234, as, for example, to primary select tubes 253
and 255. Similarly, junctor subgroup cireuit
No. 2 transmits a positive potential through a
back contact of all of the unoperated hold mag-
nets in originating secondary switches 233 and
235 and to the associated primary select tubes.

In this manner, assuming all paths to be idle,
primary select tubes 238 and 237, and all of the
primary select fubes intermediate those tubes,
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will have suitable potentials applied to the proper
electrodes thereof and one of those tubes, dssume
tihe 236, will be discharged, locking out the vé=-
maining primaty seléct tubes in that Horizéntal
group. It will Be noted that suitable potentials
are not applied to all of the necessary electrodes
of the remaining primary select tubes in the: sys-
tem s0 -none of those other tubes will be ren=
dered conductive.

The primary select tube 236, in dlschargmg,
operates its associated primary switch sélect mag-
net, and applies a suitable potential to one of the
electrodes of each of the originating secondary
select tubes in the associated originating see-
ondary switch 232. It may be noted that had
anotheér primary select tube been discharged, such
as tube 231, this boténtial would or may have
been applied to a different originating secondary
switeh, such as switch 233. The primary select
tube, in discharging, also initiatés the opezatlon
of the common release circuit. The common Te-
leage circuit transmits positive battéry via con-
ductor 257 to another of the electrodes of thé
originating secondary select tubes, and transmits
positive battery via conductor 258, through a
back contact of an off-normal relay in each of
the junctor cir¢uits which is idle, and to anothér
electrode of the originating secondary select
tubes. Thus all of the originating Secefdary
select tubes 244 to 245 associated with orlgmat-
ing secondary switch horiZontal levels which ate
associated with idle junctors will have suitable
potentials applied to each of the necessary elec-
trodes thereof and one of those tubes, assume
tube 244, will fire in lock-out, operating its asso-
ciated select magnet.

The comron release circuit also functions at
this time to connect a suitable positive potential
via conductor 259 to certain of the electrodés of
the register-connector select tubes such as tubés
309 and 310 and the tubes intérmédiate those
tubes, and also connects positive battery via con=
ductor 280, through a back contact of an off-
normal relay in each of the idle registers and to
another electrode of the register-connector seleet
tubes associated with those register-connector
horizontal levels which are associated with idle
registers. One of these select tubes, assuime tubé
310, therefore fires in lock-out whereby an idle
register, assume reégister No. 2, is selected for use
in this eall.

The primary select tube, in firing, also performs
certain functions whereby the current through
the subscriber’s line tube 238 is increased so that
the associated primary switch hold magnet is
operated which causes the closure of the selected
cross-point of the primary line switch 220.. The
closure of this cross-point causes the operation
of the originating secondary hold magnet asso-
ciated with the selected primary switch hori=
zontal level, i. ., under the assumed conditions,
originating secondary hold magnet 261. Thus,
the selected originating secondary crosszpoint
will be operated which will complete the estab=
lishment of a metallic path from the calling sub=
scriber’s linie to the selected junctor, in this case
juncétor {A. The operation of the originating-
secondary switch cross-point also completes a cir=
cuit for the oberation of the off~normal relay in
junctor lA thereby rendering that junctor busy
to future calls, and completes a circuit through
junctor 1A to operate the register~connector hold
magnet associated with the register-connector
vertical row of contacts which is associated with
junctor {A. The closure of the selected register=~
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connector cross-point associates the selected
junctor with the selected register, and extends
the calling party’s line to the selected register.

When the register is seized in this fashion, 2
discharge occurs across the subscriber’s line tube
from the main arode thereof to which the class-
of-service function has been assigned to the main
cathode. This discharge is employed as an in-
dication to the register of the class-of-service to
which the calling party has subseribed and the
subsequent operations of the register are gov-
erned accordingly. i

The register, upon being seized, transmits an
indication to the common release cireuit of this
fact, upon the receipt of which the common re-
lease circuit functions to remove the potentials
from conductors 248 or 243, 259, %57, 258, 259
and 260 thereby extinguishing any existing dis-
charges in the primary select tubes, in the orig-
inating secondary select “ubes, and in the regis-
tér-connector select tubes, and also extinguishes
the discharge in the subsecriber’s line tube. The
select magnets associated with the select tubes
are thereby released, but the established metallic
path through the several cross-bar switches is
undisturbed. sirice in the suitable types of cross-
bar switches, the eross-points remain closed un-
der the control of the hold magnet when the
select magnet is released. This operation of the
common release circuit restores the control cir-
cuits to their normal idle condition whereby an-
other call may be originated or terminated at this
time, while the operations incident to the placing
of the described eall proceed.

The register transmits dial tone to the calling 3

subscriber and dialing ensues, the received digits
being recorded in the register. Upon the com-
pletion of dialing, the register signals the com-
mon release circuit. If that circuit is busy on
another originating or terminating call, the reg-
ister waits until that call is completed at which
time the signal is received from the register and
the common release circuit is conditioned for
handling a terminating call. The common re-
lease circuit locks out originating calls, removes
the potentials from the several conductors as
before to insure that the line circuits are restored
to normal, and establishes a condition whereby
no subscriber’s line tubs can be fired on an orig-
inating call.  Register No. 2, assumed to be uti~
lized in this call, then competes with all other
registers -in condition at this time to terminate
a call for the use of the number giroup eircuit by
signaling the common release cirenit. - A lock-

out arrangement in the common release circuit s

selects one of the registers and locks out the re-
mainder so that only one register can function
on-the terminating phase of a call at any given
time. . When register No. 2 is selected, the com-
mon release cireuit calls in the number group
circuit, associating that circuit with the selected
register, here register No. 2.

The number group is associated with the ter-
minating electrodes of the several line tubes by

means of a pliurality of conductors represented &

in Figs. 2 and 3 as conductor 3i1. in the specific
embodiment herein disclosed, the lines have been
desigriated by a three-digit number and a code
ringing digit, although it will be understood that
it is contemplated that designations comprising
a greater number of digits may be employed in
certain applications of -the invention.  There-
fore, in the disclosed embodiment, a terminating

main anode, ‘a-terminating control anode and:

a terminating control cathode are provided in
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each line tube. In the exemplary arrangement,
the terminating control anodes of all of the line
tubes having the same hundreds digit in their
designations are multipled to or in the number
group circuit, the terminating control eathodes
of all of the line tubes having the same tens digit
in their designations are multipled to or in the
number group ecircuit, and the terminating main
anodes of all of the line tubes having the same
units digit in their designations are similarly
multipled. "The register transmits the called
party’s line designation to the number group
by applying suitable potentials to the proper
hundreds, tens, and units conductors extending
frem the register to the number group. The
number group then extends these potentials to
the correspending hundreds, tens, and units con-
ductors extending to the line tube electrodes.
Assuming for explanafory purposes that one
thousand line tubes ars provided, a suitable po-
tential will be applied to the terminating ‘control
anodes of those one hundred line tubes having
the proper hundreds digit in their designations,
a suitable potential will be applied to the termi-
nating control cathodes of those one hundred
line tubes having the vproper tens digit in their
designations, and a suitable potential will be
applied to the terminating main anodes of those
one hundred line tubes having the proper units
digit- in their designations. It will be apparent
that in only one of the one thousand line tubes
will a suitable potential be applied to each of
these three terminating electrodes whereby the
desired one of the one thousand line tubes will
be selected. In the assumed case, for example,

“only line tube 28] associated with sukscriber’s

50

station 212 will have suitable potentials applied
to all of its terminating electrodes.

If no line tube is present, no discharge will
occur, and -control means in the register will
respond ‘to- this condition to indicate s vacant
line. " If the called line is busy, the line tube is
in a condition whereby full discharge across the
main gap thereof cannot occur at this time, and
control means in the register will respond to
this condition to cause busy tone to be returned
to the calling subscriber and $o ¢ause the register
to 'be dismissed. If the called line is idle, full
conduction will occur in the called subscriber’s
line tube and control means in the register will
respond ‘to this condition to indicate that the
establishment of the connection may proceed.
It will therefore be seen that the register and
number group cooperate to test the condition
of the called line before any metallic connection
is established between the called  line and the
junctor. : :
©If the line is found to be idle, the register

signals the common release ecireuit which causes

a modification of the condition of the called
party’s line tube whereby the line tube and asso-
ciated circuits are placed in a condition similar
to that which exists when a call is originated
from this line. The register at this time also
completes a circuit through the register-con-~
nector, through the selected Jjunctor, here as-
sumed to be junctor (A, and to the tertiary
switch select magnets associated with those ter-
tiary switch horizontal levels which are associ-
ated with the selected junctor, i. e., in the as-
sumed case, the tertiary switch select magnet
associated with the upper horizontal level of
contacts in tertiary switches 301 and 303 will
e operated.

When any of the tertiary switch seleet mag-
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nets are operated, an associated tertiary start
relay is operated, as, under the assumed econdi-
tions, relays 312 and 313. These relays, in op-
erating, connect a positive potential frem. the
common release ecircuit via conductor 2696,
through back contacts of all of the idle hold
maghets in the associated tertiary switches: and
to a. control electrode of the terminating: sec-
ondary switch select tubes associated with. these
terminating secondary switch horizontal levels
which are associated with the vertical rows of
contacts. in the utilized tertiary switehes. Thus,
the positive potential on conductor 266 will be
conducted through a front contact of relay 312
and, assuming all hold magnets. associated with
tertiary switch 3061 are idle, through back con-
tacts of all of those hold magnets to a control
electrode in. a plurality of terminating secondary
select tubes in terminating secondary switches
228 and 229. Similarly, the positive petential
on. conductor 266. will be conducted through a
front contact of relay 343 and through back
contacts of all the idle hold. magnets in tertiary
switch 383 to a control electrode in a plurality
of terminating secondary select tubes in termi-
nating secondary switches 230 and. 231.

The tertiary start relays, in operating, also
connect a positive potential from the common
release circuit via conductor 2617, through a back
contact of each of the idle hold magnets in those
tertiary switches, through a back contact of each
of the idle originating secondary switch hold mag-
nets (which, for this purpose, are the equivalents
of the terminating secondary hold magnets since
each terminating seeondary hold magnet operates
simultaneously with its: corresponding originating
secondary hold magnet) and to a control elec-
trode in each of the primary seleet tubes associ-
ated with those primary switch horizental levels
which are associated with idle secondary switch
vertical rows. Thus, as an example, the positive
potential on conductor 261 is conducted through
a front contact of relay 313, through a back con-
tact of each idle hold magnet. in. tertiary switch
303, via conductors 3{4 and 315, through a back
contact of each idle secondary switch: hold mag-
net in secondary switches 229—233 in line-link
frame No. 0 and 231—235 in line-link frame No.
1, and to a control electrode in each of the pri-
mary select tubes 237 and 252 and 254 and 256
which are associated with. primary switch hori-
zontal levels which are associated with idle see-
ondary switch vertical rows. If may be noted
that this marking of idle paths is similar to the
marking of idle paths on the originating phase of
the call and certain of the same paths are em-~
ployed. It will therefore be seen that by the ap-
plication of suitable positive potentials to a con-
trol electrode of each of the primary select tubes
associated with an idle path, and to a control elec-
trode of each of the terminating secondary select
tubes associated with an idle path through the off-
normal or back contacts of the idle tertiary and
secondary hold maghets, 2ll available primary-
secondary-tertiary paths are marked.

Since the called subscriber’s line tube has been
fired, frame lock-out occurs as on an originating
call, the common release circuit connects a
source of positive potential to conductor 249, and

one of the primary select tubes 255 to 256 fires 7

in lock-out. ILet it be asswmed that tube 256
first fires, operating the associated primary select
magnet. Similar to the originating phase of the
call, the concurrence of the operation of the pri-
mary select magnets, the application of a suitable

fal
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positive potential to. conductor 251 by the: com-
mon release circuit, and the application of a. suit=
able potential to a.control electrode of the several
terminating secondary select. tubes through: the
back contacts of the idle tertiary switch hold. mag-
nets. causes one of the select tubes in. terminating
secondary switch 231 to fire. Let it be assumed
that tube 268 first fires, operating its associated
terminating secondary select magnet.

The primary switch select magnets, in operat-
ing, also. cause the subscriber’s line tube. 281 to
be placed in a condition whereby the associated
primary switch hold magnet is operated to close
the selected primary switch cross-point. At the
closure of this. cross-point, a suitable potential is
extended therethrough via the sleeve lead to. op=
erate the associated secondary switch hold mag-
nets. The secondary switch hold magnets, in op-
erating, close the selected secondary switch: eross-
peints, thereby extending the potential om the
sleeve lead or conductor through te operate: the
associated tertiary switch hold magnet to close
the associated tertiary switch cross-point.

It may be seen that, as an exemplary path; a
metallic econnection now exists from. the called
subseriber 212, through. the operated primary
switch eross-point, through the operated ter-
minating secondary switch cross-point, through
the operated tertiary switch cross-point, and to
the selected junctor (A.

Upon the firing of one of the primary seleet
tubes 255 to 256, a signal is transmitted to the
cornmon release circuit which applies a suitable
potential via conductor 269 to the several ring-
ing-connector select. tubes 320 to 321, and also
applies a suitable potential via. conductor 210
through each of the idle ringing circuits and to.g
control electrode in each of the ringing-connector
select tubes. One of these tubes will fire in lock~
out, assume tube 321, operating its assoeciated
select magnet, thereby selecting an idle ringing
circuit to be employed in this eall, here ringing
cireuit No. 1. The ringing-connector select mag-
net, in operating, signals the number group cir-
cuit- which establishes a connection from. the
utilized register No. 2 to the selected ringing eir-
cuit No. 1 by means of which the ringing data are
transmitted to the ringing circuit. Depending
upon. the present condition of the ringing transfer
cireuit, either ringing-interrupter circuit No. 1
or ringing-interrupter circuit No. 2 will then be
set into operation, and the ringing-connector hold
magnet associated with the utilized junctor (A
will be operated. The closure of the ringing-con-
nector cross-point associates the calling and
called subscribers’ lines with the ringing circuit
so that by the conjoint action of the ringing-in-
terrupter eircuit and the ringing circuit the called
subscriber may be signaled and the calling sub-
seriber informed of the fact: that the signal is
being transmitted.

The operation of the ringing-connector hold
magnet is indicative that ringing may proceed
and that the functions of the register are com-
plete, and the register and register-connector are
released. The register, in releasing, releases the
cperated tertiary switch select magnets which, in
turn, release the tertiary switeh start relays 312
and 313. The register, in releasing, also signals
the common release circuit which removes the
previously applied potentials to extinguish all
fired select tubes thereby releasing all cperated
select magnets, releases the number group ecir-
cuit, extinguishes the called subscriber’s line tube
261, and restores the control circuits to normal
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so that another call may be originated or ter-
minated while ringing proceeds.

When the. called subscriber answers, ringing is
tripped, the ringing connector, ringing circuit and
ringing-interrupter ecircuit are restored.to nor-
mal, and a talking connection is established be-
tween the calling and called subscribers through
the selected junctor. Upon the termination of
the call, the circuits are restored. to their nor-
mal, idle condition so that they may be used on
subsequent calls.

Since each of the lines may be a multiparty
line if desireq, i. e., since each lina may have
a plurality of subscribers’ stations associated
therewith as, for example, stations: 283A to
203B, z line that tests busy -during ‘the termi-
nating phase of a call may be busy as.a resuls
of this call originating from this same line, that
is, a revertive call. If the designation of the
called party as received by the register is such
that the possibility of a revertive call exists, the
register, upon. receiving a busy indication in re-
sponse to the busy-idle-vacant test, will auto-
matically perform a revertive test. Since the
busy indication is transmitted to the register by
wvirtue of the fact that full conduction has not
occurred- across the main terminating gap in
the called subscriber’s Iine tube, the exemplary
test comprises the transmitting of a pulse of
suitable polarity from the register, through the
number group, and to the called subscriber’s line
tube. Momentary main-gap. conduction will
occur in that tube as a resul$ of the receipt of
this pulse. This momentary conduction will
cause an indication to be transmitted o the
junctor with which. the tested line tube is 550~
ciated. - If this indication is not received in the
-junctor with which the present calling party and
present register are associated, the. called line
is busy on another call and busy tone is trans-
mitted o' the .calling party. If this indication
is received in the junctor with which the present
calling party and present register are associ-
ated, the eall is revertive.  In this event, there
is' no necessity of estaklishing an additional
metallic path since both the calling and called
parties are associated with the same line. There-
fore, a ringing circuit and ringing~interrupter
circuit are seized, signaling proceeds, and the

common control equipment is restored to normal,

only the single metallic path from the common
calling-called subscribers’ line to. the utilized
junetor remaining intact after ringing has been
tripped.

Upon receiving a complaint from a subscriber
that-a line. has tested busy an undue length of
time; an operator may initiate a busy. verification
test by means of .which she may mounitor the
called "line to ascertain if that lne is busy in
ancther conversation. In order to do"this, the
operator - establishes -a  connection .from her
switchboard in the inaster office (Fig.'2) , thiough
a trunk circuit, assumed to be trunk circuit
No. 0, and to'a jusictor and register in the normal
fashion. “The operator then dials the called
party’s number prefixed by a busy-verification
digit. The receipt of the busy-verification digit
by -the register conditions the register for the
performance of the busy-verification test. The
busy-idle-vacant test is performed in the normal
fashion. - If the line tesis idle o vagant, the op-
erator so informs the complaining . subseriber.
If the line tests busy; the register seizes the busy-
verification circuit- (represented in Fig.'3) and
associates that circuit with the operatoi’s {runk,
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in this case trunk No. 0 via conductor 322. The
busy-verification circuit then transmits a pulse
of suitable polarity through the register and
number group to the called subscriber’s line
tube. . As in the case of a revertive test, the. re-
ceipt of this pulse results in momentary main-
gap conduction in this line tube which causes an
indication to be transmitted. to the junctor with
which' that line tube is presently associated,
assume junctor 2B. Each.of the junctors is.as-
sociated with the busy-verification circuit, and
that junctor which receives the indication from
the calied subscriber’s line tube will transmit an
identifying . indication to the busy-verification
cireuit. Thus, in the assumed case, junctor 2B
will ‘transmit ‘an indication via conductor 323
to “the busy-verification. circuit. The busy-
verification circuit then performs a hunting func-
tion to locate the indication from the junctors,
thereby identifying which junctor is being em-
ployed in the existing conversation in which-the
presently called subscriber is: one of the parties.
Upon locating theisought junctor, the busy-veri-
fication cireuit associates the operator’s trunk
as extended via conductor 322 ‘with the located
junctor, thereby establishing a monitoring con=
nection whereby the operator may audit the
existing conversation .and report to ‘the -com-

- blaining subscriber that the parfy he desires to

cell is presently engaged.in conversation and
that the equipment has not malfunctioned,

When the operator’s trunk is associated with
the busy-verification circuit, the funections of the
control equipment utilized ‘in establishing this
connection are completed and the register: and
register-connector are released, the common re-
lease circuit is signaled to restore the number
group cireuit and the lire circuits to normal, and
the junctor employed by the operator in estab-
lishing a connection to the busy-verification cir-
cuit is released. - When that- junctor releases,
the primary and secondary switches which estab-
lished the metallic connection from the operator
to that junctor are also released so that this
equipment as well as the common control equip-
ment may be utilized on further calls;

A plurality of lines may be employed as lines
to private branch exchange switchboards if de-
sired.  Thus, as is shown in Pig. 2, the lines asso-
ciated 'with line tubes 240 and 24! are shown
associated "with' a - private branch exchange
switchboard, although it is to be understood that
additional lines may be associated with each of
the private branch exchange switchboards and
that these lines may be distributed among the
primary switches.. The designation of one of the
iines, such as the line associated with the line
tube 240, may be selected as the private branch
exchange number, -and the terminating  control
electrodes of ‘the line tibe associated with that
linie-are not connected t0-the number group in
the normal fashion, bus, rather, a master private
branch exchange tube is provided in the number
group circuit which is tested for an idle or vacant
condition of - the associated private branch -ex-
change trunks as a group. If all of the trunks
in & private branch exchange group are busy, a
circuit is'completed through 4 contact of an oper-
ated reiwy in each of the line eireuits associated
with private branch exchange trunks so that the
master private branch exchange tube tests busy
and the circuits respond to this condition as on
a regular eall. "If one or more of the trunks
are idle, this cireuit is not completed and the
master. private ‘branch ‘exchange “tube will*test
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idle. A petential is then transmitted from the
number -group to the several line circuits asso-
ciated with the private branch exchange trunks
in series. If the first trunk is idle, this poten-
tial will be applied to the associated line tube,
as, for example, line tube 240, and a connection
will be established to the private branch exchange
switchboard via this trunk. If the first trunk is
busy, this potential will be extended through a
contact of an operated relay therein and to the
second trunk in this private branch exchange
group. I that trunk is also busy, the potential
will be successively extended through the series
of private branch exchange trunk line circuils
until an idle trunk is located. Thus, if any one
or more of the trunks to the private branch ex-
change switchboard is idle, the trunks may be
successively hunted until an idle trunk is lo-
cated whereby a connection will then be estab-
lished from the calling party to the private
branch exchange switchboard,

- A plurality of line circuits may also be indi-
vidually associated with a plurality of trunk cir-
cuits. providing access to a master office or fo
other offices which it is found desirable to have
associated with this office by direct trunking
means. These trunk circuits are preferably ar-
ranged in groups in accordance with the desti-
nation of the trunks leading therefrom. Thus, a
group of trunk circuits such as trunk circuits No.
0 to No. 5 (Fig. 2) may be provided, the trunks
therefrom having the common destination of a
master office which may be signaled if a sub-
scriber desires an operator’s assistance. Each

trunk group may comprise a plurality of trunk :

circyits, and the line circuits at which these
trunk circuits appear may be located in any
primary switch in any line-link frame. It is to
be understood that a plurality of such trunk
groups may be provided.

In the exemplary embodiment, individual trunk
control means are provided in each trunk com-
prising a multielement gaseous discharge tube,
and individual trunk group control means are

provided for each trunk group in the number g4

group circuit comprising a pair of multielement
gaseous discharge tubes. On an outgoing call
from this office via. one of the trunks in a trunk
group, the busy-idle-vacant test is performed, on
the trunk group control means in the number
group circuit. If none of the trunk circuits in
the trunk group is idle, the trunk group control
means is thereby conditioned to test busy and
if one or more of the trunk circuits in the trunk
group are idie the trunk group control means is
conditioned to transmit an idle indication to the
register. ) :

- If the trunk group tests idle, the several trunk
cicuits in the trunk greup are hunted to locate
an idle trunk. In order to distribute the trafiic
load on the equipment, means are provided to
establish -variable degrees of relative preference
for each of the trunk circuits and to vary this
preference on successive calls. In the exemplary
embodiment of the invention, the individual
trunk circuit control means comprise individual
electron discharge tubes which are effectively bi-
lateral, and time delay networks associated with
each side of each of these tubes. The application
of suitable potentials to these individual trunk
circuit control means through the individual time
delay networks is controlled by the trunk group
control means in the number group circuit. As
previously indicated, this trunk group control

means may comprise & pair of electron discharge '
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tubes, one of which is operative to control the
application of potentials to one side of each of
the idle trunk circuit contrel tubes, and the
other of which is operative to control the appli-
cation of potentials to the other side of each
of the idle trunk circuit contrel tubes. The trunk
group control tubes may be alternately disabled
on suecessive calls under the control of the com-
mon release circuit. 'Therefore, on a first call,
one of the trunk group control tubes will con-
trol the application of poientials to one side of
each of the idle trunk circuit control tubes
through the individual time delay networks as-
sociated therewith, and the time constants of
those networks may be adjusted to establish a
desired sequence of preferences among the sev-
eral trunk circuits within the trunk group. On
the next succeeding call or during a subsequent
period of time, the other of the trunk group
control tubes will control the application of po-
tentials to the other side of each of the idle trunk
circuit control tubes through the individual time
delay networks associated therewith, and the
time constants of those networks may be ad-
justed to establish a different sequence of pref-
erences among the several trunk circuits within
the trunk group. The particular sequences of
preferences employed may vary in each instal-
lation. The system is flexible in this manner
and may readily be varied to meet different re-
quirements and differing traffic conditions.

When any one of the trunk circuit contro] tubes
is discharged, that trunk circuit is selected and
the remaining trunk ecircuits within the trunk
group are locked out.

Means may also be provided to intercept calls
when a subscriber’s designation is changed. In
the exemplary embodiment of the invention, this
means comprises a series of intercept tubes in
the number group circuit. When it is desired
to place a certain designation on intercept, one
of these intercept tubes, or a section of one of
these tubes, is cross-connected in the number
group circuit just as if it were a subscriber’s line
tube having that designation. Therefore, when
that intercepted designation is dialed, the busy-
idle-vacant test is performed on the intercept
tube. Each intercept tube is operative to per-
form the same functions as did one of the trunk
group control tubes as above described except
that the intercept tubes are not subject to dis-
ablement by the common release circuit. There-
fore, when one of the intercept tubes is fired, if
any one of the trunk circuits within the trunk
group associated with the master office is idle,
trunk hunting will proceed and a connection will
be established from the calling party to an op-
erator whereby that subscriber may be informed
of the changed designation of the station he
desires to call.

To provide for the exigency of a malfunction-
ing of one of the essential circuits, and to pro-
vide for a distribution of the load through a
common control circuit in order to avoid ex-
cessive use of a portion of the circuits in the
system whereby they may or will have an ex-
pected service life substantially shorter than
other circuits of the system, more than one of
each common control circuit may be provided.
For example, the common release circuit is uti-
lized on both the originating and terminating
phases of each call, and would disable the en-
tire office if it became inoperative. Therefore,
two or more substantially identical common re-
lease circuits may be provided with means op-
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erative: automatically: to.transfer between these
circuits-on a time basis. - During a-certain period
of time, one of.these.commonrelease circuits
is rendered- operative-to function .in the- origina~
tion and -termination of all. calls. placed during
that interval. At the end. of a suitable Anferval,
if the common release circuits.are idle, the trans-
fer means functions automatically to render the
other common release:circuit.operative. . If. the
common. release. circuit. is- functioning. on . an
originating or: terminating phase of a call at
the end.of this interval, the.transfer. cireyit is
operative at.-the completion of. that phase to
perform the transfer, i.-e., during.the progessing
of a-call the common release cireuits are locked
in their operative-condition whezeby. transter
cannot. occur. until: the-circuits-become. idle. In
the event that the operative common release cir-
cuit malfunetions, . a- time-out will. oceur,. ang
the transfer . circuit. immediately. functions. to
transfer the control-to.the. other. common . re-
leage circuit. 'The transfer circuit.is then.locked
in this condition so.that. no subsequent retrans-
fer to the malfunctioning circuit will occur. until
the inoperativeness. is. rectified.

As above described, provision is made.whereby
in an originating phase. of a call the subgroups
of junectors are given an otder of preference rela-
tive one to the other in actordance. with the
number of idle junectors.in each of thé junctor
subgroups. - Provision . is.- also. made to establish
an additional sequentially. changing preference
among’ the junctor subgroups by means of a
junctor subgroup. preference cireuit in the eom-
mon release circuit.” This. preference cireuit is
arranged, in the’illustrative embodiment, to' es-
tablish a. preference in favor of one of the sub-
groups of junctors on one call, and to establish
a preference in favor of the other junctoer sub-
group on’ the next originating csll. " However,
when a’ cerfain’ number: of ‘the junctors become
busy, it may be desirable to caneel this auto-
matic preference feature, and therefore means
are provided in the common release. circuit re-
sponsive to" a. preselected number of junctors

becoming busy' automatically to disable this al-

ternating junctor subgroup, preference.

A more complete understanding of the above-
mentioned and other features of the invention
may be obtained from the following specific de-

scription of the functioning of an illustrative em-

bodiment of the invention.
- DETAILED: DESCRIPTION

Throughout- the remainder of .this. specifica-
tion, the circuit elements. will be . identified by
functional designations. followed by.a number
in parentheses representing. the figure. of. the
drawing upon which that ‘element. appears. For

example, the class-of-service. connector relay in.
Fig. 4 of the drawing will hereinafter be désig-

nated “relay CSC(4).”

The electron discharge devices. utilized. in. the
disclosed preferred. embodiment of the inven-
tion are eight-element. cold-cathode. gas-filled
tubes preferably. of the type more-fully disclosed
in Patent 2,549,064, granted April: 17, 1951, to
W. A. Depp. As.shown,-for example, in- Rig. 9

herein, subscriber’s. line.tube. 1.2(9) . comprises -

an originating-discharge. -control : gap . between
control anode 801-.and. .control -cathode 962, a
terminating-discharge -control gap between con-
trol anode 903 and control cathode 904, a. main

cathode 905, and three main anodes 806, 907, and
998. - In such-subscriber’s line tubes, main anode
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906 -is. employed. when the: subscriber originates
a call, main anode: 907 is. employed to indicate
or--control- the ‘‘class-of-service” ‘to. which the
subscriber is entitled, and main anode 808 is.em-~
ployed when a call terminates at the subscriber’s
line associated :with that tube, i; e, when that
subscriber is the called party. A. modified ar-
rangement is used-in the. case of private-branch-
exchange line tubes. as will be discussed in de-
tail hereinafter.

In:general, the application of a: suitable po-
tential difference across the electrodes 904 and
982 will cause a- discharge to occur - across- ‘the
control gap therebetween. With g suitable volt-
age-applied to the:main: anode §06; the' control-
gap. discharge -will: be transferred so as to exist
between' the control cathode: 902 and the main
anode 808. If the main cathode 905:is at a volt-
age sufficiently negative in respect to the control
cathode 902, the discharge will then transfer -to
the ‘main gap s0.as to. exist between the main
anode’ 906:.and the:main cathode 965, . This se~
quence will hereinafter: be referred to as a-con-
trol-gap discharge followed by first and: second
transfers.  A.similar chain of transfers may-occur
upon-the application of suitable voltages to elec-
trodes 903, 904, 905, and 908,

In the' automatic - telephone switching ‘system
disclosed herein; crosshar switches are employed
as.the primary, secondary and tertiary switches,
and as the register and ringing ‘connectors. In
general, these switches comprise a plurality: of
groups  of contacts: which are: selectively: oper-
able by ‘the. conjoint but successive opergtion of
a selected horizontal: or select magnet and of:a
selected vertical or hold ‘magnet. The switches
are arranged -so that the operated contacts ot
the selected cross-point may-be maintained -op-
erated: under.the sole control of the hold magnet,
thereby permitting the -select magnet to be re-
leased” without- disturbing' the established con-
nection. through ‘the closed contacts. - For ex-
ample, operation. of -select magnet SELS(8) fol-
lowed by the operation of hold magnet
HOLDA(8) will result in' the closure' of cross-
boints: 801 on’ the  crossbar switch represented
i Fig. 8. - Select magnet SELS(8) may then-be
released and cross-point 804" will remain oper-
ated until -hold magnet HOLDA(S) .is released.
The crossbhar switch: as disclosed - in-Fig.' 8; for
example, is provided- with' cross-points -804, 802,
803, and 804. Persons skilled in the art will-read-
ily-recognize that numerous other horizontal and
vertical rows of cross-points may beprovided.
In ‘the usual case, there will be ten horizontal
rows. and ten to twenty vertical rows. * For-fur-
ther details -of  the  construction of crossbhar
switches: of a suitable type, reference is made to
United States Patent 2,021,329, granted to J. N.
Reynolds on-November 19; 1935, the’ disclosure of
whieh patent-is hereby made a part of the present
application as'if fully included herein.

Subscriber initiates a call

With. power. applied.to the system. as shown, :
the cireuits will be in'their normai condition with
relays C(12) and. Ci(i2) operated. in parallel
from- battery 1481; resistor 1402, conductor 1403,
through the winding of relay. C#(i2). to conduc-
tor 1204 and through' the winding of relay. C(12)
to conductor {204, back contact of relay T(43),
and to ground.

Assme now, for purposes of illystration, that
the subscriber at station 341-1, shown in Fig. 9,
desires.to communicate with the subscriber’s sta-

-tion. 236-2, shown.in Fig. 11, The subscriber
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at station 347-1 will initiate the call in the cus-
tomary fashion by removing the receiver or hand-
set from its cradle to close the line loop through
the switchhook contacts. Thus a path is closed
from ground, middle left-hand back contact of
hold magnet HOLDB(9), conductor 938, through
the subscriber’s line and switchhook contacts,
conductor 939, outer left-hand back contact of
hold magnet HOLDB(9), winding of the sub-
seriber’s line relay L2(9), and to battery. Op-
eration of line relay L2(9) connects a suitable
voltage, herein disclosed as positive 100 volts, to
control anode 901 of the subscriber’s line tube
12(9) over a path from the positive 100-volt
battery shown at the left of Fig. 12, resistor 1207,
middle upper back contact of relay RLS(i2),
conductor 1208, back contact of relay OT(i2),
conductor 1208, No. 3 contact of operated relay
Ci(12), conductor i2{0, resistor {211, conductor

1212 which is cabled through Figs. 10 and 5 to ¢

Fig. 4, back contact of relay GP(4), conductor
401 through Figs. 8 and 9, right-hand front con-
tact of relay L2(8), outer left-hand back con-
tact of relay 1.02(9), resistor 889, conductor 9i0
to control anode 80{ of line tube L2(8). Con-
trol cathode 962 of line tube L2(9) is connected
to ground through conductor i1 and retarda-
tion coil 912, and a discharge will therefore be
initiated across this control gap of the line tube
1.2(9). Main anode battery is supplied to the
main anode 986 of line tube L2(9) from the posi-
tive 135-volt battery at the left of Fig. 12, inner
upper back contact of relay RLS(12), conductor
‘1218, back contact of relay MA(i2), conductor
1214, No. 4 contact of relay C(i2), conductor
1215 through Figs. 10 and 5 to Fig. 4, through
the back contacts and upper winding of relay
1.S(4), conductor 404 through Fig. 8 to main
anode 908 of line tube L2(8). The character-
istics of the tubes are such that upon the appli-
cation of these potential differences, a first trans-
fer will oceur so that conduction exists through
the tube between the confrol cathode 6§82 and
the main anode 906. It will be noted that all line
tubes in the same horizontal group are supplied
main anode battery from a common source
through the common impedance, in the case of

the horizontal group shown in part in Figs. 8 and-

9, comprising the winding of relay LS(4). It will
be further noted that all line tubes in the same
horizontal group have their left-hand control
cathodes connected to ground through a common
impedance, comprising, in the upper horizontal
group, retardation coil 912. As g result, a first
transfer in one of the line tubes will raise the
potential applied to the control cathodes of all
of the other line tubes in the same horizontal
group to such a point that any control-gap dis-
charges that may have occurred will be extin-
guished and no further discharges or transfers
may occur as long as that one tube is conducting.

Therefore, all the line tubes in the same hori-
zontal group are in lockout, and if two or more
line relays in the same horizontal group oper-
ate simultaneously, only one line tube will make
the first transfer to the main anode. Thus, all
future calls originating in that horizontal group
are locked out as long as any one line tube
remains conducting.

Since the main cathode 995 of line tube L2(9)
is connected through resistor 913 to negative
battery 914, it has a voltage impressed upon it
‘which is sufficiently negative in respect to the
voltage at control cathode 802 to result in a
second transfer immediately occurring whereby
conduction will now exist between the main
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anode 806 and the main cathode 905. This cur-
rent is sufficient to operate relay LS(4) which is
fast operating and opens its back confacts to
interrupt the previously traced path for- pro-
viding anode voltage and energizing this relay,
and immediately reestablishes this path through
resistor 402, high resistance 403 to the winding of
relay IS(4). The placing of these resistors in
the anode circuit of tube L2(9) reduces the cur-
rent through that tube so that the potential
difference between the main cathode 885 and
negative battery 915 is insufficient to cause the
operation of hold magnet HOLDB(§) over a
path from negative battery 915, winding of hold
magnet HOLDB(8), conductor 918, inner left-
hand back contact of relay LO2(9), and conductor
917 to the main cathode 905.  The additional im-
pedance in the main anode ecircuit prolongs the
life of the conducting line tube and also pro-
vides an additional common impedance to
further reduce the potential applied to the left-
hand main anodes of the other line tubes in the
same horizontal group to further insure lock-out
if an attempt is made to establish conduction in
another subscriber’s line tube in the same hori-
zontal group.

Relay LS(4), in operating, locks operated over
the previously traced path from the 135-volt bat-
tery in Fig. 12, through the front contact of relay
1.S(4), lower winding of relay LS(4), conductor
408, winding of relay PHS(&), resistor 488, to
ground. Relay PHS(4) is thereby operated. Op-
eration of relay L.S(4) also connects positive 135-
volt battery through its right-hand front con-
tact, resistor 410, conductor 427 and through 2
delay network to the control anode of tube T0(14)
to start a time-out circuit as will be described
hereinafter.

The operation of the primary horizontal start
relay PHS(4) closes a circuit from the positive
100-volt battery at the left of Fig. 12, resistor
{287, middle upper back contact of relay RLS(12),
conductor 1208, No. 4 contact of relay Ci{i2),
conductor 1219, resistor {220, conductor (221§
which is cabled through Fig. 10 to Fig. 4, résistor
411, outer upper front contact of relay PES(4),
conductor 412 through Figs. 4, 5, and 16, to the
control anode of the frame lock-out tube FRI(12)
which is associated with the frame in which the
calling subseriber’s line appears. It is to be
noted that conductor 412 also extends to the
control anode of tube FRO(14) whereby the frame
lock-out function may be performed by that por-
tion of the common release and time-out circuit
shown in Fig. 14 in the event that that cireuit is
in service, rather than the circuit of Fig. 12,
under the control of the transfer relay T(13)
as will be described hereinafter. The control
cathode of tube FRO(12) is connected to ground
through retardation coil (22i and the No. 10
contact of relay Ci(12), and the main anode of
tube FPRO(12) is connected to the positive 135-
volt supply through conductor 1222, No. 11 contact
of relay C1(12), conductor 1223, winding of relay
0OS(12), conductor $2i3, inner upper back contact
of relay RLS(i2), and to battery. Therefore, a
discharge will occur across the control gap of .
tube FRO(12) which will transfer so as to oceur
between the control cathode and the main anode
of that tube.  Tube FR(12) is connected in lock-
out with all other frame lock-out tubes asso-
ciated with other line-link frames, such as the
exemplary tube FR2(12) which is associated with
the No. 2 line-link frame represented in Fig, 19.

‘Tt is to be understood- that there-is-to be one
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frame lock-out tube in each of the circuits rep- -

resented in Fig. 12 and in Fig. 14 for each line-
link frame, and it is to be understood further
that the showing of Fig. 19 represents bub one
of a plurality of additional line-link frames which
may bhe provided. The lock-out between the sov-
eral frame lock-out tubes such as tubes FR3(i3)
and FR2(12) is accomplished by employing there-
with a common main-anode impedance compris-
ing the winding of relay OS(12), and a common
control-cathode impedance comprising retarda-
tion coil {221. 'The occurrence of the first trans-
fer in one of the frame lock-out tubes will there-
fore raise the potential applied to the conirol
cathedes of all associated frame lock-out tubes
50 that a first transfer cannot oceur in those other
tubes. The parameters may be arranged such
that this rise of control cathode potential is
also sufficient to extinguish the control-gap dis-
charges which may have occurred in any of the

other frame lock-out tubes as the result of the '

initiation of a call in any other line-link frame.
Thus, if two or more line-link frames originate
calls simuitaneously, one of the frame lock-out
tubes will have conduction therein transferred
to the main anode thereof, and all other frame
lock-out tubes will be prevented from transfer-
ring.

Since the main cathode of tube FRO((2) is
connected to negative battery over a circuit in-
cluding conductor {225, No. 1 contact of relay
C(i2), conductor {226, and winding of relay
FR(5), a second transfer will immediately occur
in tube FR3(12) whereby conduction will now

exist therein between the main anode and the @

meain cathode and sufficient current will flow to
.cause the operation of relays 0S(I2) and FR(5).

Marking idle paths

Relay OS(12), in operating, closes a cireuit
from positive 100-volt battery at the left of
Fig. 12, resistor {207, middle upper back con-
tact of relay RLS(12), conductor 1208, outer
upper back contact of relay OT(12), conductor

1209, front contact of relay OS(12), conductor

1228, No. 5 contact of relay CI1(12), to conductor
1228 which extends through Figs. 12, 13, 19, and
30 to Figs. 29 and 28. This positive potential
is then conducted over parallel paths to a plu-

rality of junctors as shown in Figs. 28 and 29. -

Two subgroups of junctors have been disclosed,
each of those subgroups comprising a junetor
subgroup circuit with each of which a plurality
of junetors may be associated. For purposes of
clarity, but two junctors have been shown in
each subgroup, although it is to be understood
that additional junctors may be provided in
each junctor subgroup. Junctor subgroup cir-
cuit No. 1(29) hag associated therewith junctor
1A shown in detail in Fig. 28 and junctor IB
represented in Fig. 29, and may have additional
junctors provided as required. Junctor sub-
group circuit No. 2(29) has associated there-
with junctor 2A(28) and junctor 2B(29) in ad-
dition to other junctors not shown on the draw-
ings. As will be hereinafter described, when
a junctor is busy, relay ON therein will be oper-
ated. Thus if junctor I1B(29) is in service, re-
lay ONiB(29) will be operated. Therefore, the
positive potential on conductor (229 will be con-
ducted through the several resistors 2801, 2901,
281, 2821, and others not shown, and through
the back contacts of all those relays ON in all
of the. junctor circuits which are. not busy.
Thus, if junctor 1A(28) is idle, the positive volt-
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age on conductor 1229 will be conducted through
resistor 280(, No. 5 contaet of relay ONIA(28),
conductor 2892, back contact of the make-busy
switch MBIA(28), resistor 2803, conductor 2864,
and to ground in the junctor subgroup circuit
No. 1(29) through the network comprising re-
sistors 2905 and 2906 and capacitors 2887 and
2908. - Similarly, if junctor 1B(29) is idle, the
botential will - be conducted through resistor
2981, back contact of relay ONI[B(29), conductor
2882, back contact of switch MBIB(24), resistor
2983, conductor 2804, and to ground through
the same network in junctor subgroup circuit
No. 1(29). In a like fashion, the potential on
conductor 1229 will be conducted through the
resistors and back contacts of the ON relays in
all of the idle junctors in the second junctor
subgroup to ground through network 2924 in
junctor subgroup ecircuit No. 2(29). Capacitors
2887 and 2908 in. junctor subgroup circuit No.
1(29) will therefore commence to charge if any
junetor in that subgroup is idle; and since re-
sistors 290§ and 2903 in junctor IB(29) are in
barallel with the corresponding resistors in ali
other junctors in that subgroup, it may be seen
that the time of charging of the capacitors 29§17
and 2898 will vary inversely with the number of
Junctors in that subgroup which are idle.. Simi-
larly, the time required to charge the capacitors
in network 2924 in junctor subgroup circuit
No.-2(29) to a given potential will increase with
an increased number of busy junctors in that
subgroup. As will be seen immediately herein-
after, these junctor and junctor subgroup cir-
cuits provide trafiic equalization whereby a call
is preferably routed through those groups of
links that at the time have the least traffic there-
through.

As the capacitors in the junctor subgroup
circuits charge, the rising potential is trans-
mitted  through elements of the originating
secondary switches of Fig. 18 to the control
anodes of the several primary select tubes PS0
to PS9 of which tubes PS0 and PSS have been
represented in Figs. 4 and 5, and through ele-
ments of the corresponding originating-second-
ary switches of other line-link frames to the
control anodes of the primary-select tubes asso-
ciated therewith, -as, for example, in line-link
frame 2 shown in Fig, 19.

The rising potential on capacitors 2997 and
2968 in junctor subgroup circuit 1(29) is applied
through-the back contact of switch LFtA(29),
conductor 2808, through the back contacts of
all the unoperated hold magnets in the upper
originating-secondary switch in Fig. 18, as, for
example;, through the back contacts of hold
magnets HOLDA(i8) and HOLDB(18) to con-~
ductors 1882 and {801, respectively, over which
the rising potential is conducted through Figs.
18, 11, and 10, and through Pigs. 18, 11, 9, and
8, respectively, to the control anodes of the
associated = primary-select. tubes PS8(5) and
PS9(4)- respectively. The  rising potential on
capacitors 2907 and 2998 is also applied through
the back contact of switch LFIB(29) , conductor
2810 through Fig. 18 to Fig. 19, through the
back contacts of all the unoperated hold mag-
nets . in - the ‘associated originating-secondary
switch in line-link frame 2, to the control anodes
of the associated primary-select tubes in thas
line-link frame. Co )

“The rising potential on the capacitors in net-
work 2924 is conducted through the back con-
tact of switch. LF2A(29), conductor 2925,
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through-the-back-contacts.of :all: theunoperated..
hold:-magnets-in:the-lower-originating:secondary.
switch of- Fig.:18;-as, for.example;: through:the.
back -contagts -of, hold:magnets HOLDG(18)..and..
HOLDD(48),;.to-.conductors:.1804: and . 1803-ovex: ;.
which. the-rising potential ds:conducted through:-
Figs: 18;:11,.and-10-and.through Pigs::18,:9,.and..
8,-respectively, to-the control anodes of primarys-
select tubes.: PS0(5)--and.. PS04, ;respectively.:
The-rising potential:-on.the:capacitors:of. imet=%10
work:2924- in’ junctor :subgroup;.cireuit 2 .is:also:
condueted through .the-backs:.contact -of.-switch:
1.F2B(28); over;conductor 2926:to-similar. appa«-
ratus-in..line-link frame:2.shown:in Fig.; 19:
The: primary-select::tubes -PS0-and PS8-.shown 15
in- each: horizontal group;aze-but .representative..
~ of+a plurality.of. such tubes-associated with- each:.

of-the primary:switches,: and.it is £o-be-undex--
stood: that-the control:anode-potential:f or-those:
tubes not-shownis conducted-through:the-junc=+2p
tor circuits.and junctorsubgroun eircuits;as-here--
inbefore:deseribed;: and -through the:back.con--
tacts of unoperated. hold-magnets in :the origi~-
nating-secondary - switches.-of.-Figi: 185 although.:
for:-purposes: of _clarity these: additional: hold..o5
magnets-have -not. :heen- -shown:on-the:drawing:.

The-cperation -of :relay -FRLB); upon thesren--
dering; of tube-RRE(I2) ;conductive, -completes.a »
cirquit::over ;which:.a ~.suitable:positive -potentialk:

1s.applied«to.the right=hand main-anodes:of.the:: 3¢

several:;primary=select: .tubes . shown .in Figs. 42
and-5. ;. This.circuitimay be traced-from:the posi- -
tive: 135<volt batteryat-the lsitiof-Fig. 12, nner-
vpper back:contaet-of-relay, RES(I2), conduetor .
£213, No:: 1 cantactofzrelay CLD), cenductor: 35
1230 sthrough.-Fig. ,106-40-the-winding:;of.trelay.:
STC(E) -and:resistor561:.in parallel,; conduetors
502, front contact of relay FR(H), to conductor::
56%-which issconnected to: the.main.-anodes. of
tubes-PSE(4)s: PSEWA) » PB&E):: PS8(5)s;- and..0f. 10
the-other:primary-seleet:tubes: not.shown.x.

Relay PES(4),; in operating, conneets the right~.-
hand controb cathodes-of.all.of-the tubes P8Y.t0..
PS8-in Fig: 4 foground-through its middle dront.:
contach;:oversconductor. 504 and through-resistor:.
565.:and:retardation; coilib08:: Therefore; when::
the:rising potential-applie the.start.;anedes
of.4he several:primarys=select: tubes-PS050-PSI -~
iniFigs-4 hecomessuficiently .greater- than-the-
ground potential of the eontrol cathedes:thereof; g
each: ofthese-tubes:will: underge.a control-gap
digcharge:: Ones: of:these:tubes willi-have-that:
discharge: oceur:firstdin: point: of:time,sboth:he=-
causecerfain of:those fubes:are givensa Mmoimens.~
tary. prefgrencesbythe delay-nefworks. sinzthecg
junctor: subgyoup::circuits. as shereinbefore ~de=-
seribed, 1and -alsobecause -of: minute:variations.

. in the characteristics:ofsthe tubes: Sinece-a suif~-
ablepositive potential:has:been:appited tosthes

right=hand-anodessofi-all of :these:-tubes;-thatigg

tube: which Arst-undergoes:a -discharge-inythe:
controlgap-will immediately ‘transferi:whereby::
the discharge:will-éxist-between;the main:anode.:
and the:controlcathode thereof::  In:so. transs
ferning, this:tube; willslock:out all:of thesremain=
ing:primary-select tubesdnsthat. Jinexlinkidrame.:
associated with.the operated PHSrelay,-i.ce.;-alls
of ther other tubes:PSO-t0:PS%:insFigsd An thes
assumeadarease:i:. This:zlock<outi:oecurs? since.
common control:catinde simpedance::comprisin
resistor:505:4nd retardation:coil:5d5ids provideda
and since a common main-anode impedanceCom -
prisingithe winding ofitelay:STCHEX and:resistor
504::in ;paraliel; iszprovided:i: Letrit be mssumeds
attubesPSS4). . firstitransiers:and ‘therehy:;

85.
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lacks out..the. remaining. primary .select:fubes-in:
theupper horizontal group of thisline-link:-frame.
i..e.; the remaining.tubes in Fig. 4... .

The-main. cathodes:of the several primary-sée-
lect- tubss..are. connected . through,. their . asso- -
ciated. primary-select .magnets and.:through. a
secondary-horizontal-start «relay. to.a source :of.-
negative. battery . common:.to.-all.. the - primary-
select .tubes in the.same.line-link.frame. The.
_main,. cathode-of primary-select.tube PS54): is-
connected through. conductor. 43 to.the wind-.
ings.,of - primary-select . magnets: SELS(8). and :
SHELS(8); the other. terminals of those windings-
being. .connected to.conductor 818 whereby these-
primary-select magnets-are.connected: in. paral-
lel, over conductor 818 to.the winding of:second-.
ary-horizontal-start relay SHSL(18)..and-to coll-..
ductor: 4865, The rain-cathode of. tube . PS8(E)
is connected. through-conductor 507 to the wind~

Jings. of its.assosiated .select magnets: SELI8)-
and. SELAU 1) in. parallel, over.conductor 816 .
which,. ags-just. described, . is -connected through
the . winding . of. relay. SHSL(18) to. conductor
{805, . Primary-selset -tube PSSH(4). has-its-main .

.cathode .conunected . through.its. associated. select
magnets. SELS(8) : and-SEL3(8),.in. parallel,: to
conductor: 841 which is.connected .through- the :
winding of relay SHS2(18) to the aforesaid con-
ductor 1865, and, .similarly; tube -PS3(5). has. its

.main .cathode connected.through its.associated -
select.magnets SELO(18). and:SEL#((1), in paral-
16!, to.conductor 8 Lf which is connected.thiough -
the .winding .of secondary-horizontal-start relay:
SHS2(18).. to.-conductor...1805... Conductor. {885
extends. through Figs.. 11,:10.and.5 to.the back .
contact .of- relay .CR.(8).,. resistor .568.-and. nega~
tive.-battery 518 . It.is.to.be-understood that in-
termediate primary-select tubes PSi to PS8 may
be provided in each horizontalgreup as herein-

.before:stated.:..In beth-horizontal groups,addi~
tional: .primary-select.: tubés -PS5- to.:P88: (not:
shown)--will have their-mainrcathodes cennected::
through associated.primary-select: magnets-(not--
shown): to.the winding.of.relay-SHS{(18), while .

.additional.primary-select tubes PSI t0-PS4 (not:
shown): will have their main-cathodes connected. .
through; associated. primary-select. magnets..(not
shown).:to the:winding:of relay.SHS2(48):.

Since: the initial transfer of-discharge has been::

o.2ssumed. to: occur in tube:PSI(4),-and since:a -

“suitablenegative potential:is:applied to.the main~—
cathode:of-that. tubes-a second iransfer-will im--
mediately. oceurirwhereby:-conduction : will. -now:..
exist- hetween..the main.anede: and: the--main.-

_cathode-of tuber PS%(4)....This full: conduchion -

“in-.the primary-select tube-initiates a- plurality -
of--operations: which :proceed-concurrently:.
As- previously -described,- relay -STC(5): is: in:
the+main sanede::circuit:~of: the -primary gtart -
tubes:~ Therefore, when-tube PS9.(4)-fires; relay :
STC(5):will beroperated.r. Relay. STC(5);:in.op~~
erating,~removes ground:from resistor-£f3,-con-:-
duetor:§ i2;:and-capacitor 514 thereby ;permitting =
capacitor:5i4:to charge over a path from:paosi=v-
tive -hattery -51 I resistor: 5t5;: capacitor §14;-to"
ground. . This:rising potentialiis-applied thirough:
resistor :516:to the-control -anode:of current-re- -
ducing.fube-CR(5), the control cathode of which ..
isiconnectedto ground-through resistar:§23.:. The

no-time:constant of themetwerk comprising resistor

5 !.5 ‘and capacitox5t4 issueh that.a.control-gap::
discharge will:not.oceur:in tube:CR(5) until the :
primary<select :magnets: have~had: time -to..op~:-
erate. After:this;interval;ig discharge will oc-.-

75;curiacrossithe -controligap of: tube:CR(3);: and,”
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since the main anode is connected to- positive
135-volt battery through resistor 521 and the
previougly traced path via conductor 1230, a first
transfer will immediately - occur. ‘The main
cathode of tube CR.(B) is connected to negative
battery through ‘the winding of relay CR(5) so
the second fransfer will take place and relay
CR(H) will be operated.  The operation of that
relay removes the shunt from resistor 522 there-
by increasing the impedance in the main-cathode
cirecuit of the conducting primary-select tube
PS84 thus reducmg the current through the
tube and prolonging its life.

Relay STC(5), in operating, also connects
ground through its front contacts to conductors
618 and 519 which extend through Fig. 10 to Figs.
12 and 14, respectively. Since urider the as-
sumed conditions relays €(i2) and CI(12) are
operated rather than relays C(i4) and CI({4),
the ground will be conducted over conductor 518,
No. 8 contact of relay €(12), winding of relay
STC({2), and to battery. Relay STCW2), in
operatlng, removes, at its lower back contact,
battery from the winding of relay OT(12) there~
by lockmg out terminating calls as will here-
inafter be described. : The operation of relay
STC(12) also closes 4 circuit from the positive
100-volt battery at the left. of Fig. 12, resistor
1207, middle upper back contact of relay RLS(i2),
conductor 1208, upper back contact of relay
OT(12), conductor 1209, middle front contact of
rélay STC(12), conductor 1231, No. 5 contact of
relay C(12), conduetor (232, to resistor 1406 and
conductor MG‘I and; in parallel therewith, to re-
sistor 1498 and conductor 1409, as well as to other
similar resistor-conductor combinations, not
shown. Conductor 1407 extends through cable
1410 to Fig. 13, and through cable 1301 through
Figs. 19, 30 and 37 to Fig. 39. The positive po-
tential on conductor - 1407 -is then extended
through the No. 6 contact of relay ONI(39), as-
sumed to be unoperated, conductor 3961, upper
back contact of relay TM(41), conductor 4101,
through the closed contacts of switch 3902, con-
ductor 3903, resistor 2001, to the left-hand con-
trol anode of the  register-connector select-
magnet tube SMI1(29). Similarly, assuming reg-
ister No. 2(4i) is idle: and therefore that its ON
relay is released as will hereinafter be seen, the
positive potential applied through resistor {408
will be conducted by conductor 1409, through
cables 14ij and {302, through a similar path in
register No.. 2(41) including the back contact of
the unoperated ON relay, cable 4i02 to con-
ductor 2101, resistor 2002.to the control anocde of
the register - connector - select - magnet tube
SM2(28). In a similar fashion, this positive po-
tential is applied to the control anodes of all of
the other register-connector select-magnet tubes
SM- (not shown) which are associated with other
idle registers (not shown). The left-hand con-
trol cathodes are connected, in common, to
ground through resistor 2003 and retardation coil
2004. The left-hand main anodes of all of the
register-connector select-magnet tubes are con-
nected, in common,: to a source of .positive po-
tential over a circuit which may be traced over
conductor {1230 through Figs,.20, 15, 14, and 12,
No. 7 contact of relay Ci(i2), conductor 1213,
inner upper back contact of relay RLS(i2) to
positive 135-volt battery. Therefore, one of the
register-connector select-magnet tubes will dis~
charge across its control gap, and that discharge
will immediately transfer so as to occur between
the contro] cathode and the main anode. thereof.
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It will be assumed that tube SMI(20), associated
with the register shown in detail and assumed
to be presently idle, first discharges and. trans-
fers. Since the entire appreciable external im-
pedance in this first transfer path comprises the
common resistor 2003 and retardation coil 2008,
the control cathode of the remaining register-
connector select-magnet tubes SM- will be raised
to a potential such that any control-gap dis-
charge which may have occurred in any of those
other tubes will be extinguished, and thereafter
neither a control-gap discharge nor a first trans-
fer can oceur in any of the other SM- tubes as
long as one of those tubes such as, as assumed,
tube SMI1(20) is conducting.

Since the main cathode of tube SMI(20) is
connected to negative battery through resistor
2007 and the winding of select magnet SELI (20),
a second transfer will immediately occur where-
by conduction will exist between the main anode
and the main cathode of tube SMI(20). Select
magnet SELI(20) will thereby be operated and
will connect ground through its front contact. to
lead 2008 to operate the associated select mag-
net SELI21).

In accordance with the previously traced cir-
cuit, conduction in primary-select tube PS9(4)
will result in the operation. of relay SHSI(18)
which is preferably of a sensitive, low-inductance
type so that it will operate prior to the here-
inafter-to-be-described operation of the pri-
mary-select magnefs. Relay SHSI(18), in op-
erating, will eonnect, through its front contact,
ground through inductor 1806 and resistor 1807
to conductor 1808 which is connected to. the
right-hand control cathodes of the upper group
of originating-secondary-select tubes OSS0A((®)
to OSS%A(18) and to the control cathodes of the
upper group of terminating-secondary-select
tubes TSS0(16) to TSS9(16). It may be noted
that had secondary - horizontal - select relay
SHS2(18) been operated as previously described,
it would have connected ground through inductor
1809 and resistor 1810 to conductor {81{ which
extends to the right-hand control cathode of
originating-secondary-select tubes OSSOIB(18) to
OSS9B(18), inclusive, and of terminating-sec-
ondary-select tubes TSS0UT) to TSSI(IT). No
suitable voltage is applied to the control anodes
of the terminating-secondary-select tubes dur-
ing an originating call, so no discharge occurs
therein. A suitable voltage is applied to the con-
trol anodes of those originating-secondary-select
tubes OSS0A(I8) to OSSIA(I8) which are g part
of the originating-secondary switches associated
with junctors which are idle at the time. These
paths may be traced from positive 100-volf bat-
tery at the left of Fig. 12 in the common release
and time-out circuit, resistor 1207, middle upper
back contact: of relay RLS(12), conductor (208,
upper back contact of relay OT({2), conductor
1209, No. 3 contact of relay C1(i2), to conductor
{216 which extends through Figs. 12, 13, 19, and
30 to Figs. 29 and 28. Assuming junctor [A(28)
to be idle, and, therefore, that relay ON1A(28)
is released, the potential on conductor 1219 is
extended through resistor 2805, inner upper back
contact of relay ON1A(28), conductor 2896, upper
back contact of switch MB1A(28), conductor 2807
which is cabled through Fig. 17, and to the right~ -
hand control anode of tube OSS9A(I8). Simi-
larly, if junctor {B(29) be assumed idle, the po-
tential on conductor 1210 is extended through re-
sistor 2927, through' the back contacts of the un-
operated relay ONIB(29), through the back con-
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‘tact - of “switch “MB1B(29), to - conductor - 2928
-which extends to the right-hand control-anode

of “tube ~OSSHACI8). “Similarly, ‘-intermediate

tubes OSSIA(18) to:OSS8A(18) which may- be
‘provided but. which have not: been shown have a
suitable positive potential applied to their control
.anodes if.they are associated with junctors which
are idle. . It may be noted that this potential on
conductor 210 is also extended, in a similar fash-
ion, through the junctors in the second junctor
subgroup . to ‘the “control anodes of the tubes
OSSIB(18) .to OSSIB(I8), but. under the as-
sumed conditions whereby relay SHSI (18) rather
than relay SHS2(18) ‘operated, these tubes are
not.supplied with.a suitable control cathode. po-
tential.
“'Main . andde voltage is applied. to the tubes:of
"Figs. 16, 17, and 18 over a path from positive 135-
volt battery at the left of of Fig. 12,.inner upper
,back. contact of relay RIS(12), conductor 1218,
‘No. 7 contact of relay C1¢12), to.conductor 1239
which extends through Figs: 12, 13; 19, and 18 to
“Figs. 16 and 17. "~ The potential applied to con-
ductor 1230 is extended through-resistor 166 to
conductor 1602 which is connected to the main
anodes of tubes TSSO(I8)" to TSS9(18) and fo
the main anodes “of tubes ~OSSBA(I8) ~to
OSSSA(18). ~This potential is also ~extended
through resistor 170t to conductor 1762 which is
connected to the main anodes of tubes TSSOCIT)
to - TSS9(IT) .and to the main anodes of tubes
0OSSIB(18) to OSSIB(18). " It may be noted that
conductor 1239 also.conducts this main anode po-
tential to. the . corresporiding  tubes in- line-litk
frame No. 2(19). ~“Since suitable potentials. are
applied.to the control anodes, the control. cath-
_odes, and to the main anodes of the originating-
.secondary-select tubes OSSBA(18) to OSSIACIB),
.one_of ‘those tubes will. undergo. a .control-gap
_discharge: and_immediately _transfer .so that a
discharge exists between the control cathade and
“the.main anode.thereof. . Since the control cath-
.odes ‘of . all of, these ‘tubes,are connected to.the
.common impedance comprising the resistor 1807
and the retardation coil 1806, and since the main
anodes are connected to the.common impedance
_comprising. resistor..1601,.these tubes will fire in
lockout whereby when. one tube undergoes a first
“transfer, the control.cathodes of the remaining
tubes OSSOA(18) to OSSIACI8): will be raised to
such. a.potential that any control-gap discharges
.that may have occurred will be extinguished.and
-no_further discharges or.transfers may. occur as
:long as that one tube is.conducting. ~ The re-

“duced main anode potentials resulting from the:

drop across the .common .main anode impedance
~will also insure that all other tubes.in the group
“will " be_locked -out, Let it be assumed that
originating - secondary - select tube “OSSIAUS)
“first. discharges. and ‘transfers. Since the main
“gathode_of that tube is connected to. a suitable
-hegative potential through. the. associated select
“magnet, a_second transfer.will immediately oc-
cur so.that conduction exists between the main

anode and main cathode thereof-and select mag--

.net:SELIA(18) will be operated.

 Since , primary-select -magnets SEL9(8) ._and
-SEL9(9)_ are in the.main-eathode. circiit of the
“primary-select. tube ' PS9(4) . as- before described,

when that.tube. conducts, those select _magnets

will he operated. . Select magnet SELIL8), in op-
erating, will connect. ground over conductor 812,
inner. front. contact of -relay -PHS(4) , conductor
415, winding .of. relay . GP(4), -and . to battery.
The operation of relay GP®&) vill disconnect

- 28
conductor: 401fromcoriductor 1212 at-its-back
contact_and will-“theréfore remove-the positive
potential:from--the -left-hand- control anodes-of
‘the-several line“tubes in-that horizontal group

& ‘thereby extinguishing the control-gap discharge

in. tube 1.2(9) ; thereby insuring that-other line
tubes will belocked out while tube 1.2(9) is con-
‘ducting across -its>main gap.

Select magnet SEL8(8);-in operating, will also

10 ‘connect ground-over conductor 812, through the

‘winding of relay CS(4), and to battery. Relay
CS(4), i operating; connects the class leads from
the line tubes of its horizontal-group to all class-
of=service connectorrelays, such as relays CSC(4)

15 “and CSC(5); forg purposeto-be’described here-

‘inafter. “ Relay ‘CS{4),-in-operating,- also-closes,
at its 'No. 13-contact; conductor- 404 to-conductor
“416 which serves’ to’ place-a- shunt-around- high
‘resistor ~ 493 ~and’ the: upper ~winding of - relay

20 LS(4) in the previously:traced -main-anode cir-

cuit of conducting line tube 12 (9). “The current
“through-tube T.2(9) therefore increases whereby
‘the -currentfrom-negative ‘battery, winding'-of
hold- magnet’ HOLDB(9) ;:~conductor- 916, -inner

25 left~hand back-contact of-relay LO2(9);-conduc-

tor 91T; cathode 905"of" linetube L2(9), through
“the ‘tube-and-over: ‘the-previously traced: anode
‘eircuit thereof:is-now- stfficient: to -operate pri-
‘mary ~hold- ‘maghet~HOLDB{(9) . "“The -operation

30 ofthis primary-hold magnet-connects' the main

‘cathode’905-of line ‘tube Li2(9): through the-inney
‘make contact-of magnet-HOLDB (9) to conductor
‘816, which-is the sleevelead; preparatory to mak-
ing - the “tube busy -to “terminating -calls ~as

35 will*be described -intdetail hereinafter. - Magnet

“HOLDB(9) ~also~removes ground,-at’ its ‘middle
‘back contact; from-the tip lead927,”and ‘inter-
‘rupts,- at “its outer ‘left-hand-back contact, the
_energizing- path for relay-L2(9) whereby that

40 -relay releases. Primary hold-magnet HOLDB9),

in operating, also-closes;through its middle front
contact,” ground~over - conductor+-920: to- operate
relay “L0O2(9). -Since -primary “select - magnet
SEI.9(9)“has-been-operatéd;-operation of primary

;> hold -magnet HOLDB(9)« will--also close " the

primary-switch-cross=points “ 921 - in ~accordance

“with the-normal funétioning of: crossbar switches
‘of a-suitable type-as hereinbefore referenced.

““When primary<select magnet SELS(8) is oper-

50 “ated ‘as a-result-of+full-conduction-in’ primary-

select-tube PSY(4),ground-is -connected from the
No.“12 contact ofrrelay 'CS(4);, conductor:418:to
“Pig, 9. front-contactof select: magnet: SEL(9),
“tothe sleeve condictor-922 which-extends through

55 Figs. 9-and- 17 to’Figs., 16-and*18. - The ground

‘on-sleeve-conduttor’ 922 is-conducted through-the

winding “of : terminating-seconidary:hold:- magnet
"HOLDB(i6) to battery, -and; in parallel; through
“the-timedelay hetwork comprising resistor 1603

g0 and capacitor 1604 to-battery. * The operation-of

this terminating<secondary-hold-magnet:is of no
: importance’ on: an-originating-¢all-inasmuch as
‘none-of the ‘associated: select: magnets:are oper-
“ated. ‘Theground-on-sleeve conductor:922 is also

¢5 conducted through' the -winding’of‘originating-

secondary-hold magnet HOLDB ( 18) -to battery,
-and; i parallel; through the surge-absorbing net-
-work-eomprising resistor: 1812-and-eapacitor 1843
~t0- battery, whereby-hold:magnet HOLDB(18): is

70 “operated.

Seizing the jutctor

“gincé the* orizinating=secondary: select -magnet
.SEL9A (18) “was previously- operated, the:- opera-

‘75 tion - of - originating-~ secondary -+ hold smagnet
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HOLDEB(18) will result in the closure of the upper
set of cross-points (814 of the originating~sec-
ondary crosshar switch, ‘The subseriber’s tip and
ring conductors 925 and 926 will now be con-
nected through the operated cross-points §21 in
the primary switch to conductors 927 and 928.
These conductors are connected through the
operabed cross-points 1844 to conductors 1817 and
1818, respectively, throush the outer upper back
contact and inner lower back contact, respec-
tively, of relay CB(28), to conductors 2817 and
2818, to the windings of relay S(28), and to
ground and battery, respectively. Therefore,
supervisory relay S(28), in the Junctor, operates
under the control of the subscriber’s switehhook
contacts.

Upon the closure of the cross-point 18 4, the
ground on sleeve conductor 922 will be conducted
through the operated cross-point to conductor
1815, which, it may be noted, is multiplied, along
with the other horizontal conductors of the orig-
inating-secondary switches of the line-link frame
shown in detail, to the corresponding horizontal
conductors of the originating-secondary switches
of line-link frame No. 2 represented in Fig. 19.
The ground on sleeve conductor 1815, which is
cabled to Fig. 28, is conducted through the
winding of relay ON1A(28) to battery. Relay
ON{A(28) operates and indicates that junctor
{A(28) is busy as hereinbefore mentioned. 'The
ground on conductor 815 is also conducted
through the No. 8 contact of relay TK(28), con-
ductor 2899, through the No. 5 contact of relay
SR(28), conductor 2810 which is cabled to Fig.
21, and, in parallel, to the winding of register-
connector hold magnet HOLDA(28) to battery,
and to the winding of hold magnet HOLDA(2{)
to battery. Since the register-connector select
magnets SELI(20) and SELI (21) were previously
operated, the operation of these hold magnets will
result in the closure of cross-points 2009 and 21 02,
respectively.

Seizing the register

It may be noted that at this time both an idle
junctor and an idle register have been selected,
viz., junctor {A(28) and the register shown in
detail in Pigs. 35 through 42. Upon the closure
of the selected cross-points in the register con-
nector of Figs. 20 and 21, the selected junctor
and the selected register are interconnected.
This interconnection completes an operating path
for the register start relay ST(371), which path
may be traced from battery, upper winding of
relay C8(28) in the junctor, conductor 281§ which
is cabled to Fig. 21 and extends to Fig, 20, through
the operated cross-points 2069, conductor 2019,
winding of relay ST(27), resistor 3101, conductor
8702, No. 5 contact of relay ON!(39), conductor
3985 and to ground through either the No. 2 con-
tact of velay TM(41) or the middle left-hand
back contact of relay NGT(1). The resistance
in this circuit is such that insufiicient current
flows to operate relay C0(28), but relay ST(3T) is
operated.

Relay ST(37), in operating, conneets, at ‘its
inner upper front contact, ground to conductor
3703, resistor 3784, conductor 3705, to the biasing
winding of relay L(37) and to battery, to insure
that relay 1.(37) is unoperated before being closed
to the line, as will be described hereinafter.
Relay ST(31), in operating, also closes ground,
through its outer lower front contact, to con-
ductor 3106 through Figs. 35, 29, 18, 11, 10, and 5,
through the lower front contact of relay GP4),
winding -of traffic register TR2(4) and to battery.
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This traffic register operates to indicate that this
equipment has been employed in originating a
call. Relay ST(37), in operating, also _closes
ground, through its outer upper contact, conduc-
tor 3708, winding of relay ST 81, and to bat-
tery. Relay STI(3T) operates and locks throush
its inner upper front contact, conductor 2708, to
ground through the No. 2 contact of relay SR(31).

Relay STI(37), in operating, closes ground

i through its outer lower front contacs to conduc-

tor 3710 which is scabled to Fig, 41, lower winding
of relay TMA(41), and to battery. The operation
of relay TMA(4{) closes the ground on conduc-
tor 3719 through its outer lower front contact
to conductor 4144 to operate relay TMB(4l).
Since the operation of relay ST{(37) interrupts,
at its inner lower hack contact, the resistance-
shunt around capacitor 4104 comprising conduc-
tors 37if and 3712 and resistor 4185, the opera-

i tion of relay TMA(41) will close 5 charging path

for capacitor 4184 which may be traced from
positive battery, resistor 4106, across the ca-
pacitor, conductor 4107, upper front contact of
relay TMA(41), to negative battery.  The rising
potential on capacitor 4104 is applied to the left~
hand control anode of tube TM(41). The con-
trol cathodes of this tube, as well as the main
cathode thereof, are connected by conductor 44 88,
winding of relay TM(41), conductor 4107, upper
front contact of relay TMA (41), to negative bat-
tery. Therefore, at the lapse of & measured in-
terval, a discharge will occur acress the left-
hand control gap of tube TM(4{) unless prior
to that time relay STI(37) has released to re-
lease relays TMA(41) and TMBWAD) and to re-
establish the resistance shunting path .around
capacitor 4104. A time-out is thereby obtained
whereby if the ecircuit functions by means of
which relay ST1(37) is released do not immedi-
ately occur, the circuits will be released as will
be described in detail hereinafter.

Relay ST1(31), in operating, also closes grouni
through its middle upper front contact o oper-
ate relay ON(TD). Relay ON(31), in operating,
completes a circuit for the operation of the class-
of-service connector relay CSC(8) over a path
from' ground, No. 4 contact of relay ON(21),
conductor 3713 through Figs. 39-and 41 to Fig. 42,
through the middle upper back contact of relay
FR(42), middle upper back contact of relay
GL(42), outer upper” back contact of relay
IMR(42), inner lower back contact of relay
CN(42), No. 7 contact of relay OPR(42), No. 2
contact of relay T(42), conductor 420 which is
cabled to Fig. 4, winding of relay C8C(4), and
to battery. Relay CSC), in operating, con-
nects the center or class-of-service main anodes
of the line tubes in the associated horizontal
group. to. their associated class-of-service relavs
in the register (Fig. 42). This call has been as-
sumed fo have originated from the subscriber
designated 347-T in Fig. 9. Tt is assumed that
this subscriber is entitled to non-restricted serv-
ice to be paid for on a flat-rate hasis, Since
this subseriber’s  line tube 1.2(9) is conducting,
upon the operation of relay CSC(8), conduction
in that tube will alse occcur between the main
cathode of line tube L2(9), the middle main or
class-of-service ancde, conductor 924 which has
been assoclated with the proper terminsl for this
class of service at terminal strip 429, through
the No. 5 contacts of relays CS(8) and CSC(4),
to conductor 42! which is ecabled to Fig, 42,
through the winding of relay PR (42), resistor
4202, to positive battery. It may be recalled that
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ssines thesubscriber’s:line tubes:ir-the samehori-
szontaligroup are:connected:in lock~out,-only tube
+3.849) tin this‘horizontal:group is conducting, and
. therefore: current: flows:only through the ‘above-
~deseribedupath - and “only relay {FR(42) :0f" the
‘class=6fiservice “relays «dn (the register. will vbe
~pperated:at: this’ time. “Relay: FR(42), in oper-
. ating;will-lock .operated through its inner-upper
front. contact, . resistor4203, .conductor -4284 o
Fig.:37,.No.:8:contact :of: relay ON(3T); and to
~ground. .. The.operation ‘of relay FR(42) will in-
“terrupt,: at sits. middle upper back confact,' the
previously [traced wenergizing path for relay

. CSC(4); that relay will therefore be released, and

.‘conduction :between'-the ‘main cathode and the

‘middle main:anode-of line-tube 1.2(9) will cease.
_The:operation-of: relay ON(3T) causes a shunt
- to.be placed around the winding-of relay ST(37)
comprising conductor: 20 18 at the left of the wind-
~ing -of relay.:ST(37), No. 7 .contact oi relay
ON(37), conductor. 3115, inner upper back con-
tact -of relay :CK(39) “to-econductor 3308, No. 5
. contact -of relay - ONi(3%), to-conductor 3702
-which extends to’'the ‘winding of relay ST(@3T)
- completing the shunt. - It may be noted that this
- shunt may ‘be traced .over an additional path in
-that -conductor "3715.:also -extends tc' the outer
upper: back:contact.of relay PS(39), and froin
there the shunting‘path:may be traced over con-
Guctor 3806; No. 8 contact of relay TK8(38), con-
ductor 39017, “No. -5-contact of relay VACD),
conductor: 4081, No. .8 contact of relay BY{(39),
and again’ to: conductor-3995 which extends as
previously traced.” The shunting of the winding
of relay ST(31)-and of resistor 3701 reduces the
resistancein ~the-previously traced energizing
-path for relay ST(37) which included the wind-
ingof: relay T8(28) in- the junctor, and relay
C0(28) cperates.
Relay €0(28) , in:operating, completes a circuit
from ground at theNo; 6 contact of relay TK(28),
‘conductor2812,- middle upper front. contact of
- relay C0128); conductor 2813, No. 1 contact of re-
_lay DL(28), .conductor ‘2814, ‘winding of relay
SR(28), and-to battery. .
‘Tt will be recalled that:the register-connector
hold magnets HOLDA(20) and HOLDA(2{) have
been held ‘operated - unider’ the control of relay
CS(8) - and primary<select magnet SELS(9) .
‘through the inner lower “back contact of relay.
SR(28). "Relay SR(289, -in operating, places
- these register-connector hold magnets under the
control’ of ‘the same relays in the register that
hold relay CB(28) operated, i. e, it transfers
conductor: 2§10, which is connected to the wind-:
ings .0f: those hold magnets, through the No. 6
~contact of relay SR(28) to conductor 28¢6 which
is.connected through the inner upper front con-
“tact of relay C6(28), to conductor 28!{f which
~extends to-ground-in the register as above de-
~scribed. . Relay SR(28), in operating, also con-
‘nects -ground “through ‘retard coil- 2818, No. 7
- contact of relay SR(28); to conductor 1815 which
-is the sleeve lead, and thereby provides a hold-
“ing pathfor relay ON1A(28) in the junctor and
‘for - the originating-secondary ‘hold ~magnet
HOLDB(18) "and for: the primary hold:magnet
"HOLDB(9).

Relay CH(28),in operating, transfers the sub-
‘seriber’s tip and ring conductors from relay S(28)
sin-the junctor:to: the register. The: subsecriber’s
.tip..conductor ~enters:the “junctor:as conductor

1817, and is  connected:through the outer upper
- front-contact of relay C0(28), to conductor 2827,
;and:through:the: No.*5.contact :of relay -RF(28) -
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~tozconductor:2828. "Thersubscriber’s. ringrcon-

~duetor senters the :junctor zas..conductor’ 1818,
~and is conneeted through: the:inner Jower front

-contact of relay C0128); to conductor:2328,-and
~through:the:No. 9ccontact of relay:RF{(28) 1o
-econductor 2820. . .Conductors: 2829 vand: 2830.7are
.seabled to . Fig.? 81, zand -are ‘connected through
- the ‘rightshand -back  contacts of:hold: :magnet

“HOLDA(31) fto -:conductors’ 2181 iand 8102, re-
10-

‘spectively. “Theserconductors:are cabled to:Fig.
- 91 and extend:to:Fig, .20 where they:areicon-
nected .to: conductors: 204 4:.anid-2612; respectively,
sfhrough’ the:operated: register-connector. cross-
‘point :2808. ~These ~continuations of *the:sub-
seriver’s ttiprand:rings conductors . then “extend

to Fig. 37 where the tip conductor 26(1is:con-
-nected: tosground:through winding:27{7-of’ the
repeat-coil; and the ring:comductor: 2612 is-ton~

~nected: through-winding 3%48-ofcthe. repeat coil,

-and through thedower winding of: relay L(37) to
battery, thereby operating relay L(ST). :
- ‘Relay L€3T) :inzoperating,-closes.an-energiz-

singrpath forrrelay:8R(3T) whichrmay hetraced

25

~from--ground -at-the :No.:2 ~.contactof zrelay
‘ON(37);:conductor::3118,«front: .contact-of: relay
CL(3T),r conductor23728, No. 3 contact:of -relay
. ON(31), -conductor - 3121, :resistor 3722, winding
of relay SR (31)and to hattery. [ It may benoted

s that theground on:conductor 137121 is:alsouex-

30

tended through theiouter:upper ‘back:contact.:0f
.relay.CR(38), resistoi: 3902, capacitor. 3908;cand
-to-negative battery. Capacitor.3888thereby:re-
: ceives g charge which:serves:tozdelay’ the:release
~of relay:SR(31). xas~ will “berseen chereinafier.

5 Relay SR(3T),in-operating, opens:the previously

‘traced locking.path:for:relay: STi(37)through
‘the'No. 2 contact-of:relay -8R (37),-and:therefore

“when:relay:ST(37) -releasessas:a result of the
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- described: shunting .thereof; the: energizing -cir-
‘cuit: for-relay:ST1(31) will bexinterrupted - and
~relay:STH3T) .will- be-released. .- Relay: 53T1.37),
in releasing, will interrupt the previously:traced
energizing paths .for @ relays: TMA(41) and
TMB(41) .and .those.relays will release,. inter-
.rupting the time-out. "Relay STI{81), in releas-
“ing, also opens the.previously. {raced energizing
path for. relay. ON(37), but that relay is held
operated by the ground through the MNo. 4 .con-
tact of.operated relay. SR(3T). "Relay STIED,
.in releasing, also completes a.path from.ground,
_outer upper back contact of relay STi(31),.con-
.ductor:3723,; No..5.contact.of relay SR(31), con-
ductor 8724, winding 6f. relay ON1(3%), and to
JDbattery. Relay ONI(32) . operaies .anid locks
.through.its No. 4 contact. and. coriductor 3718_to
ground- at’ the No..2 contact of relay ON(T).
Relay ONI1(39),in operating, connects the source
of dial tone,.comprising alternator i3{8, through
“capacitor: 1211, No. 9 contact of relay ON{(3%),
~conductor 3812, No. 4-centact.cf relay AD(3D),
conductor 3126, to;ground through winding 3727
“of the repeat. coil. “Since.the calling subscriber’s
“tip .and ring conductors. are. connected .through
the windings* 3717 and 3718, respectively, ef the
repeat coil as before described, .this signal is
“transmitted to the subscriber to indicate that
dialing may proceed.  Relay OW{(28),in operat-
ing, also closes, through its:No. 3 contact, ground
-t0° the offsnormal-ground conductor:39i3 wiich

~extends to various controlrelays in"the register

-and which is represented by a .dot=dash line.
*Operation-of the release tircuit

“'The :operation -of rrelay ONI(38) :also . causes
~the:operation oOf:the.common release:andi time-
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out, circuit in order that the circuits may be pre-
bared for additional calls. ' Since the present
calling subscriber has been assumed to have sub-
scribed to flat-rate service, and since, therefore,
relay FR(42) is operated as hereinbefore de-
scribed, the operation of relay ONI(29) will com-
plete a circuit from ground at the outer upper
contact of relay FR(42), conductor 4205, No. 7
contact of relay ONI(39), conductor 8915, No.
2 contact of relay DC(37), conductor 3728 which
is cabled to Fig. 14, through resistor {412, to posi-
tive battery which may be approximately 135-
volts positive, It may be noted that prior to
that grounding of conductor 3728 through the
operation of relay ONI(8%), capacitor (413 has
8 positive 135 volt potential impressed on its
right-hand electrode through resistor 1212 and
has approximately a negative 50 voli potential
impressed on its left-hand electrode -through
resistor 1414. When ground is connected to the
right-hand electrode of capacitor 1413 through
conductor 31728, the voltage on both sides of ca-
pacitor 1413 is reduced. This increased hega-
tive potential applied to the right-hand electrode
of gas diode RRI(14) causes a discharge to be
initiated across the gas diode over a path from
ground, resistor 1234, conductor 1235, No. 7 con~
tact of relay C(12), conductor 1236 to the lefi-
hand electrode of gas diode RRI({4), and across
that diode. Conduction in the gas diode reduces
the voltage applied through resistor 1237 to the
right-hand control cathode of tube RL(I2) to
approximately negative 100 volts, and, since the
right-hand control anode of tube RL(12) is con-
nected to ground through resistor 1238, a dis~
charge will be initiated aeross the right-hand
control gap of tube RL«(12). It may be noted
that had relays C(f4) and Ci({4) been oper-
ated rather than the assumed relays C(12) and
Ci(12), a discharge would have been initiated
across the control gap of tube RL(14). Capaci-
tor 14i3 immediately charges through resistor
1414 thereby extinguishing gas diode RRI(14).
The left-hand main anode of tube RL({2) is
connected to positive 135-volt battery through
the inner back contact of relay RLS(12), resis-
tor 1239, and, in parallel, through the winding
of relay RLS(12) and through capacitor (248.
The main cathode of tube RL(i2) is connected
to a source of negative voltage, Therefore a first
and a second transfer will immediately occur,
as described in connection with other tubes of
the same type, and relay RLS(I2) will be op-
erated. Relay RLS(12), in operating, interrupts
those control circuits which were employed in
the establishing of the originating call. It may
be noted that the ecircuits used in maintaining
the connections from the calling subscriber’s line
through the primary and secondary cross-bar
switches and to the junctor and register are not
disturbed by the operation of relay RLS(12).
Relay RLS(12) in operating disconnects the posi-
tive 50-volt battery from the circuit including
the outer back contact of relay RLS({2), discon-~
nects the positive 100-volt battery from the cir-
cuit including its middle back contact, and dis-
connects the positive 135-volt battery from the
circuit including its inner back contact. The
removal of these potentials interrupts the ener-
gizing or holding paths, as previously traced, for
the following relays and tubes: the subscriber’s
line tube L2(9), relay LS(4), relay PHS(4) which
releases slow-to-release relay GP(4), frame lock~
out tube FRO({2), relay FR(5), relay OS(i2),
primary-select tube PS9(4), primary-select mag-
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nets SEL3(8) and SEL$(8) which release relay
CS4), relay SHSI(18), relay STC(5) which
releases relay STC(I12), originating-secondary
select tube OSS8A(18) and originating-second-
ary select magnet SELSA(18); tube CR(5) and
relay CR(5), and register-connector select tube
SMI1(20) and register-connecter select magnets
SEL{(20). and SEL!I(2(1). These relays release
and the tubes begin to deionize. To decrease
the deionization time of the tubes, negative 50~
volt battery may be connected through resistors
1241, {242, and 1252, respectively and through
the front contacts of operated relay RLS(i2) to
the positive voltage leads. It may be reiterated
that the established connection to the junctor
and register is maintained through the cross-
bar switches under the control of the several
hold magnets even though the select magnets
are released, which is in accordance with the
normal operation of crossbar switches of suit-
able types as above discussed.

Relay RLS(12), in operating, also interrupts,
at its inner back contact, the energizing path
for itself and the source of main anocde battery
for tube RL(12). Tube RL(I2) is extinguished
and relay RLS(12) starts to release. Capacitor
1249 renders relay RLS({2) slow-to-release to
allow ample time for the above-noted tubes and
relays, except relay GP(4), to be released. - When
relay RLS(12) releases, the positive 50-volt, the
positive 100~volt and the positive 135-volt bat-
teries are reconnected to their circuits and the
apparatus of the common circuit is again con-
ditioned to handle another originating or ter-
minating call,

It may be noted at this time that provision
may be made for horizontal group preference
for originating calls. Ags previcusly described,
the originating or left-hand control snodes of
the subscriber’s line tubes are connected through
a back contact of their associated relay GP(4)
or GP(§). Therefore, even though the sub-
seriber’s line tube L2(8) is now extingnished so
that the remaining line tubes in the same hori-
zontal group (i. e., those shown in Figs. 8 and 9)
are no longer. locked out, no other line tube in
that horizontal group can have a discharge ini-
tiated therein until slow-to-release relay GP(4)
has released. If a subscriber whose line tube is
located in the same horizontal group as was the
line tube just served has lifted the receiver or
handset in preparation for placing g call, and
if a subseriber whose line tube is located in an-
other horizontal group is also awaiting service,
the latter subscriber will be given preference
during the time required for relay GP(4) to re-
lease. Similarly, if one of the subscribers in an-
other horizontal group, such as a subscriber at
one of the stations represented in Figs. 10 and
11 has just been connected to a junctor and reg-
ister and if relay GP(5) is in the process of re~
leasing, a subscriber whose line tube is located
in the horizontal group. shown in Pigs. 8 and 9
will be given preference on the next call. If,
however, no calls are waiting when the line-link
circuit returns to normal, the release of the GP
relay permits the associated horizontal group to
compete on an equal basis with other horizontal
groups for future calls.

Dialing
PULSING

As hereinbefore described, relay L(81) operates
on its lower winding over the subscriber’s loop.
Consequently, this relay will release in response
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to the dlal pulses or momentary openmgs of the
sub iher’s’ loop “The middle winding of the
relay ] (3'!) is a blasmg w1nd1ng which opposes
the lower or operatmg wmdmg sufﬁcrently to
force the relay to release when the loop 1§
opened “The energ1z1ng path fof this winding
was prevrously traced The upper w1nd1ng of
the pulsing relay LD functions as an ardrng
Wmdmg, assisting m both the operatron and Te-
lease of the relay When relay LGB is ‘oper-
ated, capacitor 3730 is charged over a bath from
negatlve battery, upper winding ‘of 1elay L(31),
capacrtor 37?0 conductor 37121, No. 5 cohtact of
relay ON(37) conductor 3132 front contact of
relay L(3l) conductor 3118, ‘Mo. 2 contact of
relay 0\1(37) and to ground When the sub-
sc bers loop is opened as by 2 b1eak1ng ‘of the
di ntacts, relay 1.(37) will release thereby
1nter1upt1ng the chargmg path for capac1tor
3730 and permitting that capacltor 1o dlscharge
through resistor 3?33 to negat1ve battery The
current ﬂow through the upper Wmdrng of relay
L(E'l) as & 1esult of the drschargrng of capac1-
tor 3133, igin a dnectlon to ‘aid the 1elease and
1nsures the closure of the back contacts under
erSe nditions where the b1as1ng wind-
ing alone might be ‘insufficient. When the sub—
scrlbers loop 1s agaxn closed relay L{3T) agarn
operates to complete the chargmg circuit for ca-
pacrtor 31"0 and the curlent ﬁowmg through
the upper w1nd1ng of relay L3 as a result ‘of
the chargmg of that capac1tor a1ds the opela-
t1on of the relay thereby 1nsu11ng a steady front
contact closure.

As previously ¢ described, relay L3N, in operat-
ing, closes parallel paths for the operatron ‘of re-
lay SR(37) and for the chargmg of capacitor
3909 Durlng the ‘momentary release per1ods of
relay .(37), as & result of the momentary open-
mg of ‘the subscr1ber S loop, the main energ1z1ng
path for relay SR is 1nterrupted ‘“put the
d1scharg1ng of capacrtor 3909 through resistor
3908, ‘resistor’ 3122 and through the wmdmv ‘of
relay SRGD sufﬁc1ently delays ‘the decay of
energy. in relay. SR(3T) “so. that that relay re-
mams operated dur1ng these mterruptrons On
each operat1on of relay L(31) capacrtor 3909
agam bécomes fully charged e} that relay SR(31)
w111 Témain operated 1egard1ess of the number of
dral pulse 1nterrupu10ns that occur,

Immed1ate1y prior to. dialing, while relay L(31)
is. operated capacrtor 3135 becomes charged over
a path from gr ound, wrndmg 3136 of the retard
corl capacrtor 3135 conductor 3131 No 6 contact
of relay ON(31) resistor 3738, and to negatwe
battery At the recelpt ‘of the ﬁrst dial pulse
comprlsmg a momentary 1nterrupt1on of the sub-
scmber s 1pop, relay L@ED will momentanly e~
lease, ‘closing its back contacts. Capac1tor 3135
will therefore be dlscharged through the back
contact “of relay L(37), conductor 3719, No. 2
contact of relay oN@D, and to ground. The re-
tard'corl ‘acts as’ an. auto transfmmer \mth the
w1nd1ngs 3736 and 3738 in ser1es aiding, The
negatuze portion of the stepped—up voltage. oscrl-
latlon is suppressed through rectlfymg element or
var1st01 3140, ‘and the posmve portron is applied
to conductor 3741, The pos1t1ve ‘pulse on con-
ductor 3141 is conducted through the inner upper
contact of relay RAI(T). and through the No. 4
contact of relay DC(31), in parallel, to conductor
3142 over which it is employed to fire the counting
charn tubes of Frg 36 as w111 heremafter be de-
scrlbed The pos1t1ve pulse on conductor 3142 is

also conducted through the inner lower contact
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of relay RA(ST) resistor 3743, No. 2 contaet of
relay’ AD(31) conductor 3144 Tesistor 3501 to
ground thereby applying a positive ‘potential o
the left- hand ‘control anodes of tubes RAQT)
and P{¢35). "The left-hand control cathode of
tube RA@Y is connected to negatrve battery
through the wmdmg ‘of relay RAGBT), and there-
trol gap of that tube. The left- hand ma1ri anode
of tube RABT) is connected to’ a source of posi-
tive potential through the No. 8 contact of relay
SR(31), conductor: 3746, through the 1nner upper
contact of relay NT490) and through “the No. 5
contact of relay NT{(40), 1n parallel conductm
4002, resistor 3747, inner lower back contact of
relay RAI(T), resrstor 3148 and to the mam
anode of tube RA(31) “The main cathode of tube
RA(31) 'is connected to negatrve battery through
the winding of relay’ RA(31) Thelefme upon
the 1n1t1at10n of a control- gap dlscharge in tube
relay RA(31) ‘will be operated Relay RA(31) is
operated at the first pulse of each d1g1t to 1nd1cate
the beglnmng of each digit, =

Since rap1d1ty of operat1on is an object in this
telephone .sw1tch1ng system, it may here be’
that provision is made to decrease the 1onlzat10n
tlme of certain of ‘the critical gas tubes employed
in the system herein dlsclosed For example, th

cncurt ‘of tube RA(B?) is arranged S0 that a mi
ute “keep-alive” current ‘Hows' across the rrght—
hand control gap thereof Whlle that tube is 1n ts

hand cortrol anode of this tube as"herernbefore

descrlbed a sultable mam anode potent1al such .
as a posrt1ve 135 Volts, 1s apphed to the left hand

mam anode thereof over the p1
path: Th1s potentral is also apphed to the rrght—
hand control anode of the tube The rrght hand
control cathode of tube RA(31) is connected to
negat1ve battery through ‘the Wmdmg of 1elay
RA(37) and through a resistor ! !

value of res1stance in the drsclosed embodr-
ment with the potentrals apphed and w1th the
characterlstlcs of the part1cu1ar /tube emoloyed

megohms W1th these apphed potentlals and
with hlgh res1stor 3149 in the external crrcurt a
current of a few mlcroamperes ‘flows across the
r1ght hand control gap. of the tube Thrs curr nt
is maintained at a value below the thr eshold cur-
rent of this. tube but is such that upou the appli-

5 cabion of a suitable Voltage across. the left-h s

control gap of the tube and. the consequent cur=
rent flow between the left hand control anode
and the left-hand control cathode break- down
will oceur con51derab1y more 1ap1dly than would
otherwrse be the case. Th1s keep ahve current
is. 1nter1upted when the mam anode voltage 1s
removed as w111 be descnbed he1e1nafter ’

It will be 1ecalled that pr1or o the rece1pt of
the fnst dial pulse, 1elays L(31) ‘ON(3T), and
SR(3'H) were operated and relay RA(31 ). was un-
operated. Under this conditon, capacitor 3759
isina dlscharged cond1t1on, its discharging ‘cir-

i.md capacrtor 3758,
resistor 3751, conductor 3152, outer lower contact
of unoperated relay RAQRT), conductm 3'“9 No,
2 contact of rélay- ON (31) and to ground At the
recerpt of the first. d1al pul
erated, as above descrlbe 1nterrr I thls path
but capacitor 3750 contmues 0 be Shunted 1o
ground ‘through the back contact of released re-
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lay L.(37), conductor 3718, No. 2 contact of relay
ON(8T), and to ground. At the termination of
the first dial pulse, relay L(31) again operates,
removing this shunt, and permitting capacitor
3750 to charge over a path from positive battery,
resistor 8783, No. 6 contact of relay SR(37), con-
ductor 3152, resistor 315§, capacitor 37590, and to
ground. This rising positive potential is applied
through resistor 3754 to the left-hand control
anode of tube RAI(37). The left-hand control
cathode of tube RAI(37) is connected through re-
sistor 3755, and the main cathode thereof is con-
nected directly, through conductor 3158, winding
of relay RA1(3T), to negative battery. The lefi-
hand main anode of tube RAI(3T) is connected
via conductor 3751, upper back contact of relay
EX(87), and resistor 37158 to conductor 40602
which is connected to positive battery as before
described. Therefore, when capacitor 315¢ hag
charged to a sufficient value, tube RAI(3T) will
discharge and undergo first and second transfers.
The time constant of the network comprising
capacitor 3758, resistor 3751 and resistor 3753 is
such, however, thai capacitor 3750 will not be
charged to the critical value during any of the in-
tervals between the pulses representing any one
digit. Therefore, if another pulse is immediate-
1y received in the course of the dialing of a digit
greater than “1,” relay 1.(37) will again release to
reestablish the shunting or discharging path for
capacitor 87180, If the digit dialed be “1,” or, in
any event, at the termination of the final dial
pulse of the series representing any one digit, an
appreciably longer delay will ceecur before the
receipt of the next dial pulse. During this inter-
digital time, capacitor 3150 will charge to the
critical value, tube RAI(37) will discharge and
transfer, and relay RAI(3T) will be operated.
Relay RAL(3D), in operating, interrupts, at its
inner lower contact, the circuit supplying main
anode battery to tube RA(ST), that tube is ex-
tinguished, and relay RA(31) is released,

Relay RAI(3T), in operating, also closes a cir-
cuit from battery, winding of relay EX(37), outer
upper front contact of relay RAI(37), No. 7 con-
tact of relay DC(37), to off-normal ground con-
ductor 8913 which is grounded through the No, 3
contact of relay ONI{(39) as hereinbefore de-
scribed. It may be noted that capacitor 3759 is
charged through resistor 3760 in parallel with the
winding of relay EX(3T) over this same path, the
discharge of this capacitor upon the interruption
of the energizing path for relay EX(37) rendering
that relay slow-to-release.

Relay EX(37), in operating, interrupts, at its
upper contact, the circuit for supplying main
anode voltage to tube RAI(37), that tube is ex-
tinguished, and relay RAI (81) is released. Relay
RAI(3T), in releasing, interrupts the previously
traced energizing path for relay EX(37), and that
relay releases. These operations occur:during
the inter-digital time to restore the pulsing cir-
cuit and prepare it for the receipt of the next
digit. - The storing of the received ‘digit and the
restoring of the counting chain also occur at this
time as will be described hereinafter.

REGISTERING THE DIGITS

The incoming pulses of each digit are first
counted by means of the counting chain shown in
Fig. 36, the first three digits are successively
stored in the hundreds, tens, and units storing
tubes, respectively, of Fig. 38, under the control
of the steering circuit of Fig, 35, and the fourth
digit, assuming a four-digit subscriber number,

10

15

20

25

30

35

40

50

55

60

65

70

76

38

is retained and. stored in the counting chain of
Fig. 36. One skilled in the art will be able readily
to modify the disclosed and described cireuits to
provide for subscriber’s codes having a greater or
fewer number of digits.

. ‘The counting chain comprises six tubes, viz.,
RI6(36), R27(35), R38(36), R49(38), RBD(36),
and RAH(36). The left-hand main anodes and
the right-hand control anodes of the counting
tubes R15(36) to R50(36), inclusive, are con-
nected by conductor 360{ and resistor 3602, and
the left-hand main anode and the right-hand
control anode of tube RA5(36) is connected by
conductor -3603 and resistor 3604, to conductor
3805. Conductor 3605 is connected through the
lower back contact of relay EX(37) to conductor
4062 which is supplied with 135-volt positive bat-
tery as before described. The left-hand control
cathode of tube R16(36) is connected to ground
through a resistance-capacitance network com-
prising resistors 3606 and 3687 and capacitor 3548,
and the left-hand control cathedes of the count~
ing tubes R27(36) to R50(36) are connected to
ground through  similar individual networks.
The left-hand control cathode of “add-five” tube
RAD(36) is connected to ground through resistor
3609. The main cathode of tube RI6(36) is con-
nected through the network comprising resistor
3640 and capacitor 361! to negative battery, and
the main cathodes of the tubes R27(38) to
R806(36), inclusive, are connected to negative bat-
tery through similar individual resistance-capaci-
tance networks. The main cathode of tube
RAS(38) is connected to negative battery through
capacitor 3615 and, in parallel therewith, resistor
3616 and the winding of relay RA5(38). It may
be noted that the right-hand control eathode of
each of the tubes in the counting chain is eon-
nected to its associated main cathede through =
resistor having a high value of resistance. For
example, the right-hand control cathode of tube
RI1§(36) is connected to the main cathode of that
tube, and thereby to negative battery, through
high resistance 36t71. Thus, the tubes in this
counting chain are provided with “keep-alive”
circuits to insure rapid operation thereof.

Prior to the receipt of the first dial pulse of any
digit, the left-hand control anode of tube R16(36)
is connected through resistor 3618, through the
network comprising resistor 3619 and capacitor
3620, through resistor 3621, conductor 3622,
middle upper contact of unoperated relay
RA@3T), and conductor 3161 which is connected
to point 3762 on the voltage divider comprising
ground, resistor 3763, No. 5 contact of relay
DC@1), conductor 3764, No. 7 contact of re.ay
SR(37), resistor 3788, and  positive battery.
Therefore there is an approximately 50-volt posi-
tive bias on the left-hand control anode of tube
RI16(86) beifore any dial pulse interruptions oceur
for any one digit. This potential is insufficient
to create a control-gap discharge in the tube.
The left-hand control : anodes of the tubes
R27(36) to R50(88), inclusive, are  connected
through similar networks and resistances to the
main cathodes of the immediately preceding tubes
in the series. For example, the left-hand control
anode of tube R27(36) is connected through re-
sistor 3625, through resistor 3626 and capacitor
3621 in parallel, and through resistor 3628.to the
main cathode of tube RI16(36). By these con-
nections, the left-hand control anodes of tubes
R27(36), R28(36), R49(36) and R50(36) are con-
nected to negative battery. The left-hand con-
trol anode of tube RAS5(36) is also connected to
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negative battery threugh resistor 36289, resistor
3665 and resistor 3666,

As previously described, upen the receipt of
the first dial pulse, a high p051t1ve pulse is trans-
mitted over conductor 3742 to the counting chain §
tubes. ‘This positive pulse is epplied thr ough ca-
pacitors 3630, 3631, 3632, 3633, 3634, and 3635 and
through the associated networks to the left~
hand control anodes of tubes R156(36), R21(3%),
R38(36), R49(36), R50(36), and RA5(36) re-
spectlvely The left-hend control anode of tube
R16(26) has been biased positively, as previously
described, and the left~-hand control anodes of
the remaining tubes R2T(36) to RAS5(36), inclu-
sive, have all been biased negatively. Therefm e,
upon the receipt of the first dial pulse, a dis-
charge will occur across the left-hand control
gep of tube R16(36) only, and first and second
transfers will immediately oceur whereby con-

duction will exist between the main anode and
the main cathode of tube RI6(38). When relay
RA(ST) operates, also in response to the receipt
of the first pulse of the digit, the previously
traced path for applying a positive bias to the
left-hand control znode of tube RI6(36) is in-
terrupted, and this electrode is then connected
to the main cathode of tube R30(35) for pur-
poses of reeyeling as will be deseribed hereinafter.

Conduction across the main gap of tube
RI6(35) will result in an appreciable rise in po- 30
tential at the main cathode thereof, as for ex-
ample, from negative 48 volts to positive 50 volts.
This rise in potential is applied through resistor
3628, through the network, and through resister
3825 to the left-hand control anode of the next 85
succeeding counting tube, R27(36). This rise in
potential is delayed, however, to the extent of the
charging time of capacitor 361! to permit the
pulse on the control enodes to disappear to ob-
viate the possibility of tube R27(36) being fired
falsely. At the receipt of the next dial pulse, a
positive pulse will be applied through eapacitors
3630, 3631, 3532, 3633, 3634, and 3635 to the left-
hand control anodes of the several counting
chain tubes, and sinee tube R27(36) is the only
one thereof having a suitable priming potentizl
applied to its left-hand control anede, that: tube
will underge -a discharge across its left-hand
contrel gap, and a fivst and second transfer will
occur whereby conduction will exist across the
main gap thereof,

At the instant of conductien. in tube R27(36),
its main cathode will remain at appxox1mate1y
48-volts negative due to the presence of capaci-
tor 3637, but the potential at the main cathode
of tube RI6(86) will be ot approximately 50-
volts positive as previeusly described. The addi-
tional drop. acress the common anode resistor
3542 as a result of the conduction through tube
R21(38) will lewer the potential af the main
anodes of tubes R16(38) and R21(36) to a point
where the potential difference across the main
szp of tube RI6(38) is insufficient to sustain con-
duction, and tube RJ§(86) will be extinguished:

As capacitor 8631 becomes eharged, a posi
priming potential will be applied to the lef
control anode of tube R38(86) whereby that tube
will be fired on the next dial pulse, ext:mgulslmncr
tube. R2T(36). Similarly, tubes:
R50(36). are successively rendered conductive,
extinguishing the previously conducting tube.
When tube R50(36) becomes conducting as g re-
sult of five pulses having been received, the rise
i main cathede potential thereoi will he applied
through conductor 8638, through. the middle 75
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upper and outer Upper contacts of velay RAGD,
and to conductors 2522 and 3788, respectively.
This pesitive potential is applied over conductor
3622, through resistor 3621, through the network,
and through resistor 3518 to the lefi-hand con-
trol anode of tube RI6¢(36). This positive po-
tential is also cpplied over conductor 8768,
through resistor 8565 and resistor 3528 to the
left-hand control anode of tube RA§(35). There-
fore, on the sixth pulse, both tubes RAB(36) and
RI6(36) will fire. Conduction in tube R16(36)
will cause tube R50(36) to be extinguished, but
it may be noted that tube RAF(35) is provided
with an individual main anode impedance com-
prising resistor 3684 and will not, therefore, be
extinguished as a result of conduction in any of
the other counting chain tubes. Subsequent dial
pulses will be counted as before, with conduction
continuing in tube RA5(3%) to indicate that con-
duction thraugh tube R27(38) now represents
the digit “7,” that conduction through tube
R28(36) now represents the digit “8,” and so
forth. Since relay RAE(3§) is in the main cath~
ode circuit of tube RA5(38), as previously de~
scribed, conduction acress the main gap of that
tube will result in the operation. of relay RA5(36).

STORING AND PRELIMINARY PULSE ABSORBING

As epach of the digits of the assumed four-
digit subscriber’s number is received, the pulses
representing each digit are counted in the count-
ing chain of Fig. 36 as above described, with relay
RA(36) operating at the beginning of each digit,
and relay RAI(36) operating at the end of ezch
digit. As the first or hyndreds digit is received
and counted, it will be stored in the hundreds

" storing tubes ¥{6(38) to HAB(28), inclusive, and

the counting chain is reset in preparation for
the counting of the next digit. The second or
tens digit is counted by means of the counting
chain tubes RI6(36) to RAS5(36), inclusive, and
is then stored in the tens storing tubes TI§(38)
to TA5(38), inclusive, and the counting chain is
reset. The third or units digit is counted, and
is then stored in the units storing tubes UI§(38)
to UA5(38), inclusive. The fourth digit, repre-
senting the ringing code, is koth counted and
stored in the counting chain tubes RIG(86) to
RAb(36), inclusive. The successive transfer of
the counted digits to their respective series of
storing tubes is accomplished under the control
of the steering tubes PE(35), P2(35) and P2(35)
and the associated steering relays P1(35), P2(35)
and P3(35). o

As previously noted, the positive pulse on con-
ductor 314/, resulting from the reeeipt of the
fizst dial pulse of the pulses representing the
first digit to be transmitted, is condueted through
the No 4 contact of relay DC(31) and throilgh

n parallel_ to gondugtor 3142, throug_h the in-
ner lower contact of relay RA(31), resistor
3143, No. 2 contact of relay AD(37), conductor
3144, and through resistor 3501 to ground where-
by this. positive pulse is applied to the left-hand
control anode of steering tube P (35) The left-
ed to negative battery through resistors 8582
and 3503 and the wmdmg of relay P1(83).
Therefore, a discharge will be initiated across
the left-hand eontrol gap of that tube. Since
the left-hand main anede of tube Pi (35) is con-
nected through resistor 3504 to- conductor 4002
which provides @ positive main anode battery
supply as. previously’ described, tube P1(85) wiil
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undergo g first transfer whereby conduction will
exist between the main anode and the left-
hand éontrol cathode thereof. Since the main
cathode of that tube is connected to negative
battery through resistor 3503 and the winding
of relay PI(35), a second transfer will occur,
conduction will exist across the main gap of the
tube, and relay Pi(35) will be operated. It may
ke noted that the right-hand control electrodes
of this tube are connected as a “keep-alive” cir-
cuit similar to that previously deseribed in or-
der to expedite a discharge in the tube.

The operation of relay P1(385) prepares a cir-
cuit whereby upen the cperation of relay AD(37)
a suitable negative potential will he applied to
the control cathodes of the hundreds storing
tubes over a path from negative battery, outer
lower front contact of relay RAI(3T), which op-
erates at the end of the digit, No. 1 contact of
relay AD(37), the operatioh of which has not as
yet been deseribed, conductor 2768, upper front
contact of relay P{(35), conductor 2505, and
through resistor 3801 to ground whereby a neg-
ative voltage is applied through resistors 3802,
3802, 3804, 3205, 3206 and 3807 to the left-hand
control eathodes of ths hundreds storing tubes
HI6(38), H21(38), H38(38), HAS(38), H50(38),
and HAB(28), respectively. Until relay AD(3T)
is operated, however, this path is not complete,
and the first or hundreds digit cannot be trans-
ferred from the counting chain tubes to the
hundreds storing tubes.

Relay AD(3T) is provided so that any prelim-
inary pulse transmitted by an - inadvertent
fumble of the switchhook, for example, may be
absorbed. 1If, after the first pulse is received
and counted by tube RI6(38), & sufficient de-
lay ensues so that relay RA{(8T) is operated,
this pulse  will represent that the first digit
transmitted is “1.” The operation of relay
RAI(3T) will cause the operation of relay
EX(31)  as previcusly described. - The oper-
ation of rélay EX(31) will remove main anode
battery from the counting chain tubes and tube
R16(38) will be extinguished. ~Therefore, the
eireuits are returned to their normal condition
a5 if no pulse had been received. It may be
noted that since such g preliminary pulse. is
thus absorbed, & subscriber’s number ‘must have,
as its first digit, a number other than “1.”

If the first digib received is “2” or greater, tube
R27(3%) will be or will have been rendered con-
ductive during the counting of the pulses rep-
resenting that digit. When that tube becomes
conducting, the rise in cathode potential there-
of is transmitted over conductor 3641, through
the No. 8 contact of relay AD(37); resistor 3769,
conductor 3770, resistor 3810, and to the left-
hand control anode of tube AD(38). Negative
_battery is supplied through the upper winding
of relay AD(37); No. 6 contact of relay AD(3D),
and conductor 377t to the main cathode of tube
AD(38), and through resistor 3811 to the left-
hand control cathode cof that tube.. The left-
hand main anode of tube. AD(38) is connected
through resistor: 38585 to conductor 4002 over
which main anode battery is supplied as before
mentioned. Therefore, tube AD(38) will under-
80 a control-gap discharge, first and second
transfers, and relay AD(37) will be operated.

Relay AD(37) locks over a path from negative
‘battery, upper winding of relay AD(37), No. 7
:contact of that relay, lowsr winding of that re-
lay, resistor. 3172 to conductor 4602 through
‘which the positive battery at relay SRGD is
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supplied as before explained. Relay AD(31) will
thereby remain operated under the control of re-
lay SR(8T). Relay AD(31), in operating and
locking, interrupts the supply of negative volt-
age to the cathodes of tube AD(38) thereby ex-
tinguishing that tube.

With relay AD(31) operated, as a result of the
receipt of a first or hundreds digit greater than
“2,” the above-described path for the supplying
of negative battery to the left-hand control cath-
odes of the hundreds storing:tubes through the
upper contact of relay P1(35) will be complet-
ed. It may be noted that since relay AD(3T) is
locked operated, “1” may be used as the tens,
units, or ringing code digit. Relay AD(3T), in
operating, also interrupts, at its No. 4 contact,
the circuit over which dial tone was supplied to
the calling subseriber.

The main cathodes of the counting chain tubes
are connected to the left-hand control anodes of
their associated and respective hundreds, tens
and units storing tubes. Thus, the main cath-
ode of counting chain tube RI16(36) is connect-
ed by conductor 3640 and through resistors 3812,
3813 and 3814 to the left-hand control anodes
of the hundreds storing tube IHI16(38), of the
tens storing tube T16(38), and of the units stor-
ing tube UI6(38), respectively. Similarly, the
main cathode of counting chain tube R27(38)
is connected by conductor 3641 through indi-
vidual resistors to the left-hand control anodes
of tubes H27(38), T21(38) and U21(38). . The
other associated tubes are similarly intercon-
nected, including the main cathode of the “add-
five” counting chain tube RA5(36) being con-
nected by conductor 3645 through individual re-
sistances to the left-hand control anodes of tubes
HABS(38), TA5(38) and UA5(38).

The main cathodes of tubes H16(28), H27(38),
F38(88), HAN(38), and H50(38) are connected to
a source of negative voltage through resistors
3815, 3816, 3817, 3818, and 3818, respectively, and
the main cathode of tube HAE(38) is connected
to negative battery through the winding of relay
Similarly, the main cathodes of the
tens storing tubes T16(38) to TEN(38), inclusive,
are connected to negative battery through indi-
vidual resistors, and the main cathode of tube
TA5(38) is connected to negative battery through
the winding of relay TA5(38). And in a similar
fashion the main cathodes of the units storing
tubes UI6(38) to U50(38) are supplied with nega-
tive battery, with tube UA5(33) having the wind-
ing of relay UAB(38) in its main cathode circuit.

It will be recalled that a positive voltage from
the positive battery at relay SR(3T) is supplied
to conductor 4002. This positive, main anode
voltage is thereby connected through common
resistor 3820 fo the left-hand main anodes of
tubes HI6(38), H27(38), H38(38), HA9(3®), and
H58(38), and through individual resistor 3621 to
the main anode of tube HA5(38). Similarly,
main anode voltage is supplied to tubes T15(38)

‘to T80(38), inclusive, through the common re-

sistor 3822, and to tube TA5(38) through the
individual resistor 3823. In a similar fashion,
the main anodes of tubes UI6(38) to UEN(38),
inclusive, are connected to positive battery
through resistor 3824, and the main anode of tube
UAE(88) is connected to positive battery through
resistor 3825, ‘

It may therefore be seen that upon the receipt
and counting of dial pulses representing a first
or hundreds digit greater than “1,” and upon the
operation of relay RAI(3T) during the inter-
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digital delay period following the transmission
of those pulses, proper potentials are applied-to
the electrodes of the hundreds storing tubes
which are associated with conducting counting
chain tukes. Since it has been assumed that the
called subscriber’s numerical designation 1is
“236-2,” the first or hundreds digit is “2,” and
counting chain tube R21(36), only, will be con-
ducting. The rise in main cathode potential of
that tube will be transmitted to the lefi-hand
control anode of hundreds storing tube H2T(38),
and since the left-hand control cathode of that
tube is connected to a source of suitable negative
voltage through contacts of relays P1(3%),
AD(3I), and RAI(3T) as above described, a con-
trol-gap discharge will be initiated in tube
27(28), and first and second transfers will im-
mediately occur, whereby conduction will exist
across the main gap thereof.

This transfer of the counted digit to the stor-
ing tubes occurs <during the period after relay
RA{(37) is operated, and before relay EX(@TD)
operates. When relay EX(31) operates, the pre-
viously traced circuit for the supply of main
anode voliage to ‘the counting chain tubes
RI6(38) to RAS3S), inclusive, is inbterrupted,
and the eonducting counting chain tubes will be
extinguished. Under the assumed conditions,
tube R27(38) is the only counting chain tube
which is conducting, and it will be extinguished.
Since relay EX(37), in operating, causes the re-
lease of relay RA{(31) which, in turn, interrupts
the energizing path for relay EX(31), the count-
ing chain tubes must be extinguished before relay
EX(3T) again releases to reestablish the main
anode supply. The charge on capacitor 37159
insures that relay EX(37) will be sufficiently
slow-to-release for the counting chain tubes fo
hecome deionized to the required degree.

As previously mentioned, the release of relay
RA[BT) releases relay RA(31) which results in
the discharge of capacitor 3750 at the control
anode of tube RAI(3T), and the circuit is pre-
pared for the receipt of the second or tens digit.

At the first dial pulse of the second or tens

digit, ‘a positive pulse is transmitted from the
retard coil over conductor 3744, through the inner
upper hack contact of relay RAI(3T) and through
the No. 4 contact of relay DC(3T) in parallel, con-
ductor 3742, inner lower back contact of relay
RA(3T), resistor 3743, No. 3 contact of operated
relay AD(81), conductor 3713, lower front con-
tact of operated relay P1(35), conductor 3587,
and through resistor 3508 to ground, whereby this
positive pulse iz applied to the right-hand con-
trol anode of tube P2(35). Negative battery is
supplied through the winding of relay P2(3%),
conductor 3544 and resistor 3518 to the main cath-
ode, and through the additional resistor 3509 to
the right-hand control cathode of tube P2(35).
Tt may be noted that negative battery is also
connected through capacitor 3512 to the cathodes
of this tube. The main anode of tube P2(28) is
connected to main anode battery through re-
sistor 3584 which is common to tubes Pi(35),
P2(35), P3(235), and DC(3T). When the positive
pulse is applied to the right-hand control anode of
tube P2(35), a control-gap discharge and first and
second transfers will immediately occur. The
main cathode of tube P2(35) will be momentarily
held at approximately negative battery potential
by capacitor 3512, while the main cathode of
previously conducting tube P{(38) will be at 2
considerably higher voltage since capacitor 3505
will have become fully charged. Therefore, in a
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manner similar to that in which the counting
chain tubes operate and commutate, the addi-
tional drop across resistor 3504 resulting from
the conduction through tube P2(35) will drop the
potential at the main anodes to a point that the
potential difference between the main anode and
main cathode of tube PI(35) will be below sus-
taining voltage, and that tube will be extin-
guished. As tube P2(35) -continues to conduct,
capacitor 3542 charges whereby the main cathode
potential of tube P2(35) rises so that tube P2(2®)
ray be extinguished upon the rendering of tube
P3(35) conductive subsequently, and relay P2(3%)
is operated. The extinguishing of fube PI(25)
will release relay P1(35), which will interrupt the
circuit over which negative battery had previ-
ously been supplied to the control cathodes of the
hundreds storing tubes HI6(28) to HA5S@E),
ineclusive.

The first dial pulse of the second digit also
operates relay RA(31) as before and fires the
counting chain tube RI6{36). Since “3” is the
tens digit of the assumed called subscriber’s
number, two additional dial pulses will be re-
ceived which will result in counting chain tube
R38(36), only, being conductive. During the in-
terdigital delay, capacitor 3750 will charge, and
tube RAI(3T) will be fired operating relay
RAI(87) as previously described. Relay RAIGD,
in operating, will complete a circuit from nega-
tive battery through the oufer lower contact of
relay RAI(3T), No. 1 contact of lecked operated
relay AD(T), conductor 3768, No. 6 contaci of
operated relay P2(35), conductor 35{5, and
through resistor 3826 to ground, whereby this
negative potential is applied to the left~hand
control cathodes of the tens storing tubes T18(88)
to TA5(38), inclusive. Since counting chain
tube R38(36) is conducting, a- positive voltage
will be applied over conductor 3642 and through
resistor 3827 to the left-hand control anode of
tube T38(38). Tube T38(38) will therefore be
rendered conductive to store the digit “3” as
the tens digit of the called subscriber’s number.
Relay EX(37) will be operated and released, re-
lays RAI(3T) and RA(T) will be released and
the counting chain tubes Wwill be extinguished
in preparation for the receipt of the next digit.

At the first dial pulse of the third or units
digit, a positive ‘pulse is again transmitted to
conductor 3113 from which that pulse is passed
through the lower back contact of released relay
P1(35), conductor 3518, No. 7 contact of operated
relay P2(35), conductor 3511, and through re-
sistor 3518 to ground whereby the pulse is ap-
plied to the right-hand control anode of tube
P3(35). This tube fires, transfers, extinguishes
tube P2(35) thereby releasing relay P2(3%), and
operates relay P3(35) in its main cathode cir-
cuit in a manner similar to that previously de-
scribed in relation to the firing of tube P2(3%)
at the beginning of the second digit. The re-
lease of relay P2(35) interrupts the eircuit over
which negative battery had previously been ap-
plied to the control cathodes of the tens storing
tubes T16(38) to TA5(38), inclusive. The oper-
ation of relay P3(35) prepares a circuit whereby
upon the operation of relay RAI(3T) at the end
of the third digit negative battery will be con-
nected through the lower front contact of on-
erated relay P3(35), conductor 3518, and thicugh
resistor 3830 to sround whereby the negative po-
tential will be applied through individual re-
sistors to the left-hand control cathodes of the
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units storing tubes UI6(38), U27(38), U3B(38),
U48(38),U50(38), and UA5(38). '

Since the units digit of the assumed called sub-
seriber’s number 236-2 is “6,” six dial pulses
will be received and counted by means of the
counting chain. The sixth pulse will render both
tubes RAB(36) and R18(86) conductive as here-
inbefore described. Full conduction in tube
RAS(38) will cause the operation of relay
RAB(38) which is in the main cathode cireuit
of that tube. The rise in main cathode poten-
tial of tube RI6(86) will be transmitted over
conductor 8648 and through resistor 88i4 to the
left~-hand control anode of tube UI§(2E). The
rise in main cathode potential of tube RAS(36)
will be transmitted over conductor 3545 and
through resistor 383! to the left-hand control
anode of tube UAB(38).  Therefore, upcn the
elapse of the requisite portion of the interdigital
time " and - the resultant operation of relay
RAI(ED), tubes U1I6(38) and UABE2) will be
rendered conductive to store the digit “6.” Re-
lay EX(37) will operate and release, the count-
ing chain tubes will be extinguished, and tubes

and relays RAI(37) and RABT) will be released ¢

in preparation for the receipt of the next digit.

Upon the receipt of the first dial pulse of the
fourth or ringing code digit, a positive pulse is
transmitted over conductor $773, through the
lower back contact of released relay Pi(38),
conductor 3%i6, No. 8 contact of released relay
P2(88), conductor 3325, upper front contach of
operated relay P3(35), conductor 352§, and
through resistor 8774 to ground, whereby the
positive pulse is applied to the right-hand con-
trol anode of tube DC(81). Since negative bat-
tery is connected through the winding of relay
DC@BT), conductor 3775, through resistor 35715
o the main cathode of tube DC(31) and through
resistor 38577 to the right-hand control cathode
of that tube, as well as through capaciior 3578
to these cathodes, a discharge will occur across
the right-hand control gap of tube DC(87), frst
and second transfers will occur, tube P3(35) will
be extinguished due to the additional drop across
resistors 35684 and the presence of capacitor 3578,
relay P3(35). will be released, and relay DC(37)
will be operated. The release of relay P3(35)
will interrupt the circuit over which negative
battery had previously heen supplied to the con-
trol cathodes of the units storing tubes U16(38)
to UAE(38), inclusive.

Since the fourth or ringing code digit. of the
assumed subscriber’s number 236-2 is “2,” count-
ing chain tube R2T7(36) will be rendereq con-
ductive, and will remain conductive to store this
ringing code digit. At the pause following the
last dial pulse of this digit, tube RAI (AT will
fire and relay RA{(ET) will be operated. The
operation of relay RAI(3T) will cause the ex-
tinetion of conduction through tube RA(27) and
relay RA(37) will be released. Relay EX(3D),
however, will not operate since its: previously
traced energizing path is interrupted at the No.
T contact of relay DC(37) as a result of the op-
eration of relay DC(37). Since relay EX(3T)
does not operate, the main . anode circuits for
tube RA((87) and for the counting chain tubes
will not be interrupted. Therefore tube R27(38)
will remain conducting to store the ringing code
digit “2” and relay RAI(37). will not bs released.
It may be noted that any further dialing will be
ineffective in that the pulse output cireuit from
the retard coil comprising windings 373% and
3738 is interrupted by the opening of inner up-
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per contact of relay RAI(37) ‘and by
ing of the No. 4 contsct of relay DC(3T).

The conjoint operation of relays RAI(31) and
DC(2T) closes an energizing circuit for relay
DC1(39) which may be traced from negative
battery, winding of relay DCI (39), conductor
3911, left-hand back contact of relay TMB(41),
conductor 4110, inner lower back contact of relay
CK(39), conductor 3918, No. 3 ¢ontact of oper-
ated relay DC(31), conductor 3119, middle upper
front contact of operated relay RA{(31) to off-
normal-ground conductor 3913 which is grounded
through the No. 3 contact of relay ONi(39). Re-
lay DCI(39) will therefore be operated.

As hereinbefore mentioned, provision is made
for time-out in the event that relay STI@ED
fails to release within a prescribed time. Pro-
vision is also made for the circuits to time out
if the subscriber fails to start dialing within an-
other, and preferably considerably longer, pre~
scribed time, or if a series of digits none of which
are greater than “1” are received, or if an esx-
tended delay period occurs during the dialing.

I, at the time relay ONI(39) operates at the
seizure of the register, relay STi(21) has re-
leased to release relay TMA(41) which, in turn,
has released relay TMB(41), the operation- of
relay ON1(39) will close an operating circuit for
relay TMA(41) which may be traced from ground
through the No. 3 contact of relay ONI(38), off-
normal ground conductor 3913, through the
right-hand back contact of relay TMB(41), con-
ductor 4112, upper winding of relay TMA1),
and to negative battery. Relay TMA(A]), in

the open-

3 operating, will lock operated over a path from

negative battery, lower winding and inner lower
front contact of relay TMA(41), conductor 4113,
No. 8 contact of relay ONI(29), conductor 3329,
No. 5 contact of unoperated relay AD(21) to
off-normal ground conductor 3913. " This ground
is also extended through the inner lower front
contact and through the outer lower front con-
tact of operated relay TMAWI) to conductor
4114, through the winding of relay TMB(4{)
t0 negative battery. Relay TMB(A!) operates
to interrupt the original operating path for relay
TMA41). Relay TMAWAI), in operating, con-
nects negative battery ‘through its upper fron
contact to conductor 4197, through the winding
of relay TM(41), conductor 4168, and through
resistors 4115 and 4116 to the main and control
cathodes, respectively, of tube TM(41]). .This
negative battery on conductor 4§87 is also ap-
plied to the lower electrode of capacitor 4117,
Positive battery is connected through resistor
4120, right-hand back contact of relay NGT(4§),
conductor 4121, resistor 4122 to the upner elec-
trode of capacitor 4117, ‘This capacitor will be-
gin to charge, with thé rising potential therecn
being applied through resistor 4128 to the right-
hand control anode of tube TM1). . As indi-
cated, the time constant of the network inclug-
ing capacitor 4((17 'is preferably considerably
greater than the time constant of the network
including capacitor 4184. If relay TMA4I) is
not released within this time, a. discharge will
be initiated across the right-hand control gap
of tube TM1). It may be noted that if, upon
seizure of the register, relay ONI(39) is sperate:l
prior to the time that relay TMA(41) is com-
pletely released as a result of the release of relay
STIQD, relay TMAT) will immediately lock
over the above-traced locking circuit.

It dialing commences . before capacitor 4417
has charged . to the critical . potential, relay
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AD(3T) will be operated at the second dial pulse
of the first digit, but the locking path for relay
TMA(41) will be maintained during the dialing
of that digit since conductor 3928 is connected
to. off-normal ground conductor 3%13 through
the inner-upper front contact of relay RAGT)
which is eperated at the beginning of each digit.
At the end of the first digit, relay RA(3T) re-
leases thereby releasing relay TMA(41). The
release of relay TMA(41) interrupts. the ener-
gizing circuit- for relay TMB(4f). The release
of relay TMB(4l) again closes the energizing
circuit for relay TMA(41) to off-normal ground
conductor 3913, but relay TMB(41) is slow-to-
release so. that capacitor 4111 may completely
discharge through the ecircuit including resistor
4§22 and the upper back contact of relay
TMA(41). At the beginning of the second digit,
relay RA(31) operates to provide a locking path
for relay TMA(41) and an operating path for
relay TMB(41); and at the end of that digit
relay RA(37) releases to release relay TMAMALD
which releases relay TMB(41), which, in turn,
reoperates relay TMA(4(). This cycle repeats
as each digit is received. At the completion of

the last digit, relay TMA41) is released at the -

release of relay RA(37), Relay TMA(4i) re-
leases relay TMB(41) which again closes the
circuit for the operation of relay TMAAL) to
restart timing. The operation of the circuits
in the event that time-out occurs will be dis-
cussed hereinafter. .

Busy-~idle-vacant test
TRAFFIC LOCKOUT

When relay DCI(398) is operated, a circuit is
closed from ground, inner upper back contact
of relay RS(35), conductor 3921, inner upper
front contact of relay DCI1(39), conducior 3922
which extends via cables 1410 and 1301 through
Fig. 14 to Fig. 12, No. 2 contact of operated relay
ci(12), conductor 1241, winding of relay oT12),
conductor 1242, inner upper back contact of relay
STC(12), to negative battery. If relay STC(2) is
released, as above described, or, otherwise when
relay STC(12) releases, relay OT(12) will oper-
ate and lock to negative battery through its
inner upper front contact. This. locking path
is provided so that relay OT(12) will not release
if relay STC(i12) is subsequently operated. Re-
lay OT(12), in operating, interrupts, at its outer
upper back contact the previously traced circuit
over which positive 100-volt battery is applied to
the left-hand control anodes of the subseribers’
%ine tubes as shown in Figs. 8, 9, 10, 11 and 19.
Tt is thereby provided that if any other subscriber
has just attempted to originate a call whereby
his line relay is operated, the associated line tube
may not be fired. Relay OT(12), in operating,
also connects negative battery through its mid~
dle upper front contact to conductor 1243, wind-
ing of relay GI(13) to ground, whereby relay
G1(13) is operated for a purpose to be described
hereinafter. : R .

Prior to the operation of relay OT(12), the
right-hand electrode of gas diode OT(12) is con-
nected to ground over conductor (235 and through
resistor 1234. The left-hand electrode of tube
OT(12) and the right-hand electrode of capacitor
1245 are connected to negative 50-volt battery
through resistor 1244. The left-hand electrode
of capacitor 1249 is-connected to.positive 135-
volt battery through -resistor -1245. Upon. the
operation of relay OT(12),; negative battery is
connected through the inner upper front con-
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tact of that relay to the left-hand electrode of
capacitor 1248 dropping the potential on hoth
sides of capacitor 1248, thereby rendering tube
OT(12) conductive. The drop across resistor
1234 as a result of conduction through tube
OT(12) will cause a negative potential to be ap-
plied through resistor (231 to the right-hand
control cathode of tube RL:.(12) which will render
that tube conductive as before described. Capaci-
tor 12858 immediately discharges through re-
sistor 1244 thereby extinguishing sgas diode
OT(12). As hereinbefore described, fube RL({2)
in firing will operate relay RILS(12) which in-
terrupts the circuits of the positive 50, 100 and
135-volt batteries, for the purpose, at this time,
of releasing any control cireuits which may have
been set up by an originating eall which has not
as yet operated relay STC(12). As before, relay
RLS(12), in operating, interrupts its own en-
ergizing circuit. and, after a delay interval, re-
leases. When relay RIS(12) releases, positive
100-volt battery is connected through resistor
{287, middle upper back contact of relay RLS(12),
conductor 1288, outer uppsr front coniact of op-~
erated relay OT(i2), conductor 1248, No, § con-
tact of relay C(i2), conductor 1247, resistor £416,
conductor (417 which is carried through cables
1410 and {501 to Fig. 39, inner lower back con-
tact of relay RS(3%), conductor 3525, outer lowey
front contact of operated relay DCI(39), con-
ductor 3926 which is carried through cable 1381
to Fig. 13, and to the right-hand control anode
of tube LOI(13). It may be noted that the posi-
tive 100-volt battery on conductor (247 is also

5 connected to resistor 418 and conductor 1418

which is carried through cables {41t and 1302
to register No. 2 in Fig. 41, and this positive
potential may also be connected to additional
registers, not shown, in a similar fashion. Any of
these registers which are attempting to ter-
minate a call will connect this potential hack to
its associated lockout tube in Fig. 13 of the com-
mon release and time-out circuit. If, for exam-
ple, register No. 2 is attempting to terminate a
call at this time, relay DC(1) therein wili be op-
erated and the positive potential will be car-
ried back through a conductor in cable {362 to
the right-hand control anode of tube LOZ(i3).
The right-hand control cathodes of the lockout
tubes, such as LOI (13) and LO2(18) shown, are
connected to ground through the common re-
sistor 1385 and retard coil 13¢8. Therefore, these
tubes are connected in lockout, and the first one
thereof to fire will lock out all others. It will
be assumed that a discharge is first initiated
across the right-hand control gap of tube
T.OI(18). The right-hand main anode of tube
L.0O4(13), as well as the right-hand main anodes
of the other associated lockout tubes such as
1.02(13), is connected through conductor 1236,
No. 7 contact of relay Ci1(i2), condueter {218,
innér upper back contact of relay RLS(i2) to
positive 135-volt main anode battery. The main
cathode of tube LOI(i3) is connected to nega-
tive battery through resistor 1327 and the wind-
ing of relay LO1(13). Therefore tube LOI(I2)
will undergo first and second transfers and relay
1.O{(13) will be operated. The operation of re-
lay LOI(13) completes a circuit from ground ab
the No. 5 contact of relay ID(42), conductor
4005 which is extended through cable §381 to Fig.
13, No, 1 contact of relay LOI(I3), conductor

1308, No. 1 contact of relay CI1(i2), conductor

{248, winding of relay MA(i2), and to negative
battery. The operation of relay MA(12) inter-
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rupts the previously -traced eircuit over which
positive 135-volt main anode battery is supplied
to the subscribers’ line :tubes; aind thereby pre-
pares these tubes for line selection by the regis-
ter as will be described hereinafter. It may be
noted that had relays :C(i4) and Ci1(4) in the
common release -and time-out circuit been op-
erated rather than relays C(12) and Ci(12), the
operation of relay LO1(13) would have completed
a circult from ground at the Mo. 6 contact of
relay ID(48), conductor 40088 ‘which -is extended
through cable 1301 to Fig. 13, No. 2 contact of
relay LO{(13), conductor 4389, No. 1 contact of
relay Ci(14), conductor. 1429, winding of relay
MA14), and to negative battery.  In this event,
relay MA(14) would have.been operated to per-
form the same function-as relay MA(12). Re-
lay LOU({3), in‘operating, also.connects ground
through its No. 6 contact to conductor 1348, back
contact of relay TMB({8);, upper winding of re-
lay TMA(15), to battery. ..Relay TMAUS) . op-
erates over this:path to commence timing as will
be descrihed hereinafter. : S
SEIZING. THE NUMBER GROUP

Relay LOI(13), in operating, also. connects
negative battery through . resistor {311, No. 7
contact of relay L.OI3), conductor 1312, wind-
ing of number-group.connector relay NGCB A1)
to ground. Relay NGCRB(47), in operating closes
a cireuit from ground.through its No. 1 contact,
sonductor 4184, winding of relay NGCA48), to
battery whereby relay. NGCA(4%) is operated.. It
may be noted that when .register No.:2 controls

the terminaticn of a.call in. which event relay

10204 2) -will be operated, negative battery is con-
nected. throush. resistor 1343, No. 7 contact of
relay LOZ2(413), cenductor (1314, winding of relay
NGCB(48) to ground. whereby relay NGCB(48)
will be operated 1o, in. turn,. operate relay
NGCAB).

Relay NGCA(48), in: . operating, connects
ground through its Nos. 20..and 21 .contacts to
conductor 4664 which is cabled to Fig. 15, through
the inner -lower front.contact and:through the
winding of operated relay TMAWS) to: battery,
thereby providing a locking path: for relay TMA-
(i8).  This ground -also extends -through the
outer lower front contact of relay. . TMAC(LS),
conductor {504, winding of relay TMB(15), and
to battery, thereby operating relay TMB({5).

Relay NGCB(4T), in: operating, connects the
windings of the tens translator relays TI16(41),
T21(4T), 'T38(AT), 'T49 (4T),, and-T50(47) through
the Nos. 18, 17, 16, 15, and 14 :contacts, respec-
tively, of relay NGCB(4T), to the-main:-cathodes
of the tens -storing tubes TI16(38), T27(38),
'T28(38), T49(38),  and- T50(38), respectively.
With the assumed tens: digit *“3” stored in the
-tens storing tubes; and with; therefore, -tube
T38(28) conducting as previously described, the
main .cathode of tube. T38(38) is. at or -above
ground. potential. This. potential is conducted
through conductor 3833, No. 16 confact of relay
NGCB(41), conductor 4103, winding of tens

translator relay 'T38(471) .and to mnegative bat-

tery. Relay T38(47) will thérefore be operated.
In a similar fashion, whichever.of the tens stor-~
ing tubes is conducting as a. result of the regis-
tration of -a. tens digit, upon ‘the -operation of
relay NGCB(41), the correspondingly designated
one of the tens ‘translator relays Ti68(AT) to
T50(4T) will be operated. In a similar manner,
relay NGCBWTD), in operating, will connect the
windings of the units translator relays U16(41),
V2T4D, * UIBAD), “UAIATY, and UMD
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through the Nos. 25, 24, 23, 22, and 21 contacts,
respectively, of relay NGCB(4T) to the main
cathodes of the units storing tubes U16(38),
U21(38), U3B(38), U49(38) and UH0(3B), re-
spectively. Thus, with the assumed units digit
“6” stored in the wunits storing tubes, ‘tubes
U16(38) and UAS5(38) will be conducting. The
ground potential, or the potential positive rela-
tive to ground, at the main cathode of tube
U16(38), will be transmitted over. éonductor
3834, No. 25 contact of relay NGCB (41), ‘con-
ductor. 4704, winding of relay U16(41), to nega~
tive battery. Relay U16(47) will thereby be
operated. Conduction in tube UAS5(38) will re-
sult in the operation of .relay UAS5(38) ‘as above
described.

Relay . NGCA®6), . in operating, - connects
ground through its No. 5.contact, conductor 4802,
No. 4 contact.of relay ID(40), conductor 4308,
No. 2 contact of relay. VAC(40), conductor 4009,
winding of relay HST. (40) to negative battery.
Relay HST#0), in operating connects positive
battery through resistor 4012, winding of relay
IB(40), conductor 4013, resistor 4013, middle

-upper  front .contact of relay HSTWED and to

conductor 4015. Since the digit “6” has been
assumed to have been stored in the units storing
tubes and since, therefore, relay UA5(38) is op-
erated, this positive voltage will ‘he -connected
through the : front contact of relay UAS(3®),
conductor 3835, No. 26 contact of relay
NGCB(41), conduttor 4705 and to the front'con-
tacts of the units translator relays U161 to
U5S0@T), -inclusive. Since relay UIEAT) is op-
erated as above deseribed, the positive voltage
will be passed through the outer upper front
contact of that relay to the “6” conductor 4796.
It ‘may be noted that had a digit less than “g”
been registered in the units storing tubes, relay
UAS(38) would have been released, and the posi-
tive potential would have been extended through
the back contact of rélay UAS5(38), conductor
3836, No. 27 contact of relay NGCB(4T) ; conduc-
tor ‘4101, and to ‘the inner upper front contachs
of the ‘units translator relay. ‘

* The positive potential on the “6” conductor
4106 is conducted to the number-group cross-
connection terminals of Fig. 49 where a connec-
tion is made between conductor 4708 and the
units lead of all those line tubes in. the system
which have a “6” as‘the units digit of their des-
ignating or subscriber’s. number. For example,
“6” conductor 4706 is cross-connected in Fig. 49
to the subseriber’s units lead 4906 which. is car-
ried via cables 4907 and 4908 to Fig. 11.. This
bositive potential on conductor 4906 is then ap-
plied to. the right-hand main or “units” anode
of the subscriber’s line tube Li(11). Tt may he
noted that in a one-thousand line office, ninety-
nine other line tubes would be designated by a
number of which the units digit is (8), and there-
fore minety-nine other line tubes would have
this positive potential applied to their right-
hand main or “units” anodes.

Negative battery is connected through the
winding ‘of relay BY (40), conductor 4016, resis-
tor 3837, and to the armature of relay TA5(38).
Since the digit “3” is stored in the tens storing
tubes, relay TA5(38) is not operated, and, there-
Tore, this negative voltage is conducted through
the ‘back contact of relay TA5(38), conductor
3838, No. 20 contact ‘of relay NGCB an, and
through conductor 4708 to the contacts of the
tens translator relays. Since relay T38(AT) is
operated as above described, the negative voltage
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will'be -conducted through the inner upper front
-contact of that relay to the “3” tens conductor
4113 which is cross-connected in Fig. 49 to the
tens leads of all those line tubes in the system
which have a “3” as the tens digit of their des-
ignating or subscriber’s number.  For example,
the tens “3” conductor 4713 is cross-connected
in Fig. 49 to conductor 4999 which extends to
Fig. 11 via cables 4907 and 4998. The negative
potential on conductor 4989 is connected through
.resistor {1101 to the:right-hand-control or ‘“tens”
cathode of tube Li(ii1). In' a similar manner,
a suitable negative voltage is applied to the
right-hand control or “tens” cathodes of all the
other line tubes which-also have “3” as: the tens
d1g1t of their designation.

Relay HST(40), in operating, connects ground

through its outer upper front contact to con-

ductor - 4918, capacitor #4919, winding of relay

HP(40), outer upper back contact of relay HP(48) 2

and: to negative batiery. Relay HP(40) will
thereby operate in the charging path-of capacitor

4019, Relay HP(4®), in operating, connects nega-’

tive battery through its outer upper front cofi-

tact to conductor 4818 thereby short circuiting =

the winding of relay BY(40) and applying fuil
negative battery to -the-right-hand control “or
“tens” cathode of the line tubes having the as-
sumed number as their tens digit. -Relay HP (48},
in -operating, - also -connects positive battery
through its inner upper front contact to con-
ductor 4813 thereby. short circuiting the winding
of relay IB(40) and applying full positive battery
to the right-hand main-or “units’ anode of the
line tubes having the assumed number as the1r
units digit. .

"It will be recalled that one of the hundreds
storing tubes which. is conducting, assumed to be
tube H27(38), has conduction therethrough lim-
ited. by 1eszstor 3820 in the main anode circuit
thereof.. ‘Relay HP(48), in operating, .connects
full positive battery ’chrough its inner upper-front
contact and through conductor 4020 -to the main
anodes of the hundreds counting tubes, and, thus,

full positive battery is applied to the main anode
The - increased : conduction

of tube H27(38).
through hundreds storing tube H27(38) ag g re-
sult of this increased potential at the main anode
thereof causes the voltage. at the main cathode
thereof to rise to approximately 50-volts positive.

This rise in potential is applied.over.conductor

3840, inner upper back contact -of unoperated
relay HA5(38), conductor. 3841, No..13 contact
of relay NGCB(A'!) _conductor. 4'“4 through re-

sistor 4715 to ground and through conductor 4%14
. By

to the “2” hundreds terminal in Pig. 49,
means of the cross-connection terminals in Flsr
49, this positive potential is applied to the “hun-
dreds_” leads of all the line tubes in the. system
having “2” as the hundreds digit of their desig-
‘nating number. Thus .the positive potential. is
applied to the hundreds lead 4819 which is car-
ried via cables 4907 and 4998 to Fig. 11, where
the positive potential is applied through resistor
1192 to the right-hand control or “hundreds”
anode of subscriber’s line tube LiI(11). It may
be noted that this positive potential .is also ap-
plied through the cross-connections at Fig. 49:to
conductor. 4911. which is carried via cables 4912
and 4908 to Fig. 10.where the positive potential
on conductor 49!l is applied through- resistor
100! to the right-hand . control or “hundreds”
anode of line tube L3(i0) -which also has “2”-as
the hundreds digit of its designating number...It
also may. be noted that had hundreds.storing
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tube HAB(38)  been operated as well as. tube
H27(38), relay HAS5(38) would have been oper-
ated and- the rise in cathode potential of tube
H27(38) would have been applied through con-

“ductor 3840, through the inner upper front con-

tact of relay HAS5(38), conductor 3242, No. 8 con-
tact of relay NGCBWMAT) and to conductor 4715
which is connected to the “7” hundreds terminal
in Fig. 49.

Relay HP(40), in operating, also interrupts, at
its outer upper back contact, its own energizing
circuit, and therefore, after a short interval, re-
leases. - The positive potential applied to the
right-hand control or “hundreds” anodes of those
line tubés having a “2” as their hundreds digit
will -therefore be a square top pulse of short
duration which is sufficient to fire the particular
line tube having the proper hundreds, tens and
units digits. It may be noted that relay HP (49),
in releasing, restores the previously traced ener-
gizing path for itself. Relay HP(40) will not re-

.operate, however, since capacitor 4019 has be-

come fully charged during the operating time of
relay HP(40). over a path from ground, outer
upper front contact of relay HST(40), conductor
4018, capacitor 4019; resistor 4021, ovter upper
front contact of relay HP(40) and to negative
hattery. It may be noted -that when relay
HST(40) releases as will be described, capacitor
4019 will be discharged.: Relay HP(40), in re-
leasing, removes the ‘short-circuits from relays
IB(40) and BY(40).

When relay HST(40) is operated, a circuit is
completed from ground on off-normal ground
conductor 3913, No. 7 contact of relay RT (48},
conductor 4022, back contact of unoperated relay
IB(49), conductor 4023, inher upper front con-
tact of relay HST(40), conductor 4024, winding
of relay VAC(40), and to negative battery. Relay
VAC(40) is thereby energized but is slow to oper-
ate. If the called line is not vacant, relay IB(49)
will be operated-as will be described immediately
hereinafter.. The ‘operation of relay IB(46) in
that event will interrupt the above traced ener-
gizing path for relay VAC(40) and relay VAC(48)
will not operate If the line is vacant, relay
IB(49) will not be operated and relay VAC(46)
will be allowed-to operate to indicate that the
line is vacant.

With a suitable p051t1ve voltage applied through
relay IB(40) to ‘the main anodes of all those line
tubes having a “6” as their units digit, with a
suitable hegative voltage applied through the
winding of relay BY (40) ‘to the rxght ‘hand con-
trel” cathodes of -all those- line tubes having a
“3” ‘ag their tens digit, and with a positive pulse
applied to the r1ght hand :control anodes of all
those line tubes havmg a “2” ag their hundreds
dizit, presummg a '1000-lihe office, only ten line
tibes will undergo a discharge across their right-
hand -control gaps ‘and only- one " of these ten
will have a proper potenmal applied’ to'its right-
hand ‘main anode ‘so’ that ‘a first’ transfer will
occur whereby conductlon will exist therein be-
tween the right-hand maih anode and the right~
hand control cathode of ‘that tube. This tube
will be the one des1gnated “236” which, in the
drawmg, is tube Li(i 1) I this line is idle, the
main ‘cathode ‘of line tuhe Tl (l ) wﬂl be at full
negative voltage, such -ds, it may he assumed,
at negative -48 volts. In’ “this "event, ‘a second
fransfer will immediately occus wheieby condugs-
tion “will exist "bétween thé right-hand main
anode and the main cathode of tube Li(il).

Since- relay IB(40).is in the right-hand main
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anode circuit, that relay will be operated. After
this second transfer has occurred, line tube
LI may also still conduct between the right-
hand main anode and the right-hand control
cathode, but insufficient current will flow to oper-
ate relay BY(48). If the line is busy, the main
cathode of tube Li(ii) will he connected over
the sleeve lead to ground through retardation
coil 2818 in the junctor as above .described.
Therefore, in this  circumstance, the second
transfer will not ocecur in tube Li(il) and con-
duction will continue to exist between the right-
hand main anode and the right-hand control
cathode thereof. Since relay BY (40) is in the
right-hand control cathede circuit, under a busy
condition both relays IB(428) and BYA0) will
operate. The functioning of the system when
the called line is busy will be discussed herein~
after, it being presently presumed that the line
is idle,

Relay IB(49), in operating, closes a path from
ground on off-normal ground conductor 3913,
No. 7 contact of relay RT(40), conductor 4822,
front (left-hand) contact of relay IB(49), con-
ductor #4028, back (left-hand) contact of relay
BY(48), conductor 4028, winding of relay ID(40)
and to negative battery. Relay ID(40) is therehy
operated and locks over a path from negative
battery, winding of relay ID(40), conductor 4023,

No. 1 contact of relay VAC(48), conductor 4827, .

No. 1 contact of relay ID(48), and to ground on
off-normal ground conductor 3912,

ESTABLISHING PATH TO CALLED LINE

Relay ID(40), in operating, removes, at its No.
5 contact, the ground which was employed to
operate relay MA(12) as above described. Relay
MA(I2), in releasing, connects positive 135-volt
battery through the inner upper back contact of
relay RLS(12), conductor 1213, back contact of
relay MA(12), conductor {214, No. 4 contact of
relay C(i2), conductor {215, back contact and
upper winding of relay LS(5), to conductor 525
which is connected to the left-hand main anode
of tube Li(11) as well as to the left-hand main
anodes of the other line tubeg in the same
horizontal group. It may be noted that relay
MA?), in releasing, also connects  positive
battery through the winding of relay LS(4) to
the left main anodes of the line tubes in the
upper horizontal group and to the left-hand
main anodes of the line tubes in line~link frame
No. 2 but since the called line has been assumed
to be in the lower horizontal group of the line-
link frame shown in detail, these latter paths
are of no present importance. Relay ID40),
in operating, aiso interrupts the previously traced
energizing path for relay ¥HST(48), which re-
leases. Relay HST(40), in releasing, interrupts
the previously traced eircuit, including the wind~
ing of relay IB(40), for supplying positive bat-
tery to the right-hand main anode of the called
subseriber’s line tube Li (11). Therefore, positive
battery is removed from the right-hand main
anode of tube Li(ll) and relay IB40) is re-
leased.

With positive battery applied to the left-hand
main anode of line tube LI({) as above de-
geribed, a third transfer will occur whereby con-
duction will exist between the left-hand main
ancde of line fube LI({1) ‘and the main cathode
of that tube. Thus a condition exists similar to
that when the subscriber initiates a ¢all, and the
apparatus funetions in g similar manner. Con-
duction through tube Li(11) causes relay LS(5)
to be operated which removes the shunt from
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around resistors 526 and 527 to reduce the cur-
rent through the line tube to a low value to pre-
vent the operation of hold magnet HOLDAC(I ).
As before, relay 1S(5), in operating, closes posi~
tive battery through a time delay network to
the left-hand control anodes of the timing tube
T0(14) for a purpose to be hereinafter described.
Relay LS(8) locks on its primary winding in
series with the winding of relay PHS(5). Relay
PHS(5), in operating, connects ground through
retardation coil 566 and resistor 505 to the right-
hand control cathodes of the primary select tubes
PS0(5) to PS9(5). Relay PHS(5), in operating,
also connects positive 100-volt battery through
resistor 1207, middle upper back contact of relay
RLS(12), conductor (228, No. 4 contact of relay
C1(12), conductor 1218, resistor 1250, conductor
1281 which is cabled to Fig. 5, resistor 528, outer
upper front contact of relay PHS(5), conductor
412, and to the right-hand control anodes of the
frame lockout tubes FR({2). and FRE(IS) as-
sociated with this line-link frame. With relay
C(12) and C1(i2) operated, tube FRO({2) fires.
Conduction through tube FR8(12) causes the op-
eration of relay FR(5), as before, since that elay
is in the main cathode circuit of tube FRO(12).
Relay FR(5), in operating, closes a circuit over
which positive 135-volt main anode battery is
supplied through the winding of relay STC(5)
to the main anodes of all the primary select tubes
PS0(4) to PS8(4) and PS0(5) to PS9(5) in line-~
link frame No. 0. Conduction through tube
FRO(I2) also causes the operation of relay
08(12). It will be recalled that in the case of
an originating call the operation of relay OS(i2)
connected positive 100-volt battery through the
idle junctors to the right-hand control anodes
of the several primary-select tubes PS0(4) to
PS9(4) and PS0(5) to PS9(5). HMowever, in the
present case of a terminating call, relay OS(12),
in operating, performs no useful function since
the positive 100-volt battery has been removed
from its armature by the operation of relay
OT(12) as previously described.

Relay ID(4B), in operating, also connects bhai-
tery through the selected junctor to the tertiary
switch select magnets, associated with that june-
tor, in each of the line-link frames. These paths
may be traced from negative battery, resistor
4528, No. 9 contact of relay ID(48), conductor
4029, cross-point 2102 of the register connector,
conductor 21985 which is cabled to Fig. 28 throush
Junctor 1A(28) and to Fig. 24, and through the
winding of select magnet SELIA(24) in the
tertiary switch which is a part of lins-link frame

No. ¢ to ground, and, in parallel therewith,

through the winding of select magnet SEIL.IA (25)
in the tertiary switch which is a part of lne-link
frame No. 2 shown in part in Fig, 18, It is to be
understood that the tertiary switeh seleet mag-
nets associated with junctor {A¢28) in other line-
link frames, not shown, will aiso be cperated at
this time. Select magnet SELIA(2), in operat-
ing, operates relay TST(24) over a path from
nezative battery, resistor 248!, conduetor 24882,
front contact of select magnet SELIA (1), con-
ductor 2403, winding of relay TST(24) and to
ground. Similarly, select magnet SELIA(25) o~
erates relay TST(25) over a path from negative
battery, resistor 2501, conductor 2582, front con-
tact of select magnet SELIA(25); conductor 2583,
winding of relay TST(25) and to ground.
Positive 100-volt hattery is connected through
resistor 1207, middle upper back contact of relay
RLS(12), conductor 1288, No. 4 contact of relay
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C4(12), conductor 1219, through resistor 1220 to
conductor 4221 ,-and through resistor 1253 to con-
ductor 1254, Conductor 1221 is cabled to Fig. 24
where-it-is connected to-certain of the armatures
0f relay TST(24). -Conductor (254 is cabled to
Fig. 256 where -it -is .connected to certain of the
armatures -of relay TST(25). When relay
TST(24) operates, the positive 100-volt battery
on -conductor 1221 is extended through its inner
Jower ‘front contact to conductor 2485, through
the hack contacts of the unoperated hold mag-
nets of Fig. 24 and to the right-hand control
anocdes -of the associated terminating-secondary
select tubes of Figs. 16:and 17. For example, the
positive ‘100-volt ‘potential on conductor 2485 is
-extended through the outer back contact of ter-
tiary hold ‘tmagnet HOLDA(24), assuming that
hold magnet to be tnoperated, resistor 2408, con-
ductor 2487 which is cabled to Fig. 16, resistor

{685, and to the right-hand control anode ‘of ter-
minating-secondary select tube TSS9(i6). If
tertiary hold magnet HOLDB(24) is unoperated,
the potential on conductor 2405 :is also extended
through the outer back contact of that hold mag-
net, resistor 2488, conductor 2489 which is
cabled to Fiz. 186, resistor 1607 and to the right-
hand control anode of terminating-secondary
select tube TSS5(16). Similarly, if hold magnets
HOLDC 28 and HOLDD®@4) ars unoperated,

positive 100-volt battery will ‘he ‘applied to the -

right-hand control anodes of terminating-sec-
ondary select tubes TSS8(IT) and TSSEUD.
‘Similarly, this potential will be applied through
the back contacts of ‘those unoperated hold mag-
mnets (not shown) :
HOLDARRY 3nd HOLDB(24) to the control
anodes ‘of tubes TSS6(6) to TSSE(4E), respee-
tively (not shown), and will be applied through
the back contacts of those unoperated hold mag-
nets (not Shown)
HOLDC @Y and HOLDD(24) to the control an-
odes of tubes TSS6(IT) to TSSB(1T), respectively
(not shown). The positive 100-volt potential on
conductor 1254 is-extended, upon the operation of
relay TST(25), through the back contacts of
all unoperated hold magnets in Fig. 256 to the
right-hand control anodes of the associated ter-
minating-secondary select tubes in line-link
frame No. 2(19) in a similar manner. It may be
noted that had junctor {B(29) been employed in
the call rather than the assumed junctor {A(28),
tertiary select magnets SELIB(24) and
SEL{B2% would have been operated to op-
erate the same relays TST(24) and TST(25)
whereby the positive potential would have been
applied to the same terminating-secondary se-
lect tubes as above described. If junctor 2A(23)
or junctor 2B(28) had been utilized, tertiary se-
lect magnets SEL2A(26) and SEL2A(27) or ter-
tiary select magnets SEL2B(26) and SEL2B(2T)
would have been opgrated to operate relays
TST(26) and TST2T). Relay TST(26), in op-
srating, would have connected, in a similar fash~
jon to that above described, positive 100-volt
hattery through the back contacts of all those un-
operated hold Tthagnets HOLDA(26) to
HOLDB(28), inclusive, and to the right-hand
econtrol anodes of terminating-secondary select
tubes 'TSS4(16) to 'TSSO0(I6), respectively.
Similarly, relay TST(26) would have connected
positive 100-volt battery through the back con-
tacts of all those unoperated hold maghnets
HOLDC(25) to HOLDD(28), inclusive, and to the
righ{-hand control anodes of terminating-sec-
ondary select tubes TSSAUT to TSSHUTD), re-

intermediate hold magnets &

intermediate hold magnets <

5

10

20

50

(21
<

60

&
t

70

76

56

spectively. In a similar manner, relay TSTR1),

in operating, would ‘have connected pos1t1ve pat-
tery through $he back contacts of all those un=
operated hold magnets shown or indicated in Fig.
27 to the right-hand contrel anodes of the asso-
ciated terminating-secondary select tubes in line
link frame No. 2(19)-,

The operation of the TST relays also causes
marking potentials to be applied to the control
anodes of the several primary select tubes. For
example, relay TST(24), in operating, connects
the positive 160-volt potential on conductor 1221
through its outer upper front contact to con-
ductor 2410 whereby this potential is extended
through the inner back contact of hold magnet
HOLDA24), if that magnet be unoperated, to
conductor 2909 and also through the inner back

‘contact of hold magnat HOLDB(24),, if that mag-

net be unoperated, to the same conductor 2999
and also through the back contacts of these un=
operated tertiary hold magnets intermediate hold
magnets HOLDA 24) and HOLDB(24) to con=
ductor 2909. The bositive potential on conduc-
tor 2988 is extended through the back contacts
of the unoperated originating-secondary hold
magnets to the control anodes of certain of the

primary select tubes as described above in rela-

tion to an originating call. For ekxample, the
positive 100-volt potential on conducior 2908 is
conducted through the back contact of oviginat-

ing-secondary hold magnet HOLDA({8), if that

maghet be unoperated, over conductor 1802, and
to the right-hand control anode of primary se-
lect tube PS9(5). Similarly, the positive 100-
volt potential on conductor 2908 is conducted
through the batk contacts of those unoperated
hold magnets ‘(not shown) whi\,h are interme-
diate hold magnets HOLDA(18) and HOLDB (| 8)
to the right-hand control anodes of the associated
primary select tubes PS5(4) to PS3(4), inclusive,
and PS5(5) to PS8(5), inclusive, none of which
are shown. It may be noted that this positive
100-volt potential will not be connected to the
right-hand control ‘anode of tube PS3(4) sines
originating-secondaiy hold magnst HOLDB(i8)
was operated duting the originating phase of
‘this call as above described.

Relay TST(28), in operating, also connects the
‘positive 100-volt potential on conductor 122(
through its inner upper front contact to condue-
tor 2411 Whereby this potential is extended
throush the inner back contact of holﬂ masgneb
HOLDC(24), if that magnet be unoper ated, to
conductor 2925 and also through the inner back
contact of hold magnet HOLDD(24), if that masz-
net be unoperated, and also through the back con-
tacts of those unoperated tertiary hold magnets
intermediate hold magnets HOLDC(?.A) and
HOLDD(24) to conductor 2925. The positive po-
tential on conductor 2925 is extended, in a fash-
ion similar te that above described, throuch the
back contacts of all those unoperated hold mag-
nets HOLDC({8) te HOLDD({8), inclusive, to
the right-hand control anodes of primary seleet

5 tubes PS3(4) to PS4(4) and PS3(5) fo PSS,

respectively, -

Relay TST(25) in operating, connects the posi-
tive 100-volt potential on conductor {254 through
the back contacts of those unoperated tertiary
hold magnets shown or indicated in Fig. 25 to the
control anodes of the asseciated primary select
tubes in line:link fraie No. 2(19) in & manner
similar to that above described,

It inay be noted that had Junctm {B(29) béen
employed, the same relays TST(24) and TST(25)
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would have been operated and the same results
as above described would have obtained. If
junctors 2A(29) or 2B(29) had been used, relays
T8T(28) and TST(2T) would have been operated
to connect the positive potential through the
back contacts of the unoperated tertiary hold
magnets in Figs. 26 and 27 to the same conduc-
tors 2909, 2825, 2910 and 2928, respectively, as
above and the positive 100-volt potential would
thereby have been applied to the right-hand con-
trol anodes of all of the primary select tubes as-~
sociated with unoperated originating-secondary
hold magnets in all line-link frames as above de-
scribed. If will therefore be seen that by the
application; of suitable positive potentials to
the control anodes of the primary select tubes
and to the control anodes of the.terminating.-
secondary select tubes through the off-normal
contacts of the idle tertiary and secondary hold
magnets, all available primary-secondary-ter-
tiary paths are marked.

The main anodes of all of the primary select
tubes in line-link frame No. 0 are connected to
positive battery through the winding of relay
STC(8) as above described. The right-hand
control cathodes of the primary select tubes
PSB(8) to PSY9(5) are connected in lock-out to
ground through inductor 5086, resistor 555 and
through the middle upper front contact of op-
erated relay PHS(5). Therefore, one of the pri-
mary select tubes PS0(5) to PS9(5) will underzo
a control gap discharge and a first fransfer.. Tt
will be assumed that primary select tube PS8(5)
first fires and transfers thereby locking out the
remaining primary seleci tubes of Fig. 5. As de-
seribed in the originating phase of this call, the
main cathode of primary select tube PS9(5) is
connected to negative battery through the wind-
ings of select magnets SELI(10) and SELA(! D,
through the winding of relay SHSI 8), and
through the back contact of relay CR(5). Pri-
mary select tube PS8(5) will therefore undergo
a second transfer whereby conduction will exist
therein between the main anode and the main
cathode thereof. Relay SHSI (18), in the main
cathode ecircuit of tube PS8(5), will he operated
and will close ground. through inductor 1806, re-
sistor #1887 and throuch its front contact to con-
ductor 1808 and thence to the right-hand econ-
trol cathodes of terminating-secondary select
tubes. TSS0(16) to TSSY(16), inclusive. . The
main anodes of these tubes are connected to Dosi-
tive battery through resistor 1601 as before de-
seribed. Sinee a positive potential is applied to
the right-hand control anodes of tubes TSS5(16)
to TSSI(16) as above deseribed, one of those
tubes will discharge and transfer, in lock-out. Tt
will be assumed that terminating-secondary se-
lect tube TSS5(16) discharges and transfers.
Since the main cathode of that tube is connected
to negative battery through the windine of select
magnet SEL§(16), tube TSS5(16) will undergo
a second transfer and select macnet SEL5(16)
will be operated. It may be noted in vevard to
the above discussion that although o suitable
potential is applied to the control anndes of the
terminating-secondary select tubes TSS5UT) to
TSS8(17), no control cathode potential is applied
thereto unless relay SHS2(18) is operated. Tt
may also be noted that although a suitable poten-
tial is applied to the control cathodes of originat-
ing-secondary seleet . tubes -  OSS0A(i8) to
OSS9A(18), no suitable control anode potential
is applied thereto since relay OT(12) is.operated
as above described, : :
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Full conduction through primary select tube
PS9(8) also causes the operation of primary se-
lect magnets SEL9(i10) ‘and SELS({1). Select
magnet SEL9(10), in operating, operates relay
GP(9), as in an originating call. Relay GP (),
in operating, completes g circuit from ground,
outer lower front contacts of relays TST(24) and
T8T(28), conductor 24{2 to Fig. 5, inner upper
front contact of relay GP(5), winding of traffie
register TR1(5) and to battery. The traffic reg-
ister i3 thereby operated to record the fact that
the equipment has been used in the completion
of ‘a terminating call.

As was described in the originating phase of
this call, select magnet SEL9(10), in operating,
operates relay CS(8) which places a shunt around
the high resistarice 527 to increase the current
flow through the line tube LIci[) whereby pri-
meary hold magnet HOLDA(I) will be operated
to. close cross-point {43 and to operate relay
LOIUD. Relay C€S(5), in operating, also ex-
tends ground through its No. 12 contact, con-
ductor - 628, front contact of select magnet
SEL8U ) and to sleeve conductor (104, This
ground is conducted through the. closed Cross-
point 168, conductor {105, winding of hold mag~
net HOLDA({1) and to battery to lock that hold
magnet operated. The ground on sleeve con-
ductor {184 operates originating-secondary hold
magnet IOLDA(i8) and terminating-secondary
hold magnet HOLDA(16) as In an originating
call.  Hold magnet HOLDA(I8), in operating,
opens its back contact so that the path there-
through will be busy to subsequent calls. Ter-

5 minating hold magnet HOLDA(I§) in operat-

ing, closes cross-point 1668 whereby the ground
on sleeve conductor {104 is extended to slesve
conductor 1668 which is cabled to Fig. 24 and
connected through the winding of tertiary hold
magnet HOLDRB(24) to battery. Hold magnet
HOLDB(24) in operating, closes cross-point 2412
and thereby extends the ground on conductor
1689 to sleeve conductor {815 which is cabled to
junctor 1A(28),

It will now be seen that the ealled subserib-
er’'s tip and ring conductors are connected
through operated cross-point {103 in the primary
switch, operated cross-point 808 in the ter-
minating-secondary switch, and through oper-
ated cross-point 2413 in the tertiary switeh to
the right-hand side of junctor 1A(28). The
called subscriber’s tip conductor 2822 then ex-
tends through the No. 2 contact of relay RF(28),
No. 3 contact of relay TR(28), conductor 2245,
upper winding of supervisory relay CS(29), and
to ground. The ecalled subscriber’s ring condue-
tor 2233 is extended through the No., 7 contact
of relay RF(28), No. 12 contact of relay T (28),
conductor 2848, lower .winding of supervisory
relay CS(28), and to negative hattery,

Upon the operation of tertiary hold magnet
HOLDB(24) and the resultant closure of Ccross-~
point 2413, positive 160-volt battery is connected
through resistor 2415, conductor 2418, cross-point
2413, conductor 2417 which is cabled to Fig. 28,
No. 8 contact of relay BY(28), conductor 2335
which is cabled to Fig. 21, through the operated
register-connector cross-poing 2162, conductor
2106, Mo. 7 contact of operated relay ID(49),
conductor 4830, resistor 3927, ang through re-
sistor 3928 to ground whereby a positive poten-
tial is applied to the right-hand confrol anode
of tube VCK(39). The right-hand control ecath-
ode of tube VCK(39) is connected to ground
through resistor 3929. Positive 135-volt battery
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is connected through - ‘the winding of relay.
: ductor 3931, 0. 9 con-
fact of operated flay SR(31); and through con-
ductor 3180 to the e'ft-hand main ‘anode of tobe
V 3(39) Negatlve battery is connected through
resistoi 3932, No. 4 contact of telay TKO0(39),
conduétor. 3933, No. 5 contéct of relay T(42), No.
3 contact of relay OPR(AZ) conductor 42086, No.
7 gontact of relay RC(39) conductor 3934 and
th‘ough resistor. 3935 to ground whereby a nega-
five pote nt1al i apphed {0 the main cathode of
tibe "VCK(39). Tube VCK(39) will therefore
undergo a_ control-gap, dlscharge and first and
¢ transfers and relay CK(39) will be op-

Relay C.cS(SS) in operating, connects
through he NoO. 9 contact of operated
, conductor 3838, res1st01 3931,

out" o\
duc I 393! thereby lockmg relay CK(SS) op-
erated and, extmguxshmg tube VCK(39) ‘Relay.
c '(39) i operatmg also mterrupts, af, its outer
uiiper. back contact the circuit by means of
which capamtor 2909, was. connected to the wind-
ng of relay, SR(3T) thereby making relay SR 3D
low 10, 1elease Relay, CK(39), in operafing,
1nterrupts ab its inner lower bagck, contact,
) 1ously traced energ1z1ng path for relay
39) and that relay releases C

Cons1der1ng again the ‘effects of. full conduction

- in pr mary select tube BS9(8), it will be recalled

that the main anodsa eircuit of that tube. mcluded
the Wmdmg of relay STC(5), and, therefore, as
a, result of conductlon through this c1rcu1t relay
STC(S) w111 be operated. Relay STC(S), in, op-~
er ng, Causes, tupe CR(S) to be rendered. con—
duct1ve as, descr1bed in the orlglnatmg phase of
this call, and ‘relay. CR(5) Wlll thereby be. op-

ela'ed ‘to. reduce. the current flow. through pri-

niary. select tube. PSA5). as hereinbefore. de-
scrlbed Relay. STC(E) in operating, also closes
ground through its front contact. to. conductor
518, No: 3 contact, of relay C(l2) conductor 1255,
winding of relay STC(12) to battery, thereby op-
erafing, relay STC(12).

Relay STC(IZ), in’ operating, connects posi-
tive 100-volt battery through, Tesistor 1207, mid-
dle upper back. ‘contact, of relay RLu(l2) con-
cluc,or 1208 otter. upper “front, contact of op-
erated relay OT(IZ) conductor. I246 outer .up-
per., front contact of relay STC(!Z) conductor
{256, No. 6, contact of relay Cl(12), conductor
1251 res1stor 1421, conductor 1422 Whmh is car=
ried. via ‘cables 1410, and 1301 to Fig. 39, No. 7
contact of . relay TKO0(39), conductor 3939, No.
1l¢c n_tact of operated relay ID(4I) conductor
403I whlch extends, to. Fig. 46, No. 4 contact of
relay NGCA(AS) conductor 4605, through, the
back contact and. armature of relay. INT(46) to
conductor 4506 resistor 440! conductor 4402, No.
2 contact of relay ON(M) conductor 4403 right-
hand closed contgct of sw1tch SwW4d), conductor
4404 back contact of relay RL(44), conductor
4405 whlch is. cabled to Fig. 31, res1stor 3103 and
to the left hand control anode of the rmgmg—
connector select tube SMI(3I) The positive
100=volt battery on. conductor £606_is also ex-
tended thlough smnlar relays in all other 1dle
ringing circuits, and to the control’ anodes.of the
other assoclated rmgmg-connector select_ tubes.
For example, this voltage on. conductor 4666 is
also. extended through ringing 01rcu1t No. 2(43)
if ‘that_circuit. be. idle, congdiictor. 4301 which is
cabled. fo Tig. 31, resistor 3104, and. to. the, left—
hand confrol anode of ringing- -connector.. ‘select
tibe SM2(31).  The left-hand control cathodes
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of the ringing-connector select fubes sMI@D
to SM2(3{) are connected, in common, to ground
via conductor 3I05 through resistor 3106 ahd re-
tardatmn coil 3[01 The left-hand main anodes
of the tubes SMIGD to SM2(3I) are connected
in common, to conductor 3108, resistor 3109, con—
ductor’ '1230 which extends to Fig. 12, No, 7 con-
tact of relay CLu2), conductor 12 i3, inner upper
back contact of relay RLS(IZ) and to pos1t1ve
135-volt battely One of the tubes SMl(3l) to
SM2(3I) wiil therefore ﬁre and undergo a ﬁrst
transfer to lock out the remajning ringing con-
nector select tubes Let it be assumed, that tube
SMI(3I) first d1scharges The mam cathode of
that tube is connected to negatlve battery
through res1stor 31t and the wmdmg of ring-
mg-connector select magnet SEL! (3() Tube
SMIGD will thererore undergo a second: trans—
fer and select magnet SDLI (3 I) W1H be operated
It may be noted that When any one of the reg-
ister-connector select tubes d1scharges and un-
dergoes a first transfer, the consequent r1se in
control cathode potential ls sufﬁc1ent to ex-
tinglish any control-gap d1scharges which. may
have occurred in the remaining reglster-con-
nector select tubes,

Select, magnet SELI (31, in operating, connects
ground through its front contact to conductor
3112, through the windings of rlngmg connector
relays RC(45) and, RCI (46), in parallel and to
battery, thereby operatmg these relays.

1t will be recalled that the fourth or ringing-

code. d1g1t ‘of the called subscrlber s number was
not only counte d on the countmg cham tubes
of Fig. 36, but, was also stored therein, Upon. the
operatlon of rmgmg—connector relay. RC(AB) the
1nfo1mat10n stored n the countlng cham tubes

ing- code d1g1t of the present c;alled subscnber ]
number is “2” whereby counting- cham tube
R21(36) is ‘conducting, and’ the main cathode of
that tube is at a potentlal pos1t1ve relatlve “to
ground This pos1t1ve potent1a1 is t1ansm1tted

; through conductor 3644, No. 3, contact of -unop-

erated’ relay PA5(36) conductor 3646, WNo. 15
contact of relay NGCA(dG) conductor 4607, No
10" contact of relay RC(AG) conductor 4608;
through res1stor 4581 to ground Whereby 2, Dosi-
tive potentlal is apphed through resistor 4502-to
the leff-hand control anode of ringing-code tube
R2{8#5). Since none of the other countmg chain
tubes RI6(886) to RE0(36), inclusive, are con-
ductmg, ‘the main cathodes of those 1ema1n1ng
tubes are at apprommately Tnegative 48 volts and
a, negatlve potentlal will be applied through the
contacts of relay REA6) to the 1eft-hand con-
trol anodes of the rmgmg-code tubes RI(45),
R3(45) ‘RA(45) and R5(45), w1th 1elay RA5(36)
in an’ unoperated cond1t1on Tt may be noted
that relay RA5(35) ,p_e_rforms a translating-fune-
t1on ‘whereby if the ringing code digit; had -beery
for, example 7% 50 that tubes R27(36) and
R.A5(36) had been conductmg andrelay 1%A5(3|5)
had been operated, the rise in ma1n-cathode po-
tential ‘of tube R27(36) would have been trans-
mitted over. conductor 364{, through ‘the No: 4
contact of operated relay RA5(36) conducto1
3647, No. 10 contact of ‘relay NGCA(dB) con-
ductor 4609 No 5 contact of relay RC(4S) con-
ductor, 4610, “and through Tesistor 4503 to ground
whereby a_Dositive ‘potential would have been
applied through resistor 4504 to the left-hand
control anode of ringing- code tube RI1A5),

The left-hand control cathode of nnglng-code
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tube R2(46) is connected to negative battery
through the network comprising resistors 4505
and 4506 and capacitor 4501. Therefore, a.dis-
charge will occur across the left-hand control
gap of ringing-code tube R2(45),

Relay RCI(48), in operating, completes a cir-
cuit for the operation of the ringing-connector
hold magnet over a path from ground, upper
back contact of relay TP(44), conductor 4412,
lower back contact of relay PB(#4), .conductor
4413, No. 3 contact of unoperated relay H(44),
conductor 2414 which extends to Fig. 46, No. 3
contact of relay RCI(48), conductor 4§13, No. 18
contact of relay NGCA(486), conductor 46 {4 which
extends to Fig. 39, middle upper front contact
of - operated relay CK(39), conductor 3840,
through the operated register-connector cross-
boint 2402, conductor 2107 which is cabled to
Fig. 31, winding of ringing-connector hold mag-
net TTOLDA(3(), and to battery. Hold maghnet
HOLDA(3D), in operating, operates the ringing-
connector cross-point 3113, thereby extending the
ground on conductor 2{07 through that crogs-
point to conductor 31{4 which is cableq to Fig.
44, The ground on conductor 3114 is extended
through the winding of relay RL(44) to battery,
thereby operating that relay which interrupts
the previously traced control-anode circuit of
ringing-connector select tube SMI@Q31) ang ex-
tinguishes the control-gap discharge in that tubse.

Relay RCI(46), in operating, also connects
ground through the No. 1 contact of that relay,
conductor 4612, through the lower winding of
relay ON(44), and to battery. Relay ON(44),
in operating, connects 135-volt positive battery
through its No. 8 contact to conductor 4406, re-
sistor 4588, and tc the left-hand main anode of
ringing code tube R2(45). Tube R2(45) will
therefore undergo a first transfer whereby con-
duction will exist between the left-hand main
anode and the left-hand control cathode thereof,
Since the main cathode of tube R2(45) is con-
nected to negative battery through conductor
4511, resistor 4512, conductor 4513 and the wind-
ing of relay R(M), tube R2(45) will undergo a
second transfer whereby conduction will exist be-
tween the left-hand main anode and the main
cathode thereof. Due to the presence of resistor
4508, of relatively high value, in the circuit of
the left-hang main anode, insufficient current will
flow to operate relay R4, but the tube will
continue to sustain after the register is discon-
nected, to be described hereinafter, so that the
ringing code is recorded in the ringing circuit.

Relay ON(48), in operating, interrupts, at its
No. 2 contact, the breviously traced circuit over
which positive battery was supplied to the con-
trol anode of the ringing-connector select tube,
thus preventing future selection of this ringing
circuit while it is busy. Relay ON(44) also con-
nects ground through its No. 1 contact to ringing
circui$ off-normal ground conductor 4408. Relay
ON(48), in operating, also connects ground
through ifs No. 3 contact to conductor 4409,
upper back contact of relay TR(34), conductor
2485, through the winding of the ringing-inter-
rupter start relay ST{(34), to battery, whereby
relay STi(34) is operated for a purpose to bhe
described hereinafter. The operation of relay
ON(44) =also completes a circuit from negative
battery, winding of relay PA(44), lower back
contact of relay PA(44), conductor 44{ 0, No. 7
contact of relay ON(44), and to conductor 4411
which extends to Fig. 23 which represents part
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of the common release and time ot cireuit, for
a purpose to be described hereinafter.

Relay ON(44), in operating, also extends the
ground on conductor 3114 through the No. 3 con-
tact of unoperated relay SR(44), conductor
4415, No. 6 contact of relay ON(44), conductor
4416, winding of relay H(44), to negative battery,
thereby operating  relay H(44). When relay
H(44) operates, ground is connected through the
upper back contact of relay TP(48), conductor
4412, No. 4 contact of relay PB(44), conductor
4413, No. 4 contact of operated relay H(44), to
conductor 4415. The ground on conductor 4415
is extended through the No. 6 contact of relay
ON(44)., conductor 4416, winding of relay IT(44)
and to batiery, thereby locking relay H(44) oper-
ated. The ground on conductor 44{5 is also
extended through the No. 3 contact of unoper-
ated relay SR(44), conductor 31 14, ringing-con-
nector cross-point 3113, conductor 2101, winding
of hold magnet HOLDA(31), and to battery. It
may he seen hereinafter that this locking path
for hold magnet HOLDA(31) is transient, but
will be relied on for the present for clarity of
description.

It will be recalled that with relay C0( 28) oper-
ated, the calling subscriber’s ring conductor was
extended through a back contact of ringing-con-
nector hold magnet HOLDAI) and through
the lower winding of relay L.(31) in the register,
to battery. When, therefore, the ringing con-
nector is connected to the junctor upon the
operation of hold magnet HOLDA(@I), the call-
ing subscriber’s tip and ring eonductors are ex-
tended to the ringing connector, and relay 1.(37)
is reieased. The release of relay L(37) inter-
rupts the . energizing path for relay SR(31).
Relay S8R (37) releases normally since capacitor
3908 has been disconnected. from its winding by
the operation of relay CK(39) as above described.
Relay SR(37), in releasing, removes main-
anode battery from all of the tubes shown in
Figs. 35 to 38, inclusive, removes the charging
battery from capacitor 3150 by means of which
a potential was applied to the left-hand control
anode of tube RAI(3T), and also removes the
Dositive battery from the windings of relay
AD(3T) and that relay releases. The removal of
main-anode battery extinguishes any of those
tubes in Figs. 35 to 38 which were conducting
and removes the ‘“keep-alive” potential from
those tubes therein which are provided with
keep-alive circuits. The extinguishing of tube
RAIT) releases relay RA(37). The removal
of main-anode battery extinguishes all conduct-
ing tubes in the counting chain and all conduct-
ing tubes of the hundreds, tens and units stor-
ing tubes, which, in the assumed case, - are
tubes R27(36), H27(38), T38(38), Ui6(38), and
UASB(38). The extinguishing of tube TA5(38)
releases relay UAB(38),

Relay SR(3T), in releasing, also connects
ground through its No. 3 contact to conductor
3182 which extends to Fig. 46, No. 23 contach of
relay NGCA(48), to conductor 3728 which ex-
tends to Fig. 39 where it is carried via cables
1418 and {301 to Fig. 14, through resistor 1442
and to positive battery. Therefore, ground is
connected to the right-hand electrode of capaci-
tor {413 whereby gas diode RRI(14) becomes
conductive to render tube RL({2) conductive as
described previously in the operation of the com-
mon release and time-out cireuit during  the
originating phase of this call. Relay RLS(i2) is

. operated ‘as above described to remove ‘positive
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135-volt, positive 100-volt, and: positive 50-volt
batteries from the eircuits through its contacts
as before described.  The interruption of these
circuits: extinguishes the ealled subseriber’s line
tube Li (k) ; ecauses the release- of relays LS(3),
PHS(5), STC(5)., slow-to-release relay GP(5),
STC(12) and CR(5); extinguishes primary seleet
tube PS8(4) which releases relay SHSE(E8)
and primary select 'magnets SELS(8) -and
SELI(9). which, in turn, release relays CS(5);
extinguishes terminating-secondary select tube
TSSE(16) which releases terminating-secondary
select magnet SEL5CI§):, extinguishes ringing-
connector seleet tube SM (3f)» which releases
ringing-connector select: magnet SELHILY
which, in turn releases relays RC(46) and
RC1(46) ; extinguishes register-conneector select
tube SM1(20) which releases register-conneetor
seleet, magnet SEL{629) which releases select
magnes SELI(21); extinguishes frame lock-out
tube FRU(12) which releases relay FR(5); Te-
leases relay ‘OSCi2); extinguishes tube LOI (£3)
which releases relay LO4(i3) which, in turn;
releases the number-group: connector relays
NGCA(45) and NGCB(41), the latter of whieh
releases. the ‘operated one-of the tens conneector
relays T16(4T) to T50447) and the operated one
of the wunits ‘connector velays TIG4T) 1o
U59(4T) ; and releases relay OT(12). As pre-
viously ‘described, relay RLS(2). then releases.
It will be recalled ‘that in accordance with the
nature of cross-bar switehes of suitable type as
hereinbefore described, ‘after the release of the
select- magnet, the closed: cross-points are main-
tained -operated by the-energized ‘hold magnets.
Tt may be noted that.if another register-is-await-
jing the use of the number group, relay DCI in
that register will be operated to connect ground
0 the winding of relgy OT(I2) whereby relay
OT(12) will not be released, and, upon the sulb-
sequent release of relay RLS(12), this other reg-
ister will proceed to-establish a terminating con-
nection as ‘above described, i preference to-an
incoming ecall. If no: other register is waiting;
relay OT(12) releases to restore those: circuits:to
normal.

Relay. SR@31), in: releasing, interrupts the
locking: path: 1o release relay: ON@BT)». Relay
ON(37), in relegsing, interrupts; at its No. 7 con-
tact; the operating path for-relay CG(28) in the
junctor, and: that relay; in- releasing; reconnects
the -calling subscriber’s tip and: ring: conductors
through the: windings of supervisory relay S(28)
whereby that relay is-reoperated: The interrup-
tion of the operating path- for relay C0(28)
also.interrupts the-operating path for register-
connector hold: magnets HOLDA(20) and
HOLDA(21), and these hold ‘magnets release,
opening eross-points: 2009 and 21920 The open=-
ing of register-connector eross-point 2402 re-
leages tertiary select magnets SELA24)- and
SEL{A(25) which Telease relays TST(24) and
TST(25). Relay: ON(31), in releasing;. also ih-
terrupts, ‘at its No: 8- contact; the locking path
for class-of-service relay PR(42), and that relay
is released. Relay ‘ON(3P:, in releasing, also
releases: relay ON1(39).. Relay- ON{(38), in re-
leasing;. interrupts: previausly: traced: circuits: to
release relgys: DC(3T), CK(39), ID@ED), and
TMA4D .

It-may. therefore-be seen. that when- the ring=
ing-connector hold' magnet: is: operated to- indi-
cate to;the-cireuits that o path. to the-called sub-
seriber: has heen. selected: and: -established: -and
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sary ringing~code-digit information, the register,
the register connector, the number group and
the line link circuits are all restered to normal
whereby another call may be originated or ter-
minated while ringing proceeds.

When relay S(28) is operated as a result of
being reconnected to the calling subscriber’s
line, ground is connected through the No. 3 con-
tact of operated relay SR(28), conductor 2828,
upper front contact of relay $(28) to conductor
2813 which is connected both through the No. 1
contact of relay R¥(28) and through the No. 1
contact. of relay DI.«(28) to conductor 28(4,
through the winding of relay SR(28) and to bat-
tery, thereby providing a lecking path for relay
SR(28). It may be noted that relay SR(28) is
slow to release so that it will not release in the
interval hetween the release of relay C8(28) and
the operation of relay S(28).

RINGING CALLED SUBSCRIBER

As. above indicated, relay ON(44), in operat~-
ing, operates relay STI1(34) which starts the
funetioning of the ringing-interrupter circuit
shown: in detail in PRigs. 32 and 33. Relay
ST4(34), in operaiing, connects negative battery
through: its. No. 4 contact, conductor 3404,
through the windings of relays Ti(83) and
T2(33), in parallel, conductor 3301, inner lower
back contact of relay TR(34) and to ground,
thereby operating relays T1(33) and T2(33).
Relay ST1.(34), in operating, also-connects posi-
tive 135-volt. battery through its: No. 1 contact
to conductor 3402. This positive potential on
conductor 3402 is extended through resistor

" 2362, and. through conductor 3393 to the. main

anodes and ‘“keep-alive” control anodes of the
counting chain tubes VI(33) to V8(33), inclu-
sive. 'The positive. potential on conductor 3482
is. also extended through the voltage divider
comprising resistors. 3201 and 3202 whereby the
resulting. voltage will be: applied to the. upper
electrode of capacitor 3203. Since the lower elee~
trode of capacitor &203. is. connected. to ground
through resistor 3204, that eapacitor will charge,
with. the utilized parameters, to about. positive
40 volts. The positive potential on conductor
3402. is also.conducted through: resistor: 32083,
conductor 3206, and. through resistor 3207 to the
main anode. and to. the ‘“keep-alive” control
anodes. of tube.P5(32): and.through the voltage
divider comprising resistors 3208 and 3209 to the
upper control anode of the tube P8(32). The
positive potential on.conductor 3298 is also ex-
tended through the. winding of relay Z(32), re-
sistor 3210, to the “keepralive” control and main
anodes of tube P4(32).,.and. through the voitage
divider comprising resistors.82i{ and 32i2.to the
upper control anode of tube P4(32). The:posi~
tive voltage on. conductor. 3402. is,; in: & similar
fashion, also conducted. through resistor 248,
conductor 32iT, resistor $2i8, to conductor 32i9.

- where it is applied’ to the “keep-alive” eontrol
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anode and main anode of tube P3(32) and
through the voltage divider comprising resistors.
3220-and 3221 to the upper control anode of tube
P3(32). The potential on conductor 3217 is also
conducted’ through- the winding of relay X(32),
resistor 3225; conductor 3226 to the “keep-alive”
control’ and main anodes  of tube P2(52) and
through- the voltage divider comprising resistors
3227 and 3228 to the upper control anode of tube
P2(32). It may be noted that although: the
upper: -control- cathodes: of tubes P4(32) and

that: the: ringing - circnit: hes: received: the: neces-- yg5 F2132)  are-connected to ground’ through resistor
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3215 and resistor 3229, respectively, the values
of the voltage-divider resistances are such that
tubes P2(32) and P4(32) do not conduct at this
time. The main cathodes of tubes P%(32),
P3(32), P4(32) and F5(32) are connected %o
negative battery, and the “keep-alive” control
cathodes of these tubes are connected to nega-
tive battery through individual high resistances.
The positive potential on conductor 248% is also
extended through variable resistor 3238, resistor
3231 and to capacitor 3232, the other elestrode of
which is connected to ground. As capacitor 3232
charges, the rising potential is applied to the
plate of gas diode Pi(32).

Prior to the operation of relay STi(38), the
upper control cathode of tube B3(82) is con-
nected to ground through resistor 3222 and net-
work 3234, the upper control cathode of tube
P5(32) is connected to ground through resistor
3233, conductor 3235 an:i network 32388, and the
upper electrode of capacitor 3237 is connected to
ground through resistor 3233. Since the lower
electrode of capacitor 3%37 is connected to posi-
tive battery through resistor 3238, that capacitor
will be charged. Upon the operation of relay
ST1(34), negative hattery is connected through
the No. 3 confact of relay STI(34), conductor
3405, to the lower electrode of capacitor 2227
thereby lowering the potential on both sides of
that capacitor and applying a negative pulse to
the upper control cathodes of tubes P3(32) and
P8(32). These tubes will therefore discharge
and transfer so that conduction exists between
the main anode and main cathode thereof.

The cathode of gas diode PI(32) is connected
to megative battery - through resistor 3239.
Therefore, when capacitor 3232 has charged to
a sufficient potential, gas diode Pi(32) will
undergo a discharge and capacitor 3222 will dis-
charge through the diode and resistor 3233 to
negative battery. When the voltage across gas
diode P{(32) falls below sustaining voltage, the
diode is extinguished and capacitor 3232 again
begins to charge through resistors 3239 and 3234,
The parameters of this oscillating ecircuit are
preferably arranged whereby a discharge occurs
across the gap of gas diode P1(82) one-hundred
and twenty times per minute.

When gas diode PI(32) discharges, its rise
in cathode potential resulting therefrom is trans-
mitted over conductor 3246 and through ca-
pacitor 3241 to the upper control anode of tube
P2(32) and through capacitor 3244 to the upper
control anode of tube P3(32). Since tube
P3(32) is conducting as before described, the
potential at its main anode has dropped to a
value of approximately 10 volts whereby the po-
tential at the upper control ancde of that tube is
at approximately 5 volts positive relative to
ground due to the voltage divider comprising re-
sistors 3228 and 3221. The upper control gap
of tube P3(32) will therefore not be fired by the
application of the potential through eapacitor
3244. Since tube P2(32) is not conducting, its
main anode is at full 135 volts pogitive and the
upper control anode of that tube is at approxi-
mately 60 volts positive since it is connected to
the main anode through the voltage divider com-
prising resistors 2227 and 3228 as above de-
scribed. Tube P2(32) therefore discharges and
undergoes first and second transfers whereby
conduction exists across its main gap. As a re-
sult of this conduction, the main anode of tube
P2(32) drops an appreciable amount, to ap-
proximately 10 volts. Since the main anodes of
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tubes P2(32) and P8(32) are interconnected
through capacitors 3242 and 2243, the drop in
voltage on the main anode of tube P2(22) causes
the anode voltage of tube P3(32) to fall below
the sustaining value thereof, and tubs P3(32) is
extinguished.  Since the winding of relay X(32)
is in the main-anode circuit of tube P2(32) as
above deseribed, relay X(82) will be operated
while tube P2(32) is conducting.

At the next discharge through tube P1(32)
one-half second later, a positive pulse will again
be applied through capacitors 3241 and 3244 to
the upper conirol anodes of tubes P2(32) and
P3(82), respectively. ' Since tube P2(38) is con-
ducting, the puise will have no effect on that tube
as before described. The pulse on the control
anode of tube P3(8%2) will cause that tube to
discharge and transfer, extinguishing tube
P2(32) and thereby releasing relay X(32). It
may therefore be seen that gas tubes P2(32)
and P2(32) and relay X(32) comprise a 60
interruptions per minute interrupter under con-
trol of gas diode Pi(32), with relay X(32) he-
ing operated and released during alternate one-
half second intervals.

During the time that relay X(32) is operated,
negative battery is connected through - resistor
3248, conductor 3248, throush capacitor 3259,
resistor 323{, and to ground. Capacitor 3250
thereby becomes charged. When relay X(32)
releases, ground is connected through its outer
back contact to conductor 3248 thereby raising
the voltage on both sides of capacitor 2250 and
transmitting a positive pulse through capacitors
3252 and 3253 to the upper control anodes of
tubes P4(32) and P5(22), respectively. - Since
tube P3(32) is conducting, the pulse is of no
effect thereon in view of the considerations
hereinbefore discussed in relation to tube P3(82).
The application of this positive pulse to the con-
trol anode of tube P4(32) creates a discharge in
that tube, and first and second transfers im-
mediately occur. Conduction through tube
P4(82) causes a drop in main anode potential of
that tube, and, since the main anodes of tubes
P4(22) and P3(32) are interconnecied through
capacitors 3254 and 3258, the main-anode volt-
age of tube P5(32) is dropped bhelow the value
at which tube P5(82) will sustain, and tube
P5(32) will be extinguished. - Since relay Z(32)
is in the main-anode circuit of tube P4(32) as
before described, that relay will be operated
when tube P4(52) becomes conductive.

When relay X(32) again operates one-half
second later, capacitor 3258 will again be
charged. At the next release of relay X(32),
capacitor 3286 will again apply a positive pulse
through capacitors 3252 and 3253 to the upper
control anodes of tubes P4(32) and P5(32), re-
spectively. The positive pulse on the upper con-
trol anode of tube P5(32) will cause that tube to
discharge -and transfer, extinguishing tube
P4(32) and thereby releasing relay Z(32). Tt
may therefore be seen that gas tubes P4(32) and
P5(22) and relay Z(32) comprise a 30-interrup-
tions per minute interrupter under control .of
relay X(32), with relay 7(32) being operated
and released during alternate one-second . in-
tervals.

Cold cathode gas tubes VI(33) to Ve33), in-
clusive, constitute a counting chain that is ad-
vanced each time relay X(82) is operated. With
certain exceptions which will be noted in the en-
suing description, the circuit of the counting
chain comprising tubes V1(33) to V8(33) is simi-
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lar to that of the counting chain comprising tubes
R16(38) to R52(36), hereinbefore described, and
commutation occurs in a similar manner. ‘The
upper control eathodes of tubes V1(33) to V8(33)
are connected to ground through individual net-
works. For example, the upper control cathode
of tube Vi(33) is connected to ground through
the network comprising resistors 3366 and 3301
and capacitor 3868. The lower control or “keep-~
alive” cathodes, through a high resistance, and
the main-cathodes of tubes Vi(33) to V8(33) are
connected to negative battery through parallel
paths comprising a capacitor in one branch and

[+
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a resistor and a comparably designated relay in

the other branch. For example, the lower con-
trol cathode of tube V{(33) is connected through
high resistance 3208, and the main cathode of
that tube is dlso connected, to negative battery
through capacitor 339, and in parallel there-
with, to negative battery through resistor 3311
and the winding of relay {(23). The upper con-
trol ariodes of tubes Vi(233) to V2(33) are con-
nected to pulse input lead 3315 through individ-

20

ual capacitors and individual networks. For ex-~

aniple, the upper control anode of tube VI (33)
is connected to pulse input lead 2315 through
the network comprising resistors 3316 and 3311
anid capacitor 33i8 and through the individual
capicitor- 3318.  Each tube VI(33) to V8(33) is

linked. to the nextsucceeding tube, as for exam- 3

ple, tube Vi(33) is linked to tube V2(33) by the
main cathode of tube VI(33) being connected
through resistor 8320 and through network 3321
‘to the upper control anode of tube V2(33). It
amay. be noted that the main cathode of tube
va(32) is connected through resistor 3322 and
through the network comprising capacitor 3318
and resistors 3316 and 2317 to the upper control
anode of tube Vi(3%8), whereby recycling may
oceur.

Uporn the initial seizure of the ringing inter-
rupter ‘and the consequent operation of relay
ST{(88) as hereinbefore described, positive 135-
volt battery will momentarily be connected
through the Nos. 1-and 2 continuity contacts of
relay STH(34) to conductor $486 and through
‘resistor 3328 to. the upper control cathode of
tube V8(283), and that tube will' discharge and
transfer. As capacitor 3324 becomes charged,

the mnain cdthode potential of tube V8(33) will

“rise;-and thisirising potential will he applied over
the above-tiaced path to the upper control anode
of tube VH«(3%). The upper control anodes of
‘the remainitig tubes will-remain at approximate-
1y 48 volts negative. When relay X(32) oper-
ates as above described, the positive 135-volt
potential on conductor 3402 is extended through
the inner front contact of relay X(82) to the
upper electrode of capacitor 3203 which has been

_charged. to approximately 40 volts as above de-
seribed. -As a result, a positive pulse will be
transmitted over pulse-input lead 3315, and
through the individual capacitors and networks
to the upper control anodes of the counting chain
tubes VI(33) to V8(32). Since the upper con-

“trol anode of tube Vi(3%) is the only one with
a suitable positive bias previously applied thereto
as above described, tube VI(33) only will dis~

.charge -and transfer. Since the main cathode
.of tube V8(33) has risen to a value which may

_be positive relative to-ground, the additional po-
‘tentizl drop across the common main-anode re-
sistor 2302 will reduce the potential difference
-across, the main gap of tube V8(33) to a point
below sustaining, and tube V8(33) will be ex-
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tinguished. As capacitor 3310 becomes charged,
the main-cathode potential of tube VI(83) will
rise, and the upper control anodé of tube V2(33)
will be- positively biased thereby. Therefof®,
when relay X(32) has released for ore-half sec:
ond and again operates to apply a positive pulse
to pulse-input lead 3315, tube V2(33) will be
fired, extinguishing tube VI(33), and priming
tube V3(32). Thus, each operation of relay
®(32) will cause the next succeéeding tube in the
counting chain to fire and commutate. As each
of the tubes V1(38) to V8(33) fires, it operates
its associated relay (33) to 8(33), respectively.

The cooperative operation. of the code ringing
interrupter shown in Figs. 32 and 33 and the
code ringing tubes of Fig. 45 may best be seen
by reference tc Fig. 50 of the drawings.- In the
preferred embodiment disclosed, a full ringing
cycle has been arranged to occupy. eight seconds,
after which the ringing cycle repeats. Tli_is
cycle, for convenience of discussion, has been
divided into half-second intervals, numbered 1
to 16.  As azbove described, relay X(32) is oper-
ated for one-half second, released for one-half
second and so on so that it is operated during
the odd-numbered intervals and released during
the even-numbered intervals. Relays Z(32) op-
erates each alternate time that relay X(32) re-
leases, and therefore relay Z(32) is operated
during the second and third intervals, released
during the fourth and fifth intervals and so on.
When relay X(82) is released; the positive 135-
volt potential on conductor 3402 is extended
through the inner back contacts of relay X(32) to
conductors 3281 and- 2263, and therefore. a:posi-
tive potential is on these conductors during the
even-numbered- intervals ‘as shown in Fig. 50.
During the time that relay X(82) is operated
and relay Z(32) is released, the positive 135-volt
potential-on conductor 3482 is connected through
the inner front contact of relay X(32), conductor
3268, back contact of relay Z(32) to conductor
3264, and therefore that conductor has: positive
battery connected thereto during the first, fifth,
ninth, and thirteenth. intervals-as shown_in'Fig.
50. During the tirae that both relays X(32) and
7(32) are operated, the positive potential on
conductor 3482 is connected. through the-inner
iront contact of relay X(32), conductor 3269,
front contact of relay Z(32) to conductor 3262,

~and therefore’ conductor 3262 has positive bat-

tery connected thereto during the third, seventh,
eleventh and fifteenth half-second intervals as
shown in Fig. 50. .

As above deseribed, relay 1(33) is operated dur-
ing the time that relay X(82) is operated at-the
beginning of the cycle, and continues to:be op-
erated during the release time of relay X(32),
after which relay 1(33) is released. Relay 2(33)
is operated during the time that relay X(32) is
operated and released om. its second cyele, i.-e.,

‘during the third and-fourth half-second intervals.

Relay 3(38) is operated during the fifth and
sixth. intervals, and so on. The armatures of
relay 1(33) are connecfed to conductors 3264
and 3261. While relay 1(33) is operated during
the first-and second intervals, positive battery is

_connected to conductor 2284 during the first in-

terval, and this potential is conducted through
the No. 1 contact of relay 1(33), through resistor
8345, No. 1 contact of operated réelay T1(33) and
to conductor 23331, as is represented in Fig, 59,
During the second interval, while relay ' 1(33)
remaing operated, positive potential is connected
to conducter 3261, and this potential is extended
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through the No. 2 contact of relay 1(33), re-
sistor 3348, No. 2 contact of relay T1(33), and
to conductor 2332 as shown in Fig. 50. By re-
ferring to the chart of Fig. 50, it may be seen
that conductors 333 to 3349 receive one or more
one-half second pulses of positive voltage as a
result of the conjoint functioning of relays X(22),
Z(32) and relays 1(23) to 6(33), inclusive. It
may be noted that certain of the front contacts
of the relays 1(33) to 6(28) are cross-connected
whereby certain of the conductors 3231 to 3349
receive more than one pulse pér cycle. For ex-
ample, conductor $337 receives a positive pulse
of one-half second duration during the eighth
interval through the No. 3 contact of relay 4(23),
which is operated during the seventh and eighth
intervals, and over conductor 3263 which is sup-
plied with positive potential during the eighth
interval. Conductor 3337 also receives a pulse
during the ninth interval through the No. 1 con-
tact of relay 5(33), which is operated during the
ninth and tenth intervals, and over conductor
3264 which is supplied with positive potential
during the ninth interval. Conductor 3337 also
receives a pulse throughout the tenth interval
through the No. 2 contact of operated relay
5(83) and over conductor 3262 which is supplied
with positive potential during the tenth interval.

It will be recalled that although conduction

exists across the main gap of the sslected one ¢

of the code ringing tubes Ri(45) to RO(45), and
although relay R(44) is in the main-cathode cir-
cuit of each of those tubes, relay R(44) did not
operate since the impedance in the circuit of
the left-hand main anodes of the ringing tubes
Is such that insufficient current Hows to meet the
perate requirements of relay R(44). However,
~hen the positive potential on one of the con-
Auctors 3334 to 3348 is connected to one of the
other main anodes of that one of the code ring-
ing tubes which is previously conducting, conduc~
tion will also occur between that other main
anode and the main cathode of that tube, and
sufficient current will flow to operate relay R(44).

For example, the center main anode of tube .

R1(45) is connected to conductor 3234 and there-
fore, as per Fig. 50, a suitable positive potential
is applied to that main anode during the fourth,
fifth and sixth intervals, and, as a result of the
increased conduction through the tube, relay
R(44) will be operated during that period. The
right-hand main anode of tube Ri(45) is con-
nected to conductor 2338 and therefore has a
suitable positive potential applied to it during
the seventh interval, the increased conduction
therefore continues through the seventh interval,
and relay R(44) therefore remaing operated for
a two-second period during the fourth to sev-
enth intervals, inclusive. If tube R5(45) or
R7(45) had been previously conducting, since the
center main anode of each of those tubes is con-
nected to conductor 3335 and since the right-
hand main anode of each of those tubeg is con-
nected to conductor 3337, relay R(24) would
have been operated during the fourth, sixth,
eighth, ninth, and tenth intervals, as shown in
Pig. 50. In addition, the right-hand control
anode of tube R7(45) is also employed in the
function of a main anode, being connected to
conductor 3848. Therefore, if tube R7(45) had
been conducting, relay R(44) would also have
been operated during the twelfth interval as
shown in the chart of Fig, 50.

It was previously-assumed that the called sub-
scriber’s number was “232-2” and that therefore
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code ringing tube R2(45) was conducting. The
center main anode of that tube is connected to
conductor 3335. Therefore, increased current
will flow to operate relay R(44) during the fourth
and sixth intervals, representing code “2,” and
causing the bell of the subscriber’s station to
emit two “short” rings, as will be seen herein-
after. Other details of the ringing circuit in-
cluding the effects of an odd-numbered code,
twenty-party codes, and the revertive signal will
be discussed hereinafter in connection with sub-
sequent calls,

It may be noted that an alternative method of
operation of the ringing tubes R1(45) to R0(45)
may be employed. For example, in the case of
ringing tube R2(45), the parameters, of the cir-
cuits may be arranged so that no second transfer
of discharge will occur in the selected tube until
positive battery ig connected to the middle main
anode thereof by the ringing-interruptér circuit.
Prior to the application of that positive potential
a, discharge will oceur between the left-hand main
anode and the left-hand control cathade of that
tube whereby the selected tube is marked so that
the register may be released. Upon application
of the positive potential to the middle main anode
of the selected ringing tube R2(45), the discharge
W111 transfer so that conduction w111 occur hoth

between the left-hand main anode and the main
cathode of the selected tube and between the
middle main anode and the main cathode of the
selected tube. Conduction across the latter path
causes the operation of relay R(44) as above de-
scribed. At the removal of positive battery from

35 the middle main anode of tube R2(45), conduc~

tion continues between the left-hand main anode
and the main cathode of that tube but the cur-
rent fow is insufficient to maintain relay R(44)
operated.

When relay H(44) operates, as above described,
ground on off-normal ground conductor 4408 is
connected through the No. 7 contact of relay
H(34), conductor 4418, No. 2 contact of relay
RC (4%) conductor 4415 which is cabled to Fig. 31,
thmu’fh the operated cross-point 2143 of the
ringing connector, conductor ${1§ which is ca-
bled to Fig. 28, through the winding of relay
RF(28), and to negative battery. The “ring
front” ringing control relay RF(28) in the junec-
tor is thereby operated. The operation of relay
RF(22) completes a locking cireuit for relay
ON(44) which may be traced from ground
through the No. 6 contact of relay ONIA(28),
conductor 2837, No. 10 contact of relay RF(28),
conductor 2838 which is cabled to Fig. 31, through
the operated cross-point 3113, conductor 2121
which is cabled to Fig. 44, No. 1 contact of relay
H(44), conductor 4426, No. 4 contact of relay
ON(M) upper w1r1dm<r of relay ON(44), and to
battery. ~When relay RF(28) is operated the
called subscriber’s tip conductor 2832 is connected
through the No. 4 contact of relay RF(28) to
conductor 2828, and the called subscriber’s ring
conductor 2833 is connected through the No. 6
contact of relay RF(28) to conductor 2830. The
calling subscriber’s tip and ring conductors are
also connected to conductors 2829 and 2830
through individual capacitors: the calling sub-
seriber’s tip conductor 817 is connected through
capacitor 2838, conductor 2849, Nos. 2 and 4 con-
tacts of relay RF(28), and to conductor 2828; the
calling subscriber’s ring conductor (818 is eon-
nected through capacitor 284§, conductor 2842,
No. 8 contact of relay RF(28) to conductor 2830.
Tip and ring conductors 2829 and 2835 are cabled
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to Fig: 31, extend. through the. front .conbact. of
hold:magnet HOLDA (34)  to.conguctors 3117 and
34 18; respectively, through the operated ringing
connector -eross-point- 34 £3. to- conductors- KIRE
and 3128, respectively, which are cabled to Fig.
44, and.to inductors 4424-and 2422, respectively.

When  relay II(48). operates, relay: SR(44) is
operated: over a.path from. battery, winding:of
relay SR(44); .conductor 4423, No. G.contact .of

relay F(48) , conductor 4424, lower back contact 1

olirelay TP(44) , cenductor 2428, outer upper: bagk
contact of relay PB(41), and to ground. When
relay. ‘SR(44) operates; the tip.conductor. is: ex-
tended through sinductor 4424, No; 1. contact .of
relay.SR¢A4) ; conductor 4425, No. 2 contact:of re-
lay. H644) , conductor 4421, inner upper back: con-
tactof Telay RA(44), conductor 4428, upper back
centact of relay DR(46) , .conductor #4428, upper
winding of relay TP(44), and to ground. Upon
the:operation of:relay. SR(44), the ring.conductor
is-extended:through:inductor 4422, No. 5 -contact
of:relay SR(44), conduetor- 4430, No. 5 contact
of-relay-IL(48) , conductor: 4431, inner lower back
contact of relay RAW44), conductor 4432, lower
hack . contact.of relay DR(44), eonductor 44233,
lewer winding: of relay TE44), and to negative
battery. It may bemoted that relay TP(£4) does
not- operate. at this: time since the calling sub-
.seriber’s line is.connected:threugh: the wingdings
thereof through capacitors:2958 and 284! as-above
described;.and the.called subscriber’s switch-hook
contacts have not: as yet been. closed.
~Relay SR(88), in operating, ccnneets ground
through: its No. 4 centact to conductor 3143
ta: lock ‘the ringing: .conneetor
HOLDA(21) operated. When relay SR(44) is op-
erated; a:circuit:is:completed from sround on off-
normal -ground; conductor-4488, No: 4 contact of
pick-up relay PU(44), lower winding of relay
PUA), conductor - 4425, cuter lower back .con-
tact .of relay TN(34), conductor-4487, No. 4.con-
tact of relay ON(44), conductor 4438, No. 6 con-
tact of relay SR(&%), resistor 4438, and tc con-
ductor 3334, It may be noted, by reference to
Fig. 50 that positive 135-volt batiery. is conneeted
to: conductor 3334 for one-half second during the
-first interval of each ringing cycle. ‘Therefore,
at the beginning of ‘thefirst ringing eyele to com~
mence:after relay. SR(46) operates, relay PU44)
will:be:operated. Relay PU(44), in operating;in-
serrupts its own energizing circuit at its Mo. 4
contact, but locks operated through its upper
winding . and through its No. 5 contact to -cif-
normal ground.
Relay PU4%), in operating, closes-a circuit
from: battery; winding of relay RA(44), conduc-
“tor 4449, No. 1 contact of relay PUES) , outer low-
“er-back contact of relay RS(44), conductor 4441,
outer: upper front contact of relay R(#44) and to
“ground, 'Therefore, relay RA(44) will follow the
operations.of relay R (44):in response to the ring-
ing code as above: described, 1. e., with the as-
-sumed- code, both relays R(44) and RA(44) will
“be:operated for one-half second during the fourth
-interval of ‘each ringing cycle and for one-hall
second-during the sixth interval.of each ringing
‘cycle. “When -relay R(44) and RA(A4) -operate,
ringing current:is connected from: alternator- 4442
through conductor 4448, resistor-44&4, outer up-
per front contact of relay RA (44), conductor
4445 No. 3.centact of relay RV(d4), No. 4 contact
.of relay R(#4), conductor 4461, inner-upper front
contact ‘of relay RA(44), and to tip-conductor
4421, Ringing ground is connected. through the
“No. 2 contact of -relay RS(44), conductor 4848,
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No. 8.contact of relay. RV(44), conductor 4447,
inner lower front contact, of relay RA(4£), and
to. ring condueior. 4431. Therefore, the called
subscriber’s kell will be energized during the one-
half second interyal and. the calling subscriber
will, receive audible ringing induction. Relay
RA(A8), in operating, also. operates. slow-to-
release relay DR(84) over a path. from ground,
outer lower front.contact of relay RA(84), con-
ductor.4448, winding of relay DR(44), and to neg-
ative battery. After relay. RA(44) veleases and
befare slow-to-release relay DR.(4A) has released,
the. tip..conductor is momentarily connected fo
ground through the upper front contact. of relay
DR (44). and the ring conductor is momentarily
connected to. negative battery through resistor
4449 and the lower front contact.of relay DR(44).
This momentary application of potentials. of op-
posite polarity. to.that of the silent~-interval bat-
tery and silent-interval ground discharges. the
line so that when. relay DR(44) releases and re-
connects the tip .and ring condugtors to the wind-
ings. of relay TP(44), relay TP(24) will not. be
falsely: operated to.trip ringing,

The ringing cycles repeat and the called.sub-~
seriber continues to be signaled until one. of
three events oceurs; until the calling party hangs
up, until. the cireuits time out, or until the called
party answers.

1§ the calling party hangs up.on failure of the
called party to.answer, relay ONIA(28) is re-
leased, as will be seen hereinaffer, thereby. re-
leasing relay ON(44). Relay ON(44), in releas-
ing, releases- relay X (44), removes ground. from
the.off-normal ground lead to release any relays
locked to that ground, removes positive 135-volt
battery from .the ringing cede tubes of Fig. 45
wherehy any of those tubes which are conduct-
ing ‘will. be extinguished, .and. interrupts the en-
ergizing. circuit.for the ringing interrupter, start
relay STI(84). Relay H(44), in releasing, apens
the tip and ring conductors, releases relay RF(28)
in.the junctor, and releases relay SR(44). Relay
SR(48), in releasing, removes the holding ground
fram :the ringing connector hold magnet, there-
by releasing the ringing connector and. the ring-
ing. circuits. Relay STi(34) does.not immedi-
ately. release upon. the interruption. of its ener=
gizing path since it is locked over a path..in-
cluding conductor 348, No. 6 contact of relay
T2(33), right-hand back contact of relay 8(33),
and to .ground. 'Therefore, the ringing inter-
rupter continues. to operate until tube V8(33)
fires to. operate: relay -8(33). which. releases. relay
STi(34). Ralay ST((24), in releasing, removes
positive and negative. battery from the. circuits
thereby extinguishing all tubes and releasing .all
relays in. the ringing interrupter and. restoring
that eireuit to. its-normal idle condition.

The.junctor. is. released and. the connection is
broken .down as will be described hereinafter.

Ringing will also- cease-if the. called subseriher
fails to.answer, and. if the-calling. subscriber fails
to-disconnect within s predetermined time, after

- which time-out occurs. Referring to Fig. 23, the

circuit. comprising. relays TL1(23), TL2(23) and
TL3(23). operates continuously, sending out timed
signals on leads 2384 and-44{{. When battery
is initiaily conneected to - the - circuits, relay
T (23). operates from, ground through the inner
lower -back contact of relay TL3(23), winding of
relay TL1(23), and to battery. Relay TLA,(23),
in operating, closes a.circuit-from ground, through
the. inner lower back contact of relay TL3(23),
Jlower. front. contact of relay TL1.(23), winding of
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relay TL2(23), and to battery. Relay TL2(23)
is slow to operate, preferably requiring two to
four minutes to operate. Relay TL2(23), in op-
erating, operates relay TL3(23) over an obvious
circuit. Relay TL3(23), in operating, interrupts
the energizing circuits for slow-to-release relay
TLI(23) and for relay TL2(23), allowing these
relays to release, and conngcts ground through
its outer lower front contact to condiictor 235
which extends to Fig. 44. ‘Relay TL2(23), in re-
leasing, releases slow-to-release relay TL3(22).
Relay TL3(23), in releasing, removes the ground
from conductor 2301 and connects ground through
its inner upper back contact, through the upper
back contact of relay TL1(22) to conductor 8411
which extends to Fig. 44. Relay TL3(23), in re-
leasing, again closes the energizing cireuit for
relay TLi(23) and the cycle repeats. It may be
noted that relays TL{(23) and 'TL3(23) are slow
to release to provide sufficient time for relay
TL2(23) to fully restore to normal.

When relay ON(&4) is operated upon the seiz~
ure of the ringing circuit, conductor 4411 is ex-
tended through the No. 7 contact of that relay,
conductor 44{0, lower back contact of relay
PA(48), winding of relay PA(48), and to battery,
as above described.  When the circuit of Fig, 23
connects ground to lead 4414, which occurs at
two- to four-minute intervals as above deseribed,
relay PA(44) is operated. Relay PA(43) locks
to off-normal ground conductor 4498 through its
lower front contact, and connects conductor 2201
through its upper front contact, through the No.
2 contact of relay PB(44), winding of relay

PB(44), and fo battery. At the end of the tim-~ ¢

ing cycle of the circuit of Fig, 23, ground is con-
nected to conductor 2381 as above described and
relay PB(44) is operated. Relay PR(44) locks
through its No. 3 contact to off-normal ground
and releases relays H(44) and SR(44). Relay

H(44), in releasing, releases relay ON(44), and -

the ringing circuit, ringing interrupter, and ring-
ing counnector are restored to normal as above
described. It may be noted that if ground has

just been removed from lead 4418 by the timing .

circuit of Fig. 23 when relay ON(44) operates,
approximately four to eight minutes will elapse
before relay PB(44) is operated. If relay ON(44)
operates during the time that conductor 4410 is

grounded, approximately two to four minutes will -

elapse before relay PB(44) is operated to release
the circuits.

Ringing will also be interrupted when the
called subseriber answers. If the called subserib-

er closes his switch-hook contacts during a silent 3

interval, the windings of relay TP(44) will be
connected to the fip and ring conductors and
relay TP(44) will be operated. If the called sub~
seriber answers during a ringing interval, st the
end of the interval relays RAA4) and DR(4%)
will release fo reconnect the tip and ring con-
ductors through the windings of relay TP(44),
and relay TP(44) will then be operated to trip
ringing., Relay TP(44), in operating, releases
relays H{24) and SR(84). Relay SR(}4), in re-
leasing, releases the ringing connector hold mag-
net. HOLDA(3!) thereby releasing the ringing
connector. . Relay SR(44) also releases relay
RL(48) to reconnect the lead to the left-hand
control anode of the ringing connector: select
tube SMI(31) so that the ringing circuit may be
seized on a new call. Relay H(44), in releasing,
ocpens the line so that relsy TP(44) is relessed,
and releases relays ON(44) and RF(28).  Relay
ON(£4), in releasing, remcves ground from off-
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normal ground conductor 4408 to release all re~-
maining operated relays in the ringing circuit,
thereby restoring the ringing circuit tg normal.
Relay ON(44), in releasing, alsc releases ring-
ing interrupter start relay ST1(34) to restore the
ringing interrupter to normal as above described.

Relay RF(28), in releasing, reconnects the
called subscriber’s tip conductor 2232 through
the MNo. 3 contact of relay RF(28), No. 3 contact
of relay TE(28), conductor 2245, upper winding
of relay CS(28), and to ground; and reconnects
the called subscriber’s ring conductor 2833
through the No. 7 contact of relay R¥{28), No.
12 contact of relay TK(28), conductor 2848, lower
winding of reley CS(28), and to negative bat-
tery. The called subscriber’s supervisory relay
CS(28) is thereby operated and talking battery
is provided for the called subscriber. The talk-
ing ecircuit is completed by virtue of the called
subseriber’s extended tip and ring conductors
2845 and 2848 being connected to the calling
subsecriber’s extended. ring and tip - conductors
2818 and 28{7 through capacitors 2847 and 2248,

Relay CS(28), in operating, completes a cir-
cult from negative battery, through the lowsr
winding and No. 6 contact of relay DL(28), con-
ductor 2849, lower front contact of relay csaEm,
conduector 2888, to the main cathode of tube
DL(28), and through resistor 2851 to the left-
hand control cathode of tube DL(28). The op-
eration of relay CS(28) also removes ths shunt-
ing ground circuit eomprising ground, upper con-
tect of relay C3(28), conductor 2852, No. 2 con-
tact of relay DIL.(28), conductor 2853, resistor
28584, to the upper electrode of capacitor 2855,
thereby permitting capacitor 2855 to charge over
a path from positive battery, resistor 2858, No. 2
contact of relay SR(22), conductor 2853, resis-
tor 2834, capacitor 2855, and to ground, theraby

applying a rising potential through resistor 2857

to the left-hand control anode of tube DL(23).
After g suitable interval, such as two seconds,
the voltage on the control anode of tube DL(2%)
Since
the right-hand main anode of tube DL(28) is
connected to positive battery throush resistor
2658, first and second transfers will immediately
occur and relay DL(22) will be operated. Relay
DL:(28) ‘locks operated through its lower wind-
ing, its No. 7 contact, its upper winding, and to
ground through the No. 4 contact of relay SR(292).
The opening of the No. 6 contact of relay DL(28)
extinguishes tube DL(28).  If, during the charg-
ing time of capacitor 2855, the called subscriber
should replace his receiver on. the switchhook, or
otherwise -open the “switchhook contacts, relay
CS5(28) will be released and. ecanscitor 2885 will
discharge through the npper front contact of re-
lay C5(28) to ground. Therefore, it may be noted
that relay DL(28) will not be operated until the
switchhook contacts are closed continuously for
the full delay time. Relay DI.(28) , in operating,
prepares the junctor for timed release upon dig-
connection and also performs certain functions
in regard to charging as will hereinafter be de-
scribed. The circuits remain in this condition

‘for the duration of the call

DISCONNECTION

If the called party is the fivst of the two parties
Yo hang up, relay CS(22), in the junctor, releases
and Initiates junctor time-out. When relay
€B(28) reieases, a circuit is completed from
ground, upper bhack contact of relay C8¢ 28), con-
ductor ' 2852, No. 3 contact of operated velay
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DL(28), conductor 2859, heater resistance “ele-
‘ment 2868 of thermal relay RLS(28), and to
negative battery. After ‘a suitable interval, as
from two to five. seeonds, the bimetallic element
2864 closes the contact of relay RLS(28) which
completes a circuit from ground, No. 4 contact
of relay SR(28), No. 4 contact of relay DL«(28),
contact of thermal relay RLS(28), conductor
3118, . winding of relay RP(28) and to battery,
whereby relay RFP(28) is operated. Relay RF(28),
in operating, opens the called subscriber’s tip and
ring conductors to prevent relay CS(28) from
being reoperated, and releases relay SR(28). The
release .of relay SR(28) releases relay DL(28)
which interrupts the heating circuit for.thermal
relay RLS(28) permitiing that relay to release.
Relay SR(28),.in releasing also interrupts the
locking path of relay ONi{A(28) which releases
10 restore the junctor to normal. Relay SR(23),
in . releasing, also removes the.ground through
retardation coil 2818 from the sleeve lead there-
by releasing the utilized hold magnets in both
the originating and terminating lirks. The call-
ing party, if he has not as yet disconmnected, is
placed on permanent signal lock-out as will be
described hereinafter. If the calling subseriber
disconnects first, relay S(28) is.released which
releases relay. SR(22). Relay SR(28), released,
functions as above described to break dewn the
established connection, to release relay DL(21),
and to release relay ON{A(28) whichi restores
the junctor to its normal idle condition. If the
called subscriber has not as yet hung up, he is
rlaced on permanent signal lock-cut.

RINGING INTERRUPTER TRANSFER CIRCUIT

Referring to Fig. 23, it will be recalled that
‘relay TL3(23) is operated for a brief ‘time ab
two to four-minute inmtervals. At the first oper-
ation of relay TL2(23), ground is connected
through the outer upper front contact of relay
TT.3(23), conductor 2302, upper back contact of
relay W(23), winding of relay W(23), resistor
-2303 ‘and to battery, whereby relay W(23) is op-
erated. Relay W(23) locks through:its upper
front contact. Relay Z(2%) is not operated at
this time since its winding is shunted by an
obvious circuit including - the inner lower back
contact of relay Z(23). When relay TL3(23)
releases o short interval later, the shunt around
the winding of relay Z(23) is removed, and relay
7(23) is operated from ground- through' the up-
per- front contact of relay W(23), winding of
relay 7(23), resistor 2384, and to battery. "With
telay .Z(28) operated, condueter 2305 is not
grounded. When relay TE3(23) again operates
for @ brief time two to four minutes later, ground
-isseonnected through the outer upper :front con-
‘¢act. of -that relay, conductor 2342, inner: lower
‘front contact of relay Z(23), :conductor 232§,
winding of relay W(23), upper: front contaci -of
-relay W23}, and to ground, whereby relay W(23)
s released. - Relay Z(23). remains operated from
ground on courductor 2382 and threugh the upper
‘back contact of relay W(23) until relay TL3(23)
releases. With relay Z(23) released, conductor
9305 is grounded. When relay TL3(23) next
operates two. to four minutes later the cycle is
_repeated .whereby conductor 2305 is.alternately
grounded and opened at two to four-minute in-
_tervals. It may be noted that conductor 2397
is’ also. alternately grounded and. opened at this
same. rate for a purpose. hereinafter to bhe de-
.scribed..

Conductor 2305 extends to Fig. 34. When con-
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ductor 2305 is not . connected to ground, rélays
CB(24) and TR(34) are unoperated, as was as-
sumed in the above description, whereby the
starting eround from the ringing circuit oper-
ated relay ST (34) and ringing interrupter No. 1
(shown in detail) is'employed as above described.
Tt may be noted that when relay T2(33) is-oper-
ated immediately after the seizure of ringing in-
terrupter No. 1, a circuit is completed from the
winding of relay C0(34), conductor 2385, No. 8
contact of relay T2(83), conductor 3347, upper
back contact of relay C2(34), to the other side of
the winding of relay C8(34), thus-shunting relay
C8(34) so that g ground on conductor 2365 will not
operate relay C3(34) to cause a transfer to ringing
interrupter No. 2(34) while ringing interrupter-No.
1-is in operation. With the ringing interrupters
idle, 'when conductor 2385 is grounded, this
ground is conducted through .the winding of
relay C9(84), resistor 8407 and to.negative bat-
tery .whereby relay C3(34) .is.cperated. Relay
C6(24), in operating, connects ground .through
its outer .lower front contact, conductor 3468,
outer lower back contact of relay AL2(34), con~
ductor 3409, lower back contacts of switches
[ST(84) and 28T(34), conductor 3410, winding
of relay TR(2%), and.to battery, thereby operat-
ing relay TR(84). If, when the ringing trans-
fer cireuit.is in.this condition, ground is con-
nected from one of the ringing circuits through
the ringing interrupter start lead 4409, this
ground is now conducted through the upper front
contact of operated.relay TR(34), winding of
relay ST2(34), and to battery, whereby ringing
interrupter Mo. 2(34) is employed . instead of
ringing interrupter No. 1. -To prevent transfers
during the use of interrupter No. 2, relay C0(34)
locks operated over a path including.its inner
lower front contact, conductor 3411, through op-
erated contacts of relay T2 (not shown).in ring-
ing interrupter No..2, conductor 3412, and to
ground. It may therefore be seen that the ring-
ing transfer eircuit serves to. distribute the work-
ing load between the ringing interrupter circuits.
Assuming again that relays C8(234) and TR(34)
are released when ground is connected to con-
ductor. 4488 so that ringing interrupter No. 1
is .employed, when relay STI(84) is operated,
positive hattery is. connected through the No. 1
contact of that relay, conductor 3482, to the
main anode of tube AL{(24) and through re-
sistor 3818, capacitor 3414, and to ground.
Capacitor 3414 commences to charge and the ris-
ing potential thereon is applied through resistor
3415 to the right-hand control anocde of tube
AL$(34). Relay ST{(34), in operating, also fires
tube V8(23) which operates relay 8(33) as.above
described. . Relay-§(33), in. operating, connects
ground through its.left-hand front contact, con-
ductor: 3248, right~hand back contact of switch
CK(2%), conductor 3416, No. 10 contact of relay
Ti(33), No. 1 contact of relay T2(33), con-
ductor 3343, back contact of relay CK(34), con-
ductor 2417, outer lower back contact. of relay
TR(34), resistor 3413 and to the upper electrode
of capacitor §§i4 whereby that capacitor.is dis-
charged. Relay 8(33), in. operating, also con-
nects ground through its right-hand front con-
tact, conductor 3458, No. 7 contact of relay
T2(34) , conducter 345{, winding of relay CK(34),
to negstive battery. Relay CKI(34) opsrates to
interrupt.the previously traced discharging path
for eapacitor 3414, but is sufficiently slow to.qp-
erats. so. that. capacitor. 84id_may become. fully
discharged. If relay STi(34) operates, but, by
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some malfunctioning, tube V8(33) or relay 8(33)
fails to operate, capacitor 3414 will continue to
charge and tube AL{(34) will be fired as will
hereinafter be described.

At the first operation of relay X(32), tube
Vi(383) is fired, tube V§(33) is extinguished and
relay 8(32) is released as above described. Re-
lay 8(8%), in releasing, releasss relay CK(34)
and interrupts the previously traced discharg-
ing path for capacitor 34(4. As the counting
chain tubes VI(33) to V8(23) are progressively
rendered conductive by the successive operations
of relay X(32), tube VE(33) will again be
rendered conductive to operate relay 8(32) which
discharges capacitor 3414, The cycles thus re-
peat with capacitor 3414 never becoming sufii-
ciently charged in normal operation to fire tube
AL$(34). If for any reason tube V8(24) does
not refire within a suitable interval, such as, for
example, ten to fifteen seconds, the charge on
‘capacitor 3414 will rise to a sufficient value to
cause tube AL{(34) to undergo a discharge from
its right-hand control anode, right-hand con-
trol cathode, resistors 3421 and 3422, conductor
3423, winding of relay ALI(36) and to negative
battery. The main cathode of tube AL{(3%) is
also connected to negative battery through re-
sistor 3422, conductor 3423, and through the
winding of relay ALI(24), and the main ancde

is connected to positive battery as above de-

scribed. - Tube AL(!(34) will therefore undergo
iirst and second transfers and relay ALI(34) will
bhe operated. Relay ALI(34) locks through its
No. 4 contact, conductor 3424, and through the
lower back contact of switch RT(84), to ground,
and lights, through its No. 3 contact, alarm lamp
ALI(34). Relay ALI(34), in operating, con-
nects ground through its No. 1 contact to con-
ductor 1234, ang connects ground through its
No. 2 contact to conductor 3426 whereby, if re-
lay AL2(34) hecomes operated, ground will be
connected to conductor 3427. Conductors 1334
and 3427 are cabled to the alarm circuit of Fig.
22 for a purpose hereinafter to he described.
Relay AL{(38), in operating,
ground through its No. 5 contact to conductor
3488 whereby relay TR(34) is operated as above
described. Relay TR(34), in operating, trans-
fers the ringing interrupter start lead #4489 from

the winding of relay ST1(34) to the winding of 5

relay ST2(34), thereby operating the latter relay.
Relay TR (34), in operating, also interrupts the
energizing paths for relays T1(23) and T2(33),
allowing them to release, and connects ground
through its inner lower front contact to the cor-
responding relays T{ and T? in ringing inter-
rupter No. 2 (34). Relay TR(34%), in operating,
also transfers leac 3447 from the time delay net~
work asscciated with tube ALI(34) and connects
it to the corresponding network associated with
tube ALZ2(34). Relay T2(83), in releasing, al-
lows relay STH(34) to release thereby permitting
ringing interrupter No. 1 to become idle, The
release of relay T2(24) also removes the shunt
from the winding of relay C8(24) as above de-
scribed to allow that relay to operate the next
time ground is connected to conductocr 2385.
Relay §72(34), in operating, staris the function-
ing of ringing interrupter No. 2(34) with that in-~

terrupter being associated with alarm  tube *

AL2(33). Since relay TR(38) is locked to re-
lay AL!(34), ringing interrupter No. 2 will con-
tinue to e used until switch RT(234) is operated.
Similarly, malfunctioning of code ringing . in-
terrupter No. 2 will cause relay AL2(34) to be

also connects .
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operated which will cause a transfer to ringing
interrupter No. 1 and wil] also ground conductor
1334. 1If both relays ALI(34) and ALZ(34) be-
come operated, conductor 3421, which extends to
the zlarm circuit (Pig. 22), will be grounded.

It is to be understood that although individual
batteries have been shown in the ringing inter-
rupter and transfer circuits for purposes of clar-
ity, the batteries associated with the fuses at the
right of Fig. 34 represent the battery supply for
21l ringing interrupters. If any of the fuses at
the right of Fig. 34 are operated, relay P1(34)
or relay F2(34) is cperated, depending on whether
the operated fuse is associated with ringing in-
terrupter No. 1 or ringing interrupter No. -2.
If relay FI(38) is operated, ground is connected
through its inner lower front contact to operate
If relay F2(34) is operated,
ground is connected through its lower front con-
tact to operate relay 4L2(38). Relay ALI(38)
or ALZ(84), in operating, functions as above de-
scribed to transfer the circuits and to ground
conductor 1334, and, if both relays operate con-
currently, to ground conductor 3427. If relay
F1(34) operates, negative battery is connected
through resistor 3429 and through its outer lower
frong contact to conductor 1339, If relay F2(34)
operates, negative battery is connected through
resistor 3438 and through its upper front contdct
to conductor (832, Conductor 1239 is cabled to
fhe alarm circuit (Fig, 22) for g purpose here-
inafter to he described.

Revertive call

Provision is made for associating up to twenty
parties with a single line, with means for dig-
tinctively ringing each of these parties. For ex-
ample, the line represented as terminating at
the portion of the primary switch shown at the
middle of Fig. 9 is'such a multiparty line. Three
subscriber’s stations have been represented, viz.,
341-4,341-1,and 2364~{, although it is to be under-
stood that up to seventeen more such stations
may be associated with this same line. Ten of
these stations will be given designations having
common hundreds, tens and units digits and in-
dividual ringing-code digits, viz., 847§ to 3410,
inclusive, The remaining ten of these stations
will be similarly designated with a comimon
hundreds digit which is the same ag for the other
fen stations, a common tens digit which must be
different than that for the other ten stations,
3 common units digit, and individua] ringing-
A line tube is
associated with each of these groups of ten sub-
seriber’s stations, as, for example, line tube 1.2(8)
is agsociated with those subscriber’s stations hav-
ing the designation 347-z, and line tube L.3(8)
is associated with those 'stations having the
designation 384-r. One of the groups of ten
subscribers is signaled by the regular ringing
coces 1 to 18 as shown in Fig. 50. The other
group of ten subseribers is signaled by ringing
codes 11 to 20 which are as the regular ringing
codes except that they are preceded by & “short”
preliminary ring during the second ringing in-
terval. Tt will be ‘assumed that those sub-
scriber’s stations designated 347-z will receive
codes 1 to 10, and those designated 364—r will
receive codes 11 to 20.

Let it be assumed that the subscriber desig-
nated 347-4 desires to call the subscriber desig-
nated 384-1. Subscriber 347-4 will lift the re-

celver or remove the handset from  its cradle,
‘and, presuming the line is idle, will be connected



2,668,008

79
through:the primary and.secondary. switches to
a. junctor, “assumed  to be junctor §A(28), -and
through the register-connector to the register,
assumed to.be the:register shown:in detail, in
a manner similar to. that described on the pre-
vious. call. “The calling subscriber will then re-
ecive the gdial tone and will dial the number
364:1, As previcusly described, the hundreds
digit - will : be .counted . and then stored .in the
hundreds:storing tubes, tube H38(38) being dis-
charged to-record.the digit “3.” The tens digit
wilk then be:counted and then stored in the tens
storing: tubes, tubes "T{6(38) and TAS5(38) being
discharged to record the:digit “6.” -It will be
recalled that in -order to store the fens digit,
negative battery.is-connected through the outer
lower-contact of relay RAI(81), through the No.
6 -contact of operated relay P2(35) to. conductor
3515 -whereby a negative potential is applied to
the: left-hand control cathodes of the tens stor-
ing tubes "Ti6(38) to TAS(28), inclusive. This
negative voltage on conductor 3515 is at this same
time applied through resistor 3528 to the right-
hand -control cathode of the “pre-tens” tube
PRE-TA(25), and, it may be noted, also to the
right-hand control cathodes of additional “pre-
tens” tubes such as PRE-TB(25) and PRE-
TC35). At this same time, the tens digit is
also- stored momentarily in the counting chain
of ‘Fig. 36, whereby the main cathode of one
of the tubes RI18(38) to R50(25) .is at a posi-
tive potential relative to ground since that tube
is conducting. 'The main cathodes of the count-
ing chain tubes RI6(36) to RES(3S) are con-

nected through front -or back contacts of relay |

RA5(36), depending on whether the digit counted
is-above or below “5,” and extend to the cross-
connection terminal strip 3649. A suitable cross
connection is made between terminal strips 3649

and- 3650, in -accordance with which, if any, digits A

are to be used as the .tens digit of the second
group .of ten subscriber’s . designations .in a
twenty-party line. For example, since it is de-
sired that there be a preliminary ring preceding

the code rings. of those subscribers designated .

354-x, the conductor at. terminal strip 8649 as-
sociateq with: the: digit “6” is cross-connected
to one of the conductors. at terminal strip 3650.
With the digit “6” momentarily recorded in the

counting chain, relay RAS(38) will be. operated, :

and: the positive main: cathode potential -of con-
ducting: tube R16¢36) is-connected.via conductor
3549, through: the No. 6 contact of relay RA5(36)
to - conductor 365{ which is cross-conuected to
one:of the conductors at terminal strip 3658, as,
for-example, ‘conductor 3652. The positive po-
tential on conductor 3652 is applied through the
No. .5 -contact of - operated relay P2(35), con-
duetor-3530, resistor 3531, and to the right-hand
contrel anode of “pre-tens” tuhe PRE-TA(35).
it may be noted that. this potential could have
been -applied to ‘any of the “pre-tens” tubes
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shown, or to any additional such- tubes, as. many -

as -ten “pre-tens” tubes being associable with
any one “pre-hundreds” tube such as PRE-H(3D).
Positive 135-volt battery is supplied through the
No. 8 contact of operated relay SR(37), con~
ductor 3146, and to the main anode of “pre-
‘hundreds” tube PRE-H(35), and through re-
sistor 3532 to the main anode of tube
PRE-TA(35) as well as to the main anodes of
the other “pre-tens” tubes. The main cathodes
of the “pre=tens” tubes and of the “pre-
hundreds” tube are-connected to mnegative hat-
‘tery ‘through resistor :3533. Therefore, tube
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PRE-TACSS) will undergo a control-gap dis-
charge and first and second transfers. .It may
Le noted that this will occur during. each origi-
nating call in which the digit “6” is the.tens
digit. It should be further noted that the “pre-
tens” tube would not have fired had the calling
party dialed 347-z since on a call to a .sub-
scriber’s station so designated, no preliminary
ring is required. After firing, the main cathode
of tube PRE-TA(35) rises to ground potential
ot above, and this bias voltage is applied through
resistors 8524 and 3835 to the left-hand control
cathode of tube PRE-H(35).

The units digit “4” is then counted and stored
by the discharge of tube U49(38), and the ring-
ing-code . digit “1” is then counted and stored
in the eounting chain by the discharge of tube
RIG(38).

During the time following the receipt of the
fourth or ringing-code gigit, relay RAI@QT) is
operated - as -above described, releasing relay
RAT) and operating relay DC{(3§). As he-
fore, the operation of relay DCI(33) results in
the eperation of relay CT((2) which causes re-
lay RLS(i2) in the common release and time
cut circuit to operate to. extinguish the tubes
in the line and line link frame. When relay
RLS(42) has released, one of the tubes LO113)
to LOL(Y) fires in: lock-out. It will be assumed
that tube LO!(13) fires thereby operating re-
lay LOI(12). As above described, relay LO1(13),
in operating, operates relay MA(I2) to remove
main-anode battery from the line tubes.and op-
arates number-group connector relay NGCBAT)
which .operates relay NGCAMS). Relay
NGCA(48) in operating, operates relay HSTA0).
Relay HST48) in operating, operates relay
HP(4%) for a -short interval, and completes .an
energizing path for slow-to-operate relay
VAC(48) through the back contact of unop-
erated relay IB48), as described in reference
to the previous call. Since tube TI16(38) is con-
ducting and relay TA5(38) is operated to reg-
ister the tens digit “6” and since tube U43(38)
is . conducting to register the. units digit “4,” the
operation of relay NGCB(A4T) completes circuits
for the operation of relays T16(47) and UASAT),
With these relays. operated, negative battery.is
connected - through the front contact of relay
TAH(23), conductor 3844, No. 19 contact..of re-
lay NGCR (A1), conductor 4718, outer upper iront
contact of relay TE§(47), conductor 4717 and
to the cross-connection terminals of .Fig. 49
‘where it is cross-connected to conductors. as-
sociated with the “tens” or control cathodes of
all those line tubes having the number “6” as
the tens. digit of their designations. Thus, the
negative voltage on conductor 4747 is applied
through conductor 4817 which is carried via
cables 4318 and 4508 fo Fig. 9, through. resistor
938 to.the right-hand control or “tens” cathode
of line tube L3(8). Positive 135-voli battery
is connected, as before described, through the
back contact of relay UAS(38), conductor 3836,
No. -27 contact of relay NGCB(A4T), conductor
4107, inner upper front contact of relay TA%(4D),
and to- conductor 4718 fo Fig. 49 where it is
cross-connected to conductors associated with
the right-hand main or “units” anode of all
those line tubes having the number “4” as-the
units digit of their designations. Thus, the
positive: voltage on conductor 4718 is applied
through conductor 4219, which is cabled.to-Fig.
2, to the right<hand main  anode of line tubs
L3(9). As was ‘hereinbefore described, during
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the momentary operation of relay HP(40); full
135-volt battery is connected to the left-hand
main anodes of the hundreds storing tubes and
the resulting increased conduction through tube
H238(36) causes a momentary rise in the po-
tential at the main cathode of that tube. This
positive potential is extended throush conductor
3845, through the outer upper back contact of
relay HAB(38), to conductor 3845. Since it has
been. assumed that multiparty lines shall have
the number “3” as the hundreds digit of their
designation, conductor 3843 is cross-connected
to conductor 3847 over which the positive pulse
is applied through the No. 1 contact of relay
DC@31), which is operated as before described,
conductor 3184, and through capacitor 3536 and
resistor 3535 to the left-hand control anode of
“pre-hundreds”. tube PRE-H(35). It may be
noted that a different hundreds digit could have
been selected for use with multiparty lines by
suitable cross-connection at the cross-connection
terminal strips in Fig. 38. It may be further
noted that although ten “pre-tens” tubes may
be: associated with each “pre-hundreds” tube,
other “pre-hundreds” tubes may be added, each
having an additional ten “pre-tens” tubes as-
sociable therewith.

The application of this positive pulse to the
left-hand control anode of tube PRE-H(35)
causes a control-gap discharge in that tube since
the left-hand control cathode thereof is connect-
ed to negative battery through the network com-
Prising resistors 3537 and 253% and capacitor
3539. First and second transfers will immediately
occur in the “pre~hundreds” tube, and the con-
joint rise in main cathode potentials of the “pre~
hundreds” tube and of the “pre-tens” tube will
raise the potential on conductor 3549 o approxi-
mately 50 volts positive, for & purpose herein-
after to be explained.

The positive potential momentarily appearing
on conductor $845 is also applied through the No.
12- contact of relay NGCRB(47), conductor 4718,
is divided to ground through.resistor 4720, and
extends over conductor 4719 to the cross-connec-
tion terminals of Fig. 49. This potential is there
connected to conductors extending to the right~
hand control or “hundreds” ancdes of all those
line tubes having the number “3” as the hundreds
digit of their designation.
pulse on conductor 4719 is applied through the
cross-connection terminals to conductors 5820
ang #9821 which are cabled to Fig. 9, through resis-
tors 83i and 832, respectively, to the right-hand
control or “hundreds” ancdes of line tubes L.3(9)
and L2(8), respectively. Thus line tube L3(9) is
the only line tube in the office which will have
suitable potentials applied to all three of its ter-
minating electrodes.

Line tube L3(8) will undergo a discharge across
its right-hand control gap, and this discharge
will immediately - transfer whereby . conduction
will ‘exist between the: right-hand main anode
and the right-hand control cathode of that tube.
If the line were idle, the main cathode of line tube
L23(9) would ke at a potential negative relative to
that of the right-hand control cathode and a
second transfer would immediately oceur as here-
inbefore described. However, since the ecalling
party is also on this line, the line is in effect
busy and will test such by virtue of the fact that
ground is connected from the junctor over the
sleeve conductor and to the main cathodes of
both line tubes L2(8) and L2(3), as hefore de=
seribed.  Therefore, a second transfer will not

Thus,. the positive .
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occur, and conduction will continue across the
first transfer path.

When relay HP(40) releases, the shunts around
the windings of relays BY(40) and IB(48) are
removed, whereby current flows from positive
battery, through the winding of relay IB(40),
right-hand main anode of line tube L3 (%), right-
hand eontrol cathode of tube L3(8), winding of
relay BY(49), and to negative battery, thereby
operating relays 1B (49) and BY (48) . RelayIB(40)
is thereby operated to interrupt the emergizing
cireuit for relay VAC(48) before that relay has
had sufficient time to operate, and thus no va-
cant line indication is given. Relays IB(40) and
BY(48), in operating, complete a circuit from
negative hatiery, winding of relay BY (139), con-
ductor. 3844, No. 3 contact of unoperated relay
ID(42), conductor 4832, right-hand contact of
operated relay BY (49), conductor 4825, left-hand
contact of operated relay TB(48), conductor 4322,
No. 7 contact of relay RT(48), to ground on off~
normal ground conductor 3%i3. Relay BY{(29)
operates, locks through its No. 4 contact to ground
on off-normal ground conductor 2613, and closes
a circuit from ground through the No. 2 contact
of operated relay ONI(39), conductor 3242, No. 3
contact of relay RC(3%), conductor 3843, No. 3
contact of operated relay BYI(29), conductor
2844, through the operated cross-point of the reg-
ister connector, conductor 2118 which is cabled
to the junctor (Fig. 28), winding of relay BY(28),
and to battery. Relay BY(28), in operating, con-
nects ground through its No. 1 contact to con-
ductor 4482 which will serve to start the ringing
interrupter circuit as hereinbefore described.

Since the busy indication may be due fo &
reverting call, a revertive test is made. There-
fore, relay BY{(42), in operating, also completes
8 circuit from positive 135-volt hattery through
the winding of relay RC(38) to conductor 3845
which extends to Fig. 42. Since the calling party’s
class-of-service is “flat-rate non-restricted,” relay
FR(42) will be operated as hereinbefore described,
The battery on conductor 3845 will therefore be
extended through the inner lewer front contact
of operated relay FR(42), conductor 4289, No. 5
contact of operated relay BY!(23), conductor
3948, through the operated cross point of the
ringing connector, conductor 2876 which is cabled
to Fig. 28, No. 2 contact of operated relay BY(28),
to the left-hand main anode of tube VF(E8).
Relay BY(28), in operating, also completes a
circuit from ground through its No. 7 contact,
conductor 2828 which is cabled to Fig. 21, through
the operated cross-point of the register connec-
tor, conductor 2166, No. 8 contact of relay ID2(40),
conductor 4834, No. 2 contact of operated relay
BY1(39), conductor 3848, No. 6 contact and
winding of relay RT(48), and to battery. Relay
RT(48) operates and locks through its No. 5
contact to ground on off-normal ground conduc~
tor 8813. Relay RT(40), in operating, completes
& charging path for capacitor 4235 over a path
from positive baftery, resistor 4835, Nos. 3 and 2
contacts of relay RT(48), capacitor 4038, and to
ground. It may be noted that capacitor 4338 is
normally discharged, when relay RT(48) is re-
leaseqd, through resistor 4948, As capacitor 4528
charges, the rising rotential is applied over con-
ductor 4027, No. 7 contact of relay NT{(48), con-
ductor 4834, resistor 8227 and to ground through
regigtor 2828 whereby a rising positive potential
is applied to the right-hand control anode of
tube VCEI(39) . The time constant of the cireuit
Is such that tube VCK(89) is not discharged for
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a-time sufficient for a revertive test to be made.

It will be noted that capacitor 4215 is nor-
madlly positively charged from positive 135-vyolt
battery, resistor 4211, which has a high value of
resistance, capacitor 4219, to ground. Therefore,
when relay RT(48) operates, a positive pulse is
transmitted through resistor 4212, conductor
4213, outer lower front contact of relay FR(42),
conductor 4214 which extends to Fig. 39, No. 3
contact of relay TEO(39), conducior 3950, No. 3
contact of relay VAC(48), conductor 4038, No, 10
contact of relay ID¢43), conductor 4039, No. 8
contact of operated relay RT(40), to conductor
4815 which is extended via the number group
circuit to the right-hand main or “units” anode
of line tube L32(8). Therefore, a high positive
pulse is applied to the main anode of the sub-
seriber’s line tube, and a second transfer will
oceur whereby conduction will momentarily exist
between the rvight-hand main. ancde and the
main cathode of tube L3(9), thereby momentarily
raising the main cathode potential of tube L3(H
to -approxiraately 50 volls positive. This positive
pulse will be transmitied over the sleeve lead,
through the criginating secondary switch, and to
the juncior. If the called subscriber's station
and the calling subscriber’s station are on the
same line, i. e, if it is a reverting call, as has
peen assumed, this positive pulse will be received
at the junctor which has previously been seized
by the calling party. Since junctor {A(28) has
been assumied to have been seized on this call,
the positive pulse on the sleeve conductor {815
will be transmitted through the No. 7 contact of
relay SR(28), and a major portion of that pulse
will pass by the networlk comprising inductor 2818
and capacitor 2862 and will be applied, through
resistor 2863 to the left-hand control anode of
tube VF(28). Since the left-hand control cath-~
ode of that tube is connected to negative battery
through the network comprising resistors 2864
ahd 2865 and capacitor 2866, and since the main
cathode of that tube is cornnected to negative
battery through resistor 2887, a control-gap dis-
charge and first and second transfers will imme-
diately occur whereby conduction will exist be-
tween the left-hand main anode and the main
cathode of tube VE(28). It may be noted that
the firing of this tube is aided by the presence
of a “keep-alive” circuit including the right-hand
control electrodes of the tuwe. It may also be
noted that had this not been a revertive call, the
called subscriber’s line would have been asso-
ciated with a different junctor and the positive
pulse would have been applied to the left-hand
control anode of the VI tube in that junctor, but
no transfers would have occurred in that tube
sinee there would be no supply of main ancde
battery.

Since relay RC(39) is in the circuit of the left-
hand main anode of tube VF(28), relay RC(39)
will operate and will lock through its No. 4 con-
tact, conductor 2842, No. 2 contact of relay
ON1(28) and to ground. This ground will also
extinguish tube VF(28). Relay RC(39), in orer-
ating, interrupts the previously traced energizing
path for relay BY(28) to release that relay.
Relay RC(39), in operating, also connects posi-
tive battery through resistor 38%5{, through its
No. 5 contact, conductor 8024, No. 4 contact of
relay NGCA(48), conductor 4685, back contacts
and armature of relay INT(268), conductor 4683,
resistor. 4481, conductor 4482, No. 2 contact of
unoperated relay ON(43), conductor 4463, right-
hand contacts of switch SW(44), conductor 4404,
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baek contact of relay. RL«(&4), conductor 4405
which is.cabled to Fig. 31, resistor 3123, and to
the left-hand control anode of ringing connector
selent tube SMYE (D), Similarly, positive battery
is connected through the corresponding portions
of ‘other idle ringing circuits to the left-hand
control anodes of their associated ringing-con-
nector select tuves. One of these tubes will fire
in lock-out as previously explained, and it will
be again assumed that tube SMi (21) fires, oper-
ating ringing-connector select magnet SEL(31).
Select magnet SEL((31), in operating, operates
ringing connector relays RC(46) and RC1(46) as
hefore described. :

Relay RCIi (46), in operating, operates the ring~
ing circuit off-normal relay ON(44) which con-
nects ground to off-normal ground conductor 4408
and. to conductor 4499 which holds the ringing-
interrupter start relay operated, and’ connects
the winding of relay PA(44) to the timing circuit
of Fig. 28 as hereinbefore explained. Relay
ON(44), in operating, also interrupts the circuit
over which battery is connected to the control
anode of the ringing-connector select tube
SMI(31), and connects positive 135-volt battery
through its No. 8 contact to conductor 4406
whereby it is applied to the left-hand control
anode of tube RV(45), through resistor 4508 to
the left-hand main anodes of the even-numbered
ringing code tubes R2(45), R4(45), R6(45),
R3(45) and RO(45), through resistor 45i4 to the
left-hand main anode of* tube PRE(45), and
through resistor 4515 to conductor 4516 whereby
it is applied to the left-hand main anodes of the
odd-numbered ringing-code tubes R1(45), R3(45),
R5(43), R1(45), and R9(45) and through the
outer lower back contact of relay RV(44) and
conductor 4454 to the left-hand control cathode
of tube RV (45).

Since conductor 3540 is at-a positive potential
due to the conjoint conduction of the “pre-hun-
dreds” tube PRE-H(35) and of the “pre-tens”
tube PRE-TA(35), upon the operation of relay
RC(46), this potential is applied through the No.
6 contact of relay NGCA(46), conductor 4616,

-No. 1 contact-of relay RC(46), conductor 4617 and

through resistor £517 to ground whereby a posi-
tive voltage is applied through resistor 45(8 to
the left-hand control anode of tube PRE(45):
The left-hand control cathode of tube PRE(4%)
ig connected to negative battery through the net-
work comprising resistors 459 and 4520 and ca-
pacitor 4521. The main cathode of tube PRE(45)
is connected, in parallel with the main cathodes
of the other ringing code tubes, to negative bat-
tery through resistor 4512 and the winding of
relay R(44). Therefore tube PRE(45) will under-
go a control-gap discharge and first and second
transfers, but, as before, relay R(44) will not be
operated due tothe presence of the current-limit-
ing resistor 4514.

Since the ringing-code digit “1" is stored in

- the counting chain, upon the operation of relay
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RC(86), ringing-code tube R (45) will discharge
and undergo first and second transfers in a man-
ner similar to that previously described, but relay
R (44) will still not be operated due fo the presence
of current-limiting resistor 4519 in the circuit
of the left-hand main anode of tube R1(45).
However, the potential drop across resistor 4515
is sufficient to cause the left-hand control gap
of tube RV (45) to break down. With the left-
hand control anode of that tube supplied with
positive 135-volts and since the main cathode:of
that tube is connected: to negative battery over
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a path including resistor 4523, conductor 4524,
No. 5 contact and winding of relay RV(44), a
transfer will occur in tube RV (45) whereby con-
duction will-exist therein between the left-hand
control anode and fhe main cathode thereof. It
may be noted that tube RV(45) will discharge
and transfer in this fashion when any of the odd-
numbered ringing-code tubes Ri(45), R3(45),
R5(45), R1(48) or RE(45) are rendered conduc-
tive, but will nct be discharged if an even-num-
bered ringing-code tube is conducting.  Conduc-
tion in tube RV(45) will cause the operation of
relay RV(44) which locks to off-normal ground
through its No. 6 contact, and interrupts the pre-
viously traced circuits of the main ang left-hand
control cathedss of tube RV(45), thereby extin-
guishing that tube. Relay RV (44), in operating,
also reverses certain ringing connections as will
be describegd hereinafter,

8ince the operation cif the ringing interrupter
has been started as alove deseribed, positive 135+
volt battery is systematically applied to the sev-
eral conductors 3331 to 3348 as hereinbefore de-
scribed and as represented in the chart of Fig. 50.
Since the middie-main anode of conducting ring-
ing code tube Ri(458) is connected to conductor
3334 and since the right-hand main anode of tube
R1(45) is connected to conductor 33386, increased
conduction will occur through that tube, and
relay R(48) will be operated in response there-
to, during the fourth, fifth, sizth, and seventh
half-second intervals, i. e., 3 single “long” ring.
Since the middle-main anode of conducting tube
PRE(45) is connected to conductor 8332, in-
creased conduction will exist through that tube
during the second half-second interval and relay
R(44) will therefore also be operated during that
interval. This additional “pre” pulse is the short
ring preceding the code which distinguishes the
“pre” codes 11 to 20 from the normal codes 1 to 10,
as shown in Fig. 50

During the time that the above revertive test
is being made, capacitor 4838 in the control-anode
circuit .of tube VCK(39) is charging as herein-
before mentioned. The time constant of this cir-
cuit is arranged to be longer than the time re-
quired to operate relay RC(39) if that relay is to
operate at all. It may be noted that if the re-
sult of the revertive test is affirmative, i. e, if it
is indeed a revertive call, relay RC(3%) is op-
erated, whereas if the result is negative, relay
RC(39) will not be operated. It has been as-
sumed that this is a revertive call, and relay
RC(39) has been operated as above described.

After a suitable delay interval, capacitor 4036
becomes - sufficiently - charged to cause tube
VCK(39) to discharge across its right-hand con-
trol gap. As previously described, the left-hand
main anode of tuke VCK (39) is connected to posi=
tive battery through a front contact of relay
SR(37) and through the winding of relay CK(39).
It will be recalled that on the previous call with
the called line assumed to be idle, relay RC(3®)
was not operated and the main cathode of tube
VCEK.(3%) was connected to negative battery
through a back contact of relay TKOQO(39). In
the case of a revertive call, however, with relay
RC(39) operated, the main cathode of tube
VCEK(39) is connecied via conductor 3934, through
the No. 6 contact of operated relay RC(39), con-
ductor §252% which extends to Fig. 48, No. 17 con-
tact of relay NGCA(48), conductor 4819, No. 2
contact of relay RCi(48), conductor 4628, wind-
ing of relay RC(84), and to negative batiery.
Therefore, tube VCK(39) will undergo first and
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second transfers whereby relays CK(39) and
RC(44) will be operated.  Relay RC(44), in op-
erating, locks to off-normal ground through its
No. 4 contact, and completes a circuit from nega-
tive battery, winding of relay TN (44), conductor
4456, No. 6 contact of relay RC(44), conductor
4812, No. 1 contact of relay RCI(48) and to
ground, whereby relay ‘TN(44) is operated for a
purpose hereinafter to be described. ‘

Relay CK(39) locks operated, extinguishes tube
VCK(89), releases relay DCI(39), removes ca~
pacitor 3909 from the winding of relay SR(31)
so that relay will not be slow-to-release, and dis-
charges capacitor 3908, as deseribed hereinfore.
As in the first call described, relay CK(39), in
operating, operates the ringing-connector hold
magnet over a path from ground through the
upper back contact of relay TP(44), and; in this
cage, also from ground through the inner upper
front contact of relay TN(44), conductor 4412,
Wo. 4 contact of relay PB(44), conductor 4413,
No. 3 contact of relay H(44), conductor 4414; No.
3 contact of relay RCI (48), conductor 4613; No. 18
contact of relay NGCA (4§), conductor 4614, mid-

> dle upper front contact of relay CK(39), conduc-

tor 3940, through the operated cross-point 2102
of the register connector, conductor 2101, wind-
ing of ringing-connector hold magnet HOLDA (31)
and to battery. As previously described, hold
magnet HOLDA(31), in operating, closes ringing-
connector cross-point 3113 thereby extending the
ground on conductor 2487 through -this cross-
poin to conductor 3114, and, in parallel, through
the winding of relay RL(44) %o battery, and
through the No. 3 contact of relay SR (44), con-
duetor 4418, No. 6 contact of relay ON(44); con-
ductor 4416, winding of relay H(44), and to bat-

‘tery. Relay H(44), in operating, connects ground

through the upper back contact of relay TP (44)
and through' the inner upper front contact of
relay TN(44), conductor 4412, No. 4 contact of
relay PB(44), conductor 4413, No. 4 contact of
relay H(44), and to conductor 4415 whereby relay
H(44) is locked operated and whereby, tem-

5 porarily, this ground is extended through the

No. 3 contact of relay SR(44) to conducior 3ii4
to lock both the ringing-connector hold magnet
HOLDA(31) and relay RL(44) operated. Relay
H(44), in operating, also completes a circuit from
ground on off-normal ground conductor 4408
through its No. 7 contact, conductor 4418, No; 3
contact of operated relay RC(44), to conductor
3{21. This ground is extended, over one path,
through the No. 1 contact of relay H(44), con-
ductor 4420, No. 4 contact and upper winding of
relay ON(44), and to battery whereby  relay
ON(44) is locked operated. The ground on con-
ductor 2121 is also extended through the op-
eratéd ringing-connector cross-point 3113, con-
ductor 2838, No. 11 contact of unoperated relay
RF(28), conductor 2889, lower winding of relay
C3(28) and to battery, thereby locking relay
C3(28) operated.

As described above in relation to the first call,

5 the operation of the ringing-connector hold mag-~

net HOLDA@31). also interrupts, at its back con-
tacts, the circuit from the calling subscriber’s
tip condustor to ground through winding 8717
of the repeat coil in the register, and the cir-
cuit from the calling subsecriber’s ring conductor
b0 negative hattery through winding 3718 of the
repeat coil and through the lower winding of re-
lay L(3T), and relay L(37) is thereby released.-

" Upon the release of relay L(3T), relays SR(31),
ON(87) .and ONI{(38) release in cascade as de~
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seribed:in relation to the: previous call. Relay
SR(3D), in releasing, removes main-anode bat-
tery to extinguish- those tubes in the register
which are conducting, including tubes RA{(3T),
any “pre” tubes.in the register which are con-
ducting, i. e., tubes FRE-H (35) and PRE-TA(35)
under the assumed conditions, and the counting
chain tubes and digit-storing tubes of Figs. 36
and 37, whereby relay RAI(37), and, under the
assumed called number, relay TAS(38) are re-
leased, The removal of main-anode battery also
allows relay AD(37) to release. As in the previ-
ous: call, relay SR@A3T), in releasing, also con-
nects ground through to the common release and
time-out circuit to fire gas diode RR{(14) which
fires tube RL(2) which causes relay RLS({2) to
be momentarily operated. Relay RLS(12), in
operating, removes the positive 50-, 100~-, and
135-volt batteries from the line and line-link cir-
cuit to. extinguish line tube: L3(3) thereby re-
leasing: relays BY (48) and IB(40), and removes
main-anode hattery from tube LOI(13) extin-
guishing that tube, which releases relay LO(13).
Relay LO1(18), in releasing, releases number-
group connector relay NGCB(AT) which releases
relay NGCA(48), thereby releasing relay
HST(40) and the number group circuit. Relay
RLS(12), in operating, also removes main-anode
battery from the ringing-connector select tube
SM1(31) which is extinguished and releases
ringing-connector select magnet SEL{(31{). It
may be noted that since the ringing-connector
hold magnet HOLDA31) is operated, the ring-
ing - connector operated cross - point remains

closed. Select magnet SELI(21), in releasing, 3

releases relays RC(48) and RCI (46), bub it may
be noted that relay TN(44) is not released there-
by since it is locked operated as will hereinafter
be -described. Ground is also removed from re-
lay OT(i2), and that relay releases unless an-
other register is waiting to terminate a call as
previously described. Upon the release of relay
RLS({2), the office is again ready to handle an-
other originating or terminating call.

Relay ON(31), in releasing, as'in the previous ,

call, interrupts the energizing circuit for relay
C0(28) and for the register-connector hold mag-
nets HOLDA(20) and HOLDA(2{) and these
hold maghets release to release the register con-
nector; but relay C0(28) is locked operated as
above deseribed. Relay ON(31), in releasing, also
releases the class-of-service relay FR(42) as in
the previcus call.

Relay ONi(39), in releasing, removes off-nor-
mal ground from the register circuit, releasing
relays TMA (2D, DCED, and CK(22) as in the
previous call. Relay ONI(32) also releases relays
BY{(88), RC(ES) and RT(42). Thus the register
jg restored tonormal and isin-condition to beem-
ployed in the completion of further calls.

Returning to o consideration of the ringing eir-
cuit, relay H(44), in operating, operates: relay
SR (A#8) over the previously traced path through
baek -contacts of relays TP(44) and PB(48) to
eround and also, in this case, through the outer
upper front contact of relay TMN(44) to ground.
Relay SR(44), in operating, connects ground
through its No. 4 contact to lock relay RL(44)
and ringing-connector hold magnet HOLDA(I)
operated as in the previous. call. With relay
C278) in the junctor locked operated as above
described, upon. the operation of relay SR(&§),
the calling and called subscribers’ common line
is extended to the ringing circuit: The commeoen
#ip and ving conductors {8i7 and 1818 are ex-
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tended through the cuter upper front contact and
throngh the inner lower front contact, respee-~
tively, of relay C#(28), to conducbors 282Y and
2838, through the Nos. 5 and 9 contacts, respec-
tively, of unoperated relay RF(28), to conductors
5828 and 2820, through the inner front and outer
front  contacts, respectively of hold magnset
HTOLDA(3]), to conductors 8i 17 and 3i {§ through
the operated ringing-eonnector cross-point $il3, -
to conductors 8119 and 3128 which are cabled to
Fig. 44, through inductors 442f and £422, re-
gpectively, through the Nos. 1 angd 5 contacts of
relay SR(48), to conductors 4228 and 4430,
through the Nos. 2 and § contacts, respectively, of
relay F1(44), to conductors 2627 and 4431, through
the inner upper back and the inner lower back
contacts, respectively, of relay RA(24) to con-
ductors 6428 and £432, through the hack contacts:
of relay DR (44) to conductors £425 and 4433, and
through the wingdings of relay TP(44) to ground
and negative battery, respectively. Since the
cailing subscriber is on this line as well as the
calied subscriber, the line is closed aud relay
TE(44) will immediately operate. Relay TP(£4),
inn operating, closes ground through its upper
front contact to conductor 4488, Wo. 3 contact of
relay PU(54), conductor £439, Nos. 5 and .6 con-
tacts of relay RC(44), conductor 2455, winding
of relay TN(44) and to battery, thereby locking
velay TN (44) coperated under the econtrol of re-
lays TP(44) and PUE4). It may be nobted that,
in point of time, these operations actually cccur
pricr to the time that relay RCI(46) is released,
as above described, whereby relay TN(44) is
locked operated before relay RCi(438) releases to
interrupt the energizing circuit therefor. With
relay TN (44) operated, the subseribers’ ring con-
Guetor 4433 is extended through capacitor 4450,
through the inner lower front contact of relay
TI(44), and to conductor 3357, It will be re-
called that relay X(32) is operated and released
during slternate half-second intervals. There-
fora ground is connescted through the outer right-
hand front contacts of relay X(32) to condirctors
5287 and 3268 during alternate half-second inter-
vals. The ground on these conductors is extended
through the Nos. 3 and 4 contacts of relay T2(33)
to conductors 3353 and 3356, Conductor 23383
is connected to alternator BT{(38) which is ar-
ranged to generate an alternating current of &
suitgble audible frequency. Thus, an audible tone
is transmitted to various points in the system via
conductor 3857 at half-second intervals when any
of the ringing interrupters are operating. This
tone, recognized by the subscribers as the “busy
tone,” is. therefore transmitted over the sub~
scribers’ line on a revertive call as an indication
to the calling subsecriber to hang up so that ring-
ing may proceed. The. intermittent ground.ap-
plied to conductor 225§ is used as & “busy tone”
on.g trunk call as will be describad hereinafter.

‘When the calling subscriber hangs up tc open
his switch-hook contacts, relay TP(44) is released
which releases slow-to-relezse relay TN(E4).
When relay TI(44) releases, busy tone is removed
from the subsecribers’ line, and the windmg of
the pick-up relay PU(44) is connectes to con-
ductor 3331 through the outer lower back contact
of relay TN(44) as on the previous call. During
the first hali-second interval of the next succeed-
ing ringing cycle, positive battery is connected to
conductor 333i which operaies relay PU(44) as
shown in Fig. 50. Relay PUM44) locks to. off-
normal ground, and connects the winding of re-
lay RA(44) through the No. b contact of unoper-
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ated relay RS(44) and to ground through the No.
2 contact of relay R(48), whereby relay RA(44)
will be operated sach time relay R(44) operates
as hereinbefore descriked. It may be noted that
relay DR(44) foliows relay RA(34) as in ths
previously described call. Since ringing code No.
11 is to be transmitted, relay R(£4) is operated
during the second half-second interval to trans-
mit & “pre” pulse and during the fourth, fifth,
sixth and seventh intervals to transmit a single
“long” ring as above described. Relay RA(38)
will therefore be opsrated during these saie
intervals. . It will be recalled thai “reversing”
relay RV (4£) is operated whien an odd-numbered
code is to be transmitted, and is released when
an even-numbered code is to be ifransmitted.
With relay RV (44) unoperated, as il the previous
call, ringing voltage is connected ito the sub-
seribers’ tip conductor and ringing ground is con-
nected to the subscribers ring conductor, as here-
inbefore described. Since the assumed code is
an odd-nuinbered code whereby tube RV (45) was
rendered conductive to operate rslay RV(44),
these connections are rsversed. During the

periods when relays R(44) and RA(44) are gper- -

ated, the subscribers’ tip conductor 4427 iz con-
nected through the inner upper front contach of
relay RA(44), conductor 4481, No. 7 contact of
operated relay RV (£4), conductor 4448, No. 2 con-
tact of relay RS(44), to.ground; and the sub-
scribers’ ring conductor 8431 is connected threugh
the inner lower front contact ¢f rslay RA(43),
conductor 4447, No. 6 contact of relay 1(48), No.
4 contact of operated relav RV(43), conductor

4445, outer upper front contact of relay RA(44), »

resistor 4444, conductor 4443, and to the ringing
alternator #4442, Therefore, in odd-numbered
codes, ringing voltage is connected o the tip con-
ductor and ringing ground is connected to the
ring conductor.

Assuming that grounded ringers are provided,
if the ringers of both the calling and called sub-
seribers are connected to the same side of the
line, both subscribers will receive the code sig-
nal.  However if the ririgers of the cailing and
called parties are connected tc opposite sides of
the line, i. e, in this case, if the calling sub-
seriber’s ringer s connected to the tip conduc-
tor while the called subscriber’s ringer is cone-
nected to the ring conductor, the calling sub-
scriber would receive no signal and would not
be notified that the line wag being rung nor
weuld there be an indication that the called sub-
scriber had answered. Therefore, a revertive
signal, comprising a short ring during the third
and eleventh half-second interval of each cyecle,
is transmitted over the opposite econductor, in
this case, over the tip conductor. The ringing
interrupter applies positive battery to conductor
3333 for one-half second during the third inter-
val, and again during’ the eleventh interval.
This potential on conductor #383 is connected
through resistor 4463, No. 1 contact of relay
RC(44), conductor 4464, upper back contact of
relay GL(44), conductor 4465, WNo. 7 contact of
relay R(44), conductor 4468, No. 2 contact of
relay PU(44), winding of relay RS(44), and to
ground. Therefore, on a revertive call, relay
RS8(44) is operated during the third and eleventh
intervals. As may be noted in Pig. 50, no regu-
lar codes are transmitted during these intervals,
and therefore relay R(84) is released while relay
RS(44) is operated. A circuit is therefore com-
pleted from negative battery, winding of relay
RA(48), conductor 4448, No. 1 contact of relay
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PU(44), No. 4 contact of relay RS(44), condugior
4457, to ground through the No. 1 contact of re-
lay R(44) whereby relay RA(24) foilows relay
RS(44). 'In order that the revertive signal may
be transmitted over the opposite side of the line
from that over which the ringing veliage is ap-
plied, the subscribers’ tip conductor, which nor-
mally, in an odd-numbered code, is connected
to ground through the No. 2 contaci of relay
RS(44), is, upon the operation of relay RS(44),
extended - through the No. 3 comtact of relay
RE(44) to the source of ringing voltage 4442.- In
an even-numnbered code where the ringing volt-
age is normally applied $o the tip conductor, re-
izy RS(44), in operating, causes ringing voltage
to be applied to the ring conductor during the
third and elevenih half-second intervals. It may
be noted that during the time during which the
revertive signal is being transmtited over one
side of the line, the cpposite side of the line ig
Interrupted, and is not connected to ground., In
the case of grounded ringers, there is no neces-
sity of having the ‘opposite side of the  line
grounded during these intervals; and in the case
of a line in which the ringers are bridged, there
i3 no necessity of a revertive signal being sent
since all parties therecn receive all rings, and,
in fact, the transmission of a revertive signal on
lines having bridged ringers would be undesir-
able since it would cause g variation of the regu-
lar code. It may further be noted that the re-
vertive signal is also omitted on a revertive eall
to a grounded line, i. e, a line comprising g sin-
gle conductor and a return path through ground.
As above indicated, the energizing path for re-
lay RES(44) includes the upper back contsct of
relay GL(44). When a call originates on a
grounded line, class-of-service relay GL(42) in
the register is operated as above described. If
an affirmative answer is obtained from the re-
vertive test whereby relay RC(38) is operated,
ground is connected through the inner upper
front contact of relay GIL.(42), conductor 4215,
No. 2 contact of relay RC(39), conductor 3954
which extends to Pig. 46, No. 19, contact of relay
NGCA(48), conductor 4621, No. 4 contact of re-
lay RCi(48), conductor 4622 which extends to
Fig. 44, winding of relay GL(44) and to battery.
Relay GL(44) operates, locks to ground on off-
normal ground conductor 4298, and interrupts, at
its upper back contact, the previously traced en-
ergizing path for relay RS(44) whereby a rever-
tive sighal will not be transmitted.

Since under the assumed conditions the call-
ing and called subseribers are provided with
grounded ringers, and since the called  sub-
seriber’s code is odd while the calling subscriber’s
code is an even-numbered code, the called sub-
scriber will be signaled by a short ring followed
by a long ring, and the calling subscriber will re-
celve a revertive signal. This ringing continues
until one of three events occur: until the ring-
ing cireuit times out as above descrived; until
the calling subscriber releases the ecircuits be-
cause of a failure of the called subseriber to
answer; or until the c¢all is completed.

If the calling subscriber decides to cease at-
tempting to signal the cailed subscriker, he lifts
his receiver for a brief interval and then returns
it to the switch-hook. If the receiver is removed
from the cradle to close the switch-hook con-
tacts while relays RA(44) and DR(44) are re-
leased, or otherwise when those relays do release,
relay TP(44) will be operated to trip ringing.
Similarly, if the called subscriber answers, the
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line will also be closed to operate relay TP(44)
to trip, ringing, in which case the calling sub<
seriber will remove his receiver from its cradle

and proceed with the conversation. In either

case and as hereinbefore described, relay TP(44),
in operating, releases relay H(4), which, in turn;
releases relay TP(44). Relay H(M) in releas-
ing, releases relays SR(44), ON(44), and C3(28).
Relay SR(44), in releasing, releases’ 1e1ay RIL(4%)
and also releases the. ringing-connector hold
maghet HOLDA(3!). Relay ONWA4), in releas-
ing, extinguishes the tubes of Fig. 45, releases the
remaining operated relays in the ringing circuit,
and removes ground from the ringing-interrupter
start lead 4409 whereby the ringing interrupter
will become idle as hereinbefore described. Then
the ringing connector, the ringing cireuit and the
ringing interrupter restore to their normal con-
ditions and may be utilized in a subsequent call.

With relay C&(28) released, talking battery is
conrected to the common calling and called line
through the windings of supervisory relay S(28).
This condition continues until the line is opened.
If the cailed subseriber has answered and a con-
veérsation has ensued, the line is not opened until
both partres have hung .up. If the called sub-
geriber has hot answered, and the calling party
Has lifted his receiver to release the circuits, the
lifie is opened when that subscriber returns his
réceiver to its cradle.
line, relay .S(28) releases releasing relays SR(28)
and ON(Z§) to réstore the junctor to normal
which releases the primary and secondary
switches to restore all cireuits used on this call
to normal a5 hereinbefore described, in prepara-
tion for subsequent calls.

Called line busy

Let it be assumed that the subscriber desig-
nated 5934 (Fig. 10). desires to call the sub-
scribed designatéd 236-2 (Fig. 11). Let it also
be assumed that the calling party has subscribed
to a clags-of-service known as “flat-rate re-
stricted”; and let it further be assumed for the
purposes of this call that the called subscriber’s
line is busy. Subscriber 593-4 will lift the re-
ceiver or remove the handset from its cradle and
will thereby be connected through the primary
and orlgmatmg secondary switches to a junctor,

assumied to be junctor 1A(28), and through the

reglstel connector to the reglster assumed to be
the registér shown in detail, in a manner similar
to that prev1ously described. However, since this
lme has a “fat-rate restricted” class-of-service,

when relay ON(3T) in the register operates to 5

operate relay €SC(5), the middle main anode of
the calling subscriber’s line tube L1(i8) is con-
nected . via. conductor 1642, through the No. 5
contacts of operated relays CS(5) and CSC(5),
conductor 536 which is cabled, to Fig. 42, wind-
ing of relay CL&(42), resistor li"ll'i and to posi-
tive 135-volt battery. Line tube LiCi0) will
therefore . momentarily transfer and relay
‘CL5(4%). will he operated. With relay CL5(42)
operated, ground is connected through the No. 8
contact of relay. ON(37), conductor.4204, resistor
42§8, conductor e219 and to the No. 2 contact
of relay CLE(42) thereby locking that relay op-

Upon the opening of the §
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upper front contact and resistor 4203, It will’ be
assumed that the restrictions in the calhng
party’s service do not include the present called
party, and therefore relay CL5(42) has no func-
tion in this call other than that above deseribed:

The operations will then proceed as described
in the above two calls, with the ealling subscriber
recelving dial tone, dialing the digits “236— 2,7 the
counting and storing of these digits in the regis=
ter, and the placing of the suitable potentials
on the hundreds, tens, and units electrodes of the
several line tubes, with line tube Li({{) being the
only one thereof that has the proper potentials
applied to all three of its terminating-control
electrodes. As in the above-deseribed revertive
call, the called line will test busy by virtue of the
fact that the main cathode of tube Li({{) will be
at ground potential, relays IB(40) and BY(40)
will be operated to operate relay BYi(39), relay
BY{(22) will operate relay BY (28) in the junctor,
and relay BY(28) will ground conductor 4409 to
start the ringing interrupter and will operate
relay RT(49). Relay RT(48), in operating,
starts the charging of capacitor 4836 wheréby a
rising potential is applied to the right-hand con-
trol ahode of tube VCK(39), and proceeds with
the revertive test as above described. Since the
calling and called subscribers are not on the same
lifie, i. e., since the call is not a revertive call, 4
negative result will be obtained from the revertive
test and relay RC(89) will not be operated. When
the requisite delay interval has elapsed while
capacitor 4836 charges, tube VCK(39) will fire to
operate relay CK(39), but it may be noted that
relay RC(44) will not be. operated sinhce relay
EC(S8) is not operated. Relay CK(3%), in op-
erating, locks to ground through its outer lower
front contact and through the No. 2 contact of
relay ONI(38), extinguishes tube VCK(39), re-~
leases relay DCi(38), and removes capacitor 3309
from the windihg of relay SR(37) as before de-
scribed. With relay BY 1(39) operated and with
relay RC(39) unoperated, the only path over
which ground is connected to the upper winding
of relay C8(28) to energize that relay is through
the inner upper back contact of relay CK@3%.
Therefore, when relay CK(28) operates, this en-
ergizing path for relay C8(28) is interrupted.
Since this is not a revertive call, relay RC(44) in
the ringing ecircuit remains unoperated, and
therefore the lower or hold winding of relay
C9(28) is not energized, and relay C0(28) will
release. The removal of ground from the upper
winding of relay CU0(28) also removes ground
from the path through the inner upper front
contact of relay C0(28) to the windihg of the
ringing-connector hold magnets HOLDA (20) and
HOLDA(21) and those hold magnets will release.

Relay C8(28), in releasing, connects the calling
subscriber’s line through the windings of relay
S(22) whereby that relay is operated. Relay
C0(28), in releasing, also completes a locking
path for relay BY(2§) which may be traced from
negative battery, winding of relay BY(28), No. 4
contact of relay BY(28), conductor 2870, outer
lower back contact of relay Ccea23), conductor
2871, No. 1 contact of relay SR(ZS), and to
ground. Relay Cu9(28), in releasing, also comi-
pletes a path over which busy tone is transmitted
to the calling subscriber over a path from the
calling subscriber’s: ring conductor 188, inner-
jower back contact of relay C8(28), corductor
2818, No. 5 contact of relay DL(28), conductor
2872, capacitor 2§13, No. 6 contact of operated
r‘elay BY(28), and to conductor 3387 which is
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supplied with busy tone from the ringing inter-
rupter as hereinbefore described. The junctor
will remain in this condition until the calling
subscriber disconnects.

With the register-connector hold magnets re-
leased to release the register connector, relay
L1 is released to release relays SR(31), ON(31)
and ON{(29) in cascade. Relay SR(317), in re-
leasing, closes ground to the common release and
-time-out circuit which serves to extinguish line
tube LI({1), to restore the common release cir-
cuit to normal, and %o release the number group
circuit as hereinbefore deseribed. Relay SR3D)
also removes main anode battery from the tubes
in the register, and with the release of relays
ON@QT) and ONI{(33) and of the relays held
operated thereby, the register is returned to
-normal. for use on subseguent calls.

When the calling subscriber hangs up, relay
8(28) releases to release relay SR(28) which re-
leases relay ONIA(28) and the hold magnets in
the primary and secondary switches to restore the
circuits to normal as described above in relation
to the revertive call.

Called line vacant

As above discussed in regard to the first call
described, the busy idle vacant test is initiated
by the number group connector relay NGCA (46)

operating relay HST(48) through back contacts :

of relays ID(48) and VAC(48). In addition to the
functions performed in relation to the idle and
busy tests, as described above, relay HST(40) ,in
operating, also completes a circuit from ground

on oif-normal ground conductor §3i3, No. 7 con- 35

tact of relay RT(48), conductor 4822, armature
and back contact of unoperated relay IB(48),
conductor 2923, inner upper front contact of re-
lay HST(48), conductor 4824, winding of relay
VAC(48), and to negative battery. As before in-
dicated, relay VAC(48) is slow to operate where-
by if the called line is either idle or busy, relay
IB(48) will operate prior to the operation of relay
VAC(48) whersby the energizing circuit for relay
VAC(4%) will be interrupted. If, however, the
line is vacant, in which case there will be no line
tube having the dialed designation, relay IB(48)
cannot operate, and, after the requisite interval,
relay VAC(48) will operate. Relay VAC(£0), in

operating, locks through its No. 4 contact to ,

ground through ofi-normal ground cenductor
3813, interrupts at its No. 1 contact the locking
path for relay ID(48) to prevent that relay from
being locked operated, interrupts at its No. 2
- eontact the previously traced energizing path for
relay HST(43) to release that relay, and completes
a circuit from ground through its No. 6 contact,
conductor = 3944, register-connector operated
cross-point 2§82, conductor 24ig which is cabled
to Fig. 28, winding of relay BY (28) and to battery
whereby vrelay BY(28) is operated. Relay
BY(28), in operating, returns ground. to the
register to operate relay RT(48) as in the re-
vertive call above described. Relay RT(43) locks
cperated and applies g rising potential from ca-
pacitor 4§38 to the right-hand control anode of
tube VCX(3§) as previously described. Tube
VCX(39) fires to operate relay CK(39) which
locks operated and extinguishes tube VCK(39).
Since relay VAC(£8) is operated, the only path
over which ground is extended to the upper wind-
ing of relay Cu(28) and to the register-connec-
tor holds magnets HOLDA(206) and HOLDA(21)
is through the inner upper back contact of relay
CK(39), and therefore, upon the. operation of
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relay CK(39), relay C0(28) is relessed and the
register connectorisrestored to normal. Thejunec-
tor is thus in the same condition as in a busy call.
The release of the register connector restores the
register to normal which signals the common re-
lease circuit, and that circuit releases the num-
ber group circuit and restores itself to normal as
previously described. When the calling sub-
scriber receives busy tone and disconnects, the
junctor and switch train is restored to normal as
described in relation to the busy and revertive
calls,

Call to private branch exchange trunk group ‘

Private branch exchanges may be operated
with the system herein disclosed by the provision
of certain additional equipment in the number
group, by slight modification of the line equip-
ment, and by associating a plurality of the lines
in the office (which then serve as private branch
exchange trunks) with a private branch exchange
switchboard. For each private branch exchange,
a- tube and relay combination, such as tube
PX(48) and relay PX(49) must be provided in
the number group. In each line circuit to be
associated with a private branch exchange, an
additional contact must be provided on the in-
dividual Jock-out relay in that line, such as the
outer right-hand contact of relay LO2(8). . In
the present disclosure, one private branch ex-
change switchboard P. B. X(8) has been dis-
closed, with three private branch exchange trunks
extending thereto, i e., the line including line
tube L.2(8), the line including line tube L(9),
and the line including line tube I2(1{), although
it is to be understood that additional lines may
readily be associated with this private branch
exchange, and that additional private branch
exchange systems may be provided. The three

, brivate branch exchange trunks have been des-

ignated “400--1,” “401-1,” and “402-1" of which
the former is here assumed to be the listed pri-
vate branch exchange number. The designation
of any one of the P. B. X lines may be used as
the P. B. X number, or, if preferred, a different
unused line designation may be used. It may
be noted, as will be seen hereinafter, that there
is no necessary relationship between the num-
bers assigned to the several private branch ex-
change trunks, and consecutive designations have
been employed only for purposes of clarity.
Let it be assumed that the subscriber desig-
nated 236-2 (Fig. 11) desires to communicate
with a party who may be reached through the
brivate branch exchange switchboard P. B. X(8).
Although the designations of the other private
branch exchange trunks may be listed for night
connections, as will be described hereinafter, the
listed number which the calling subseriber will
dial is 400—1. Let it further be assumed that the
calling party 236-2 has subscribed to a class of
service known as “message rate restricted,” i. e.,
the calling subscriber is limited as to which par-
ties he may call on a non-toll basis, and he is
charged for the calls made on a message rate
basis. : .
As described in detail hereinbefore, the calling
subscriber initiates the call by lifting the re-
ceiver to close the switchhook contacts, relay
Li(ti) is operated, and the control circuits
function to connect the calling subseriber’s line
through the primary and originating secondary
switches- to a junctor, assumed tc be junctor
1A(28), and through the cperated cross~points,
assumed to be cross-points 2089 and 2{82, of the
register connector to the register, assumed to be
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tHe register shown in detail. However, sincé this
line “has a “‘message rate restricted” class of
service, when relay ON(21) in the register oper-
ates to operate relay CSC(5) sas hereinbefore de-
.scribed, - the center-main -anode of the calling
.subscriber’s. line tube Li ({1) is connected to pos-
itive 135-volt battery over a circuit including the
winding of relay CL2(42). Line tube Li(l 1) will
therefore momentarily transfer and relay CL2 a2
will be operated. -In a manner similar o that
-described above in relation to the busy call, relay
CL2(42), in operating, locks to ground, extin-
guishes the transferred conduction through the
center-main anode of tube L (i), and-operates
relay IMR(42) which also locks to ground. It
‘will be assumed that the restrictions in the call-
ing party’s service do not include the present
called party, and therefore relay CL2(42) has
no .function in this call other than that above
described.

The operations then proceed as above deseribed
with the common  release - circuit extinguishing
tube Li(1{) so that further calls may be placed,
the register transmitting dial tone, and the digits
«400-1” being dialed, counted and stored in the
register. - As before, at the conclusion of the
fourth digit, relay RAI(3T) is operated to oper-
ate relay DCI(39) which -calls in the common
yelease circuit, and operates relay OT( 12) there-
in. 1If the release circuit is idle, relay oT2)
conditions - this ‘circuit for & terminating call,
and if the common release circuit is busy on
-another originating or terminating call, relay
OT({2) performs this conditicning when the

‘common release circuit becomes idle as herein~ |

pefore described. When the common release cir-
cuit has operated, one of the lock-~out tuibes op-
erates in lockout to permit only one register to
‘seize the number group. When lock-out tube
1.01(13), associated with the presently used reg-
ister, operates, relay 1.01(13) is operated which
operates relay MA(12). Relay MA(I12), in op-
erating, removes main-anode battery from the
line tubes to make certain that-those tubes are
extinguished as hereinbefore described, and also,
in each call, interrupts that path over which
main-anode battery is supplied to the PX tube,
in:the number group, associated with each pri-
.yate branch exchange, i. e., the path from posi-
tive 135-volt battery, inner upper back .contact
of relay
-of relay MA(12), conductor 1214, No. 4 contact
-of relay C(i2), conductor 1215 which extends
through Tig. 14 to Fig. 15 and is there cabled to
.Pig. 49, through the network comprising resistor
4924-and capacitor 4925, winding of relay PX(4%),
and to the center-main anode of tube PX(49).
Therefore, when Telay MA({2) is .operated, it is
insured that all of the PX tubes are extinguished.

Relay LOI(i3), in operating, also operates
number .group connector relay NGCB41) which
.operates -relay NGCA(48) as -above described.
Relay NGCBWAT), in operating, connects the
-cathodes of the tens and units storing tubes to
the corresponding tens and units. relays in ¥Fig.
47 thereby operating one of those relays in-each
‘group, i. e., since the registered tens.and units
digits are both “0,” relays TH0(4T) and U 53(4T)
will‘he operated. ~Relay NGCA(45), in operating,
operates relay HST(4®) which momentarily op-
erates relay HP(48) -as-above described. Relay
HP(46) momentarily connects full 135-volt bat-
tery to the main anodes of the hundreds storing
tubes; thereby causing apositive pulse to be trans-
mitted from the main cathode of ‘that hundreds
tube which is conducting, and through the op-

RIS (i2), conductor 1213, back contact
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erated contacts of relay NGCB(47) to-the proper

hundreds conductor in the humber group. - With
the assumed hundreds digit “4,” therefore, a
positive pulse will be transmitted over the “4”
hundreds conductor 4122 to the numhber group.
While relay HP(48) 'is operated, full negative
battery is connected, and after relay HP(40) is

released negative battery is connected through

the winding of relay BY(42), through the oper-
ated econtact of relay T53¢41) to the proper-tens
conductor, in this case the “0” tens conductor
4723 to the number group.  While relay HP(49)
is operated, full positive battery is connected, and
after relay HP(40) is released, positive battery is
connechted through the winding of relay IB(40),
through & front contact of operaied -relay
HST40) through. the operated contact of relay
U50¢47) to the proper units conductor, in this
case the “0” units conductor 4724 to the number
group. :

At the cross-connection terminals (Fig, 49)
in the number. .group, instead  of .connecting
conductors 4124, 6723, and 4722 to conductors
4928, 4927 and 4§28, which extend to the termi-
nating units, tens and hundreds electrodes of
tube 1.2(8) as would normally be done, these

conductors are cross=conneched to the correspond-

ing electrodes of tube PX(49). Thus, the units
conductor 4728 is connected to conductor £%29
which extends to the right-hand main: or units
anode of tube PX(£9); the tens conductor 4723
is connected $o conductor -4838 which -extends
through resistor 4831 fothe right-hand-control-or
tens cathode of tube PX(48); and the hundreds

' conductor 4722 is connected to - conductor ‘4832

which extends through resistor 4833 :to the right-
hand control or hundreds anode of tube PX(49).
Therefore, & positive 135-volt .potential ‘is..eon-
nected to the right-hand main:anode of all-those
line tubes and of all those PX -tubes having a
“0” ag-the units digit of their designation, a
negative potential is connected to the right-hand
control cathode of-all those line tubes and of all
those PX tubes having a “0” as the tens digit of
their -designation, -and .a-positive pulse is applied
to the right-hand -control -anode of all of these
line-tubes and of all those PX.tubes having a
“4” a5 the hundreds digit of their designation.
Singe line tube-L2(8) is not'cross-connected in

“Fig. 48, tube PX(49) is the only tube in the system

whieh will ‘both undergo a centrol gap discharge
and g first transfer whereby conduction will exist
between the -right-hand main anode .and the
right-hand control eathode thereof.

T4 -will- be-recalled -that when any line is-busy
under-an established connection, the hold magnet

-and the lock-out relay in that line circuit are op-

erated. Thus, if the private branch exchange

~trunk 4001 is busy, hold magnet HOLDB(3) and

iock-out relay LO2(8) -will be operated. -Simi-
larly, if private branch exchange trunks 401—-f-and

-4@2-4 gre also busy, hold magnets TO{(®) and

1.O2(11) ~will also be operated. :In the event

-that this eondition exists, that is, if all trunks

are ‘busy, ‘a -circuit is completed from ground,

‘Nos. 3 and 2 contacts of relay NGCB1), con-

ductor 4725, back contact of relay PX(49), con-
ductor 2834 which-is cabled to Fig. 11 :and. then

-extends to- Fig. 8, outer right-hand front contact

of eperated relay 1.02(8), conductor 818, outer
right-hand front econtact of operated relay

1,01(8), conductor 935, outer right-hand front

contact of operated relay LO2(li), conductor
1199 which' iscabled to Fig.-48, and tothe main
cathode of tube PX(49). It may be noted that
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if all. the, trunks associated with_the. called
private: branch: exchange: are- busy; the: aboves=
traced’ path: will"also-extend-through- front’ con=
tacts of*lock=out relays in-all-other-line circuits
(not shown) which are-associated with-that prix

vate branch exchange. Ii may tarther-Be noted:

that as long as any one-or-more-of 'the: trunks
associated” with the called private branch exs

change are idle, tiis:path is-not-completed and’

the.main cathiode of tube PX(49)"is connected to
negative battery through resistor-4935. ‘
Assuming that all the trunks associated with

the. called’ private’ branch excliange are busy,

whereby. the main cathode of tube RPX(48), is at
ground potential; a second transfer will notoccur,
im tube BX(49); and relays BY(40) and TB(40);
will"be operated as described above in.regard to
a busy call 'and 'in.regard to a revertive ecalll It
may be noted, however, that a revertive. test . is

not made on message. rate lines since these lines.

are necessarily singlé party,lines.whereby a. re-
vertive call.is not possible. As indicated herein=
before, the revertive test. pulse from. capacitor
4218 must be. transmitted” through fiont con-

tacts of either. the grounded line class-of-service.

relay GL(82) or. the flat. rate. class-ofiserviee

relay, FR(42), and since. neither of;these relays.

i5_operated on.a,.message rate call, the revertive

test will not be made. THerefore, the.operations.

will” proceed. as. on a_busy calllas. Hereinbefore
taseribed: .

If one or: more of the.tiunks associated: with,

tHe. called private branch.exchange.are.idle, the.
main. cathode of.tibe: PX(49). is. at. a. suitable;
negative potential. as. above. deseribed; and. a.
second’ transfer will oceur. whereby. conduction.

will exist betiveen. the: right-hand main. anode.

and.the main cathode. of:tube.PX(49).. There=-
fore, as.on the idle.lihe eall previously. descrxbed

whien relay HP(40) releases, only relay IB(40).

operates’ thereby complétifie a.path: fér the op-
eration: of” relay ID(40}.. Relay ID40)’ in op=-
eratinig, as discussed’ above i, relation . to. the.
flrst’ call” described; fires. the ringihg-connector
select” tube SMI(31); releases relay. HST(40),
and releases relay MA(I2). Relay; MA(I2), in
releasifig’ reconnects maifanode battery-to. the:
several line tubes, including- the application. of:
main anode batiery through. the winding of ‘re=
lay LS tb the left-Hand maih- anode of- line
tube 12(8) and of'line tube* L1(9); and through
the* winding' of' relay LIS(5)* to the- left=hand:
mainanode’of lihe'tube-Li2'(11). Relay MA(12);

it releasing, also- recorinects: main anodé bats
tery’ to° the middle main’ anode of” tithe- PX(49)-
over & cireuit including- the- network comprising
resistor "4924 and® capacitor- 4925, and through'
the: winding of relay: PX(48) - a5 previously- de-
seribed:. Prior to-tHe: relase- of relay HST(40)

hern i3 a sufficient’ potential' drop- across: the:

vifidihg of relay IB(40) axd across resistor-4014
m thet cirenit: of’ the  right-hand: maiti- anode of
Wbe: PX(43) that:upon tHe:applitation-of mainr
ariode battery to-the:middle maii-anode of tube:
PX(89), athird transfer will occur-whereby ‘con-
duction’ will exist-frony the: middle- main- anode
to- the iHain cathiode! of 'tube PX(49):, and relay
PX(49) will: theveby: be operated: ‘

Relay” PX(49), in' operating; removes the
ground’ on’ conductor 4125 fiom: conductor- 4934,
and’ dgoplits: the positive: ' 1355volt: main. anode
battery o eonidizctor 12:45: throush iesistor 4936;
through- tlie front: contact. of’ relay: PX49) to
conductor 4934 which: is cabled’ to: Pigi 11 and:
then extendy to Fig: 8 where: it is' connected to
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thesouter right-hand armature of relay L02(8).
If7 this; private - branch. exchange: trunk-is idle;
the potential onrconductor-4934 will be extended-
through the outer right-hand: back- contact- of:

. relay LO2(8); resistor-81T and to the left-hand:
" confrol” anode of*line-tube: L.2(8):

However; i’
this; line_circuit-is busy-whereby relay-1.02(8) is:
operated;. the potential* on- conductor - 4934 - will
be" transmitted’ through- the: outer< righthand:
front- contact of- relay LO2(8), conductor- 816;
and to the outer-right-hand-armatureof: relay
LO1(8): which is- a part of the- private branch
exchange trunk- cifcuit- designated- 4041 If
this -trunk-is idle; the:positive potential:on: con-
ductor 816 will' be-extended: through 'the outer
rightzhand; back contact of: relay-LOI(3), re-
sistor 936, and-to- the:left-hand’ control anode
of tube L:1(9). However; if this-line-is-also-busy;
the positive potential:on conductor-816° will' be:
transmitted through' the outer-right-hand: front:
contact’ of ‘relay. LiOI(9), conductor 935, to-the
oufer- right-hand” armature of* relay LO2({1)-
which .is; & part of' the- line cireuit’ designated:
402-1. If-all’ the previous- private branch- ex~
change trunk circuits are busy, it must be-as~
sumed ' that this circuit is-idle in that the pre-
viously: made busy test: indicated: that- at- least:
one of "the trunks-was-idle. Therefore; the posi-
tive potential on conductor 935 is-applied through:
the- outer. right<hand’ back- contact" of: relay
LO2(11)" and’ through re51sto1 f110=to the left~
hand-control anode-ofline tube L2({1). It may:
be-seerr that in-this-fashion; private branch ex-
change trunk hunting is accomplished; with:the:
dialing of+the private-branch exchange -number
resultihg-in the-call' being -completed ‘to the-pri-

vate branch-exchange switchboard-if any one-of
the -trunks-leading thereto-is-idle: ‘

The application- of this- positive potential to:
the  left-hand control ' anode-of:line tube L2(1{)-
will* cause- this- tube- to- undergo a- control gap:
discharge: and* fitst’ and" second’ transfers, after
which' the apparatus functions as in the term1-—
nating ‘phases: of’ the - first-described: call: above;
establishing- a: connection” from' the called: prl-
vate-braneh exchange: through the primary; sec=
ondary, and tertiary switches, through- the
junctor; and’through the- secondary- and’ pri-
mary: switcHes to the- calling supseriber. The
register; registér- connector; and number group:
are- restored: to- normal for use in subsequent
calls: The ringing connector, ringing inter-
rupter; and ringing-circuit functlon as prevmusly
described to-signal the called private branch ex-
change and to- transmit- audible ringing induc-
tion to the-calling subsecriber:

‘When. the, operator-at: the private: branch ex-
change switchboard answers, the ringing circuit,
ringing: interrupter; and: ringing connectox: are
restored’ to- normal’ as- hereinbefore- described,
relay: RE(28): in: the: junctor-is-released; and:the:
parties. are-interconnected: so- that conversation:
may ensue, the-calling subscriber peing: supplied:
talking: battery: through the: windings of super-
visory relay-S(28), and the-called: private-branch
exchange: swztchboald being supphed talking
battery: through the windings of SUpervisory-re-
lay CS(28). As discussed in regard to: the first-
described call, after: a suitable 1nte1val tube:
DIi(28). is: fited which: operates relay- DL(28)..
Relay DLi(28), in: operating, extinguishes: tube
DL(28), and’ prepares the junctor for timed: re-
leage: Relay DL(28*) in operatlng, also com-.
pletes: a circuit, ffom negative battely, resistor
2874, No. 9 contact of relay BY(28), conductor.
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2875, No. 8 contact of operated relay DL(28),
conductor 2876 which is cabled to Fig. 18,
through the operated cross-point of the ori-
ginating secondary switch, assumed to be cross-
point 1821, conductor (822, throush operated
cross-point 1103 of the primary switch, conduc-
tor tiil, winding of message register MRA(I),
and to ground, thereby operating the calling sub-
scriber’s message register for charging purposes.
Tt may be noted that non-message rate lines are
not provided with message registers, that the
energizing circuit for. the message register is
only completed when the path between the par-
ties is fully established and conversation has en-
sued, that the energizing path for the message
register includes a back contact of relay BY( 28)
so that the message register cannot be operated
if the called subscriber’s line is busv, and that
the corresponding conductor, in this case con-
ductor 2877, to the called suhseriher is opened at
the No. 9 contact of relay DL(28) whereby the
called subscriher’s message register will not be
operated, if that subscriber be provided with
such.

The circuits continue in this condition until
the conversation is terminated and the vparties
hang up, at which time the connection is broken
down and the junctor restored to normal as de-
seribed hereinbefore. It may be noted that upon
the release of relay DIL.(28), the energizing path
for the calling subscriber’s message register
MRA(I1) is interrupted whereby that message
register -may release.

It may be noted that the terminating control
electrodes, i. e., the right-hand main anode and
the right-hand control gap electrodes of the line
tubes Li(9) and L2(11) are cross-connected to
the proper hundreds, tens, and units conductors
in Pig. 49 in the normal fashion. Therefore, if
either 40{—1 or 4082-1 is dialed, the connection to
the private branch exchange switchboard will be
established as on a regular call, with the busy-
idle-vacant test being made in the normal fash-
ion, and with no successive hunting of the trunks
occurring if the called line is busy. The addi-
tional trunks (not shown) to this private branch
‘exchange may be similarly connected. By virtue
of this provision, the trunks designated 481-I
and 492-1, and other private branch exchange
trunks, may be set up as nisght listings, these
trunks being associated at the private branch
exchange switchboard with selected lines in the
private branch exchange during the night or
other period during which the private branch
exchange switchboard is not manned.

Outgoing trunk call to zero operator

Since the subject system is designated to be
fully automatic and unattended, an operator may
be reached only via g trunk to the district master
office represented at the upper right in Fig. 7.
Let it be assumed that a party at the vost-pay-
ment coin station 518-8 (Fig. 7), desiring assist-
ance, desiring to place an outgoing tandem call,
or for some other reason, calls the operator by
dialing “0.” When the -calling party lifts the
receiver 78! from its hook 702, the switchhook
contacts 798 are closed and a circuit is com-
pleted from negative hattery, winding of relay
L4(9), outer left-hand back contact of hold mag-
net HOLDC(8), conductor 627, No. 8 contact of
relay D(T), conductor 784, switchhook contacts
7883, coin contacts 785, conductor 786, No. 2 con-
tact of relay D(1), conductor 707, and through
the middle left-hand back contact of hold mag-
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net HOLDC(9) to ground. The operation of re-
lay 1.4(9) fires tube L4(9) and the operations pro-
ceed as hereinbefore described whereby the call-
ing party’s line is connected through the primary
and secondary switches to a junctor, assumed to
be junctor A (28), and through the register-con-
nector to a register, assumed tc be the register
shown in detail. However, since the party is
calling from a post-payment coin line, when the
register is seized and thereby operates relay
CSC(4)  as before described, the center main
anode of line tube 1.4(9) is connected to. positive
battery through the winding of relay CL2(42)
whereby tube L4(8) undergoes an additional
transfer and relay CL3(42) is operated. Relay
CL3(42) locks operated, extinguishes the last-
mentioned transfer in tube 1.4(9), and operates
relay CN(42) which locks, all in a manner simi-
lar to that hereinbefore described. Since a call
to zero operator is not restricted in any class-of-
service, relay CL3(42) performs no other func-
tion than that above described in this call. .

Upon seizure, the register causes the opera-
tion of the common release circuit which pre-
pares the line and line link circuit for handling
other calls as hereinbefore described. The reg-
ister transmits dial tone to the calling subscriber,
and the subscriber dials the digit “0.” The reg-
ister functions as before described with relay
RA(3T) operating and the ten pulses representing
the digit “0” being counted on the counting chain
of Fig. 36, tubes R59(36) and RAS5(36) thereof
being discharged. Preliminary pulse absorbing
is accomplished as above discussed, and when the
digit “0” is received in the register, relay AD(3T)
will be operated since more than one pulse was
received. As previously described, relay PI(38)
is operated at the first pulse of the first digit,
and upon the operation of relay RAI(37) dur-
ing the delay following the receipt of this first
digit, negative battery is connected through front
contacts of relays RAIT), AD(31) and Pi(85)
to conductor 3506 whereby a negative potential is
applied to the left-hand control cathodes of the
hundreds storing tubes Hi6(38) to IA5(38), and
tubes F50(38) and HAS5(38) therein are fired
to store the hundreds digit “0.” Since relay
RA5(36) is operated as a result of the conduction
through tube RA5(36), the negative potential on
conductor 3506 is also extended through the
No. 11 contact of operated relay RAB(38), and
through resistor 3654 to ground whereby a nega-
tive potential is applied through resistor 3555 to
conductor 3656, The negative potential on con-

~ ductor 3656 is applied to the left-hand control

cathodes of trunk tubes TKT1(38), TKS9(39) ang
other similar trunk tubes (not shown) for a pur-
pose hereinafter to be described. The negative
potential on conductor 3656 ‘is also applied
through the No. 9 contact of relay OPR(42),
through conductor 4221, and through resistor
3553 to ground whereby a negative potential is
applied to the right-hand control cathode of tube
TKO0(36). Main anode battery is supplied to tube
TK0(36), and also to tubes TRT1(39) to TKH(3H
and to tube NT(40), through resistor 3857 and
conductor 4092 which is supplied with posisive
135-volt battery through the contacts of relay
SR(3T) as hereinbefore described. With fube
R58(36). conducting, the main cathode of thai
tube will rise in potential, and this potential is
applied through conductor 3638 and through re-
sistor 3658 to the right-hand control anode of
tqbe TK0(36). Tube TKO0(36) will undergo 2
discharge across its right-hand control gap and
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a first transfer. Negative battery is connected to
the main cathode of tube TRKH(3§) through the
winding of relay TK0(39) and through conductor
3659. Therefore tube TK0(36) will undergo a
second transfer and relay TK0(29) will be oper=
ated.

Relay TKJ(33), in. operating, connects grounid
through its No. 2 contact, conductor #1586, wind-
ing of relay RA{(T) to battery, and th \erefore
when tube RAIGRT) is extinguished. upon the
operation of relay EX(3T) as hereinbefore de-
scribed,. relay. RAI1(3T) will not release. Con:-
sequently, the register cannot, be further advanced
and any further digits which might be dialed are
not recorded. Relay TRH(39), in operatirg, also
conneets ground on off-normal. ground conductor
3813, through its. No. 1 contact, conductor 3815,
to the winding of relay DC(37). and to hattery.
Relay DC(31) operates and. locks. to. greund on
off-normal ground eonductor 3913 through.its No.
8 contact. Relay DC(2T), in operating, operates
relay DCE(88) over a path including a back con-
tact of relay CK(39) as hereinbefore deseribed.
As before, relay DC1(38). in. cperating, ealls. in
the common. release civcuit, and: operates. velay
OT2) therein. If the release circuit is idle, re=
lay OT(i2) conditions.this cireuit for a terminat-
ing eall, and if the common. release eireuit. is. busy
on another originating or terminating call, relay
OT(12) performs this conditioning when the com~
mon release circuit- becomes idle- as hereinbefore
described. When the common release cireuit-has
operated, one of the lock-out tubes operates to
permit only one register to seize the number
group. When lock-out tube LOI (13), associated
with the presently used regisfer, aperates, relay
LG (13) is operated which operates relay MA(12).
Relay MA(12), in operating, removes main anode
battery from the line tubes to insure that those
tubes are extinguished as hereinbefore described.

Relay LOI(13), in cperating, also completes.a
ecircuit from positive battery, resistor 3955, No. 6
contact of operated relay TKO(39), middle lower
hack contact of relay CK(29), conductor 3956
which is cabled to Fig. 13, No. 5 contact of relay
LO1(43), and to conductor 1318 whereby a.posi-
tive potential is applied through capacitors 1502
and. 1503 to the left-hand control anodes of tubes
TH(15). and T2(i18), respectively. It may be noted
that a similer eircuit would exist if relay EO2(13),
or any other similar relay, had. been epﬂrated
The left-hand econtrol cathodes: of tubes TH1(I5)
and T2(i5) are connected to ground through re~
sistor 1504, The main eathodes of these tubes are
connected to negative batiery. The main. anode
of tube TI(if) is connected to positive battery
through the series resistor 505 and through. the
parallel paths including resistor 508 and. eapaci-
tor 1587, The main anode of tube T2({5) is con~
nected to positive battery through the series re-
sistor 1505 and through the parallel paths in-
cluding capacitor 1508 and resistor {589 and the
winding of relay TR({5). Thus, tubes T1(i5) and
TZ(15) are arranged as a. conventional gas tuhe
parallel control circuit adapted for the garticular
tubes employed. As miay be readily seen, if tube
T1(i5) is condueting, capacitor I597 will charge,
its lower electrode becoming negative.. Upon the
application of a potential to the leff-hand control
anodes of the tubes as above described, tube
T2(1%) will undergo a control gap. discharge. and
first and second transfers whereby, since eapsei-
tor 1§88 cannot charge instantaneously, the po-
tential on conductor (510 will be lowered. The
parameters of the. circuit. dre. such. that the de-
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ionization .time. of tube T1(I15) is. less than the
time- required. for capacitor (50T to. discharge
through resistor 1506 and for capacitor (508 to
charge;.se tube TIC(5), will be extinguished. Tube
T2(15), in firing, operates relay, TR (15).. It may
be noted.that these tubes.are provided with “keep-
alive” cireuits as hereinbefore described. Let it
be assumed. that. pricr to the operation of relay
LOL(13) on this call, tube T2(15) was conducting
whereby upon.the operation. of relay. LO1(ig),
tube TIUS). will be rendered. conductive, tube
T2(18). will be extinguished, and relay TR(L5)
will. be in. an. uneperated condition, as depicted.
With relay. TR.(15). released, ground is connected
through. its hack.contacts. to conductors 1511 and
131Z, and to other. conductors not. shown, which
are cabled to Fig. 49, through: resistors 4331 and
4938, respectively, to- the right-hand control
ano‘dés» of tubes. TGBIL(49); TGB2(49), respec-
tively, and to other tubses .which-may be provided.
It may be noted.that upen.the eperation. of relay
TR(15) upon the next: call to. a trunk, ground
will be econnected through the front centacts of
that relay to conductors. 1563 and (514, and to
other similar conductors, through. resistors 4838
and 4940, and through. other similar resistors, to
the mghtmhand, control.anodes of tubes TGA[ (48)
and TGA2(49) ,.respectively, and to. other similar
tubes. In this manner,trunk‘rotatien is.obtained,
as will be-seen from. the ensuing description.

Relay LOL(I3),.i1n operating, slso. cperates ve-
lay TMA(£5)., and: upon.the subsequent operation
of the. number-group. conneetor relays, relay
THMA(LE). is: loeked operated- and relay TMB(i5)
is. operated. as.described. in the first call, for the
purpose of initiating. time: out. as will be-herein-
after described,

Relay LO1.(#3), in.operating, also operates the
number. group connector relay NGCB(41) which
operates: relay NGCA.(46).  as before described.
Relay NGCA(46), in. operating, eperates relay
HST(40)- which momentarily operates relay
HFE(40)- as-above described. While relay HP(48)
is operated,. positive 135-volt-battery is connected
thraugh its. inner upper front contact, eonductor
4013, resistor 4004, middle upper front: contact of
relay HSTAQ), conductor 4015, back contact of
relay UAS5(38), conductor 3836, No, 27 contact of
relay NGCB’(’H), to conductor 410F.  Normally,
as above deseribed, this- potential is then ex~-
tended. through. contacts. of the units relays
UISMAD to USH(ET) to the. number-group- cross-
connection. terminals, but.since no digit is stored
in the units storing tubes on this eall; none of

5 tHese units relays. is. operated. The poiential cn

coniductor 4707 is, however, applied. to the right-
hand niain anodes of tubes: TGAI (49), TGRB1(48),

TGAZ(49), TGR2(49)., and to the. mam anodes. of
other similar pairs.of fubes not shown. It will be
recalled that. when relay HP(40) subsequently
releases, . this. main ancde battery is supplied
through. resistor 4042 and. the winding. of relay
IB(49) .

WHen relay HP(40) is operated, negative bat-
tery is connected.through. its outer upper front
eontact, conductor 40186, resistor 3837, back. con-~
fact of relay TA5(38), conduetor 3238, No. 20 con-
tact of relay NGCB4T)., to conductor 478,
Since: no. tens. digit. is stored: in. the. register, none
of the telays TL6 (4T fo TEEAT) will he operated.
The negative potentidl on conductor 4708 ig, hiow-
ever, applied through. resistors: 494, 4942, 4943
and 4944 to the right-hand eontrol: cathodes of
tubes TGAIMA8), TGBI(49), TGA2(48), and
TGB249), respectwely, and thlough similajp: re-
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sistors to the right-hand control cathodes of
other similar tubes which may be provided. It
will be recalled that upon the release of relay
HP(40), this negative battery is supplied through
the winding of relay BY (48). ‘

Relay HP(48), in operating, also shunts resis-
tor 38208 as before described thereby increasing
the current flow through tube H58(38), and caus-
ing a rise in the main cathode potential of that
tube. This momentary rise in potential is trans-
mitted through conductor 3849, inner lower front
contact of operated relay HAB(38), conductor
‘2850, No. 5 contact of relay NGCB(47), to con-
ductor 4726, which is the “0” hundreds conductor
and extends to the cross-connection terminal
strip of Fig. 49. Since the digit “0” is not avail-
able for use as the hundreds digit of a subscriber’s
number, only conductor 4947 is cross-connected
to conductor 4726. The positive potential there=
by momentarily applied to conductor 47126 is ap-
plied through resistors 4948 and 4948 to the right-
hand control -anodes of tubes TGAI(43) and
TGBI(49). However, as above described, ground
is applied to one of these control anodes by the
trunk preference circuit in the common release
circuit. Therefore, one of these tubes, assumed
to be tube TGBI(49) has been disabled. Tube

TGAI(49), however, will undergo a control gap

discharge and a first transfer.

Referring now to Figs. 6 and 7, a plurality of
“0” operator trunks may be provided, of which
trunk No. 0 has been shown in detail in Fig. 6
and at the left in Fig. 7, and of which trunk No. 5
has been shown in part at the middle portion of
Pig. 7. Other similar trunks may be provided and
connected into the system in a manner similar to
that disclosed. As will hereinafter be seen, if a
trunk is not engaged in a call, relay ON therein
will be unoperated, and negative battery will be
connected therethrough to the main cathodes of
the trunk-group tubes TGA{(49) and TGRI(49).
Thus if trunk No. 0 is idle, relay ON(8) will be
unoperated, and negative battery will' be con-
nected through resistors 681 -and 692 to conduc-
tors 683 and 604, respectively, through the inner
upper back and ouber lower back contacts of re-
lay ON(6), to conductors 605 and 688, respec-
tively, which are cabled to Pig. 49, and to the
main cathedes of trunk-group tubes TGA{ (49)
and TGBI1(49), respectively. ' Similarly, if trunk
No. 5 (Fig. 7) is idle, negative battery will be
connected through resistors 661 and 682 to con-
ductors 693 and 604, respectively, extensions of
which are cabled to Fig. 7, through the inner up-
per back and outer lower back contacts of relay
ON(7) to conductors 605 and 698 which extend 40
the main cathodes of the trunk-group tubes as
before described. In a similar fashion negative
battery is also connected to these main cathodes
through the back contacts of the ON relay in
each additional idle trunk. It may therefore be
seen that as long as any one of the trunk cir-
cuits associated with the trunk group including
tubes TGAI(49) and TGBI(49) is idle, negative
battery is connected to the main cathodes of these
trunk-group tubes; whereas if all of these trunk
circuits are busy so that all of the ON relays
therein are operated, all of the above-traced cir-
cuits from negative battery to the main eathodes
.of the trunk-group tubes will be interrupted.

Assuming that all of the trunks in trunk group
No. 1 are busy whereby no negative notential is
applied to the main cathode of trunk-group tube
TGA1(48), 2 second transfer will not oceur in
that tube, and conduction will continue to exist
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between the right-hand main anode and the
rieht-hand control cathode thereof, Therefore,
with relay HP(48) released, relays BY(48) and
IB(4%) will both be operated as on a regular busy
condition ¢s hereinbefore described. Relays
BY (40 and IB(49), in operating, operate relay
BY{(39) which operates relay BY(28) which, in
turn, operates relay RT(40) as hereinbefore de-
scribed. Relay RT(48), in operating, causes a
rising voltage to be applied to the right-hand
control cnode of tube VCK(39) from capacitor
40358, However, a revertive test is not made ona
busy call to an “0” operator’s trunk since the
revertive test lead is opened at the No. 3 contact
of operated relay TKS8(28). When capacitor
4036 becomes sufficiently charged, tube VCK(3%)
will undergo a control-gap discherge and a first
transfer. The main cathode of tube VCK(39),
under these conditions, is connected via conduc-
tor 3634, No. 7 contact of unoperated relay
RC(389), conductor 4206, No. 3 contact of relay
OPR(42), No. 5 contact of relay T(4£2), conduc-
tor 3933, No. 5 contact of opzrated relay
TK0(39), conductor 3987, No. € contact of oper-
ated relay BY{(39), resistor 3958, and to nega-
tive battery. Therefore fube VCK(3%) will un-
derge a second transfer, and relay CK(3%8) will
be operated. Relay CK(39), in operating, locks
to off-normal ground and extinguishes tube
VCK(28) as before explained.

With reley TKG6(39) operated, the only path
over which ground is extended to energize relay
C8(28) and the register-connector hold magneis
HOLDA(28) and HOLDA(21) is through the in~
ner upper back contact of relay CK(3%), and
therefore, upon the operation of relay CE(39),
relay C08(28) will be relecsed as will the register~
connector hold magnets. Therefore, the register
connector, the register, and the number group
will be released and restored to norinal, busy
tone will be sent to the calling subscriber, and,
upon the replacing of the ecalling subscriber’s re-
ceiver 781 upon its hook 702, the connection will
be broken down and the circuits restored to nor-
mal as hereinbefore described.

Assuming, however, that one or more of the
trunk circuits associated with trunk group No, 1
is idle whereby negective battery is applied to the
main cathode of tube TGAI(49), tube TGAI(4S)
will undergo a second transfer whereby conduc-
tion will exist across the main gap therecf and
relay IB(40) ounly will be operated as onr a reg-
ular idle line. Relay IB(48), in operating, ocper-
ates relay ID(48) which locks to off-normal
ground.

Relay ID(48), in operating, removes, at its No.
5 contact, the ground which was embloyed to
operate relay MA(12) as above dsscribed. Relay
MAC(i2), in releasing connects positive 135-volt
battery through to conductor i2{5, whereby this
potential is supplied to the line tubes as herein-
before described. Conductor 12i8 also extends
to Fig. 49, where the positive potentizi on that
conductor is applied through the windings of re-
lays TGA!(48) and TGB! (4£9) to the middle main
anodes of tubes TGAI(48) and TER{(4D), re-
spectively. The conduction in fube TGEALEY)
therefore transfers to the middle main anode and
relay TGAI(49) is operated. Relay TGA!(48),
in operating, extends this positive potential to

‘conductors 4958 and 4$5i whish zre cabled to

Figs. 6 and 7. The positive potential on conduc-
tor 4950 is applied to the main anodes of ail of
the trunk tubes such as 'T0(6) and TH(I). In
addition, the positive potential on conductor 4858
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Is applied through reststor 607 to ground through
the parallel paths comprising resistor 608 ‘and
capacitor 609, whereby 2 rising potential is ap-
plied to the' left~hand confrol ‘ancde ‘of tube
T3(6) ; through resistor-619 to ground throush
the parallel paths ‘comprising resistor 43 and
capacitor 612, whereby a rising pobential is ap-
plied ‘to the right-hand control ancds' of tube
T(6) ; through resistor 708 to ‘siound through
the parallel paths comprising resistoi 788 ‘and
capacitor 119, whereby & risiie potential is ap-
plied: to the lefthand “control ancde of tube
T8§(1); through resi 144 to ground throush

the parallel paths ‘comprising resistor 7¢% ang
capacitor 113, whereby & Tisig potential is ap-
plied to the right-hand control - of tube

T5(1); and, in a similar manner, 45 the trunk
tubes in other trunk circuits (not shown) in
trunk group No.1. It may beé noted at this time
that had trunk-group tube TGB1(43) fired, this
potential would have been applied over conduc-
tor 4850 in the same mziiner. '

Assuming trunks Nos. 0 and 5 in trunk group
No. 1 are both idle, the positive potetitial on con-
ductor 4951 is extended through the middle-
upper back contact of relay ON(F), and through
resistor 613 to ground through thie paralle] paths
comprising resistor 611 and capacitor §12 where-
by an additionzl charging potential is applied to
capacitor 612. Similarly, the positive potential
on conductor 4851 is extended through the middie
upper back contaet. of relay ON(Y), and through
resistor 714 to ground through the paraliel paths
comprising resistor 712 and capacitor. 713 where-
by 2n additional charging potentisl is
capacitor 713. " An additional charging potential

. Is also applied to the. capacitors at the right-
hand control anodes of all other trunk tubes as-
sociated with idle trunks'in trunk group No. 1.

The time constants of the networks associated
with the right-hand control anodes of the several
trunk tubes are preferably arranged to differ one
irom the other, whereby those tubes are given
an_order of preference depending upon which
network has the lowest time constant. Thus, the
values of the resistors and capacitors may be se-
lected so that-the time.constant of the network
associated with the right~hand contiol anode of
tube TO(6) is relatively short, that of the net-
work associated: with- the right-hand control
anode of tube TH(T) relatively long, and with the
time constant of the networks associated with
the right-hand control anodes of the trunk tubes
associated with other trunks in this same trunk
group. diifering one from the other in a range
intermediate those .of tube Tuv(H) and T5(i),
whereby tube T9(8) is given first preference and
tube Tu(1) is given-last preference.

On the next call, and on alternate calls there-
after, tube TGBI(49) will be fired and relay
TGBI1(49) will be energized as hereinbetore ex~
plamed. With relay - TGB1(49) operated, posi-
tive potential is connected o the networks.asso-
clated with the left-hand control .anodes ot those
trunk tubes: associated with idle frunks in. trunk
group No. 1. The time constants of the networks
assoclated with the.lett~hand control anodes of
the several trunk tubes may-likewise be selected
to give a desired sequence of preferences, pref-
erably arranged.so.that preference is given in a
direction opposite to:.that: previously described,
1. e., with tube T5(T) being given first.preference
and tube ‘T0(6) being given last preference. If
desired, it may be arranged that trunk hunting
will occur over o portion o the trunks in opposite
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directions with the remainder of the trunks being
given uniform tire constants whereby théy will
be ‘selected with' no -definite’ preference if ‘all of
the preferred trunks are busy. As shown, trunk
No. 0 appears on line:link frame No. 2 (Fig. 19).
It is desirable to distribute the trunks in any
trunk ‘group throughotit the several fiames 1o
distribute the traffic for a more efficient use of
the ‘equipment. It may be desirable to arrange
the trunk hunting in‘both directions so that first
preference ' will be given to-a trunk on one frame
in. ene direction ‘and so that first preference will
be given 1o a trunk in'ancther frame in the other
direction. " 'The most suitable arrangement of
preferences will be determinable for the particu-
laxr requirements by ‘one skilled in the art. The
system is flexible in this manner and may readily
be varied 0 meet different Tequirements and dif-
fering ‘traffic’ conditions. : ’

It will 'be noted that hone of the trunk tubes
within'the trunk group have any individual main-
anode impedance and that all of the control
cathodes of the several trunk tibes are eonnected
t0 ground via conductor ¢4 and through the
commeon vresistor §15. " Assuming -either that
trunk No. 0 (Fig. 6) is the ‘oniy idle trunk in-this
trank group, or-that trikik No. 0 has the highest
preierence of any-of the idle trunks, tube TOE)
will undergo o coritrol-gap disecharge deross the
right-hard confrol gap, under the assumed con-
ditiens, and will-thén undergo a first transfer in
lock-out so that no‘additional trunk tube can fire
en this-call.

Since the ‘main cathode of tube T0(8) is con-
nected to negative battery via conductor 620 and
through the winding of relay ‘ON(E), tube T %)
will undergo a second ‘transter and relay ON(8)
will' be operated. "Relay ON(6Y, in" operating,
makes’ this trunk -circuit busy to’ future calls
whereby the trunk-group tubes will ‘test busy if
there are no other idle trunks as hereinbetore
desctibed. Relay ON (6),in operating, also corm-
pletes a path from ground through the lower back
contact of jack T (b)), conductor v22, middle lower
back contact of relay B(&), conductor 623, outer
upper irong contact of relay ON(s), winding of
relay CC(6) and to battery, thereby operating
relay CC(6). Relay CC(6) is a class cut-m relay,
and, in operating, coipletes a path for the oper-
ation of the proper class-of-service relay in the
trunk circuit. . If the call'is irom a single party
message rate line, ground ~will be connected
through 'a front contact of operated relay
IMR (42) in the register to operate relay MR(6)
in.the trunk circuit; if the call is from another
trunk, ground will be connected through 'a front
contact of operated reiay T(42) or of operated
relay OPR(42) in the registér to operate relay
TDM(6) in the trunk circuit; and if the call is
from a post-payment” coin line, as assumed,
ground is connected ‘through the outer lower
front contact of operated relay CN(42) in the
register, conductor 4222 which is cabled to Fig.
46, No. 2 contaet of relay NGCA(486), eonductor
4623 whieh -is cabled -to Fig.'6, No. 4 contact. of
relay. CC(6), conductor 624, winding of relay
CN(6) and to-battery whereby relay GN(8) is
-operated.

Relay CC), in operating,
ground: through its: No."1 contact,
‘winding .of relay OC(6) and
aterelay OC(8). With:the call originating either
from a coin line or from 'a message-rate line,
relay OC(6), in-operating, completes @ cireuit
irom Battery, winding of relay CS(6), outer upper

also * conneets
conductor 25,
to battery to oper-
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front contact of relay CN(6), or MR(6), conduc-
tor 626, No. 7 contact of relay OC(8), conductor
821, No. 4 contact of relay TKI (1), and to ground,
and thus, on this call, relay CS(6) will be oper-
ated. Relay OC(8), in operating, also connects
ground through its No. 9 contact to the start lead
4409 to start the ringing-interrupter circuit as
hereinbefore described.

Conduction across the main gap of tube T8(6)
will also cause a rise of potential at the main
cathode thereof, and this potential is applied via
conductor 620 which is cabled to Fig. 8, through
resistor 818 to the right-hand control anode of
line tube L1(8) in the associated line circuit.
The right-hand contral cathode of tube Li(8) is
connected to negative battery through resistor
820, the main cathode of that tube is connected
to negative battery through the winding of pri-
mary hold magnet HOLDA(8), and the left-hand
main anode of that tube is connected to positive
135-volt battery over a circuit including the wind-
ing of relay L.S(4) and the back contact of re-
leased relay MA(I2) -as hereinbefore traced.
Therefore, tube Li(8) undergoes a control-gap
discharge and first and second transfers whereby
relay LS(4) is operated.

While the above-described events were taking
place, relay ID(40),; in operating, has also re-
leased relay HST(40) which released relay
1B(490), and has also connected negative battery
through resistor 4028 and through the No. 9
contact of relay ID(40), through the register
connector, through junctor 1A(28), and through
the windings of tertiary select magnets
SELIA(28) and SELIA(25) to ground, to operate
those select magnets as hereinbefore described.
Therefore with line tube L1(8) conducting to
operate relay LS(4) and with the tertiary select
magnets operated, the operations proceed as
described in detail in regard to the terminating
phase of the first call described above whereby
the line from the called trunk is extended
through the primary, secondary and tertiary
switches to junctor (A(28). In addition to these
previously described operations, on a call to an
operator’s trunk, when the primary hold magnet
WOLDA(8) is operated to operate relay LO(8),
the ground on the sleeve conductor is extended
through the outer leff-hand front contact of
relay LO1(8), conductor 821 which is cabled to
Pig. 6, No. 7 contact of relay NT(6), conductor
§21 which is cabled to Fig. 23, winding of relay
79(23) and to battery. Relay T0(23) is thereby
operated to prevent intrusion by the alarm trans-
mitting circuit as will be deseribed hereinafter.

When the crosspoints of ‘the tertiary switch ¢

are closed, positive battery is connected through
junctor 1A(28), through the register connector,
and through the No. 7.contact of operated relay
TD{(40) to the right-hand control anode of tube
VCK(39), as hereinbefore described. The main
anode of tube VCK(39) is connected to positive
battery through the winding of relay CK(39),
and with relay TK0(39) operated, the main
“eathode of tube VCK(39) is connected via con-
‘ductor 39234, No. 7 contact of relay RC(39),
conductor 4206, No. 3 contact of relay OPR(42),
No. 5 contact of relay T(42), conductor 3933,
No. 5 contact of operated relay TK0(39), con-
duetor 8857, No. 7 contact of unoperated relay
BY(39), conductor 3959, operated crosspoint
2009 of the register connector, conductor 2015
which is cabled to Fig. 28, winding of  relay
TK(28) and to negative battery. Therefore tube
VCK(39) will undergo a control-gap discharge
and first and second transfers and relay TK(28)
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will be operated.  Relay TK(28), in operating,
locks through its No. 1 contact, conductor 2818,
No. 2 contact of operated relay ONIA(28) and
to ground, and in so doing, increases the current
in tube VCK(39) to operate relay CK(39) which
Jocks and extinguishes tube VCK(39) as herein~
before explained.

Since relay TK0(39) is operated, relay CK(39),
in operating, also interrupts, at its inner upper
back contact, the only path over which ground
is supplied to the upper winding of relay C0(28)
and to the register-connector hold - magnets,
thereby releasing hold magnets HOLDA(20) and
HOLDA(21). Relay C0(28) is locked on its lower
winding as will be described immediately here-
inafter, and therefore does not release at this
time. When the register-connector crosspoints
are opened upon the release of the register-
connector hold magnets, relay L(31) is released
and the register is restored to normal which
causes the common release circuit to function to
restore itself and the number group circuits to
normal as hereinbefore described in detail, with
the addition that the removal of main-anode
pattery also extinguishes tubes TGAI(43) and
T0(6).

Relay TK(28), in operating, also applies
ground through its No. 2 contact, conductor 2869,
lower winding of relay C0(28) and to negative
battery, thereby locking relay C0(28) operated.
Relay TK(28), in operating, also opens the cir-
cuit for relay SR(28), but that relay is slow to
release whereby time is provided for the frunk
circuit to extend eround back to hold relay
ON{A(23) and the several hold magnets operated
as will be described immediately hereinafter.
With both relay TK(28) and C0(28) operated,
the calling subscriber’s line is connected through
to o supervisory relay in the trunk circuit. Thus,
the calling subscriber’s tip conductor {8171 and
ring conductor 1813 are connected through the
outer upper front and inner lower front contacts
of relay C0(28) to conductors 2827 and 2828,
respectively, through the No. 5 and No. 9 con-
tacts of relay RF(28) to conductors 2829 and
2830, respectively, through the Nos. 4 and 11
contacts, respectively, of relay TK(28), through
the Nos. 3 and 7 contacts, respectively, of relay
RF(28) to conductors 2832 and 2833, respectively,
through the operated crosspoint, assumed to be
crosspoint 2413, of the tertiary switch to con-
ductors 2418 and 2418, respectively, through oper-
ated crosspoint 1610 of the terminating secondary
switch to conductors 927 and 928, respectively,
through the operated crosspoint 801 of the pri-
mary switch to conductors 822 and 823, respec-
tively, through the No. 1-and No. 4 contacts of
relay NT1(6) to conductors 628 and 629, respec-
tively, through the windings of repeat coil 630
to conductors 631 and 632, respectively, through-
the No. 2 and No. 5 contacts of relay 1C(8)-to
conductors 633 and 634, respectively, and through
the . windings of relay A(6) -to ground and
battery, respectively. - Since - the -calling  sub-
seriber’s loop is closed, relay A(B) is operated.

Relay A(8), in operating, operates relay B(6)
over a path from ground through its inner upper
front contact, conductor 639, No. 2 contact of
relay OC(§), conductor 848, winding of relay
B(8) and to battery. Relay B(8),.in operating,
closes ground through its No. 4 contact, retard
coil 6§41, and to conductor 621 to hold relay
'T8(23) operated over the previously traced path.
The ground- on conductor 621 is also extended
through the No. 7 contact of relay N'TI (8), con~

5 ductor 821, outer left-hand front contact of op- -
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erated relay LO4 (8), and via the sleeve condyc-

tor through the primary, terminating-secondary
and. tertiary switches, through the junctor and
threough the originating-secondary and primary
switches to hold relay ONIA(28) and the hold
magnets of all of these switches operated. Re-
lay B(8), in operating, also extends. ground
through its No. 1 contact to conductor 642 to
lock relay OC(6). operated and to.lock the class-
cf-service relay, here relay CN(8), operated. Re-
lay B(®), in operating, aise interrupts; at its No.
3 contact, the energizing path for relay CC(®
whereby relay CC(6) releases.

Relay A(8), in operating, also closes ground
through its lower front contact to conductor 543
to. operate relay AI(T). Prior to-the operation
of relay A1(1), the tip conductor 115 of the trunk
to the master office is connected through repeat
coil 628, upper back contact of relay Al(7)., up-
per winding of relay, TE (1) and to ground; and
the ring conduetor 746 of the trunk to the master
office is connected through repeat coil §30, inner
lower back contact of relay AlL(T), lower wind-
ing of relay TR(1) and to negative battery.
Upon the operation of relay Ai(1), these polar-
ities are reversed to signal the operator in any
of a number of well-known manners, such as the
use of a high-resistance polar relay at the master
office -or -other annunciator system.

During the time the operator is:-being signaled,
audible ringing induction is supplied to.the call-
ing subscriber to indicate that. a signal is being
transmitted. It will be noted that since relay
TKJ(89) was operated on this eall, the ringing
connectior is not operated and the ringing cir-
cult is not utilized on this type -of call. How-
ever, the ringing interrupter was set into. op-
eration as above described by the grounding of
the start lead 44858. Assuming. that relay
ST (34) operated, positive battery is connected
through the MNo. 1 contact thereof, conductor
3402, resistor 2388, to. the upper control-anode of
tube V9(88). Since the upper control cathode
of that tube is connected to ground through re-
sistor 2358, tube V8(33) undergoes a control-
gap discharge which continues as long as the
ringing interrupter continues to operate. The
main cathoede of that tube is connected. to nega~
tive battery through resistor 2364 and the wind-
ing of relay RI(83). The two main anodes of
tube V5(33) are connected through resistors 3251
and 3362 to conductors 3363 and 3364 which are
connected to receive positive veltage from the
interrupter circuits at the .same time that volt-
age is applied to conductors 3334 and 3336, Thus,
as shown in Fig. 59, positive hattery is connected
to the main snodes of tubes V8(33) during the
fourth, fifth, sixth, and -seventh half-second. in-
tervals of each ringing cycle, and during those
intervals the conduction in tube VA(3Y) will
transfer to operate. relay R1(33) during that
time. Therefore, for a two-second period dur-
ing each ringing -cycle, ringing voltage from al-
ternator 8365 is.connected through resistor 3365,
front. contact of relay R1(23), conductor 3387,
No. 5 contact of operated .relay T2(33), conduc-
tor 2368 which is cabled to the trunk circuits, as,
in the assumed case, to trunk circuit No. 0, No.
6 contact of relay CC(8), capacitor 644, conduc~
tor 845, Mo. 3 contact of relay TK1(I)., and over
conductor 717 to repeat coil 630 whereby audible
ringing induction iz transmitted over the.calling
subscriber’s line.
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tween the trunk tip and ring conductors is re-
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duced and relay TR(T) is operated, which, in
turn, operates relay TKi (1) over an obvious cir-
cuit. Relay TEI(T), in operating, interrupts
the previously traced audible ringing induction
path, and also.completes a circuit from alterna-
tor 647, inner upper front contact of operated
relay CN(8), conductor 649, front contact of re-
lay CS(8), capacitor 650, conductor 651, No. 6
contact of relay TKI (1), and to the trunk ring
conductor 716. It may be noted that had relay
MR(€)- been. operated, alternator $4% would have
been connected to. the trunk ring conductor to
give a tonal indication.that. a message-rate line
was calling. "Relay TKI(I), in operating, also
interrupts the previously traced energizing path
for slow-to-release relay CS(B), which releases
after a. short interval.  Therefore, but a. short
spurt of tone is transmitted to. the operator to
indicate. the class of service of the calling line.
It may be noted. that if the operator fails to
Tecoghize the tone she may cause the operation
to be repeated by pulling down and replugging.

The operator communicates with the calling
subscriber, and if that subscriber desires to make
a toll call, places that call and charges the call-
ing party by requesting that he deposit the
requisite amount in the coin box, the deposit
thereof being indicated to the operator audibly
in the conventional fashion.

With relay GC(8). operated, relay B(6) is held
operated under the control of hoth the operator
and calling subscriber. The calling subscriber
may therefore flash the operator, operating and
releasing relays A(§) and AI(I), the latter re-
lay reversing the polarity of the trunk te signal
the operator. During the time that relay A
is released, relay B(8) is held operated by relay
TR(D.

Since relay B(6) is held operated under the
control of both: the calling: party and the oper-
ator, if the operator disconnects first only relays
TE(T) and TKI(T) will be released until the
calling subscriber disconnects. If the calling
subscriber disconnects first-only relays A(6) and
Al(T) will be released, the remaining relays be-
ing released upon. disconnection by the operator.
Assuming the calling party first disconnects,
relay A(8) is released to release relay Al(1)
which reverses the polarity to give the operator
a. disconnect. signal. When. the operator then
disconnects, relays TK(1), TKI(T) and B(6) are
released. Relay B(§), in releasing, releases re-
lays OC(6), CN(6) and ON(6), and removes
ground from the sleeve lead. to release all hold
magnets and. to.release relay ON1A(28) which
releases the junctor.. Relay OC(6), in releasing,
removes ground from the start lead 4409 there-
by: restoring the ringing. interrupter to. normal.
Thus all circuits are vestored to normal, If the
operator. -disconnects first, relays TK(1) and
TEI(T). are released. When the calling party
then disconnects, relays A(8), Al(T), and B
are released which causes all circuits to restore
to their normal idle condition as above described.

Call to-intercept

In -the event that .a subscriber’s designation
is changed, it is frequently. desirable to place his
former number on.intercept for a suitable period
during which time a call to the former number
will result in the calling party being connected
to.an operator whereby that party may be in-
formed of the. changed designation.
~Let it be assumed that the number 369-zis to
be placed on’intercépt. A plurality of intercept
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terminals appear at terminal strip 4952, and the
intercept conductors extending from these ter-
minals are connected, in groups of three, to the
proper terminating electrodes of intercept tubes
such as tubes INTA(48) and INTB(48). Since
each of these tubes is effectively bilateral, each
tube will provide for two numbers to be placed
on indercept, and & suitable number of these
tubes may be provided in accordance with the
requirements of the office. The hundreds, tens
and units conductors representing the number
to be intercepted are cross-connecied to the in-
tercept terminals in Fig. 49. Thus, to intercept
the number 369-z, the “3” hundreds conductor
4719 is cross-connected to conductor 4953 which
extends through a resistor to the right-hand
control anode of intercept tube INTA(48); the
«g” tens conductor 4717 is cross-connected to
conductor #4954 which extends through a resistor

to the right-hand control cathode of tube 2

INTA(48); and the- “9” units conductor 4121
is cross-connected to conductor 4955 which ex-
tends to the right-hand main anode of tube
INTA(48). The main cathode of tube INTA(48),
as well as of the other intercept tubes, is con-
nected via conductor 4804, winding of relay
INT(48), conductor §05, to which the main
cathode of trunk group tube TGAI(49) is also
connected, and through a back contact of all of
the trunk circuit ON relays associated with idle
trunk eircuits, and to negative battery as de-
seribed in detail on the oufgoing frunk call
discussed immediately hereinbefore.

Thus if the designation 369-z is dialed,

counted and stored in the register, the intercept

tube INTA (48) is tested in a manner similar to
that in which the trunk group tube TGA{(43) was
tested. If all trunks in this trunk group are busy,
no negative battery is connected to the main cath-
ode of tube INTA(48), and a busy indication is
transmitted to the calling subscriber as described
on the preceding call. If one or more of the
trunk circuits are idle, tube INTA(48) undergoes
a second transfer to indicate that fact to the
register and relay ID(40) therein is operated.
Relay ID(40), in operating, causes relay MAU2)
in the common release circuit to release, as here-
inbefore described, thereby extending positive
135-volt battery via conductor 1215, through the
winding of relay TGAI(49), conductor 4956, and
to the center main anode of tube INTA(48).
Tube INTA(48) therefore undergoes an addi-
tional transfer operating relay TGAI(49) which
causes an idle trunk to an operator to be selected
as hereinbefore described.

Tube INTA(48), in firing, also operates relay
INT(46) which opens its back contacts to pre-
vent the ringing connector select tubes from be-
ing fired and thereby prevents the functioning
of the ringing circuit which is not utilized on a
call to an operator. Relay INT(46), in operat-
ing, also connects ground through its front con-
tacts to conductor 4624, No. 4 contact of relay
NGCB(1), conductor 3658, winding of relay
TEE(39) and to battery, whereby relay TK0(3%)
is operated and functions as on the last above-
described call. The ground on conductor 4624
is also extended to the idle trunk selected, as-
sumed to be trunk No. 0 (Fig. 6), through the
No. 3 contact of the operated class cut-in relay
CC(8), conductor 648, winding of the intercept
class-of-service relay INT(6), and to battery.
Relay INT(8) operates and subsequently locks
o relay B(6). It may be noted that if the call
has originated from a coin line or a message
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rate line of from another trunk, an additional
class-of-service relay may also be operated as
hereinbefore described.

The establishing of the connection to the oper-
ator then proceeds as described on the imme-
diately preceding call, the subscriber is informed
of the change of number, and is directed to hang
up and replace the call, employing the new desig-
nation. The circuits are restored to normal
upon disconnect as described above.

Incoming trunk call from ocperator

Let it be assumed that for service or other rea-
sons the operator at the district master office
(Fig. ') desires to establish a connection to one
of the subscribers, such as to the station desig-
nated 592-4 at the left of Fig. 10. When the
operator seizes the trunk, a low resistance bridge
is closed on the tip and ring conductors operat-
ing relay TR(T). Relay TK(D), in operating,
operates relay TKI(T) and completes a path
from ground through its upper front contact,
conductor 12i, No. 1 contact of relay OC(8),
conductor 648, winding of relay B(6) and to

o5 Dbattery whereby relay B(6) is operated. Relay

B(6), in operating, applies ground through its
No. 4 contact and through retardation coil §4i
o the sleeve lead 621 as hereinbefore explained,
and also completes a circuit from ground at the
lower back contact of jack T(6), conductor §22,

. No. 2 contact of relay B(6), conductor §23, wind-
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ing of relay ON(8) and to battery. Relay ON(b),
in operating, makes the trunk circuit busy to
outgoing calls as hereinbefore explained, Relay
TKI(1), in operating, connects ground through
its No. 1 contact and through the outer lower
back contact of relay Ai(T) and over cenductor
7122 to the alarm circuit to indicate a perma-
nent signal on the trunk if relay Af(7) fails to
be operated within the specified time as will be
hereinafter explained. It may be noted that
ground is alsc connected to the alarm cireulb
through the No. 2 contact of relay TKI(7) and
via conductor 123 for a purpose to be described
hereinafter. Relay TK{(I), in operating, also
connects ground through its No. 5 contact, con-
ductor 7124, No. 8 contact of relay OC(§), con-
ductor 6%9, outer upper back contact of relay
INT(8), conductor 8§68, winding of relay IC(G)
and to battery, thereby operating relay IC(8).

As noted in the previously discussed outgoing
trunk call, the tip and ring conductors extend-
ing, when the connection is established, from
the junctor to the trunk cireuit appear in the
trunk circuit as conductors 822 and 8Z3. Nor-
mally, these conductors extend through the
windings of the repeat coil 6§39 ang through the
windings of supervisory relay A(8). TUpon the
operation of the incoming call relay IC(6), how-
ever, a pulsing bridge is prepared whereby pulses
may subsequently be transmitted to the local reg-
ister under control of pulsing relay TED.
Thus the tip conductor 822 is connected through
the No. 1 contact of relay NT{ (8), conducter 628,
winding of repeat coil §38, conductor €31, No.
3 contact of operated relay IC(8), winding of
relay C(6), conductor §&!, lower front contact
of pulsing relay TK(1), conductor T2% No. 4
contact of operated relay IC(8), conductor §32,
winding of repeat coil 623, conductor §28, No. &
contact of relay NT1(§) and to the ring con-
ductor 823. Relay IC(5), in operating, also ex-
tends ground through its No. 1 contact to con-
ductor 662 which is cabled to Fig. 8, through the
‘outer left-hand back contact of unoperated hold
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magnet HOLDA(8), winding of relay 1.i(8) and °

to battery, thereby operating the line relay Li(8).

Upon the operation of relay LI(8), the system
functions as hereinbefore described in detail to
establish a connection from trunk cireuit No. 0
through the primary and originating secondary

switches to ‘a junctor, assumed to be junctor .

1A(28), and through the register connector to &
register, assumed to be the register shown in de-
tail. However, since this is a call from an opera-
tor, when relay ON(31) in the register operates to
operate relay CSC(4), as hereinbefore described,
the centermain anode of the trunk line tube Ll (8)

16

is connected via conductor 824, through the No. .

10 contacts of operated relays CS(4) and CSC(4),
conductor 426 which is cabled to Fig. 42, wind-
ing of relay OPR(42), conductor 4223, resistor
4202 and to positive 135-volt battery. Line tube
Li(8) will therefore momentarily transfer and
relay OPR(42) will be operated. Relay OPR.(42)
locks operated through its No. 5 contact, re-
sistor 4203, conductor 4204 which extends to Fig.
37, No. 8 contact of relay ON(37) and to ground.
This ground therefore also serves to extinguish

the last-mentioned transfer in trunk line tube :

Li{(8).

With the register seized, the tip and ring con-
ductors, which are connected to a pulsing bridge
in the trunk circuit as above described, are ex-
tended to the register where the tip conductor,
appearing as conductor 2812, is connected to
ground through winding 3717 of the repeat coil,
and where the ring conductor, appearing as con-
ductor 20il, is connected through winding 3718
of the repeat coil, through the lower winding
of the register pulsing relay L(3T) and to nega-
tive battery. Since this loop is closed through
a front contact of operated relay TK(I), relays
L(@3T) and C(6) will be operated. Relay C(6),
in operating, extends ground through its upper
front contact to lock relay IC(6) -operated and
extends ground through its lower front contact,
conductor 648, winding of relay INT(6) and to
battery, thereby operating relay INT(6). Relay
INT(8) locks operated through its lower front
contact, conductor 642, No. 1 contact of operated
relay B(6), and to ground.

Dial tone is transmitted to the operator and
she dials the desired number. Relay TK(7T) fol-
lows the dial pulses, opening and closing the
loop to the register. Relays TKI(I1) and B(§)
are slow to release and do not follow the dial
pulses but remain operated. Relay C(§) may
or may not follow the dial pulses, but in either
case relay IC(6) remains operated since it is
slow fo release.

Since the loop circuit is being opened and
closed in accordance with the received dial pulses,
relay L(37) is operated and released similarly,
the register functions to count and store the
designation “593-4,” the common release circuit
functions and calls in the number group, and, in
accordance with the registered number, tube
Li(15) is selected and tested in accordance with
the previously described busy-idle-vacant test.

If the called line tests busy, relays IB(40) and
BY(40) operate to operate relay BY1(39). Re-
lay BY1(39), in operating, operates relay BY(28)
in the junctor which returns ground to operate
relay RT(48). It may be noted that no revertive
test is required on a call from an operator, and
none is made since neither relay GL.(42) nor re-
lay FR(42) is operated. Relay RT(40), in oper-
ating, applies a rising positive potential to the
right-hand ' control anode of tube VCK(@39),
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which, after a seitable ir.erval, undergoes a cohi=
The main anode of tube
VCK.(39) is connected to positive battery through
the winding of relay CK(3%), and, with relay

OPR(42) operated, the main cathode of tube
‘VCK(39) is connected to negative battery over

a path including conductor 3934, No. 7 contac
of relay RC(39), conductor 4288, No. 4 contact
of operated relay OPR(42), conductor 3959,
through the operated cross-points 268% of the
register connector, conductor 20i5 which is
cabled to Fig. 28, winding of relay 'TK(28) and
to battery. Tube VCK(38) therefore undergoes
first and second transfers and relays CE(89) and
TK(28) are operated. Relay TK(23), in operat-
ing, locks relay C0(28) operated, and relay
CK(39), in operating, interrupts the energizing
paths for the register connector hold magnets
which release and release the register connector
as hereinbefore described. The register then re-
turns to normal which causes the common re-
lease circuit to function to release the number
group.

When the register is dismissed, the junetor is
cut through releasing relays C(6) and IC(§) as
will be described immediately hereinafter. An
interrupted ground on conductor §356 from the
ringing interrupter, as hereinbefore described, is
then connected through the No. 5 contact of re-
lay BY(28), conductor 2819, No. 13 contact of
relay TK(28), conductor 2828, inner lower front
contact of operated relay C9(28) to the ring con-
ductor which, with relay 1C(§) released, extends
through the lower winding of relay A(8) to nega-
tive battery. Relay A(§) therefore follows the
interruptions of ground thereby operating relay
A1(T) in accordance with the interruptions. Re-
lay Al(D, in operating and releasing, reverses
the tip and ring of the trunk to give a flashing
busy signal to the operator. The operator then
disconnects at which time the circuits restore to
normal as hereinafter desecribed.

~If line tube Li (19) tests idle, relays IB(40) and

ID(40) operate as previously described and the
circuits function as a result thereof in the manner
hereinbefore described including the establish-
ment of a metallic connection to the called party’s
line. When the cross<points of the tertiary
switch are closed, tube VCK(89) is fired which
operates relay CK(39) and TK(28) over the
above-traced path. Relay TK(28) locks to ground
through a contact of relay ONIA(28) and
locks relays C0(28) operated. Relay CK@39), in
operating, closes the ringing connector hold mag-
net circuit and releases the register connector.
The register connector, in releasing, interrupts
the paths of the tip and ring conductors from the
trunk eircuit to relay 1.(37) in the register there-
by releasing relays-L(37) and C(8), the latter
of which releases relay IC(§). The register re-
stores to normal as hereinbefore described,

Relay TK(28), in operating, also releases re-
lay SR(28) but relay ONJA(28) and the hold
magnets are held operated by a ground on the
sleeve lead from the trunk circuit as explained
perviously. The ringing cireuit and ringing in-
terrupter function as hereinbefore described in-
cluding the operation of relay RF(28) and the
supplying of audible ringing induction through
capacitors 2839 and 284 to the calling party, in
this case to the operator. :

When the called subscriber answers, ringing is
tripped, the ringing eircuit, ringing interrupter
and ringing connector ‘are restored to normal,
and relay RF'(28) is released. Upon the release
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of relay RF(28), the called subscriber’s tip and
ring conductors are exiended through the
primary, terminating secondary and teriiary
switches to the junctor where they appear as

conductors 2832 and 2833, through the INos. 5
and 7 contacts of relay R¥™(28), through the Nos.

4 and 11 contacts, respectively, of relay TE(28)

to conductors 2829 and 2838, respectively, through
the Nos. 5 and 9 contacts, respectively, of relay
RI(28) to conductors 2827 and 2828, through the
outer upper front and inner lower front con-
tacts, respectively, of operated relay C§(28) to
conductors 817 and 1818, respectively, through
the originating secondary and primary switches
to the trunk circuit where they appear as con-
ductors 822 and 823, through the Nos. 1 and ¢
contacts of relay NTi(8) to conductors 8§28 and
629, respectively, through the windings of repest
coil 638 to conductors 631 and 832, respectively,
through the Nos. 2
relay IC(8) to conductors §33 and 834, respec-
- tively, and through the windings of supervisory

relay A(8) to ground and battery, respectively.
Thus the operator and the called party may com-
municate through the repeat coil §38.

On an incoming trunk call, since relay B(§) is
held operated only under the control of relay
TR (1), the release of the trunk is under the
control of the cperator only. If the called sub-
seriber disconnects first, relay A(8) will be re-
leased which will release relay Al(T) to reverse
the trunk to signal the operator. When the op-
erator then disconnects, relay TK (1) is released
to release relays TKI(1) and B(§). Relay B(H),
in releasing, opens the sleeve to release all of
the switches employed in this call and to re-
lease relay ONiA(28) thereby releasing the junc-
tor. Relay ON(8) is released to restore the frunk
circuit to normal.” if the operator disconnects
first, the release of the cross-bar switches causes
relay A(B) to release which releases relay AL(T).
The circuits are restored to normal and the
called subscriber is placed in lock-out.

 Incoming tandem call

The present system may be employed as a
tandem switching point through which, for ex-
ample, an operator at the distriect master office
may contact a subscriber in another office. De~
siring to do so, the operator establishes a con-
nection to the junctor and register as on the
preceding call. In order to obtain access to
- an outgoing trunk, she will then dial a single
preselected digit, here assumed to be the digit
«7» The circuits then function as on the pre-
viously described outgoing trunk call to zero op-
erator except that instead of tube TK8(36) being
fired, the rise in main cathode potential of the
register counting tube R27(36) is applied via
conductor 3641 to the left-hand control ancae of
tube TKT1(38). Since suitable potentials are
applied to the left-hand control cathode and
main anode of tube TK7(39) as hereinbefore de-
seribed, this tube will undergo a. control gap dis-
charge and a first transfer, and, since the main

cathode thereof is connected to negative battery:

through the winding of relay TEI1(3%), this tube
will also undergo a second transfer whereby re-
1ay TK1(38) will be operated. Relay TK1(39), in
operating, connects ground through its upper
front contact to conductor 3859 to operate relay
TRG(839). The circuits thereafter function as
desceribed on the previous outgoing trunk call

except that sinee the hundreds digit is recorded-

by conduction in tubes H21(38) and HAE(33),
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the rising main-cathode potential will be applied.
to the “7” hundreds conductor 4715 which is

cross-connected in Fig. 49 to the left-hand con-

trol anodes of trunk group tubes TGA2(43) and

TGB2(£8).  The idle-busy-vacant test is then
performed on one of these tubes, assume tube

TGAZ(49), in a manner similar to that before

described in detail. The trunks associated with

this trunk group are represented in Fig. 19, and .
these trunks may, as before mentioned, appear
in either line-link frame No. 0 or in line-link

frame No. 2 or in other provided line-link frames,

Thus, trunk No. 0 of this trunk group has been

represented as appearing in line-link frame No. 2

and trunk No. 4 of this trunk group has been

represented as appearing in line-link frame No. 0

in the line circuit- including line tube LZ(i0).

Trunk hunting proceeds as before described and

one of the trunks, assume trunk No. 4(19), is

selected.  The operations thereafter proceed as

described . cn the previous outgoing ftrunk call

except that upon the operation of the class cut-

in relay in the outgoing trunk No. 4(18) relay

TDM therein is operated since the class-of-service
relay: OPR(42) is operated as in the incoming

trunk call from operator described immediately

hereinbefore.

As on the previously described incoming trunk
call, when the junctor-is cut through by the reg-
ister, relay C(6) is released. I owever, before
relay IC(8) can release, the tip and ring con-
ductors will be connectéd through the winding of
the A relay in the outgoing trunk No. 4(i8) to
ground and battery, respectively, and relay C(8)
will immediately recperate to hold relay IC(6)
operated. Dial tone will then be received from
the distant called office, and the operator may
then dial a further number into the register in
that distant office. When the called distant op-
erator -or called distant subscriber answers, re-
lays TK and TK! in the outgoing trunk No.
4(48) will be operated, and since relay TDM
therein is operated, negative battery will be con-~
nected through the lower front contact of relay
TK| therein, through the inner upper front con-
tact of relay INT therein, through the upper front
contact of relay TDDM therein, through the No. 4
contact of the outgoing call relay OC therein and
to a lead which is extended through the cross-
bar switches to the incoming trunk No. 0(6)
where it appears as conductor 663, through the
No. 3 contact of unoperated relay OC(%), condue-
tor 684, and through the windings of marginal
relay NT(8) and of relay S(6) to ground. Relay

5> NT(6). will not operate on this conditien but

relay S(8) will be operated. Relay S(6), in op-
erating, completes a cireuit from ground through
the upper back contact of relay N'T(8), front con-

“tact: of relay S(8), -conductor 643, winding of

relay Af(7) and to battery. Relay AlL(T) there-
by operates to reverse the incoming trunk. fo
give answer supervision. :

Both the incoming and the outgeing trunk cir-
cuits-are held under the control of the originat-
ing coperator. When that operator disconnects,
relays TK (7)), TEI(D), B(§) and ON(H) release,
Relay TR(7), in releasing, interrupts, at its lower
front contact, the loop over which relay C(6)
and relay A(8) in the outgoing trunk are held
operated and the outgoing trunk is released.
Relay C(6), in releasing, releases relay- IC(8),
and relay B(§) in releasing, releases the cross-
bar switeches and the junctor as hereinbefore
described .in -detail. Relay S(6) releases when
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the switches are released and releases relay Al(T)
whereby the circuits are restored to normal.

Busy verification test

Let it be assumed that the subscriber at station
239-1 (Fig. 19) has attempted to contact the
subscriber at station 236-2 (Fig, 11) a number
of times and has received busy tone on each
attempt, a condition which, to the subscribet,
appears unreasonable. The subscriber at station
239-1 then calls zero operator as hereinbefore
described, and reports the difficulty. Without
disturbing this connection, the operator seizes
ahother trunk, assumed to be trunk No. 0 shown
in Figs. 6 and 7, and a connection is established
to an idle junctor, assumed to be junctor {A(28)
and to an idle register, assumed %o be the registér
shown in detail, in the mannsr previously de-
seribed for an inceming eall from operator. The
class-of-service relay OPR(42) is operated as de-
scribed before. In order for the oOperator to
verify & busy line condition, she must preface the
listed number with s preassigned digit, here as-
sumed to be the digit “6." Relays TR(T) and
L(3T7). follow the pulses repreésenting this digit
and the register responds, as hereinbefore de-
scribed, to count these pulses, with the result that
counting chain tubes R16(86) and RA5(35) are
fired and relay RA5(36) is operated. When rélay
RA{(3T) is operated during the intér-digital
pericd, negative battery is connected through the
upper front contact of relay Pi(385) and to con-
ductor 3508 whereby a negative potential is ap-
plied to the left-hand control cathodes of the
hundreds storing tubes H1{6(38) to ITALT(38) as
hereinbefore described. Thé counted hundreds
digit “‘6” will thereby be stored in tubes H{5(38)
and HAS(38) in the manner previously explained.
This negative potential on conductor 355§ is also
applied through the No. 11 contact of operated
relay RAG(38), resistor. 3855, conductor 3658,
through the No. 8 contact of operated relay
OFR(42), conductor 4225 and through resistor
4841 to ground whereby a negative potential is
applied to the right-hand control cathode of tube
NT(#0). With tube R16(3%) conducting, the rise
of main cathode potential thereof is applied via
conductor 36428 and through resistor 4942 to the
right<hand control ahode of tube NT(48). Titbe
NT(48) will therefors undergo a control gap dis-
charge and a first transfer since the main anode
thereof is connected to 5 source of positive volt-
age as hereinbefore mentioned.  Since the main
cathode of tube NT(40) is connected to negative
hattery through the No. 1 contact of relay
NT1(49y and through the winding of relay
NT(48), that tube will undergo a second transfer
and relay NTA0) will be operated. Relay
NT(408) locks operated through the No. 1 contact
of ‘relay NTH(80) and through its ouber upper
front ‘contact to ground on off-normal ground
conductor 3513.  Relay NT(40), in operating,
completes a circuit from ground through the No.
2’ contact of relay OPR(42), conductor 4228, inner
lower front contact of relay NT(40), winding of
relay NTH(46) and to battery. Relay NT1(46)
operateés and locks to ground on ofi-normal
ground coniductor $913 through the No. 2 contact
of relay ID(408), conductor 4048 and through its
I¥o. 4 contact. Relay NTI(48), in operating, also

releases relay NT(40), but that relay is slow to

release by virtue of the shunting network com-
prising resistor 4044 and capacitor 4045, and dur-
ing the period that both relay NTi(49) and relay
NT(48) are operated, the previously traced cir-
cuits over which positive main-anode battery is
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supplied via-condictors 3146 and 4602 to the maii
anodes of all the register tubes shown in Figs.

35 1040 are interrupted. Therefore, the counting

and storing tubes and other tubes in the register

are extinguished. When relay NT(49) .fully re-.
leases, the path over which main-anode battery

is supplied to the tubes is reestablished and the

register is in the same condition as it wag before

any dial pulses were received except that relay.
NTI1(40) is operated. It should be noted that the

release time of tube NT(48) must be sufficiently

long to allow the tubes to be extinguished, but.
must be sufficiently short so that the main-anode.
circuits are restored hefore the pulses répresents.
ing the first digit of the called subseriber’s nums
ber are received. .

The operator then -dials the designation -
“236~2,” that number is counted and stored in
the register, the common release circuit is opers-
ated, the number group is called in, and the busy=
idle~vacant test is performed as on a normal call
to a line. If the line has become 4dle before the -
verification call is made, the operation of relay
ID(48) interrupts, at its No. 2 contact; the previ-
cusly traced locking path for relay NTI(40),
which releases, and the call is compieted in the.
regular manner. The operator may then com-,
plete a connection between the calling and called
subscriber through the district master office, or,
preferably, will direct the calling Subscriber to’
hang up and reinitiate the call, in that manner
avoiding the use of two trunk circuits on an
intraoffice eall, ‘ :

b will be assumed, however, that the ealled
line is busy. Let it be assumed that the sub-
seriber at the station designated 463—1 (Fig. 19) ,
and the subscriber at station 235-2 (Fig. 11) are
conversing, with the latter being the calling party.
Let it be further assumed that, as a representa-
tive path, these parties are interconnected via
the primary switch cross-point 1113, originating
secondary switch cross-point 1823, through june-
for 2B(29), through the tertiary switch cross-
point 2701, through the terminating secondary

- Switch eross-point 1981, and throtigh the primary

switch cross-point 1802, ‘With junhctor 2B(29) in
use, relay SR2B(29) therein is operated and
ground is extended through inductor 2936 aiid
through the front contact of relay SR2B(28) 1o
hold the above-meritioned cross-points operated,
and this same ground is coniected. to the main
cathede of line tube Li({i) whereby that tube
will fest busy as hereinbefore described.

When line tube L (1 1) tests busy, relays BY(40)
ant IB(40). are operated to operate relay BY1(38)
which locks operated as hereinbefore described.,
Relay BYI((39), .in operating, operates relay ‘
BY(28) in junctor i A(28) which starts the ringing
interrupter and operates relay RT(40) as before
described. Relay RT(48) locks operated and
starts the charging of capacitor 4028, but it may
be noted, this rising potential is not applied to the -
right-hand control anode of tube VCK(39) at this
time since the circuit therebetween is interrupted
at the No. 7 contact of operated relay NT4(40)

Assuming that the busy.verification circuit of
Fig. 30 is idle, upon the operation of relay BY 1 (39)
a circuit is completed from ground through: the
No. 3 contact of relay NTI(48), conductor 4647,
No. 1 contact of relay BY1(39), conductor 29§
which is cakled to Fig. 30, No. 5 contact of relay
VS1(30), outer lower back contdct of relay
EC(30), upper winding of relay C(38) and to
battery whereby relay C(30) is operated.. Relay
C(30), in operating;, conmects positive battery
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through the winding of reiay ST (30), through the
outer upper front contact of relay C(38), con-
ductor 3001 and to the middle main anodes of the
VF tubes in each of the junctors. ‘Thus, the posi-
tive potential on conductor 3681 is connecied to
the middle main anode of tube VF2B(29) as well
as to the corresponding VF tubes in the other
junctors. Relay C(30), in operating, also con-
nects capacitor 3092, which is positively charged
through high resistance 3003, through low resist-
ance 3004, through its lower front contact,
through conductor 3005 which is cabled to Fig. 38,
through the No. 6 contact of relay NTI(40),
through the inner upper back contact of relay
NTK(40), conductor 4339, No. 8 contact of op-
erated relay RT(48) and to conductor 4615, Thus,
while positive battery is normally supplied to the
right-hand main or units anode of the tested line
tube over a path including resistor 46{2, winding
of relay IB(48), resistor 4014 and conductor 4015,
in the busy verification test a high voltage pulse
is applied directly to conductor 4815, over the
proper units conductor, through the number
group and to the right-hand main anode of the
tested line tube, in this case line tube LI([1). In-
creased conduction will therefore exist between
the right-hand main anode and the right-hand
control cathode of line tube Li (i), the increased
potential drop across resistor {181 will raise the
potential of the right-hand control cathode of
that tube to a potential positive relative to that
of the main cathode, and tube Li (i) will momen-
tarily underge a second transfer whersby con-
duction will exist therein across the main gap.
This conduction will raise the potential at the
main cathode of tube Li(il), and this pulse will
be transmitted through the primary and sec~
ondary switches, through the front contact of
relay SR2B(29) and to ground through the net-
work comprising capacitor 2937 and inductor
2936 whereby a positive pulse will be applied to
the left-hand control anode of tube VFZB(28) in
junctor 2B(29) with which the called line is asso-
ciated. It will be recognized that this pulse is
applied in a manner similar to that in which the
positive pulse was applied during the revertive
test. Since the left-hand conftrol cathode and
the main cathode of tube VF2R(28) are both sup-
plied with negative battery, at the receipt of the

pulse at the left-hand control anode thereof, tube

VF2B(29) will undergo a control gap discharge
and first and second transfers whereby relay
ST(30) will be operated. It may be noted that
the rise in main-cathode potential of tube
VE2B(29) is applied via conductor 2338, through
a back contact of unoperated relay BY2B(2%),
conductor 293% which is cabled to Fig. 30, and to
terminal No. 42 in switch bank VSZ(80) of the
selector switeh. It may also be noted that the
main cathode of the VF tube in junctor 2A.(29) is
connected to terminal No. 23 in switch bank
VS2(30), that the main cathode of tube VFIB(25)
is connected to terminal No. 20 of selector switch
bank VS1(30), and that the main cathode of
tube VF(28) in junctor (A(28) is connected to
terminal No. 1 of selector switch bank VS{(30).
The main cathodes of the VF tubes in additional
junctors may be similarly connected to other
terminals on these switch banks.

Relay ST(308), in operating, completes a lock-
ing path for relay C(38) from negative battery,
lower winding of relay C(88), No. 5 confact of
relay ST(30), conductor 8608, No. 2 contact of
relay VS1(30) and to ground. Relay ST(30), in
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operating; also completes a circuit from ground
through the inner upper front contact of relay
C(33), No. 4 contact of relay ST(30), No. 6 con-
tact of relay VSI1(380), conductor 3007 which is
cabled to Fig. 39, No. 2 contact of operated re-
lay NTI1(40), winding of relay NTK(40) and to
battery whereby relay NTK(48) is operated. Re-
lay NTK(468), in operating, completes a circuit
from positive 135-volt battery through its lower
front contact, conductor 4288, No. 5 contact of
relay BY{(39), conductor 3946, through the oper-
ated cross-peint 2089 of the register connector,
conductor 2878 which is cabled to Fig. 28 and
thence to Fig. 18, through the operated originat-
ing secondary switch cross-point i8!4 to con-
ductor {828, through the primary switch operated
cross-point 83! to conductor 683 which is cabled
to Fig. 6, No. 3 contact of relay OC(8), conductor
§64, and through the windings of relays NT(8)
and S(6) to ground. Since a positive 135-volt
potential is supplied over this eircuif, both relay
S(6) and marginal relay NT(6) will operate. Re-
lay N'T(6), in operating, applies ground through
its upper front contact to conductor 688, winding

5 of relay NT{(8) and to battery. Relay NTI(8)

operates and locks to ground through its No. 5
contact and through the No. 1 contact of re-
lay B(8).

It will be recalled that prior to the operation
of relay NT!(8), the trunk tip conductor 628
was extended through the No. 1 contact of relay
NTI(8) and through the primary switches to the
junctor and register, the trunk ring conductor 629
was extended through the No. 4 contact of relay
NTi(8) to the junctor and register, and the
sleeve conductor 6§21 was also extended through
the No. 7 contact of relay NTI1(6) and to the
junctor. Upon the operation of relay NT1(6), the
trunk tip conductor 628 is extended through the
No. 2 contact of relay NT1(6) to conductor 666,
the trunk ring conductor €29 is extended through
its Wo. 3 contact to conductor 6817, and the trunk
sleeve conductor 624 is extended through its No.
6 contact to conductor €68, and these three con-
ductors are cabled to Fig. 30. Therefore, upon
the operation of relay NT{(6) the previously
established path through the winding of relays
C(6) and L(37) is interrupted and these relays
will release, the release of relay C(6) releasing
relay IC(6).

In the meantime, relay NTK(40), in operat-
ing, has also reestablished, through its outer up-
per front contact, the path from capacitor 4036
to the right-hand control anode of tube VCK(39).
Since relay RT(48) was previously operated, ca-
pacitor 4#36 will have become completely or very
nearly charged, tube VCK(39) will fire and re-
lays TK(28) and CX(39) will be operated as
hereinbefore described. Relay TK(28), in oper-
ating, locks relays BY(28) and C8(28) operated,
and interrupts the operating circuit for relay
SR(28) which starts to release.

With relay L.(37) released, slow-to-release re-
lay SR7) will start to release, and upon the
operation of relay CK(39) which removes capac-
itor 8929 from the winding of relay SR(31), re-
lay SR(37) will immediately release. Relay
CK(39), in operating, also extinguishes tube
VCK(39), releases relay DCI(39), and interrupts
the ground through the upper winding of relay

'Ci0(28) and through the register connector hold

magnets whereby the register connector is re-
stored to normal. Relays SR(37), ON(37) and
ONIi(89) release in cascade restoring the regis-
ter circuit to normal, and signaling the com-
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mon release circuit to vestore the line tubes and
to restore the common release circuit and the
number group cireuit to normal as hereinbefore
described. : .

When relay SR(28) -in the junctor releases,
ground is removed from the slesve conductor
thereby releasing the originating. secondary and
primary switches in the path from the junctor to
the trunk circuit and also releasing relay
ONiA(28). Relay ONIA(28), in releasing, re-
leases relay TK(28) which releases relay C0(28)
thereby: restoring the junctor 1A(28) {o normal.
Thus, the circuits. utilized in the. incoming call
from the zero operator are now released,.and the
line from the trunk ecircuit is extended to the busy
verification circuit of Fig, 30 whereby it may be
extended through the husy verification circuit
to the junctor associated with the called line to
establish a monitoring connection as will be de~
seribed immediately hereinafter.

Returning now to a consideration of the busy
verification circuit of Fig. 30, when relay ST(36)
is operated as a result of the initiation of con-
duction through the V& tube of any one of the
junetors, ground is conneected through the No. 1
contact of relay ST(38), conductor 3068, No. 3
contact of relay VS(38), conductor 3868, back
contact of relay JH(39), and through the back
contact and winding of stepping magnet STP(28).
Since the energizing path for this stepping mag-
net is through its own back contact, the brushes
of the selector switch will be progressively stepped
around the arcs of their individual banks in:the
normal manner. It may be noted that the
brushes associated with selector banks VRE(30),
VTI(30) and VSI(30) ars staggered 180 degrees
relative to the brushes associated with-hanks
VR2(3%), VT2(38) and VS2(80) so that the en-
tire array of terminals will be searched-in one
complete - rotation. . Employing a. conventional
selector switch as shown, the tip, ring and sleeve
conductors of lines asseciated with twenty junc-
tors may be associated with banks. VRE(30),
VTL(ED) and VSH(30), and lines associated with

ancther twenty junctors may be associated. with .

the terminals of banks VR2(20), VT2(38) and
V82(30). The capacity may be expanded in' an
chvious manner if desired. :

As the stepping magnet is operated, the brushes
travel over the ferminals in, as shown, 5 counter-
clockwise direction whereby the  terminals are
searched sequentinlly. The brushes associated
with the sleeve banks VSI(88) and VS2(30) ac-
trally perform the searching; seeking that ter-
minal te-which a positive potential is applied
from the main cathode of that one of the junector
VF tubes which is condueting. . If the brush at
kank VSi(39) contacis the terminal to which
the sought potential is applied, that potential
is extended through the brush, conductor 381g,
outer lower back contact of relay HC(83); con-
ductor 8514, through the No. 1 contact of relay
VS4(39) ang through the No. 4 contact of relay
VS(3%) in parallel, conductor 3812, winding of
marginal relay JH(E8) and to negative battery.
Relay JH(3%) is fast operating and will operate
on the application. of this potential.  Relay
JE(30), in operating, interrupis the energizing
path for the stepping magnet STP(28) wherehy

the selector switch ceases its traverse of the ter< 7

minals.  Hewever, as here assumed, the main
cathode of the called party’s junctor is not asso-
clated with any of the ferminals { to 28, and
therefore under that assumption, the sought ters
minal will not be found on bank VSI3®)..
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~When the brush associated: with bank VS{(36)
contacts  its terminal No. 22 g circuit is com-
pleted from ground through the outer upper back
contact of relay EC(3D), conductor 3815, wind-
ing of polarized relay HC(39), resistor 3417, con-
ductor 3818, No. 22 terminal and brush of bank
VS1(3%) and over the previously traced path
through the winding of relay JH(39) to nega-
tive batiery.  Relay HC(38) is operated, but re-
lay JH(38) does not operate since it is marginal
and the circuit therefor at this time ineludes the
winding of relay ¥C(38) and resistor 3017. Relay
HC{(38), in eperating, locks through its lower
left-hand (front) contact and armature to nega-
tive battery and compiletes a circuit from nega-
tive battery, through its armature and upper
left-hand J(front) contact, winding of relay
HC1(E8) and to ground whereby relay HCIH38)
is'operated. ' Relay HC!(30), in operating, trans-
fers the lead from the winding of relay JH(30)
through its outer lower .front contact to the
brush associated with bank VSZ(3d).

The stepping therefore continues until the
brush contacts the No. 42 terminal of selector
bank VS2(38) which has a positive potential ap-
plied to it from junctor 2B(28) as hersinbefore
described. - This potential is therefore extended
through the brush, through the outer lower front
contact of relay FHCI(3%) and over the previous-
!y traced path to operate relay JH(29).

Relay JH(3D), in operating, completes a cir-
ult from ground through. the No. 1 contact of
elay ST(38), conductor 8668, No. 3 contact of
elay -V8(38), conductor 3889, front contact of
elay J¥I(38), conductor 3819, No. 3 contact of
relay ST(38), conductor 3828, winding of relay
VS8(35) and to hattery. Relay VS(38) operates
and locks through its Wo. 2 contact to the sleeve
conductor 888 which extends to ground in the
trunk ecircuit as hereinbefore -described. Relay
VE(2D), in operating, closes ground through its
No. b contact to operate relay VSi(38) which
locks to ground through its No. 4 contact and the
inner upper back contact of relay EC(38). Relay
V3(88), in operating, also connects the tip con-
ductor 868 from the trunk circuit- through ca-

acitor 89214, No. 1 contact of relay VS(38),-con-
ductor 3822 and to the brushes of banks VT (38)
and VIZ2(30). Since the sought terminal has
been found to be terminal No. 42, the brushes
of banks VT2(38) and VR2(35) are also on this
terminal. Therefore the tip conducior is ex-
tended through the No. 42 terminal of bank
VT2(3%), to conductor 3623 which is connecbed,
in junctor 2B(Z8); to the tip conductor of the
line over which subseribers at stations 235-2 and
£33-1 are conversing, as hereinbefore assumed.
Relay V3(30), in operating, connects the ring
conductor 887 from the trunk circuit through ca-
pacitor 3824, No. 6 coniact of relay VS(3D), con-
ductor 3825, brush and No. 42 terminal of bank
VR2(28), and to conductor 382% which is con=
nected in junctor 2B(28) to the ring conductor
of the busy line.. Thus a monitoring ‘connection
is =stablished.

- Relay VSi(29), in operating, aets as an off-
normal relay 0 prevent the seizure of the busy
verification circuit by another register, inter-
rupts  the ensrgizing circuit to release relay
JH{39), and interrupts the locking cireuit to re~
lease relay C(30). Relay C(30), in releasing, re-

leeses relay ST(38) and extinguishes the VI
tube in the busy junctor, here tube VFIB(29).
The operator may thus monitor the conversation,
and. report to the subscriber who requested the
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busy verification test that the party he desires
to call is presently engaged in conversation. .The
circuits remain in the above-described condition
until the operator disconnects.

If for any reason the switch should fail to find
a terminal marked or for any reason not stop on
a junctor terminal, the switch will continue to
step until the brush associated with bank
VS2(38) contacts its No. 43 terminal, i. e, until

the switch restores to its normal condition as-

shown. At this time a circuit is established from
ground through the middle lower front contact
of relay HCI(30) to operate relay JH(30) which
operates relay VS(30) as though the switch had
stopped on a junctor terminal. Relay VS@30)
locks to the incoming trunk and operates relay
VSI(30). Relay VSI(32), in operating, releases
relay C(38) which releases relay ST(30) as be-
fore. Relay VS(30), in operating, also completes
a circuit from the ringing circuit which is gen-
erating a busy tone signal and applying it to

conductor 2387, upper front contact of relay

HCI(38), capacitor 3828, conductor 3830, No. 43
terminal and brush of bank VR2(30), conductor
3025, No. 6 comtact of relay VS(30), capacitor
3024,and to the ring conductor 667 which extends
to the trunk circuit as hereinbefore described.
An indication is thereby given the operator that
the connection has not been established, and she
will disconnect and reattempt to establish. the
monitoring circuit. ’

‘When the operator disconnects, either after

having monitored the call or after receiving the
above-described busy signal, relay TEK(7)- re-
leases which releases relay TKI{I(T) and relay
B(6). Relay TKI(T), in releasing, reledses re-
lay IC(8). Relay B(8), in releasing, releéases
relay ON(8) and interrupts the locking circuit for
relay NT'1(8) which releases. Relay B(8),-in re-

leasing, also removes ground from the trunk cir-

cuit sleeve conductor 688 which releases relay
VS(38) in the busy verification circuit.

If the monitoring connection was successfully
established, the release of relay VS(38) com-

vletes a path from ground through the No. 3 con-

tacts of relays VSi(30) and VS(39), conductor
3009, back contact of relay JH(30) and to the

stepping magnet whereby the selector switch will -

be stepved to its normal position, as shown, and

relay JH(30) will be operated to stop the switeh -

as before described.

With the stepping switch restored to normal
as described in the last paragraph or under the
previously described failure to find the marked

terminal, and with relay VS(30) released and ;

relay JH(30) operated, a circuit is completed
from ground through the No. 3 contact of relay
VS1(30), No. 3 contact of relay VS(30), conduc-
tor 3009, front contact of relay JH(30), conduc-
tor 3019, No. 2 contact of unoperated relay
ST(30), No. 7 contact of operated relay VSI(30),
winding of relay EC(30) and to battery. Relay
EC(30) operates and locks through its inner
lower front contact, conductor 3031, inner lower
front contact of relay HCI(20) and to ground.
Relay EC(30), in operating, releases relays
HC(@30) and VSI(30). Relay HC(30), in re-
leasing, releases relay HCI(30) which, in turn,
releases relay EC(30) to restore the busy veri-
fication circuit to normal. '

The connection between the complaining sub-
scriber and zero operator is released when these
parties disconnect as was described in detail in
regard to the outgoing call to zero operator.
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Call from post-payment coin station

Let it be assumed that a party desires to place
a call from the post-payment coin station desig-
nated 518-8 (Fig. 7) to the subsecriber’s station
designated 239-1 which appears in line-link
frame No. 2 (Fig. 19). When receiver 101 is re-
moved from its hook 7102, the contacts 703 are
closed and the circuits function to establish a
connection to the junctor, assumed to be junctor
1A(28) and to a register, assumed to be the
register shown in detail, as hereinbefore de-
scribed. Class-of-service relays CL3(42) and
CN(42) are operated and locked operated as was
described in the outgoing trunk call to zero op-
erator which was assumed to have been placed
from this post-payment coin station. The
called number 239-1 is then dialed, the line is
tested, the connection is established, and the
called party is signaled as hereinbefore described
in detail. When the called subscriber answers,
ringing is tripped, the called subscriber’s line is
connected through the windings of relay CS(28)
operating that relay, and, after a suitable short
interval, relay DIL(28) is operated and locked
operated as hereinbefore mentioned in regard to
the first-described call.

Relay DL(28), in operating, completes a path
from negative battery through resistor 2874, No.
9 contact of relay BY(28), conductor 2815, No. 8
contact of relay DL(28), conductor 2876 which
is cabled to Fig. 18, operated cross-point 1814 of
the originating secondary switch, conductor 1825
which extends to Fig. 9, operated cross-point 94
of the primary switch, conductor 942, winding
of relay A(T) in the auxiliary line circuit for the
post-payment coin station, and to ground, where-
by relay A(T) is operated. Relay A(1), in op-
erating, completes a path from negative battery,
back contact of relay E(T), conductor 128, front
contact of relay A(T), conductor 127, No. 10 con-
tact of relay D(T), conductor 728, winding of
relay F(T) and to ground, whereby relay F(T)
is operated. Relay ¥(T), in. operating, closes
ground through its front contact to conductor
132 and through the winding of relay B(1) to
battery and through the No. 1 contact of relay
D(M, winding of relay C(T) and to battery
whereby relays B(T) and C(1) are operated.
Relay B(1), in operating, closes a holding bridge
across the tip and ring conductors comprising
a path from tip conductor 707, No. 1 contact of
relay L(T), No. 3 contact of relay B(1), resistor
133 and to the ring conductor 937. Relay B(1),
in operating, also completes a circuit from nega-
tive battery, back contact of relay E(1), con-
ductor 726, front contact of relay A(T), con-
ductor 127, No. 4 contact of relay B(1), conduc-
tor 134, winding of relay D(1) and to ground.
Relay D(T) operates and locks over a path in-
cluding its No. 5 contact, conductor 127, front
contact of relay A(7), conductor 726, back con-
tact of relay E(T) and to battery.

Prior to the operation of relay D(T), it will be
recalled, the calling and called subscribers were

5 interconnected.. Upon the operation of relay

D(T), this connection is broken. The circuits
to the called subscriber are maintained by virtue
of the previously described bridge including re-
sistor 783. The calling subscriber’s tip conduc-
tor 106 is extended through the No. 3 contact of
operated relay D(T) and to negative battery
through the winding of relay C(1). The calling
subscriber’s ring conductor 704 is extended
through the No. 9 contact of relay D(T), con-
ductor 728 and to ground through the winding
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of relay F(1) and also. through the No. 4 contact
of relay D(T), capacitor 735 and. to the tone
generator 736 whereby a tone is transmitted to
the calling party as an indication that a coin
should be deposited.

‘When the subscriber deposits a coin, means
are provided momentarily to increase the resist-
ance of the subscriber’s loop. This may be ac-
complished in any well-known manner, and is
represented in Fig. 7 as being accomplished by
a. system in which the falling coin strikes a lever
arm 138 which momentarily breaks the normally
closed contacts 105 whereby the loop is closed
only through resistor: 7137, Under this condition,
relay. (1) remains operated, but relay C(T),
being marginal, releases. Relay C(T), in re-
leasing complefes a circuit from negative bat-
tery, No. 6 contact of relay D(7), conductor
139, back contact of relay C(1), conductor 7149,

No. -2 contact of relay B(1), winding of relay ¢

E(1), conductor 741, through the operated cross-
-points 841 of the primary switch to the sleeve
lead. 922 and to ground in the junctor. Relay
E(T) thereby operates and is locked operated

over a path from negative battery through its @

front contact and winding, conductor 741 and
to ground.on the sleeve lead as in the operating
path.. Relay E(T), in operating, removes bat-
tery from conductor 128 thereby releasing re-
lays P(1) and D(1).
releases relay B(T) which removes the line
bridge comprising resistor 733. Relay D(T), in
releasing, removes the tone from the calling sub-
scriber’s line and reestablishes the connection

between the calling and called subscriber’s line 23

whereby the transmission path is restored to its
original condition and the subscribers may com-
municate with each other.

Upon disconnection at the termination of the
conversation, the circuits are restored to normal
as hereinbefore described with the additions that
upon. the removal of ground from conductor 744
relay E(T) releases and upon the removal of
battery from conductor 942 relay A(1) releases

angd the auxiliary line circuit for this post-pay- 4

ment coin station is restored to normal.
Provision: is made to prevent a switchhook
“fuinble” or an opening of the line in any other
fashion from being the equivalent of the inser~
tion of a coin. If, at the time the eoin is to
be deposited, the line is momentarily opened,
both relays F(T) and C(T) will release instead
of only marginal relay C(1) as ahove described.
Relay (1), in releasing, rsleases relay B(T),
which, in releasing, completes a. circuit from
negative battery, No. 8 contact of relay D(D),
conductor 139, back contact of relay C(1), con-
ductor 149, Ne. 1 confact of released relay B(T),
winding of relay L(1) and to ground on sleeve
conductor T&{. Relay L(7) operates and locks
operated over a path from negative battery
through its No. 2 contact and winding to ground
on sleeve conductor 74f. It may be noted that
during the transient period between the release
of relay C(D) and the release of relay B(T), an
operating path is momentarily compieted for
relay E(T), but this relay is slow to operate and
is not operated during this interval. The release
of relay B(7) interrupts this energizing path.

Relay L(1), in operating, connects negative 7

hattery through its No. 2 contact, conductor 734,
winding of relay D(7) angd to ground to hold
relay D(7) operated. Relay L.(1), in operating,
also interrupts, at its No. 1 contact, the circuit
by means of which. resistor 733 was bridged

Relay FU(D), in releasing,
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across the line. The line is thereby opened re-
leasing relay S(28) whereby the junctor and the
line switches are released and restored to: nor-
mal.
battery from conductor 942 releasing relay A(T)
and removes. sleeve ground from conductor 141
releasing relay I(T) thus restoring this auxil-
iary line circuit to normal.. If the calling sub-
scriber. desires to. reestablish the connection, he
must disconnect and then reinitiate the call.

Restricted service

Let it be assumed that the party at the station
designated 286-2 (Pig. 11) desires to communi-
cate with a subscriber who may- be reached
through one of the trunk circuits of Fig. 19.
Such a call may be placed by dialing the trunk
group digit, as, in this case, the digit “7,” and,
after the connection is sstablished to the distant
office and dial tone again received emanating
from that office, dialing the called subscriber’s
number. - However, the party at the station des-
ignated 236-2 has subscribed to 5 class of serv-
ice known as “message rate restricted,” i. e., he
is charged in accordance with the number of
calls made and is restricted as to what calls he
may make. It 'will be assumed that the restric-
tions imposed on the calling  subscriber’s serv-
ice do not permit the placing of a call through
the {runks in the “7” trunk group.

When the calling subscriber lifts his receiver
o connection is established to g junetor, assumed
o be junctor 1A(28) and o a register, assumed
to be the register shown in detail, as in a nor-
mal call except that the class-of=service relays
CL2(42) and IMR(42) are operated and locked
operated in a manner similar to that deseribed
in detail hereinbefore:. ‘The digit “7’ is then
dialed and the circuits function as on the pre-
viously - described incoming tandem. call, with
tube TKT(39) being rendered conductive to op-
erate relay TKT1(39). Relay TK1(3¢8) .in oper-
ating, operates relay TK8(38) as hefore described,
and, in addition, completes a circuit from ground
through the No. 3 contact of the operated class-
of-service relay CL2(42), conductor 4238 which
is cross-connected to conductor 4229 which is
cabled to Fig. 39, lower front contact of relay
TK1(39), conductor 3863, winding . of relay
RS9 and to battery thereby cperating re-
stricted service relay RS(29). Tt will be noted
that a plurality of conductors extend from a
plurality of contacts of each of the CI—~(42)
class-of-service relays and these conductors may
be cross-connected as desived to the conductors
extending through the lower front contacts of the
trunk group relays TKT(35), TK9(3%) or of other
similar relays which may be provided for other
trunk groups. Thus, any  subscriber’s service
may be restricted so that calls may not be placed
through trunk group 7 hy cross-connections
in Fig. 42 to conductor £228 and. so that calls
may not- be placed through truni group ‘97
by cross-connecting one of the conductors from
that subscriber’s CL-(£2) relay  to conductor
4230, and, in either case, relay RS(29). will be
operated. It will be noted that sinee none of
the grounded conductors. from the class-of~serv~
ige relay CL2(42) are cross-connected to con-
ductor 4289, the present subscriber 285-2 inay
call a party reached through #runk group “9”
without restriction. :

Relay RS(39), in operating, interrupts the
previously traced eircuits by means of which
relay: OT((2) or OT(i3) was operated. and by

The release of these connections removes -
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-means of which a potential was applied to the
-right-hand control ancde of the lock-out tube
LOI(13) so that the common release circuit will
not be called in to cause a seizure of the number
group circuit. Relay RS(39), in operating, also
‘closes ground through its outer upper front con-
tact to conductor 3941 to operate relay BY1(39)
which locks operated. The apparatus now op-
erates the same as on any call to a trunk with
all trunks within that trunk group busy, as was
described in detail in regard to the outgoing
trunk call to zero operator. Thus, relay BY!(33)
operates relay BY(28) which causes the opera-
tion of relay RT(40). A revertive test is not
made since the revertive test lead is open at the
‘No. 3 contact of operated relay TK8(38) as
before described. Relay RT(48), in operating,
fires tube VCK(39) which operates relay CK(39).
Relay CK(39), in operating, locks operated, ex-
tinguishes tube VCK(38), and releases relay
CO(28) and the register connector hold magnets.
Therefore, the register connector and the reg-
ister will be restored to normal, busy tone will
be transmitted to the calling subscriber, and,
upon the replacing of the calling subscriber’s
receiver upon its hook, the connection will bhe
broken down and the circuits restored to nor-
mal as hereinbefore: described.

Time-out and miscellaneous circuits

LINE-LINK TIME-OUT

If the subscriber’s line is not connected to a
register or if a register is unable to complete
the connection so that the control circuits are
released within a predetermined time, line-link
time-out occurs. It will be recalled that each
time 3 line and line-link circuit operates to com-
mence setting up an originating or terminating
call, the relay IS associated with the utilized
horizontal group is operated, and when the func-
tion is completed, relay LS is released. While
this relay is operated, positive 135-volt battery
is connected to a line-link time-out circuit in
the common release and time-out circuits. Thus,
assuming relay LS(4) has been operated, posi-
tive 135-volt battery is connected through the
front contact of that relay, resistor 410, con-
ductor 421, and to ground through resistor 1427
and through resistor 1428 and capacitor 1428

whereby capacitor (429 commences to charge. :

It may be noted that a charging potential is ap-
plied to capacitor 1429 at any time that an LS
relay is operated in any of the line-link frames.
The rising potential on capacitor 1429 is applied

through resistor 1430 to the left-hand control !

anode of tube T0(i4), the left-hand control
cathode of which is connected to ground through
resistor $43{. If the call is completed within
the given time interval, relay LS will release
to remove the charging potential from capaci-~
tor 1429 and that capacitor will discharge
through varistor 1432 and resistor 1427. How-
ever, if the call is not completed within the pre-
determined time, tube T0({4) will undergo a con-
trol gap discharge. Since the main anode of
tube TO(i4) is connected to a source of suitable
positive potential through resistor {433 and via
conductor 1239, and since the main cathode of
tube 'TOCI4) is connected to negative battery
through the winding of relay R(i4), tube TH({4)
will undergo first and second transfers and relay
R(14) will be operated. Relay R(14), in oper-
ating, connects ground through its outer righi-
hand front contact and through low resistance
element 1434 to discharge capacitor 1429. Relay
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R(I4), in operating, also applies ground through
its inner right-hand front contact, conductor
1435 and to the right-hand electrode of capaci-
tor 1436 whereby gas diecde FT(14) is fired in the
same manner and with the same result as tube
RRI(i4) as previously described. Thus, assum-
ing relays C(i2) and Ci(i2) are operated, tube
RL(12) is discharged momentarily to operate re-
lay RLS(12) which removes battery from the line
and line-link circuits to release those circuits and
also removes battery from the main anode of tube
TO(I4) to extinguish that tube. After a suit-
able interval, relay RLS(12) releases, restoring
the voltages, and thereby permitting the line
and line-link circuits to handle the same or an-
other call. ‘

REGISTER TIME-OUT

As described in detail in reference to the first-
described call, register time-out is initiated when
relay ONIi(28) operates and at the end of each
digit, whereby if dialing does not commence, if
dialing is not completed, or if only a series of pre-
liminary digits “1” are dialed, register time-out
will occur. In each of these cases, time-out is
initiated by the applying of a rising voltage to
one of the control anodes of tube TM(41), and,
after a suitable interval controlled by the time
constants of the networks associated with these
control anodes, tube TM(41) will undergo a con-
trol gap discharge and first and second transfers
whereby relay TM (41) is operated. )

Relay TM(&1), in operating, completes a cir-
cuit from ground on off-normal ground conduec~
tor 3913, outer left-hand back contact of relay
NGT(41), No. 4 contact of operated relay TM (41),
conductor 4130, inner lower back contact of re-
lay DCI(39), winding of relay PS(3%) and to
battery. Relay PS(39), in operating, interrupts,
at its outer upper back contact, one of the paths
over which ground is supplied to operate relay
C0(28) and the register connector hold magnets

‘as hereinbefore traced. Relay PS(39), in oper-

ating, also closes ground through its inner upper
front contact, conductor 3944, through the oper-
ated cross-point 2102 of the register connector,
conductor 218 which is cabled to Fig. 28, wind~
ing of relay BY(28) and to battery. Relay
BY(28) locks operated and returns ground to
operate relay RT(40) as hereinbefore described.
It may be noted that since the number group
conngctor relays have not been operated, the re-
vertive pulse will not be transmitted. Relay
RT(48), in operating, completes a charging cir-
cuit for capacitor 40636 whereby a rising poten-
tial is applied to the right-hand control anode of
tube VCK.(39), and closes ground from off-nor-
mal ground conductor 3913 through its No. 4
contact, conductor 4048, lower iront contact of
operated relay PS(39), conductor 3965, through
the operated cross-point 2102 of the register con-
nector, conductor 2i{{ which is cabled to Fig.
28, lower winding of relay DL(28) and to bat-
tery. Relay DL:«(28) operates and locks from neg-
ative battery, through its lower winding, through
its No. 7 contact, through its upper winding, and
through the No. 4 contact of relay SR(28) to
ground. Relay DI:(28), in operating, completes

& circuit from ground through the upper back

contact of relay CS(28), conductor 2852, No. 3
contact of relay DL(Z8), conductor 2859, heat-
ing element 2860 of the thermal delay relay
RLS(28) and to batiery whereby element 2860
begins to heat.

In the meantime, the potential at the right-
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“hand contrdl anode of tube VCK(39) will have
risen to a sufficient value to fiie tube VCK(39)
‘which will cause the operation of relay CK(39).
Relay CK(39) Jlocks operated, extinguishes tube
VCK(39), and, since relay PS(39) .is operated,
interrupts, at its inner upper back contact, the
only remairiing path over which ground is sup-

‘plied to the winding of relay C0(28) and to the

register connector hold magnets HOLDA(20) and
"HOLDA(2!) thereby releasing ‘that relay .and
‘those hold magnets. The release of the register
connector and the restoration thereof to normal
releases ‘the register which restores to normal
as hereinbefore described in detail, with the ad-
dition that upon the release of relay TMA A1),
tube TM@1) is extinguished releasing .relay
~ TM@1) which, in turn, releases relay PS(39).
After a ‘suitable interval diring which ele-
ent 2860 is heating, relay RLS(28) will oper-
ate after which the junctor is released as here-
inbefore described in detail \in reference to the
frst-described call, i. e., relay RLS(28) .operates
relay RF(28) which releases.relay SR(28). Re-
lay SR(28), in releasing, releases relay. DL(28)
which allows relay RLS(28) to release, and re-
moves ground from the sleeve lead to release
the primary ‘and secondary switches and to re-
lease relay ONYA(28) which restores the junctor
to normal. The subscriber’s line circuit is then
placed on permanent signal lock-out, as will be
deseribed hereinafter. . . o
. Register time-out is also initiated, as men~
toned in the discussion -of the first-described
tall, when relay ST1(37) is operated upon the
seizure of the register. The operation of relay
ST1(31), it will be recalled, closed .ground -to
conductor 3110 to operate relays "TMA(4I) and
TMB(41) which created a.charging dircuit for
capacitor 4104. If for any reason tip and ring
Tail to close, or if for any other reason .relay
ST1(3T) fails to release within the requisite 'in-
terval, tube TM(41) ‘will discharge operating re-
lay TM(44). Rélay TNCAL), in’ operating, com-
Dletes a path from ground through the outer
upper front contact of relay STI(37),.conductor
87186 which is cabled to ‘Fig, 41,-No. 5 contact of
relay TM(41), conductor 3721 which is.cabled to
Fig. 37, Tesistor 3722, winding of relay SR(31)
and to battery thereby. operating relay SR(37).
Relay SR(3D), ‘in operating, interrupts, ‘at, “its
No. 2 contact, the locking path for relay ST | 3D
and relay STI(31) réleases. Relay 'STI(31),lin
releasing, releases relays TMA (41) ‘and TMB (4 t).
Relay TMA(41), in releasing, extirguishes tube
‘TM(41) ‘which réleases relay "TM&0). ‘Relay
STI1(31), in releasing, also'completes a path for
the ‘operation 6f relay ONI(39) as hereinbefore
described.  Relay ONI(39),:in “opergting, -com-
pletes a path from ground through the ‘front
‘contact of ‘one :of :the :operated: class-of<service
relays.in Fig.:42:t0 the common release cireuit-to

‘dismiss -that. circuit-as. was sdeseribed »in *detail

in .the first-discussed .call.. .Relay :ST{@31), in

releasing, also interrupts, at. its.outer. upper front

contact, the previously.traced energizing path for
relay SR(31) releasing ‘that relay, and -relays
‘ON(3T) ‘and ON{(39) are thereby released in the
same fashion as on a‘normal disconneét, restor-
Ing ‘the register to' normal, reléasing ‘the register
connector, and ‘réleasing the junctor which re-
‘stores to nornial'ds te cfore- described,
7 'NUMBER. GROUP TIME-OUT

- :Ibwwill ‘be redalled vthat ‘when o ‘Yegister is'in
condition o terminatesicall; the common releage
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‘circuit is signaled, and the 1O relay therein as-

sociated with the signaling register is -operated
in ‘order that the number group may be seized.
As previously. indicated, when any of the Lo
relays (Fig.'13). operate, ground is connected
through “their ‘No.. 6. contacts, conductor 13186,
back ‘contact of relay TMB({5), upper winding
of relay TMA((8) and to battery whereby relay

. TMA(15) is operated. 'Relay TMA(I5), in oper-

ating, interrupts, at its upper back contact, the
shunt around capacitor 1521 and connects nega-
tive battery to conductor 1525 whereby capaci-
tor 1521 will commence to charge from positive
battery, resistors 1522 and 1523 and to the nega-
tive potential on conductor 1525, The rising .po-
tential on capacitor 1521 is applied through re-
sistor 1524 to the left-hand control anode of. tube
TM(I5).. The negative battéry on .conductor
1623 isalso applied through the winding of relay
TM(15) to the main cathode of tube TM(I5)
and through resistor 1526 to the left-hand conirgl
cathode .of that tube. As previously described,
when the number .group ‘connector -relays
NGCA(46) or NGCA(48) operate, ground is ap-
plied to conductor 4601. -This ground is extended
through ‘the inner lower .front contact of relay
TMA(15), and through the lower winding to lock
that relay .operated. This ground is also ex-
tended through the inner lower front and outer
lower, front contacts of relay 'TMA(15), conduc-
tor 1501, winding of relay TMB(15) ‘and to bat-
tery 'whereby relay TMB(15) is operated. :
If'the number group connector relays release
within the .requisite ‘time, relays TMA(15) and
TMB(I5 are released, .the shunt ‘is .restored to
discharge capacitor 1521, and this time-out cir-
cuit restores to normal. “If, however, the.number
gi'oup.connec'tor relays do not rélease within the
required time, tube TM(15) will undergo a. con-
trol gap.discharge and first and second transfers
and rélay TM(I5) will be operated. .

Relay TM(15), in operating, connects ground
through its outer front contact to. conductor 1528.
Assuming ‘the register shown in detail is being
utilized .on "the subject .call, ‘the ground on con-
ductor 1528 ‘is ‘extended over a first path com-
prisingtconductor : 528, ‘No. 122 ‘contact : of relay
NGCA.(48), -conductor 4625, ‘right-hand -winding
of .relay -NGT(41) .and to battery, :and over an
additional, path comprising conductor {528, No.-8
contact-of -relay .LOI1¢43), conductor-4625, right-
hand winding.of ‘relay NG'T(41) .and :to -battery.
Relay:NGT (41) roperates-and.locks operated-over
a :path.from negative battery, through -its left-
hand -winding -and inner .left<hand -front -con-
tact, and-to: ground:on-off-normal .ground con-
ductor.39i3.

Since prior to.the-operation. of relay NGTW@I)
relay TMA41) ‘is- operated-from -ground on: off-
normal.ground-conductor 3813-and through:the
right-hand back: contact :of :relay TMB (41) , - ¢a-
pacitor: 4111 is being charged from positive bat-
tery, .resistor 4120, -back -contact -of ‘unoperated
relay :NGTWI), conductor 4121, resistor 4122,
through capacitor- 4117 :and 40 . negative-battery-
through the .upper front .contact of 'relay
TMA1). The time:constant- of -this: eircuit:is
relatively large as:hereinbefore mentionad. : Upon
the operation-of relay NGT(41), vesistor-4131 is
substituted “for .xesistor 4120 .in - this .charging
path. Resistor:4131:is-preferably-of:a. consider-
ably!lower:value of resistance than:resistor:4§20,
and -therefore, .upon the .gperation of irelay
NG (41) capacitor 4417 is:charged ‘at . .a more
rapid rate. ‘Relay NGT@) ,:in operating, salso -
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interrupts the previously traced energizing path
for relay DCI(39) and that relay is released.
Relay NGT(41), in operating, also interrupts, at
its middle left-hand contact, one of the previ-
ously traced paths over which ground is sup-
plied to the winding of relay C0(28) and to the
register connector hold magnets. When tube
TM41) is fired, relay TM(41) is operated. Re-
lay TM 1), in operating, interrupts the other
path over which ground is supplied to relay
C0(28) and to the register connector hold mag-
nets HOLDA (20) and HOLDA(21) and that relay
and those hold magnets release.

The release and restoration to normal of the
register connector releases the register which,
with the exception of the circuits of Fig. 41,
restores to normal as described in detail here-

inbefore. Upon the release of relay TMA4I),
tube TM@1) is extinguished, releasing relay
TM A1),

In the meantime, relay TM(15), in operating,
also connects ground through its inner front
contact to the right-hand electrode of capaci-
tor 1527 whereby gas diode NGT({5) is fired in
the same manner and with similar results as
was previously described in relation to gas diode
RRI(148) and in relation to gas diode FT({4),
that is, to operate relay RLS(12) to release the
common release and line and line-link circuits.
The operation of relay RLS(12) also extinguishes
lock-out tube LOI(13) releasing relay LOI(13).
Relay LOI(I3), in releasing, releases relay
NGCB(4T) which releases relay NGCA(46) to
release the number group circuit. The conjoint
release of relays LOI1(13), and NGCA(46) and
ONI(39) releases relay NGT(41) so that the reg-
jster is completely restored to normal. Relay
NGCA(46), in releasing, also removes ground
from conductor 4601 to release relays TMA(IS)
and TMB(i5). Relay TMAC(I5), in releasing,
closes a discharge path for capacitor 1521, and
extinguishes tube TM(I5) whereby relay TM(i5)
is released.

When the calling subscriber disconnects, the
junctor and line switches release and restore to
normal as hereinbefore described in detail.

COMMON-RELEASE TRANSFER CIRCUIT

As hereinbefore described, the timing eircuit
of Fig. 23 alternately connects ground to and
removes ground from conductor 2397 at suitable
intervals, viz., at four- to eight-minute intervals.
It has been assumed hereinbefore that ground
was not connected to conductor 2307 whereby the
circuits at the upper portion of Fig. 13 are in the
shown unoperated condition. It will be recalled
that, as shown, relays C(12) and C!(12) were
assumed to be operated from ground through the
inner lower back contact of relay T({3). Under
these conditions, upon the initiation of the origi~
nating or terminating phase of a call, negative
battery is connected through the inner upper
front contact of relay STC(12) or through the
outer upper front contact of relay OT(12) to con-
ductor 1243, winding of relay GI(13) and to
ground whereby relay G (i3) is operated. Relay
G1(13), in operating, removes ground at its inner
upper back contact from the upper electrode of
capacitor 1320, and connects positive 135-volt bat-
tery through resistor 1321, through its outer upper
front contact, throush conductor 1322 to the
main anode of tube ALi (i3) and through resistor
{323 to the upper electrode of capacitor 1320.
Capacitor 1320 thereby commences to charge, ap~
plying a rising potential through resistor 1324 to
the left-hand control anode of tube ALL({3)., Re~

10

15

20

30

35

45

50

(=3
[543

60

65

70

75

132

lay G1(13), in operating, also completes a shunt-
ing path around the winding of relay T(13) which
may be traced from the winding and inner upper
back contact of relay T(i3), lower front contact
of relay G1.(13), conductor 1325, No. 6 contact of
relay ALI(13), conductor 2307, No. 6 contact of
relay AL2(13), conductor 1326, through back con-
tacts of switches SWI{(3) and SW2(I3), and
back to the winding of relay T(13). This shunt-
ing path prevents relay T(13) from being opsr-
ated if conductor 2307 is grounded at this time.
When the call is completed, relay G (18) is re-
leased, interrupting the charging path for capaci-
tor 1320 and reestablishing the discharging path
for that capacitor to ground through resistor
1321, and removing the shunt around the wind-
ing of relay T(i3). If conductor 2307 is ground~
ed while the circuits are in this condition, this -
ground is extended through the No. 8 contact of
relay AL2(13), conductor 1326, through back con~
tacts of switches SWI(13) and SW2(13), winding
of relay T(13), resistor 1328 and to battery where-~
by T(3) is operated."

With relays C(12) and CI({2) operated, the
two conductors 1438 and. 1439, to which the wind~
ings of relay C(i4) and CI(14) are connected in
parallel, are interconnected through the INo. 9
contact of relay C1(i12) and through the No. 8
contact of relay C(12) so that relays C(14) and
Ci(i4) are shunted. When relay T(13) oper-
ates, the energizing path for relays C(12) and
Ci(12) is interrupted, and when those relays
release, the shunting path for relays C(i4) and
Ci(18) is removed and those relays operate from
ground through the inner lower front contact of
relay TU3). i :

Prior to the operation of relay T(13), the right-
hand electrodes of gas diodes TRI(13) and
TR2(i2) and the left-hand electrodes of capaci-
tors 1329 and 1330 are connected to negative 48-
volt battery through resistor 133{. Since the
right-hand electrode of capacitor 1329 is con-
nected to ground through the outer upper back
contact of relay T(13), that capacitor is charged
to approximately 48 volts negative; and since the
right-hand electrode of capacitor 1330 is connect-
ed to positive 135-volt battery through resistor
1332, that capacitor is charged to approximately
positive 180 volts. Upon the operation of relay
T(13), the connections to the right-hand elec-
trodes of these capacitors are effectively reversed
whereby a pulse of approximately negative 189
bolts is applied to the right-hand electrodes of
the gas diodes TRi(13) and TR2(i2). The left-
hand electrode of tube TRI(18) is connected via
conductor 1235 to ground through resistor {234,
and the left-hand electrode of tube TR2(18) is
connected via conductor 1440 to ground through
resistor - 144(. 'Therefore, both gas ciodes
TRI(13) and TR2(13) will be fired and the pe-
tentials at the right-hand control cathodes of
tubes RL(12) and RL(14) will be reduced where-
by both of those tubes will fire in the manner
hereinbefore described in detail. Tubes RL(12)
and RL({4), in discharging, momentarily operate
relays RLS(12) and RLIS(14) as hereinbefore de-
seribed to remove the positive 135-volt, positive
100-volt, and positive 50-volt batteries (shown in
Figs. 12 and 14) from the contacts of relays
C(12) 'and C1(12) and C(14) and Ci(14) while
the former relays release and the latter reiays
operate. As soon as relay RLS(14) releases, the
office is ready to handle a call using that portion
of the common release circuit shown in: Fig. 14



2,666,008

133
rather than the equivalent portion represented in
Fig. 12, : .

When relay STC(1) or relay OT({4) is oper-
ated on a call while the circuits are in this trans-
ferred condition, relay G2(12) is operated which
completes a circuit from ground through the
outer lower front contact of relay T(13); lower
front contact of relay G2(i3), conductor 2307,
No. 6 contact of relay 45.2(13), conductor 1328,
back contacts of switches SWi(!18) and SW1( {3y,
winding of relay T(13) and to battery, thus lock-
ing relay T(12) operated so that it cannot release
if the timing circuit of Fig, 23 removes ground
from conductor 2307 at this time. Relay G2(13),
in operating, also applies main anode battery to
tube AL2(i3), and stops timing by removing
charging battery and closing a discharge path for
capacitor 1333.

Assuming now that relay GI(i3) is operated
whereby capacitor 1320 is charging. If for any
reason relay GIl(13) is not released within a
given time interval, tube ALI(I3) will undergo
a control-gap discharge. . Since the main eath-
ode of tube AL!{(12) is connected to negative
battery through the winding and No. 4 contact
of relay ALI(18), tube AL (i3) will undergo first
and second transfers and relay AL{({3) will be
operated. Relay AL{(18) locks operated to
ground through its No. 3 contact and through
the upper back contact of switch SW3({3). Re-
lay ALI(13), in operating, removes negative bat-
tery from the main cathode of tube ALICI3)
thereby extinguishing that tube, and connects
ground through its No. 1 contact and through re-
sistor 1327 to discharge capacitor 1320. Relay
ALI(13), in operating, also lights lamp ALIU13),
connects ground through its No. 7 contact to con-
ductor 1384, and extends conductor 1335 through
its' No. 8 contact to the No. 5 contact of relay
ATL2(13) for purposes hereinafter to be described.
Relay ALI(13), in operating, also connects
ground through its No. 5 contact to conductor
2397 whereby relay T(13) is operated to transfer
the common release circuits as above deseribed.
Under this condition, the circuit of Fig. 14 is
locked in service and so remains even when
ground is removed from conductor 2307 by the
timing circuit of Fig, 23.

If Fig. 14 is in service when the trouble con-
dition occurs, tube AT.2(13) is discharged to op-
erate relay AL2(i3) to cause a transfer to the
circuits of Fig. 12 by opening conductor 2307 to
release relay T(13).

It may be noted that if 5 trouble condition has
caused either relay AL!(#3) or relay AL2(13) to
be operated, and a subsequent trouble condition
occurs whereby the other of these relays is also
operated, ground is connected threugh the No. 5
contact of relay AL2(13), through the No. 8 con-
tact of relay ALI(13) and to conductor 1335 for
a purpose hereinafter to be descrived.

The fuses associated with the main batteries
of Fig. 12 are associated with alarm bar 1236, and

the fuses associated with the main batteries of &

Fig. 14 are associated with alarm bar 1231, If
a fuse associated with alarm bar 1335 operates,
battery is connected through resistor 1338, wind-
ing of relay PI(13) and to ground whereby relay
FI(13) is operated. Relay Fi1(13), in operating,
connects ground through its upper front contact,
through the No. 4 contact and winding of re-
lay ALI(13) and to battery, thereby operating

relay ALI(13) to transfer the circuits as above

described. Relay Fi(13), in operating, also con-~
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nects battery through its lower front contact to
conductor 1339 for a purpose hereinafier to be
described. It may be noted that a corresponding
result obtains if g fuse associated with fuse alarm
bar 1337 operates.

PREFERENCE CIRCUIT

The circuits associated with the preference
tubes P1(i5) and P2(15) are substantially iden-
tical with those associated with tubes T1({ 5) and
T2(15). hereinbefore described with the excep-
tion that each of the tubes PI(I5) and P2(i5)
is provided with an associated relay in its main
anode circuit. Assuming tube PI(15) to be con-
ducting, relay P1(15) will be operated.” With
relay PI(I8) operated, ground is connected
through its upper front contact to conductor
{530 which is cabled to Fig. 39 and there -mul-
tipled to. all other odd-numbered registers,
through the network 3965, and to condictor 1407
which is extended to the left-hand control anode
of register-connector select tube SMI(20) as
hereinbefore traced. Similarly, ground is con-
ducted through the other idle odd-numbered reg-
isters to the control anodes of their associated
register-connector select tubes. Thus, with re-
lay P1(15) operated, when a register is to bs
seized the potential applied to the control anodes
of the register-connector select tubes associated
with odd-numbered registers is lower than that
applied: to the control anodes of the register-
connector select tubes associated ‘with even-
numbered registers, thereby giving the latter reg-
isters preference. ‘

Relay PI(18), in operating, " also connects
ground through its inner lower front contact to
conductor 531 which is extended to Fig. 44 and
there multipled to all  odd-numbered ringing
circuits, through network 4469 ang to conductor
4402 which is extended through the ringing cir-
cuit and to the left-hand control anode of ring~
ing connector select tube SMi(31), as hereinbe-
fore traced. Similarly, this ground is conducted
through the other idle odd-numbered ringing cir-
cuits to the control anodes of their associated
ringing-connector select tubes. Thus, with relay
PI(15) operated, when s ringing eonnector is to
be seized the potential applied to the control
anodes of the ringing-connector select tubes ag-
sociated with odd-numbered ringing cireuits is
lower than that applied to the control anodes
of the ringing-connector select tubes associated
with even-numbered ringing circuits, thereby giv-
ing the latter ringing circuits preference.

Relay PII8), in operating, also connects
ground through the upper back contact of relay
JP(15) and through its outer lower front con-
tact to conductor (532 which is extended to Pig.
29, through network 2843 and to conductor 2804
which is extended to the right-hand control an-
odes of all the primary-select tubes associated
with idle paths and with junctor subgroup No. 1,
i. e, with all paths idle, to the right-hand con-
trol anodes of primary-select tubes PSEB) to
P33(5) and PSE(4) o PS9(4) and to the similat-
ly designated tubes in all other line-link frames.
Thus, when an originating path is to be estab-
lished, with tube P1(15) operated, those paths
associated with the junctors in junctor subgroup
No. 1 will be given 4 lower préference than those
paths associated 'with”the junctors in junctor
subgroup No. 2. It may be noted that this pref-
erence is in addition to the preference determing.-
tive upon the number of busy junctors in a sub-

group as hereinbefore‘ described in detail.
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“Whgh “an - ongmatmg call“is* placed whereby
sither relay-STC(12) or relay STC(14) is oper-
ated, - the -opposite: tube,-here tube P2(i8), will
be-fired. “Thus, dssuming ‘relay STC(12) oper-
ates, positive 100-volt battery is extended through
resistor 1267, middle upper back contact of relay
RLS(12), conductor_ 1208, outer upper back con-
tact of relay OT(12),.conductor (209, middle up-
per front contact of relay STC(12), resistor 1258,
conductor 1260 which is extended to Fig. 15, and
to the. left-hand control. anodes of tubes PI(I5)
and P2(15). Tube -P2({5), in discharging, op-
erates relay P2(15), and extinguishes tibe P1(15)
which releases relay: P1(195), as described in rela-
tion to tubés T1(15) and T2(l5) Relay P2(15),
in operating, performs the same.function as did
relay PI(15) as above described except that in
this case the ground is applied through the
even-numbereq - registers, through the even-
numbered ringing circuits,-and through ‘junctor
subgroup No. 2 whereby these equipments are
given a lower preference. 'Thus, préeference is
given to these groups of circuits alternately on
successive originating calls.

The above-described junector subgroup prefer-
ence feature.may be cancelled when a predeter-
mined number of junctors become busy. It will
be recalled that .when a junctor .is seized, the
ON relay therein is operated. Thus, when junc-
tor 1A(28) is seized, relay ONIA(28) is operated,
and positive 135-volt battery is applied through
resistor 2889, through.the No. 1 contact of relay
ON{A(28) and to conductor 2881. Similarly,
when any of the other provided junctors is seized,
positive battery is .connected through a corre-
sponding resistor ‘to conductor 288{. This volt-
age on conductor 2881 is connected through resis-
tor 15233 .to negative battery and ground. Thus,
with all junctors idle, a negative potential is ap-
plied to the right-hand control anode of tube
JP(158), and as additional junctors become busy,
an incrementally increasing positive potential is
applied to this control anode. By varying .the
resistance of resmtor 2880 and of the correspond-
ing resistors in-the other junctors, or by vary-
ing the value of resistor 1533, the potential ap-
plied to the right-hand control anode of tube
JP(i5) ‘may be controlled so that a sufficient po-
tential to fire the tube is applied only when a
definite chosen number of junctors is busy. The
main cathode of tube JP(15) is connected to con-
ductor {834, and the r1ght-hand control eathode
thereof is connected through resistor 1525 to con-
ductor (534, outer lower back contact and wind-
ing of relay JP(15),:and to negatwe battery. The
main anode of tube JP(15) is connected to main
anode supply conductor 1239 which is connected
to0 main anode battery through a back contact of

relay RLS(12) or RLS(14) ashereinbefore traced.
VWhen the predetermined numbeyr of junctors be-
comes busy, tube JP(15) undergoes -a control-
gop discharge -and ﬂrst and second transfers
whereby relay JP(I5) is.operated. Relay JP(15),
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in operating, removes the shunt around resistor

{536 thereby reducing current flow through tube
JP(i5). Relay JP({5), in operating, also inter-

rupts, at its upper back and inner lower back

contacts, the circuits over which ground was sup-
plied through the outer lower front- contact of
Je‘av PI1(15). or through the -oufer upper front

ontact of relay P2(15) to eéstablish the junctor
eubgroup preference as above described, thereby
ehmmatmg this preference feature. Each oper-
ation of relay RLS(12) .or RLS(I4) in the com-
mon-release circuit removes positive battery from
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coriductor i 230 thereby extingulshing tube JP(I5)
and releasing relay JP(i5). If there gre still
sufficient junctors busy when main anode volt-
age is restored ‘to conductor (230, tube JP(1H)
will refire to ‘reoperate relay JP(15) to cancel
the junctor subgroup preference. If sufficient
junctors are not busy, i. e, if additional junctors
have become idle, tube JP(i§) will remain ex-
tinguished until ‘the predetermined number “of
junctors again becomes busy.

‘GROUP BUSY CIRCUIT

It will be recalled that on an: originating: call
the calling subscriber must be connected to an
idle register -and to an idle junctor. If there
are no.idle junctors or. if.there are no idle reg-~
isters, a call cannot be initiated at that time, and
therefore provision is made to prevent the-initia-
tion of any additional originating calls and to
prepare the office to handle terminating calls
durmg this period.

If junctor fA(28) is idle, ground is connected
through the No. 3 contaét of unoperated relay
ONIA(28), conductor 2882, through a back con-
tact of switch MB1A(28), and to coriductor 2833.
Similarly, ground is connected to conductor 2883
from any other of the junctors during the time
in which they are idle. Therefore, as long as
one or more of the junctors are idle, conductor
2883 is grounded. The ground on conductor 2883
is conducted through the windings of junctor-
husy. relays JB(12) and JBI(12) and to battery,
whereby these relays become. operaiged as shown.
In the event that all junctors become busy, the
ground is .removed from . conductor 2883 and
relays JB(12) ‘and JBI(12) release. Relays
JB(12) and JBI1.(12), in releasing, perform iden-
tical functions in the two portions of the common
release circuit shown 'in Figs. 12 and 14. - Thus,
if that portion of .the circuit shown in Fig, 12
hag been rendered operative by the operation of
relays C(12).and CI.(i12), relay JB(12), in releas-
ing, extends ground through its back contact,
conductor 1261, No. 2 contact of relay Ci(i2),
conductor 1241, winding of relay OT({2), inner
back contact of relay STC(12) and to negative
battery thereby operating relay OT({2). The
operating of relay OT(12) prepares the office to
handle a terminating call and prevents the start-
ing of any more originating calls as hereinbefore
described. Similarly, if relays C(14) and CI4)
are operated, or otherwise when these relays op-
erate, relay JBI(12), in releasing, applies ground
over .a_similar path to operate relay OT(4).
When -any one or more junctors becomes idle,
relays JB(12) .and JB1(i2) are reoperated. If
the common-release -circuit of Fig. 12 or of Fig.
14 is not then engaged in compieting a ferminat-
ing eall, relay OT(12) or OT((4) will release, or
otherwise when the .present terminating call is
completed, relay OT(IZ) or OT(14) will release,
and the office. may. again accent originating calls.

Similarly, if .one or more registers ave idle,
relays RB(12) and RBI(i12) -are operated as
shown. Thus, assuming the register shown in
detail to be idle, ground is connected through
the outer upper back contact of rslay ON{(239),
through the right-hand contacts of switch 2802,
to conductor 3968 which -extends o Fig. 12,
through the - wmdlngs of relays RB(I2) and
RBI(#2) and to negative battery. If all of the
provided registers become husy, this ground is
removed from conductor 8868 and relays RB(12)
and RBI(12) are released. Relay RB({2), in re-
leasing, applies ground through its back contact
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to conductor 1281 to operate relay OT(12) in the
same Tashion as did relay JB({12) in releasing,
or, if the circuit of Fig. 14 is operative instead at
this time relay RBI(i2), in releasing, operates
relay OT(i4) as did relay JBI(12). If any one
or more registers becomes idle, relays RB(12)
and RBI(12) are operated and the office may
handle further originating calls. It will be noted
that there must be at.least one idle register and
at least one idle junctor available or this group-
busy “circuit will be operative to prevent addi-
tional originating calls as above described.

It will also be noted that each time relay JB(I2)
and. relay JBI(12) are released, busy register
BRI (12) is operated to record the condition, and
that each time relay RB(i2) and RB{(i12) are re-
leased, busy register BR2(12) is operated.

Alarm cireuit

When any of a number of trouble conditions
occur, some of which have previously been men-
tioned, the alarm circuit of Figs. 22 and 23 is're-
sponsive thereto to register the condition and to
initiate a call to the district master office over
an idle trunk to indicate to an operator that a
trouble condition exists. -'The circuits are also
arranged whereby the operator may dial an alarm
checking terminal to ascertain the class of alarm,
i e, whether there is g major alarm, a perma-
nent signal alarm, a minor alarm, or whether,
by the time the operator dials, the: alarm con-
dition has been rectified so that there is no
trouble. Provision is also made whereby after the
operator has ascertained the class of alarm, an
alarm of more importance will ¢ause the alar:
circuit to again signal the operator. -

MINOR ALARMS

A-minor alarm is one in which there is a perma-
nent signal on a trunk, or where one of the cir-
cuits of Fig. 12 or Fig. 14 of the common release
circuit is locked out, or where one of the ringing
interrupters is locked out.

As mentioned in the discussion of the incom-
ing trunk call from an operator, if a trunk be-
comes shorted or if for any reason relay TK
therein becomes operated and the call is not com-
pleted, a signal is transmitted to the alarm cir-
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cuit. Thus, referring to trunk No. 0 in Figs. 6 and

7,with relays TK(1) and TKI(T) operated,
ground is conneeted through the No. 1 contact
of relay TKI(T), outer lower back contact of
relay Al(T), conductor 122 which is cabled to Fig.
23, winding of relay ST(23) and to battery,
whereby relay ST(23) is operated. - For the pur-
poses of this discussion, it will be assumed that
this ground on conductor 122 is transmitted from
trunk No.'5 (Fig. 7) and that trunk No. 0 (Figs,
6 and 7) is idle. It will be recalled that relays
TL1(23), TL2(23) and TL3(23) function to trans-
mit ground over conductors 2301 and 441 at
timed intervals. At the end of one of the timing
cycles of these relays, for a brief interval both
relays TLI(23) and TL3(23) are released, and
ground is then connected through the inner
upper back contact of relay TL3(23), upper back
contact of relay TLI(23), conductor 4411, lower
front contact of relay ST(23), back contact and
winding of relay PA(23) and to battery. Relay
PA(23) operates.and locks through its inner lower
front contact, conductor 2308, upper front contact
of relay ST(23) and to ground. From two io
four: minutes later, relay TL3(23) operates to
connect ground to conductor 2301, If relay Al
(not-shown) -in‘trunk No. 5(1) operates within
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that time, as is normally the case, to-indicate that
an incoming trunk call has been completed, or if
relay TKI (not shown) in trunk No. 5(1) re-
leases, relay ST(23) will release to release relay
PA(23) and the alarm circuit will be restored to
normal. However, if relay Al has. not released,
when ground is applied-to conductor 23081, that
ground will be extended through the outer lower
front contact of relay PA(23), conductor 2309,
lower winding of relay MN(22) and to negative
battery. Relay MN(22) operates and locks from
negative battery, through its upper winding and
inner upper front contact, conductor 2308, and
to ground through the upper front contact of
relay ST(23). - Relay MN(22), in operating, ex-
tends the ground from the trunk circuit on con-
ductor 722 through its outer lower front contact,
conductor 2201, lamp D(22) and to battery to
light that alarm lamp. Relay MN(22), in ‘oper-
ating, also connects ground through its inner
lower front contact, conductor 2202, winding of
relay MN{(22) and to battery to operate relay
MNI(22). If ground is removed from conductor
122 at this time, either upon the operation of
relay Al in trunk No. 5(T). or upon the relegse
of relay TKI therein, relay ST(23) is released
which, in turn, releases relays PA(23), MN(22)
and MNI(22), lamp D(22) is extinguished, and
the alarm circuit is restored to normal.

If - the alarm condition continues, relay
MNI(22), in operating, completes a circuit from
ground through the outer upper back contact of
relay OD(22), outer upper front contact of relay
MNi(22), and to conductor 4489 which is cabled
to Fig. 34 and is the start lead for the ringing in-
terrupter circuits as hereinbefore described, The
ringing - interrupter, in functioning, transmits
busy tone over conductor 3357 as hereinbefore
described, resistor 2212, capacitor 2211, conductor
2210, outer upper front contact of relay MN(22),
outer upper back contact of relay PS1{(22), con-
ductor 2213, inner lower back contact of relay
MJ(22), and to conductor 224, whereby upon
the subsequent operation of relay RS(22) as will
be described, busy tone is connected to conductor
2215 "at the dlarm checking terminal, Relay
MDNI1(22), in operating, also connects ground
through- the inner upper back contact of relay
OD(22) and through its middle upper front con-
tact to conductor 2203, and connects ground
through the outer lower back contact of relay
OD(22) ‘and through its inner upper front con-
tact to conductor 2204, - ‘ )

For purposes of clarity, only trunks No. 0
(Figs. 6 and 7) and No. 5 (Fig. 7) have been
shown as alarm transmitting trunks, although
additional trunks may be used therefor as will
be readly apparent to one skilled 'in' the art.
Assuming for the moment that such additional
trunks are provided and that it is one of these
additional trunks thgt is on permanent signal,
and also assuming for the moment that both
trunks No, 0 (Figs. 6 and 7) and No. 5 (Fig. T
are idle, the ground on conductor 2203 will be
extended through the middle left-hand contact
of relay TC0(23), conductor 2318, left-hand back
contact of relay T5(22), conductor 234 i, winding
of relay TC5(23) and to battery. Simultaneously
the ground on conductor 2284 will be extended
through the middle left-hand back contact of
relay TC5(23), conductor 231 2, left-hand back
contact of relay T8(23); conductor 2313, winding
of relay TC0(23), and to battery. Whichever of
these relays first operates will interrupt; at its
middle -left-hand back -contact; the energizing’
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path for -the :other, and will -Jock -to » gxound
through ‘the -middle- “left=hand - contact -of -that
other 1e1ay

It was 1mt1ally assumed howeve1 that the
permanent -signal exxsts on trunk No. 5(D),
and Since relay TR therem is operated re-
lay B therem w111 be operated -and . ground
W1ll be connected to the -sleeve conductor -to
operate relay T5(23) as hereinbefore -described.
Therefo1e the energizing path for relay- TCH(23)
from gr ound on conductor 2263 will bé interrupted
at the left hand back contact- of- operated relay
T5(23) ‘and relay TCB(23) will be operated, lock-
ing through its- inner- left-hand front contact,
conductor 2312, middle: left hand back contagct of
1elay T05(23) and to ground on conductor 2204.

Relay TCG( 23),in operatmg, closes tip conduc-
tor 628 to ring conductorfSZB through the winding
of repeat coil 23[4 and connects ground to con-
ductor 625. ”Fhe ground on conductor 625 oper-
abes relay OC(B) and- the- brldge across-the. tip
and ring conductors opelates relay AB)-asina
normal outgomg call. - Relay - A(S) in operating,
Operates relay Al (1) to reverse ‘the trunk to-signal
the - operator and operates 1elay B(6). - Relay
B, in operating, locks relay OC(B) operated
operates relay ON(G) to make thls trunk- test
busy, and gr ounds the sleeve lead 621 to operate
relay T0(23). When ‘the. operator. answers. the
signal, relay TR operates which holds relay
B(6) oper ated and operates 1elay TKI(1). Relay
TKI(T) in operatmg, closes ground ‘through. its
No 2 contact to conductor 123 through. the outer
ductor 2320 ‘No. 3 contact of relay OA(22) con-
ductor 2205 winding- of relay OA(ZZ) res1stor
2206 and to battery whereby - relay OA(22) is
operated Relay 0A(22): locks operated through
ifs No. 4 contact conductm 2207, lower front con-
tact of- relay. MN{(22), onductor 2208, inner
lower back contact. of relay PS1(22), conductor
2209 and to ground through the uppe1 back con-
tact of 1elay MI@2). It may be noted that relay
0D(22) does-not operate from- the ground -on
conductor 7205 since the. wmdmg thereof -is
shutited by ‘ground -on conductor 2320 through
1ts No. 5 contact

Relay 0A(22) in operatmg, completes a.-cir-
cuit from- ground primary winding -of repeat coil
2314, conductor 232! ‘middle upper back contact
of relay OD(22) No. 1 contact of. relay OAQ22),

onductor 22I0 capacltor 2211, resistor.2212 and
o conductor 3357 which is- connected. to a-source
of busy tone in the nngmg interrupter.as herein-
before described, Busy tone is thereby supplied
t0 the opérator; she recognizes this as an alarm
ihdication and discohnects.

When the operator disconnects, 1elays TR
and TRI(T release, théreby removing ground
from conductor 2320, the shunt-around the wind-
mg ‘of relay OD(22) is feritoved, and relay OD{(22).
is ‘operated. Relay OD(ZZ) in. operatmg, inter-
rupts the prevzously traced holdmg path-for relay
TC0(23)- to-rélease that relay.” Relay TC0(23),
in releasing, releases relay A(6) whereupon trunk
eircuit No. 0 (Fxgs 6 and 7) is released and re-
stored 't6 nofmal as on a ‘fegular outgoing call.
If ‘there are no other- alarm conditions. recorded
at this fime, the operation of relay ‘OD(22) will
alsd remove ground from.the ringing intefrupter
start 1éad 4409 releasing the ringing: :Interrupter.
The alarm circuits will ‘then remain. in: this.con-
dition untll the subJect alarm conditlon is retired
or until an alarm’ condition of greater importance
oceurs.
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dial the alarm checkmg terminal{o.ascertain. the.
class.of alarm; ds. will be:-described heréinafter.

“The other minor .alaim condition occurs where
one of the¢ircuits of F1g '12.or.Fig. 14_of ‘the
common release -circlit.is’locked. out; or- Where
one-of-the. ringing-interrupters.is. locked out. "As
hereinbefore ‘described.in detail, in.either event
ground will be -connectéd .to ..conductor - {334
through .a  front .contact- of one .of .the .rélays
ALI(13),°AL2(18), ALI(34), or AL2(34). This
ground is.extended to battery through the upper
winding of: relay MN(22) ‘thereby.operating. that
relay. “If :no other alarm .conditions: presently
exist, the operation of relay MIN{(22).will cause.&
sequence -of operations. to occur. exactly as.above
described whereby the operator will be signaled
that an . alarm condition .-exists, .and . whereby,
after the operator disconnects, the alarm circuit
will continue to registerthe condition either until
the subject alarm condition is retired.or until-an
alarm of greater importance oceurs. If, however,
either 'of - the previously :described -minor alarm
conditions occurs after the other has been regis-
tered .and- an indication thereof transmitted:to
the operator, no further indication will-be trans-
mitted to the operator. It may be noted, however,
that: relay- MMN(22) - will -be. held -operated -both
from .ground through. front: contact: of : relay
ST(23)  and. from.ground on. conductor. 1334
whereby. both-minor-alarm. conditions must..be
retired before the-alarm. circuit. will restore to
normal. S

: "PERMANENT SIGNAL ALARM
- Although: circumstances -in individual installa-
tions-may lead. one-skilled in-the.art. to-modify
the order of relative.importance of -the:several
types of alarm herein. discussed, it will be as-
sumed that an alarm arising from an excessive
number of ‘subscribers!’lines: going ‘to:permanent
signal -is of: greater. importance .than. the ‘minor
alarm conditions above described.

< As hereinbefore described .in:detail, . when:for
any reason the register:times -out, the:junetor.:is.
signaled-to remove ground :from the sleeve lead.

5 When this ground:isremoved, the junctor:is re-

stored to: normal and the hold magnets. of:.the
primary and secondary:line switches are released.

- Liet it - now be assumed: that the subscriber at
Station-236-2 (Fig. 11):has failed to dial-or.has
failed to:dial a'complete designation; or:for some

© otherreason’the register and junctor with which

55

" magnet

60

this"line 'was: associated “has: timed-out.-~When
sleeve ground :is removed, primary . hold magnet
HOLDA(I1) will be Ieleased, -releasing: slow-to~
release: relay LOALCH), - With: the primary:hold
released and- - with = the rsubsecriber’s
switchhook:contacts closed; a eircuit is completed
from battery; winding of relay Li:CI1) ;outer:left-
hand ‘back-contdct of hold magnet FHOLDAC ),
through: ‘the subscriber’s loop; middle left-hand

" back contact of hold. magnet:HOLDA ({1):and:to

85

ground. ::Relay Li (i) rwill-therefore ‘'operate be-
fore relay LOLGI1) “has released. . Therefore: a
circuit: will be completed from: negative battery,
winding: -and right-hand- front contact of :relay

" LOA); left-hand front -contact of relay. LI:CLA)

70.

and-to conductor . £15. It'may be noted:that con-
ductor {15 extends to the:left-hand front con-
tacts of -all: 'of ‘the L relays of all'of thé lines:in’
all-line-link- framés, so that -hegativé -battery-is

" connected; in parallel,; to conductor (45 through

the winding of the L:O:relay: in each of:the lines
which goes.to permanent signal lock~out.: It may
also-be-noted that since each of these:paths:ex-

_ Normally, the operator will immediately 78 tends-through a front contact.of-the associated
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L relay, if the subscriber disconnects, the associ=
ated L relay will be released, and the line will no
longer be on permanent signal lock-out.

Conductor 115 extends to Fig. 22 and thence
to ground over two parallel paths, viz, over a
first path comprising resistor 2216, and over a
second path comprising variable resistor 2228,
back contacts of switch SW(22), through wind-
ing 2221 of the sensitive voltmeter-type relay
SR(22) and resistor 2222 in parallel, outer lower
back contact of relay A(22), and to ground. The
parameters of these cireuits are preferably ar-
ranged so that the defiection of the pointer of
the sensitive relay SR(22) is proportional to the
number of LO relays which are operated. It will
be observed that by proper adjustment of vari-
able resistor 2220, full scale deflection of the
sensitive relay SR(22) may be obtained with any
desired number of LO relays operated. Assume
that the parameters are adjusted whereby when
four lines go to permanent signal lock-out, the
sengitive relay SR(22) will be deflected to full
scale. Thus whenever four or more lines go to
permanent signal lock-out, relay SR(22) will
fully deflect thereby closing its contact and com-
pleting a circuit from ground through that con-~
tact, winding of relay A(22) and to battery.
Relay A(21), in operating, interrupts the civeuit
of the operating winding of relay SR(22), but
that relay does not release at this time since the
needle and front contact thereof are maintained
in contact magnetically in any well-known
fashion. Relay A(22),in operating, also connects
ground through its lower front contact to oper-
ate relay B2 relay B(22), in operating, con-
nects ground through its front contact to oper-
ate relay C(22); and relay C(22), in operating,
connects ground through its front contact to oper-
ate relay PS1(22).

If the alarm transmitting cireuit is normal,
i, e,, if no prior alarm has been transmitted, relay
PSi(22), in operating, connects ground to con-
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ductor 2261 to light alarm lamp D(22), completes -

8 circult from ground through the outer upper
back contact of relay OD(22), through its outer
lower front contact and to ringing interrupter
start lead 4409 as in the case of a minor alarm,
and completes a circuit from dial tone source
DT(22), resistor 2221, capacitor 2228, through
its outer upper front contact, conductor 22143,
inner lower back contact of relay MJ (22), and
to conductor 2214 whereby upon the subsequent
operation of relay RS(22), dial tone will be con-
nected to conductor 2215 at the alarm checking
terminal. Relay PSI1(22), in operating, also
completes a ecircuit from ground through the
upper back contact of relay MJ(22), conductor
2209, inner lower front contact of relay PS1(22),
conductor 2229, No. 5 contact of relay OA(22),
conductor 2230, winding of relay PS2(22) and to
negative battery. Relay PS2(22) operates and
locks through its lower front contact to ground
on conductor 2229,

Continuing on the assumption that no previ-
ous minor alarm has been transmitted; relay
PS2(22), in operating, closes ground through its
inner upper front contact, conductor 2202, wind-
ing of relay MN{(22) and to battery. Relay
MNI1(22) operates and the circuits thereafter
operate to transmit an alarm to the operator as
described in the case of a minor alarm, except
that in this case the locking ground for relays
OA(22) and OD(22) is supplied to conductor 2207
through the outer upper front contact of relay
PS2(22). -
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If, however, & previous minor alarm has been
transmitted to the operator as above described,
relays MN(22), MN{(22), OA(22) and OD(22)
will be operated, lamp D(22) will be lit, and busy
tone will be connected to the alarm checking
terminal, Under this condition, when Trelay
PS1(22) operates, an additional ground is ap-
plied to lamp D(22), and an additional ground
is applied to ringing interrupter start lead 44068
to insure that these indications and functions
will continue even if the minor alarm condition
is retired. At the same time that relay PS1(22)
connects dial tone through its outer upper front
contact to the alarm checking terminal, it inter-
rupts, at its outer upper back contact, the pre-
viously traced ecircuit over which busy tone was
connected to the alarm checking terminal to in-
dicate a minor alarm. Relay PSi (22), in oper=
ating, also, under this condition, interrupts, at
its inner lower back contact, the locking path
for relays OA(22) and OD(22) whereby those
relays are released. Upon the release of relay
OA(22), the previously traced energizing path for
relay PS2(22) is established and relay PS2(22)
is operated. Since relay MNI (22) is already op-
erated, upon the release of relays OA(22) and
OD(22), an alarm is transmitted to the operator
as before described. ‘It may be noted that if the
number of permanent signals decreases during
this period, no change in the circuit takes place
until the alarm checking terminal is dialed, as
will be described hereinafter.

MAJOR ALARM

A major alarm is transmitted whenever a fuse
in any part of the system operates, whenever
a failure occurs in both ringing interrupters,
whenever a failure occurs in both Fig. 12 and
Fig. 14 of the common release circuit, and when-
ever the ringing supply voltage is interrupted.

As hereinbefore described, whenever one of the
fuses shown -in g, 13 operates, either relay
FI(3) or relay F2(I38) is operated to connect
negative battery to conductor 1339. Similarly,
whenever one of the fuses shown in Fig. 34 oper-
ates, either relay F1(34) or relay F2(34) operates
to connect negative battery to. conductor | 339.
Conductor (339 extends to Fig. 23, winding of
relay F(23) and to ground whereby relay F(23)
will ke operated. Additionally, if any of the
fuses associated with the alarm circuits operate,
either relay F(23). of relay Ft(23) will be oper-
abted. When either relay F(23) or F1(23) is oper-
ated, ground is connected through the inner upper
front contact thereof, conductor 2322, lamp C(22)
and to battery, whereby lamp C(22) is lit to in-
dicate the condition which gave rise to the alarm.
Either relay F(23) or Fi (23), in operating, also
connects ground through its outer upper front
contact to conductor 2323, winding of relay
MJ(22) and to battery whereby relay MJ(22)
is operated.

As hereinbefore indicated, alternator 4442
(Fig. 44> supplies ringing voltage for the system,
This alternator has also been represented in Fig,
23 for purposes of clarity. The output- of alter-
nator 4442, in addition to being supplied to the
ringing circuits, is connected through the wind-
ing of polarized relay NV(23). Relay NV(23),
in operating, connects ground through its arma-
ture and front contact to battery through the
winding of relay NVI(23) whereby that relay is
normally operated as shown. Relay NV(23) op-
erates and releases to follow the alternating volt-
age supplied by alternator 4442, but relay NV (23)
remains operated during the release periods- of.



’ shuntmg
_NVI 23) slo

ground through 1ts lower back contact to lisht
und through
2 3,23 to Oper-

its upper back. con ach 0
ate relay MJ@2).
As herembefore descrlbed if. ooth cucmts of

whereby ground 1s connected to‘ conductor l 3 .
This Ground o conductor 1335 is-.ex tended

through the.lower winding. of relcy PG(22) ;1o

battery -whereby. relay:PG(22) | is. operated ~If
Yoth.of -the ringing intérrupters. become disabled,
both' relays -AL1(34) .and .AL2(34) are operated
Whereby ground is connected to-conductor: 3427,
as- before descr: 1bed This ground on conductor
~3427 is. extended “throtugh the upbper winding: of
‘relay PG(ZZ) and to battely wheieby 1e1ay
PG(ZZ) is onerated Relay PGQED, m opelatmg,
connects ground thlouch 1ts outer upper front

10

cont ct conductor 2323 wmdlncr of relay MJ (22) :

,and t battery Whereby relay MJ(22) is operated
Addltlonally, ‘1f;the ‘Bround is tlar\smltted from
the common. ‘release, cireuits’ v1a ‘conductor 13,;5
this. ground is extended through the middie upper
front . contact of relay. PG(ZZ) ‘to light "lamp
A(22):if the ground is transmlttea from the
ringing interrupters’ vig  conductor 3437, this
ground is extended through the inner upper front
contact.of relay: PC(22)- fo:light lamp, B(22).

It the elarm c'1cu1, normal i-e., 1f no previ-
ous.minor, or permanent 51gna1 alaxms have heen
transmltted relay MJ«(22), in operatmg as a re-
sult..of - any.ef- the above descmbed con dltxons
opens. at its 1nnel lower back contact the cirguit
.over.which. busy. or dial- tone is. tre nsnntted on
an . alarm of lesser 1mp01tance and corrpletes a
circuit- from .ground .at. the outer upper; back
contact of relay OD(Z") _outer lower, front, con-
tact of. relay MJ: (22) to r1ng1ng—1nterru“ter start
lead. 4409 It may.. be noted:thet if the. ringing
interrupters.are hoth: dlsabled the. grounding of
‘conductor - 4439 .may:. be_ineffective.to. start. the
ringing mterrupters to-transmit busy tone to:the
operator as g signal-that. she should dial the
alarm. chechmg terminal. ‘The operctor should
therefore be- instructed. to, dial the alarm check-
ing terminaleven tliough no busy fone.is received.
Relay MJ(22)in operating, also. connscts. grouhd
through its upper-front contact, conductor 2232,
No.. 2 contact of: relay, QA(22), conductor 2223,
winding. of relay. MJ1(22). and to battery. Reléy
MJI(22). operates, and: locks through'.its. lower
front contact to_ground on conductor 2232. -Re-
lay. MJ{(22), in‘operating, closes.ground through
its inner, upper. front- contact, conductor. 2282,
winding of relay MIN{(22) and to battery. - Relay
MN1(22) . operates. and- the crrcults thereaftev
function t6 trénsmit an alarm to the opex ator as
descrlbed previously, except that 1n this caze the
lockmg ground for relays ‘0AQ22) “ahd OD(22)
is supphed to conductm 2201 “through the outer
upper front. contact of relay MJH (22).

If the alarm transmlttmg 01rcu1t is niot. normal,
i, €., ifa major‘ larm condltlon deveieps after
a mmor or. pelmc nent slgnal alarm nas. heen
transmltted to the dlstrxct maste1 oﬁic ‘re1ay

1 launs were apphed to the alarm
checking termmal as before. If the previously 75 to the alarm checking terminal ring conductor

Tesenting; lesse

30

35

40

45

50

65

60

85

70

WIS a. minor. alarm, relay
ting, interrupts, ab'its upper

‘back contaﬂt‘ the logking paths for relays QA2

and OD(22Y whereby those relays are released.
If the previously’ transmitted aldrm wes a per-
fnanent &gnal alarm or both a minor alarm’and
F:) permanert signal  alarim,” relcy MJ (22) 'in
operatmg, 1nter1upts at its upper back contact,
the locking ~circuit for relay PS2(22) whereby
thet. relay is released Relay PS2(22), in releas-
ing, 1ntnrrupts ab its olter upper rront contact,
the locking, path for relays OA(22) and 0OD(22)
whereby ‘those télays are released. If the pre-
viously transmitted alarm was. solely a.perma-
nent sigrial alerm, relay PS2(22),.in releasmg,
will release . relay MNI(ZZ) Relay CA(22),
leleasmg, ‘establishes. the previously traced ener-
gizing . path for relay MJ{(22)- and. that relay
operates and locks. Relay MJI1(22), in operzt-
ing, either operates relay MNi (22) or locks that
relay operated depenounv on the prior alarm, and
cohnects ground through.its outer upper. front
contact to conductor. 2267 to act as a locking
ground . for relays OA(22) .¢nd OD(22) when
those relays are. subsequently operated. . The
alarm is then transmltted to the operator as be-
fore described.

1t may be noted that since the operction of
relay . MJ(22) opens the circuit to the tip.con-
ductor 2215 of the alarm checking terminal so
that no tone may be.applied thereto, a major
alarm will supersede a~ prior minor alarm or
perme. nent signal alarm. It may be further
noted that when all of the trouble ‘conditions
giving rise to a major alarm’ are retlred ‘relay
MJ(22), will be released as a result of the release
of relay PG(22), relay F(23) or relay Fl(23). ‘and
the meajor alarm clrcult will “ be restored to
normal.

ALARM CHECKING TERMINAL

When the opel ‘ator is. 31gnaled ‘and receives. an
mdlcatlon that. 5 trouore condition exists, she’ dls-
donhects. to féstore the trunk cireuit to normal as
néreinbefore. gescribed. - She will then. dlal the
alarm checking -terminal, which will here be as-

.sumed t0 be designated by the number 211-1. The

connectlon is estaohshed as on a normal 1ncon11ng

trunk’ call from .operator. as ‘hereinbefore -de-

scribed. in " detail, - When -the Junctm connects
ground to the sleeyve lead 1323 to maintain- hold
magnet HOLDIC({8) operated, that ground is also
extended to. F1g 92, through the wmdmg of relay
8L.(22); and to. battery, whereby relay SL(22) is
operated Relay ‘SL(22), in operating, applies
ground - through its inner lowe1 front contact to
conductor 2308 to lock relay: MN(22) operated if
that relay is operated and apphes ground through
its mlddle lower front contact: to. conductor 4409
to.start theringing 1nterrupter As may be noted
by reference 0. Fig. 50, the ringing mterrupter
connects posmve 135- Volt battely to ‘conductor
333! during the first half-second interval of each
ringing cycle. This potential is, at this time also
applied- through resistor 3816, conductor 3371
which is-cabled to Fig. 22, middle upper. front
contact. of relay. SL:(22), conductor 2237, lower
back contact and winding of relay PU(22) and to
ground. - Relay: PU( 22)-operates and locks oper-
ated through its lower. front eontact, conductor
2238, inner upper. front contact. of relay SL(22),
resistor. 2238, and. to Dpositive battery. .‘Relay
PU(22); in operating, ¢connects the alarm check-
ing terminal tip conductor 2215 through the outér
lower back contact of’relay.RS(22), inner: upper
front contact of relay PU(22), resistor 2249, and
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2241, thereby tripping ringing. It may be noted,
however, that relay SL(22): continues to apply
ground to conductor 4489 so that the ringing in-
terrupter continues to function.

It will be observed, by reference to Fig. 50, that
the ringing interrupter connects positive 135-volt
battery to conductor 8233 during the third and
eleventh half-second intervals of each ringing
cycle. When this pesitive potential is applied to
conductor 3333, it is alsc applied through resis-
tor 3312, conductor 3373 which is cabled to Fig. 22,
outer upper front contact of relay PU(22), inner
lower back contact and winding of relay RS(22)
and to ground. Relay RS(22) cperates and locks
operated through its inner lower front contact,
conductor 2228, inner upper front contact of re-
lay SL(22) and to positive battery through re-
sistor 2239. Relay RS(22), in operating, com-
pletes the previously traced connection from fhe
tone lead 2214 fo the alavm checking terminal tip
conductor 2215.

If the alarm condition is msajor, relay MJ(22)
will be operated as above described, the tone lead
2214 will be opened, and no tone will be trans-
mitted to the operator. Tt may be noted that the
operator may not be able to establish a connec-
tion to the alarm checking terminal if hoth com-
mon release circuits are disabled. It may be fur-
ther noted that if the alarm checking terminal
is reached and relay SL.(22) iz operated, relays
PU22) and RS(22) may not be operated if both
ringing-interrupter circuits are disabled. In
either case no tone will be transmitted to the op-
erator, indicating a major alarm condition.

If the alarm condition is a permanent signal
alarm, relay PSi(22) will he operated, and, upen
the operation of relay RS(22), dial tone will he
transmitted to the operator as above described.
However, relay SL(22), in operating, alsa com-
pletes a circuit from ground through its outer
lower front contact, conductor 2244, upper front
contact of relay A(22), upper back contact of re-
lay D(22), reset winding 2245 of sensitive relay
SR(22) and to battery. 'The flux generated by
the current flow through winding 2245 opposes
the action of the magnst holding the sensitive
relay SR(22) operated, and therefore, that relay
is reset in the well-known manner. Relay
SR (22), in releasing, releases slow-to-release re-

lay A(22) which releases slow-to-release relay ;

B(22) which releases slow-to-release relay C(22).
Relay A(22), in releasing, completes g .circuis
from ground through the outer lower front con-
tact of relay SL(22), conductor 2244, upper back
contact of relay A(22), winding of relay 1D (22)
and to battery. Relay D(22) operates and locks
to ground on conductor 2244 through its lower
front contact. The relesse of relay A(22) and
the operation of relay 0(22) opens the circuit
of the reset winding 2245. ‘
Relay A(22), in rveleasing, also recloses the
previously traced cireuit for the main or operating
winding 2221 of sensitive relay SR(22), and relay
SR(22) will then be deflected in proportion to
the number of permanent signals then on the line,
If this relay again defiects to full scale to close its
contact, relay A(22) is again operated to close
the energizing path for relay B(22) which closes
the energizing path for relay C(22). Since all
of these relsys A(22), B(22)
to release, if relay A(22) i reoperated in .this
manner, relay .C(22) will not have releaged and
dial tone will be continucusly transmitied to the
operator. However, if the number of permanent
signals has decreased between the time the alarm

and C(22) are slow -
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was transmitted to the operator and the time the
operator dials the alarm checking terminal, re-
lay SR(22) will not be fully deflected, relay C(22)
is permitted to release, and the energizing path
for relay PS1(22) is thereby interrupted. Relay
PS1(22), in releasing, interrupts the circuit over
which dial tone is transmitted to the operator.
Therefore, if the operator, after dialing the alarm
checking terminal, receives dial tone which
shortly thereafter is interrupted, she is informed
that the previous permanent signal alarm condi-
tion has now been retired. It may be noted that
if a minor alarm exists concurrently, the release
of relay PS!(22) will reestablish the circuit over
which busy tone is transmitted to the operator to
indicate that a minor alarm condition exists.

If only a minor alarm condition is present,
relay MN(22) will be operated and busy tone will
be transmitted to the operator.

If by the time the operator dials, the previous
alarm condition has been retired, a ‘“no alarm”
condition will be indicated by the transmitting of
audible ringing tone to the operator. Relay
SL(22), in operating, connects positive battery
through resistor 2246, through its outer upper
iront contact, and to the right-hand control
anode of tube R2(22). The right-hand control
cathode of that tube is grounded through resis-
tor 2247, the main cathode thereof is connected
to negative battery through the winding of relay
R2(22), and the main anode thereof is connected
through resistor 2248, conductor 3375 which ex-
tends to Fig. 33, resistor 3374, and to conductor
3335. As will be observed by reference to Fig. 50,
the ringing interrupter applies positive 135-volt
battery to conductor 3335 during the fourth and
sixth half-second intervals of each ringing cycle.
Therefore, tube R2(22) will undergo a control gap
discharge, and will transfer to .operate relay
R2(22) during these intervals, i. e., relay R2(22)
will be operated in accordance with ringing code
No. 2, although it is to be understood that other
ringing codes may be used. Relay R2(22), in
operating, connects the source of audible ringing
tone 2249 through resistor 2259, inner upper front
contact of relay R2(22), capacitor 2251, conduc-
for 2282, outer upper back contact of relay
MN(22), outer upper back contact of relay
PSI1(22), conductor 2213, inner lower back con-
tact of relay MJ(22), conductor 221 4, outer lower
front contact of relay RS(22), and to tip condue-
tor 2215 whereby ringing code No. 2 is transmitted
to the operator.
~ When the operator disconnects, the trunk eir-
cuit, junctor, and closed line switches will be
released as on a normal incoming trunk call from
operator, and relay SL(22) will be released.
Upon the release of relay SL(22), the control
gap of tube R2(22) will be extinguished, and re-
lays PU22), RS(22), and D(22) will be released.
However, the other alarm relays in the alarm
circuit will remain operated until the condition
or conditions giving rise to the alarm are cor-
rected.

It is to be understood that although for clarity
of description the values of certain of the volt-
ages, resistances and time constants have been
given, definite ringing codes have been listed,

-and only a limited number of each major item of

equipment has been shown, these are but ex-
emplary. It is further to be understood that
the above-described arrangements are but illus-
trative of the application of the prineiples of
the invention.  Numerous other arrangements
may be devised by-those skilled in the art with-
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-out-departing from the spirit-and scope of the
invention.
- What is claimed is:

1, In a communication- system, a plurality of
switches, & terminal, a multielement electron dis-
charge device individual to said terminal;, means
for transmitting signals: designating said termi-
nal, .apparatus responsive fo said -signals: for
creating a discharge across certain of: the-ele-
ments of said device, means controlled by: said
apparatus for causing a transfer of said discharge
to certain other of the elements of said.device,
and . apparatus responsive to a discharge across
said-certain other of the clements of said deviece
for controlling the estabiishment: of-an electri-
cally conductive path from said terminal through
said switches.

2.-In"a communication system, a.plurality:of
switches, a plurality of terminals, a multielement
-electron discharge: device individual to each of
‘said terminals, means for initiating a.discharge
across certain of the elements in any:one:of;said
devices, means responsive: to said:discharge:for
controlling ‘the establishment oi an electrically

conductive - path from the  terminal  associated

with said any -one of said devices through a por-
tion of said switches, means for transmitiing sig-
nals designating any other one of said terminals,
apparatus responsive to said signals for initiating
-a discharge across certain of the elements of:the
device individual to-said other one of said fer-
minals, and means controlled by said apparatus
for causing said discharge to transfer to certain
other of the elements of: said other one of said

:devices for controlling the establishment of-an o

electrically conductive path from said:other.one
of said terminals through another portion of:said
switches whereby said one .of said terminals:and
said cther one of said terminals are electrically
interconnected.

3. In a telephone switching system,.a plurality
of - telephone lines, a plurality of switches .op-
erable selectively to :interconnect :any two - of
said lines, a muitielement gaseous :discharge -de~
vice individual to each of. sazid lines, means.for
initiating a discharge across.certain of the:ele-
ments of one of said devices associated ‘with any
one of said lines, means responsive to said: dis-
charge for controlling the. establishment -of-an
electrically conductive path from said.one of said
lines through a portion of-said switches, means
for transmitting signals designating any other
one oi said lines, apparatus responsive to:.said
signals for. initiating a. discharge across:certain
of the elements of the one of said devices:as-
sociated with said other one of said lines, means
controlled by  said apparatus:for -causing :said
-discharge to transfer to certain other of the ele-
ments of said other -one of said devices,-and:ap-
paratus responsive to a discharge across said cer-
tain other of the elements of:-said other-one of
said devices for controlling the establishment: of
an electrically- conductive- path from said-other
one of said lines through another portion of:said
.switches whereby a communication -path is
established between:said -one-of said:lines-and
said other one of said lines.

4. In g telephone switching system, -a-plurality
-of subscribers’ lines, a plurality of:switches,a plu-

rality of junctors, a multielement gaseous:dis- -

charge device individual to-.each of said, lines,
means for initiating a discharge across-certain
of the elements of one of said. devices associated
with any one cof said lines, means.responsive fo
said discharge for controlling.the establishment
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of .an electrically conductive path from-said one

-of -said lines through a portion of said switches
.to: one of -said junctors, means for transmitting

signals designating any other one of said:lines,
apparatits responsive to said signals for initiaf-
ing.a-discharge across certain of the elements of
the one of said devices associated with said other
one of said lines, means controlled by said-appa-
ratus for causing said discharge to transfer. to

certain other of the -elements of said other one

of said -devices,.and apparatus responsive to-a
discharge across said certain other of the ele-
ments-of said other one of said devices for con-
trolling the establishment of an electrically con-
ductive path from -said other one of said lines
through. another portion of said switches to said
one of .said junctors whereby a communication
path is established between said one of said lines

.and said other one of said lines.

-5..In a communication system, a switching sta-
tion, a plurality of terminals connected thereto,
a multiclement ‘electron discharge device:indi-
vidual to .each of said terminals, means for
transmitting signals designating any one of: said
terminals, and. apparatus responsive to said.sig-
nals for selecting the one of said devices .indi-
vidual.to the designated one of said terminals
comprising means . for applying discharge-sus-
taining potentials to .two different elements .in
each of the devices in two . different. groups of
said devices. having some.of said devices in com-
mon, and means. for applying a discharge-initiat-
ing potential to another element of.each of the
devices in. another group. of said devices having

.one. of said devices in common with said other

twa groups of said devices.

6.. A telephone switching system comprising a
switching station, a plurality of subscribers’ sta-
tions connected thereto, a multielement gaseous
discharge tube individual to each of said.sub-

-seribers’ stations, means for transmitting signals
‘designating any one of said subscribers’ stations,

and apparatus for selecting the one of said tubes
individual ‘to the designated one of said sub-
scribers” stations comprising means for applying
discharge-sustaining potentials to two different

-electrodes in two different groups of said tubes

having some tubes in common . and means for
applying-a discharge-initiating potential to other
electrodes of still another group of tubes having
at least one tube in common with said other two
groups of tubes.

7. In-a telephone switching system, a switch-
ing - station, a - plurality of subscribers’ stations
connected thereto, a muiti-electrode " gascous
‘discharge - tube individual to each of said sub-
scribers’: stations, means for transmitting signals
designating any one of said subkscribers’ stations,
and ‘apparatus responsive to said signals for

-selecting the one of said tubes individual to the

designated one of said subscribers’ stations. com-

+prising ‘means “for- applying a potential to one

electrode of: each tube in a first group of tubes,

‘means for applying a potential to another elec-

trode-of -each ' tube in a second group of tubes,
some of said tubes being common to both said

Hfirst -and-said- second ‘groups, and means for ap-

plying:a potential to ancther electrode of each

“tube in @ third group of tubes, said third group
‘of tubes having one ‘tube in common with said
“first and:said-second groups of tubes.

8. In g telephone switching system, & switch-

ing station, a plurality of subscribers’ stations
‘connected thereto and each identified by a muiti-
-digit -designation, ;:a multielement - gaseous - dis-
.charge :fuberindividual to-ench of said subscrib-

|
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ers’ stations, means for transmitting signals
designating any one of said subscribers’ stations,
and apparatus responsive to said signals for
selecting the one of said tubes individual to the
designated station comprising means for apply-
ing a potential to one electrode of each of said
tubes individual to stations having the selected
first digit as the first digit of their designations,
means for applying a potential to another elec-
trode of each of said tubes individual to stations
having the selected second digit as the second
digit of their designations, and means for ap-
plying a potential to another electrode of each
of said tubes individual to stations having the
selected digit as the third digit of their desig~
nations. ‘

9. In a telephone switching system, a switch-
ing station, a plurality of subscribers’ stations
connected - thereto, calls originating from said

subscribers’ stations being chargeable on a plu-

rality of bases, a multielement electron discharge
device individual to each of said stations, appa-
_ratus responsive to the initiation of a call from
.any one of said subscribers’ stations for initiating

a-discharge in the one of said devices individual -

to said any one of said subscribers’ stations,
means operable when connected to said dis-
charged one of said devices for registering the
basis upon which said any one of said subscribers’
stations is to be charged, and apparatus respon-
.sive to the initiation of a discharge through any
one of said devices for connecting said one of
said devices to said means.

10. In a telephone switching system, a switch-
ing station, a plurality of subscribers’ stations
connected thereto, calls originating from said
stations being chargeable on a plurality of bases,
a multielement electron discharge device indi-
vidual to each of said subscribers’ stations, appa-
ratus responsive to the initiation of a call from
any one of said subscribers’ stations for initiat-
ing a discharge between certain of the elements
of the one of said devices individual to said any
one of said subscribers’ stations, means operable

when connected to another element of said dis- .

charged one of said devices for registering the
basis upon which said any one of said subscribers’
stations is to be charged, and apparatus respon-
sive to the initiation of a discharge through any
one of said devices for connecting said other ele-
ment of said one of said devices to said means.

11. In a telephone switching system, a plural-
ity of telephone lines, a multiclement electron
discharge device individual to each of said lines,
switching equipment for selectively interconnect-
ing said lines, means responsive to the initiation
of a call from any one of said lines for initiating
the discharge in the one of said devices individual
to said any one of said lines, and apparatus re-~
sponsive to the initiation of a discharge through
any one of certain ones of said devices for ren-
dering said switching equipment ineffective to
connect the line individual to said any one of
certain ones of said devices with any of the lines
individual to certain other ones of said devices.

12. In a telephone switching system, a plurality
of telephone lines, a multielement electron dis-
charge device individual to sach of said lines,
means responsive to the initiation of a eall from
any one of said lines for initiating a discharge
in the one of said devices individual to said any
one of said lines, switching eguipment normally
controlled by the initiation of 5 discharge between
certain of the elements of the one of said devices

.individual to said any one of said lines to selec~
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tively interconnect said any one of said lines and
any other one of said lines, and apparatus re-
sponsive to the initiation of a discharge between
certain other of the elements of certain ones of
any one of said devices for rendering said switch-
ing equipment ineffective to establish a connec-
tion from any of the lines individual to said any
one of certain ones of said devices to any of the
lines individual to certain other ones of said de-
vices. .

13. Ina telephone switching system, a plurality
of subscribers’ stations, a multielement electron
discharge device individual to each of said sta-
tions, a plurality of trunks, means responsive to
the initiation of a call from any one of said sta-
tions for initiating a discharge in the one of said
devices individual to said any one of said stations,
switching equipment normally controlled by the
initiation of a discharge between certain of the
elements of the one of said devices individual to
said any one of said stations to selectively inter-
connect said any one of said subscribers’ stations
and any one of said trunks, and apparatus re-
sponsive to the initiation of a discharge between
certain other of the elements of any one of cer-
tain ones of said devices for rendering said switch-
ing equipment ineffective to interconnect the one
of said subscribers’ stations individual to said
any one of certain ones of said devices and any of
said trunks.

14, In a communication system, a plurality of
telephone lines, a plurality of switches operable
selectively to interconnect any two of said lines,
a multielement electron discharge device individ-
ual to each of said lines, means for transmitting
signals designating any one of said lines, appara-
tus responsive to said signals for preparing the
one of said devices individual to the designated
one of said lines to undergo a discharge, means
effective when a particular potential condition
exists on the designated one of said lines for dis~
abling said one of said devices to discharge,
and apparatus effective only if said one of said de-
vices undergoes a discharge for operating said
switches to establish a connection to the line asso~
ciated with said selected device.

15. In a communication system, a plurality of
telephone lines, a plurality of switches operable
selectively to interconnect any two of said lines,
a multielement electron discharge device individ-
ual to each of said lines, means for transmitting
signals designating any one of said lines, appara~-
tus responsive to said signals for preparing the
one of said devices individual to the designated
one of said lines to undergo g discharge and a
transfer of discharge, means effective when g
barticular potential condition exists on the desig-
nated one of said lines for disabling said one of
said devices to undergo a transfer of discharge,
and apparatus effective only if said one of said’
devices undergoes a iransfer of discharge for op-
erating said switches to establish g connection to
the line assceiated with said selected device.

16. In a communication system, a plurality of
telephone lines, a plurality of switches operable
selectively to interconnect any two of said lines,
a multielement electron discharge device individ-
ual to each of said lines, means for transmitting
signais designating any one of said lines, appa~
ratus responsive 1o said signals for preparing the
cne of said devices indivdual to the designated
cne of said lines $o underzo a discharge and a
transfer of discharge, apparatus effective if said
discharge fails to oceur in said one of said devices
for transmitting an indication to said switches
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‘that the litie dssociated with said one of said-de-
vices:is vacdnt, apparatus-effective-if said trans-
‘fer-of ‘discharge-ocours in said one of said deviees
“for eonditioning said switches to establish a con-
nection to the line individual to said cne of said
-devices, and -apparatus effective when a particu-
Jar potential condition exists on-the line-$o which
‘gaid one of said dévices is individual for disdbling
said otie of’ssid devices to underge- said transier
of discharge.

17.'In-a esvimunication system, a plurality of
‘telephone - lines, a plurality of switehes operable
-gelectively to interconnect any two of said.lines,
g, multielement electron discharge device individ-
ugl to each of said lines, means for transmitting
‘sighals designating any one of sdid lines, means
-résponsive to said signals for preparing the cue
~of ‘said devices individual to the designdted cne
‘of said lines to undergo a discharge and a trans-
“fer-.of dischdrge, apparatus for rendering said
switches inoperative to establish-a connection to
‘the designated one of said-lines, and-means re-
-gponsive to said trausfer of discharge in said
‘gelected device for disakling said apparatus.

18. In a communication system, a plurality of
telephone lines, a plurality of switches operable
-selectively to interconnect any two ¢f said lines,
‘q ‘multielement electron 'discharge device -indi-
‘vidual to each of said lines, méans for transmit-
ting signals designating any one of ‘said lines,
“means responsive to said signals.for preparing
the one of said-devices individual fo the desig-
nated one of ‘said lines to undergo a dis¢harge
-and ‘a’ plurality ‘of successive fransfers of dis-
~cHarge, means responsive to -a first “transfer of
~diseharge in said one of said devices for render-
ing said-switches inoperative .to establish a con~
‘nection to the designated one of -said lines,-and
means -responsive to a .second ‘transfer of dis-
charge -in said one of said devices for condition-
.ing “said switches to establish 'a connection to
the designated one of said lines.

19. In‘a communication system, a plurality of
‘$witches, a terminal, a-muitielement electron dis-
.charge device individual to said terminal, means
for transmitting-signals designating said termi-
‘hal, means responsive to said signals for creating
g discharge across certain of the elements of
said device, apparatus normslly applying a po-
tential to said device for causing a transier of
‘said discharge to certain other of ‘the elements
of said device, means responsive to a discharge
-aeross said certain other of the elements of said
device .for controlling the establishment of an
electrically ‘conductive path:-from said teérminal
through said switches, and means for at -times
applying a different potential to said device for
“preventing said transfer of discharge.

20. In a communication system, g plurality of
switches, a plurality of terminals, a multielement
electron discharge device individual te each of
said terminals, means responsive fo the initiation
of a call from any one of said terminals for ini-
tiating a discharge between certain of the ele-
ments in the one of said devices individual to said
‘any one of said terminals, means responsive to
the initiation of a discharge across said certain
of ‘the elements of said any one of said devices
‘for controlling the establishment of an eleciri-
‘eally ‘conductive path from. the said any one of
said terminals through a portion of said switshes,
'means for transmitting signals designating any
:other one of said terminals, means responsive to
isdid-signals-for initiating a discharge across cer-
‘tain’of the elements of another one of said de-
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vices individual to said any other ‘one -of _éaia
terminals, apparatus normally applying a poten-

“tial to said another one of said devices for caus-

ing & transfer of said discharge to certain.other
of the elements of said another one of said -de-
vices for controlling the establishment of an- eléc-
trically conductive path from said any other one
of said terminals through another portion-of ‘said
switches whereby said any one of said terminals
and said any other one of said terminals are elec-
trically interconnectéd, and means for at times
appiying a different potential to said ‘another
one of said devices for preventing sdid transfer
of discharge.

21. In a telephone system, a plurality of tele-
phone lines, a plurality of switches operable se-
lectively to interconnect any two of said lines, a

‘multielement electron. discharge device individ-
‘ual to each of said lines, means for transmitting
‘signals designating any one of said lines, means

for at times applying o discharge-sustaining po-
tential to one of the elements of the one of said
devices individual to said any one of said lines,
means for at other times applying a hon-dis-
charge-sustaining potential to one of the ele-
ments of said one of said devices, means for ap-
plying discharge-sustaining potentials to certain

‘other of the elements of said one of said devices,

and apparatus résponsive to a discharge between

‘said certain other of the elements of said one of

said devices for rendering said switches inoper-

‘ative to establish a connection to said any one

of said lines, and resporsive to a discharge be-
tween one of said certain other of the elements
and said one of the elements for dontrolling said
switches to-establish-a connection to said’any one
of said lines.

%2. In a telephone system, a plirality of tele-
phone lines, a plurality of switches operable se-
lectively to interconnect any two of said lings,
an-electron discharge ‘device individual te each
cf said lines, each of said devices having “an
ancde, a cathode and a control elecirode, means
normaliy applying a discharge-sustaining poten-
tial io the cathode of each of said devicés, means
for transmitting sighals designating any one of

‘said ‘lines, means for at times applying a non-
“discharge-sustaining potential to the ‘éathode of

tHe one of said devices individual thereto, means
for ‘applying discharge-sustaining potentials to
the ‘control - electrode and to the ancde of ‘said
any one of said devices, and -apparatus respon-

“give to 2 continuing discharge between said con-
trol electrode and said anode of said any one of

said devices for rendering said switches inéffec-
tive to establish a ¢onnection-to said any one 6i
said lines and responsive to a discharge bétween
s2id anode and said ¢sthode for fendering said
switches operable to establish o ‘connection 1o
said any oneof said lines.

23.'In a communication system, a switching

station, a plurality of terminsals connected there-
‘to, & multielement eleciron ‘discharge «device-in-

dividual to each of said terminzls, ‘means for
transmitting signals designating any one of said
terminals, and apparatus respongive to said sig-
nals for selecting the one of said deviéss individ-
ual ‘to said ‘any one ¢f said terminals and fer
testing the condition of ‘said any cne of said'ter-
minals comprising means for applying discharge-
sustaining potentisls to two different elemenis
in each of the devices In two different groups 6f
said devices having some of said devices in com-
mon, ‘means for applying ‘a “discharge-initiating
potential to another elemerit of each of the de-
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vices in another group of said devices having at
least one of said devices in common with said
other two groups of said devices, means for ap-
blying a discharge-sustaining potential to an ad-
ditional element in the selected one of said de-
vices, and’ apparatus responsive to- conduction
through said selected one of said devices in a
path including said additional element for con-
trolling the establishment of a connection from
said selected one of said terminals through said
switching station.

24. In 3 communication system, a plurality of
telephone lines, a plurality of switches operable
selectively to interconnect any of said lines, a
multielement electron discharge device individ-
ual to each of said lines, means for transmitting
signals designating any one of said lines, appara-
tus responsive to said signals for selecting and
initiating a discharge in the device individual to
said any one of said lines, and apparatus effec-
tive only if said device undergoes a. discharge
for operating said switches to interconnect any
of said lines with said any one of said lines.

'25. In a communication system, a plurality of

telephone lines, one or more subscribers’ stations -

individual to each of said lines, s plurality of
switches operable selectively to interconnect any
of said lines, a multielement electron discharge
device individual to each of said lines, means at

one of said subscribers’ stations for transmitting :

signals designating any one of said lines, apparg-
tus responsive to said signals for selecting and
initiating a discharge in the device individual
to said any one of said lines, and apparatus con-

trolled by said device for determining whether -

said one of said subscribers’ stations is connect-
ed to said any one of said lines.

26. In a communication system, a plurality of
telephone lines, a plurality of switches operable
selectively to interconnect any two of said lines,
a multielement electron discharge device individ-
ual to each of said lines, means connected to one
of said lines for transmitting signals designating
any one of said lines, means responsive to said
signals for selecting:the one of said devices in-
dividual to said any one of said lines and for pre-
paring said one of said devices to undergo a dis-
charge and a transfer of discharge, means for at
times disabling said one of said devices to un-

dergo a transfer of discharge, apparatus effective -,

only if said one of said devices undergoes a trans-
fer of discharge for operating said switches to
establish a connection to said any one of said
lines, and means. controlled by said apparatus
for determining whether said one of said lines
is the same line as said any one of said lines.
27. In a communication system, a plurality of
telephone lines, 5 plurality of switches operable
selectively to interconnect any two of said lines,
a multielement electron discharge device individ-
ual to each of s2id lines, means for transmitting
signals designating any one of said lines, means
responsive to said sighals for selecting the one
of said deviees individual to said any one of said
lines and for preparing said one of said devices
to undergo a discharge and a transfer of dis-
charge, apparatus effective only if said one of
said devices undergoes a transfer of discharge
for operating said switches to establish a con-
nection to said any one of said lines, means con-
trolled by said apparatus for causing said one
of said devices to undergo a transfer of discharge,
and means responsive to-said transfer of dis-
charge in said one of said devices for condition-
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ing said switches to establish a econnection to
said any one of said lines.

28. In a communication system, a plurality of
telephone lines, at least one subscriber’s station .
connected to each of said lines, switching appara~
tus operable selectively to interconnect any of
said lines, & multielement gaseous discharge de-
vice individual to each of said lines, apparatus
at any one of said stations for transmitting sig-
nals designating any other one of said stations,
apparatus operative in response to said signals for
selecting the one of said devices individual to the
one of said lihes which is connected to said any
other one of said stations, means including said
one of said devices effeciive when g particular po-
tential condition exists on saidone of said lines for
rendering said switching apparatus ineffective to
establish a connection between said any one of
said stations and said one of said lines, and ap-
paratus operative if said any one of said stations
and said any other one of said stations are con-
nected to the same one of said lines for dis-
abling said means.

29. In a communication system, a plurality of
telephone lines, at least one subscriber’s station
individual to each of said lines, switching ap-
paratus operable selectively to interconnect any
of said lines, 5 multielement. gaseous discharge
device individual to each of said lines, appara-
tus operative in response to signals transmitted
from any one of said stations for selecting .any
one of said devices and for conditioning the select-
ed device to undergo a discharge and a transfer of
discharge, and - apparatus responsive to said
transfer of discharge oceurring in a one of said
devices individual to the one of said lines from
which said signals were transmitted for condi-
tioning said switching apparatus for establish-
ing a communication path to said designated
station.

30. In a communication system, a plurality of
telephone lines, at least one subseriber’s station
individual to each of said lines, switching ap-
paratus operable selectively to interconnect any
of said lines, a multielement gaseous discharge
device individual to each of said lines, apparatus
operative in response to signals transmitted from
any one of said stations for selecting any one of
said devices and for conditioning the selected de-
vice to underge a discharge and a transfer of
discharge, means responsive to g failure of said
selected device to undergo 4 transfer of discharge
for rendering said. switches inoperative to estab-
lish a connection to the line individual to said
selected device, apparatus responsive to the
functioning of said means for causing said se-
lected device to undergo a transfer of discharge,
and means responsive to said transfer of dis-
charge occurring in-the one of said devices in-
dividual to the one of said lines from which said
signals were transmitted for conditioning gaid
switching apparatus for establishing a communi-
cation path to said designated station. :

3l. In a communication system, a plurality
of telephone lines, at least one subscriber’s sta-
tion individual to each of saig lines, a calling
station, a called station, switching apparatus,
& multielement gaseous discharge device individ-
ual to each of said lines, apparatus operative in
response o sighals transmitted from said call-
ing station for selecting the one of said devices
individual to the one of said lines associated
with said called station and for conditioning the
selected device to undergo g discharge, and means
responsive to said discharge occurring in a. one .
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of said devices common to both said calling and
called stations for conditioning said switching ap-
paratus for signaling said called station.

32. In a communication system, two telephone
lines, a multielement electron discharge device
individual to each of said lines, a plurality of
junction means, switching apparatus intercon-
necting said lines through any one of said junc-
tionn means, an operator’s trunk, apparatus re-
sponsive to signals transmitted from said trunk
for causing one of said devices to transmit an
indication to said any one of said junction reamns,
and means responsive to said indication for es-
tablishing a connection from said trunk to said
any one of said junction means.

.33, In a communication system, two telephone
lines, a multielement electron discharge device
individual to each of said lines, a plurality of
junction means, switching apparatus intercon-
necting said lines through any one of said junc-
tion means, an operator’s trunk, apparatus re-
sponsive to signals transmitted from said trunk
for selecting one of said devices and for caus-
ing said selected device to transmit an indica-
tion to said any one of said junction means,
hunting means, means in said any one of said
junction means responsive to said indication for
transmitting an identifying indication to said
hunting means, said hunting means being opera-
tive in response to said identifying indication for
establishing a connection from said trunk to sal
lines through said any one of said junction means.

34. In g communication system, two telephone
lines, a multielement electron discharge device
individual to each of said lines, a plurality of
junction means, switching apparatus intercon-
necting said lines through any one of said junec-
tion means, an operator’s trunk, apparatus re-
sponsive to signals transmitted from said trunk
for selecting one of said devices and for condi-
tioning the selected device to -undergo a dis-
charge and a transfer of discharge, means re-
sponsive to a failure of said selected device to
undergo a transfer of discharge for causing said
selected device to undergo a transfer of discharge,
means in said any one of said junction means re-
sponsive to said transfer of discharge for trans-
mitting an identifying indication, and means re-
sponsive tosaid indication for establishing a con-
nection - from said trunk to said lines through
said any one of said junction means.

‘5. In a communication system, g plurality of
groups of telephone lines, an electron discharge
device individual to each of said lines and ar-
ranged in lock-out with all of said devices individ-
ual to lines within each group of lines, and an
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clectron discharge device individual to each of -

said groups of lines arranged in Jock-cut with
all of said devices individual to each of said
groups-of lines.

36. In a communication system, switching ap-
paratus, a plurality of groups of telephone lines,
an electron discharge device individual to each of
said- lines for controlling said switching appa-
ratus, a1l of said devices associated with lines
within each of said groups being arranged in
mutual lock-out, and an electron discharge de-
vice individual to each of said groups of - lines
arranged in mutual lock-out with all other of said

electron discharge devices individual to each of

said groups of lines.
s7. ITn a communication- system, switching
equipment, a plurality of groups: of telephone

lines, each of said groups comprising a plurality

of telephone lines and. a plurality of .electron

60

65

70

[

156

discharge devices individually associated. . with
individual ones of said lines and arranged in mu--
tual lock-out, and a plurality of electron dis-
charge devices individually associated with in-
dividual ones of said groups of telephone lines
and arranged in mutual lock-cut, and apparatus
responsive to conduction in one of said devices in-
dividual to one of saig lines and io conduction
in one of said devices individual to one of said
groups of lines for controlling said switching
equipment.

38..In a communication system, switching ap-
paratus, a plurality of groups of telephone lines;
an electron discharge device individual to each
of said lines for controlling said switching appa-
ratus, circuit means responsive to conduction in
any one of said devices for disakling all others
of said devices associated with the lines within
the same one of said groups of lines, an electron -
discharge tube individual to each of said groups
of lines, and circuit means responsive to con-
duction in any one of said tubes for disabling all
others of said tubes.

39. In a communication sysiem, switching ap-
paratus, a plurality of groups of telephone lines,
an electron discharge device individual to each
of said lines, means responsive to conduction in
any one of said devices for disabling all others
of said devices associated with lines within the
same one of said groups of lines, an electron dis-
charge tube individual to each of said groups: of
lines, means responsive to a discharge in said
any one of said devices for initiating a discharge
in the one of said tubes individual tc the one of
said groups of lines including said any one of said
devices, circuit means responsive to the initiation
of a discharge in said one of said tubes for dis-
abling all others of said tubes individual to others
of said groups of said lines, and means respon-
sive to a discharge in said any one of said devices
individual to one of said lines and to a discharge
in said one of said tubes for controlling said
switching apparatus.

40. In a communication system, two identical
control eircuits, first means for rendering said
circuits alternately operative, said first means
comprising a start relay for each cf said control
circuits, a control relay for alternately operating
said start relays, means for periodically chang-
ing the condition of said control relay, and means
for locking said control relay in its then condi-
tion while either of said control circuits is in
operation, and apparatus responsive to a mal-
functioning of either one of said circuits for con-
trolling said first means for rendering the other.
of said circuits operative and for then disabling
said first means.

41. In a communication system, two identical
control circuits, first means for rendering said
circuits alternately operative, said first means
comprising a start relay for each of said control
circuits, a control relay for alternately operating
said start relays, means for periodically changing
the condition of said control relay, and means for
locking said control relay in its then condition
while either of said control circuits is in cpera-
tion, and apparatus responsive to a failure of
either cne of said control circuits to function
within a predetermined time interval after being
rendered operative for controlling said first
means to render the other one of said circuits
operative and for then disabling said first means:

42. In a communication system, a plurality of .
telephone lines, switching equipment operable to-



2,868,006

157"

establish a connection to any one of said lines, an
electron discharge device individual to each of
said lines, an electron discharge device common
Yo said lines, means for transmitting signals des-
ignating any one of said lines, apparatus respon-
sive to said signals for selecting and testing said
device common to said lines thereby selecting and
testing said lines as a group, and means respon-
sive to the selection of said device common to said
lines for selecting one of said devices individual
to an idle one of said lines and for initiating a
discharge therein, and apparatus responsive to
said discharge for controlling said  switching
equipment to establish a connection to the one
of said lines individual to said one of said de-
vices.

43. In a communication system, a plurality of
telephone lines, an electron discharge device indi-
vidual to each of said lines, an electron discharge

device .common to said lines, ‘means for trans- 2

mitting signals designating any one of said lines,
apparatus responsive to said signals for selecting
said device common to said lines and for pre-
paring that device to undergo a discharge and
a transfer of discharge, and means associated
with said devices individual to each of said lines
and effective when a particular potential condi-
tion' exists on all of said lines for disabling said
device common to said lines from undergeing 2
transfer of discharge.

‘44, In a communication system, a plurality of
telephone lines, switching equipment operable to
establish a connection to any one of said lines,
an electron discharge device individua! to each
of said lines, an electron discharge device com-
mon to said lines, apparatus for transmitting sig-
nals designating a certain one of said lines, ap-
paratus responsive to said signals for seiecting
said device common to said lines and for pre-
paring that device to undergo a discharge and
a transfer of discharge, means individual to each
of said lines and effective when a particular po-
tential condition exists on the associated line; cir-
cuit means controlled by all of said means for

disabling said device common to said lines from ,

undergoing a transfer of discharge, and appara-
tus effective upon a failure of said device com-
mon to said lines to undergo a transfer of dis-
charge for disabling said switching equipment to
establish a connection to any of said lines,

45. In a communication system, a plurality of
telephone lines, switching equipment operable to
establish a connection to any one of said lines,
an electron discharge device individual to each
of said lines, an electron discharge tube common
to said lines,. means for transmitting signals
designating a first one of said lines, apparatus
responsive to said signals for selecting said tube
common to said lines and for preparing that tube
to undergo a discharge and a transfer of dis-
charge, means responsive to a transfer of dis-
charge in said tube for discharging a selected one
of said devices associated with an idle line, and
apparatus responsive t0 the discharge in said
selected. one of -said devices for controlling said
switehing equipment to establish a connection
to the one of said lines associated with said se-
lected one of said devices.

46. In a communication system, a plurality of
telephone lines, switching equipment operable to
establish a connection to any one of said lines,
an electron discharge device individual to each
of said lines, an electron discharge tube common
to said lines, means for transmitting signals
designating one of said lines, apparatus respon-
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sive to said signals for selecting said tube ¢om-
mon to said lines and for preparing that tube
to undergo a discharge and g transfer of dis-
charge, and means responsive to said transfer
of discharge for preparing the. first in a prede-~
termined sequence of said devices associated with
idle ones: of said lines to undergo a discharge,
and apparatus responsive to the discharge in said
first of said devices for.controlling said switch~
ing equipment to. establish a connection to the
one of said lines associated with said first one of .
said devices. .

47. In a communication system, a plurality of
telephone lines, switching equipment operable to
establish ‘4. connection to any one of said lines,
an electron discharge device individual to each
of said lines, an electron discharge tube common
to said lines, means for transmitting signals
designating one of said lines, apparatus respon-
sive to said signals for selecting said tube com-
mon fo said lines and for preparing said tube to. .
undergo a discharge and g transfer of discharge,
circuit means individual to and responsive to the
condition of each of said lines and arranged in
a predetermined sequence, means responsive to
said transfer of discharge for discharging the one
of said devices associated with the first in the
predetermined sequence of said cireuit means
which is associated with an idle line, and appara-
tus responsive to the discharge in said one of said
devices for controlling said switching equipment
to establish a connection to the one of said lines
associated with said one of said devices.

48. In a communication system, g plurality of
trunk circuits, switching equipment operable to
establish a connection to any one of said circuits,
an electron discharge device individual to each
of said circuits, common control means for said
circuits, means for transmitting signals designat-
ing said circuits, apparatus responsive to said
signals for selecting and testing said common
contro] means, said common control means oper=-
ating in response to the selection thereof to select ‘
one of said devices associated with an idle one of ‘
sald eircuits in accordance with g predetermined
sequence of preferences and to initiate g dis-
charge in the selected one of said devices, and ap-
paratus responsive to-said discharge for control-
ling said switching equipment to establish & con-
nection to the one of said circuits associated with
said selected one of said devices.

49, In a communication system, a plurality of
trunk circuits, switching equipment operable to
establish a connection to any one of said circuits,
an electron .discharge deviee individual to each
of said circuits, common control means for said
cireuits, means for transmitting -signals desig~-
nating said circuits, apparatus responsive to said
signals. for- selecting and testing said common
control means, said common control means oper-
ating in response to the selection thereof to select
one of said -devices associated with an idle one
of sald circuits in accordance with a predeter-
mined sequence of preferences and to initiate a
discharge in the selected one of said devices, ap-
paratus responsive to said discharge for control-
ling said switching equipment to establish a con-.
nection to the one of said circitits associated with
said selected one of said devices, and means con-
trolling said common control means to vary the
sequence of preferences. '

50. In a communication system, a plurality of
trunk circuits; switching equipment operable to
establish a connection to any one of said cireuits,
an electron discharge device individual to each .
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of said eircuits; a pair of-eiectron:discharge tubes:
common: to said circuits, means for transmitting .

signals designating said trunk.cireuits, apparatus
responsive to said signals for selecting and testing
said. tubes, means. disabling said tubes alter-
nately, apparatus .responsive to the selection of
said.tubes: when-one of said tubes is disabled to
select one.of said devices associated with an idle

one-of: said. circuits:in accordance with one pre-:.

determined-sequence: of preferences and to initi-~
ate g discharge in the selected one of said devices
and responsive to the selection of said tubes when
the ¢ther. of said tubes is disabled to.select one

of:said- devices associated with an:idle one Of:

said: eircuits in.accordance with a different pre~.

determined. sequence. of prefererices and.fo.ini=

tinte-a discharge in:the selected. one of said de=-

vices,.and apparatus responsive to said discharge-
for:controlling said switching equipment: to.es-.
tablish -a connection to:the.one of said circuits:

associated with the selected one of said devices..
51, In.a commuiication system, a plurality
of-communication paths, an eleciron discharge

device individual to.each of said paths, andv‘se-A .
lecting-means -for -applying discharge-sustaining.

potentials-to each-of said devices associated with
idle ones of said communication paths through
delay networks individual to each of said devices,
said networks. having different time delay con-
starnits.

52..In o comimunication system, a plurality of
communication: paths, an electron discharge de-
vice individual-to each of said paths, first select-
ing means for -applying discharge-sustaining po-
tentials to each.oi- said devices associated with
idle. ones of-said-communication paths through
o first- series -of 'delay networks. individual. to
each.of said devices, said networks having differ-
ent: time delay constants, second selecting means
for--applying -discharge-sustaining potentials to
each. of said devices associated with idle ones
of ‘said -communication paths through a second
series.of delay networks individual to each of
said-devices, said second series of networks hav-

ing.time-delay constants different than the con-. |

stants of said first series:of networks, and con-
trol..means.rendering said first and said:second
selecting means alternately operable.

53..In. a..communication . system, & plurality
of:telephone-lines, a plurality of trunk circuits,
switching equipment operable selectively to inter-
connect any of said lines and trunk cireuits, and
means. for. intercepting a call directed .to .any
one. of. said.lines: and for .directing said.call to

onie of said-trunk circuits comprising an electron 3

discharge device, means responsive to signals des~
ignating . said. intercepted line  for conditioning
said device to.undergo a discharge, and apparatus
responsive to.said.discharge for controlling said
‘switehing - equipment ‘to- establish a ' connection
to-an idle-one of said trunk circuits.-

54, Tn-g-communication system, a plurality of
telephone-lines, a plurality of trunk circuits, an
electron discharge device individual to each of said
trunk circuits, switching equipment, and means

for-intercepting & call directed to any one of said.

lines and for directing said call to one of said
trunk circuits comprising an electron discharge
tube comimon. to.said trunk circuits, means re-.
sponsive to signals designating said intercepted
line for.selecting said tube and for conditioning
said.tube to undergo a discharge, apparatus re-
sponsive- to-said -discharge for selecting an idle
one of said trunk circuits-and for controlling said
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switching equipment to establish a connection ta-
said selected one of said trunkcircuits..

55. In a communication system, a plurality of -
switching control circuifs, selecting means . re-.
sponsive to the initiation of a.call for selecting..
any one of said circuits, preference means for-es=..
tablishing a preference of selection in favor of.
certain of said circuits, apparatus operative when::
s preselected number of said circuits become.
busy, and means controlled by said apparatus:.
for disabling said preference means. :

56..In a communication system,.a.plurality of .
telephone lines; a plurality of groups of switching:.
control circuits, each of said cifcuifs operable to-:

5. -establish.a connection between any two. of-said:

lines, selecting means responsive to the initiaz
tion of a call for selecting. any idle one of said
circuits, preference means for  establishing: &
preference of selection in favor of the circuits in
one of said groups, apparatus operative when a-.
preselected number of said circuits become busy;.
and means controlied by said apparatus for- diss
abling said preference means. . R
57. In a communication system, a plurality of:
groups of switching control circuits, selecting.
means responsive to the initiation of a call for.
selecting. any one of said control circuits, appas< .
ratus for determining the number of idle ones.-
of said control circuits in each .of said sroups,.
and means controlled by said apparatus for.es= .
tablishing g preference of selection among. said
groups -in accordance with the number. of idle:
ones of said control circuits with each of said:
groups. L
58. In a communication:systém, a plurality:of-
sroups of switching control circuits, selecting..
means responsive to the initiation. of a- call for.
selecting any one of said control:cireuits, appas
ratus for determining the number of idle ones :
of said control circuits in each of. said groups;:
means controlled by said apparatus . -for estab-
lishing -a preference of selection among.  said:
groups in accordance with the number of idle .
ones of said control circuits within each of said
groups, and additional means for establishing an::
additional preference for certain of said groups:.
59, In a communication system, a plurality:
of groups of switching control circuits, selecting .
meangs responsive to the initiation of a call.for:
selecting any one of said control circuits, appa-
ratus for determining the number. of idle. ones
of said control: circuits in each .of said groups,
means controlled by.said apparatus for -estab-
lishing a  preference of- selection among said:
groups.in accordance with the number of idle ones -
of said control circuits within each of said groups,
and additional means for establishing an addi-.
tional preference: for each -of said groups; se-.
guentially. o
60. In a communication system, a plurality of
groups of - switching - control - circuits, selecting -
means responsive to the initiation of a call for:
selecting any one of -said control circuits, ap-
paratus for determining the number of idle ones:
of ‘said -control circuits in each of :said groups;:
means controlled: by said apparatus for-estab«
lishing - a : preference of selection amohg -said:
groups in accordance with the number of idle:
ones-of said centrol circuits within-each of said
groups, -additional means for establishing an ad-
ditional preference for certain-of said groups,.-
and-means effective when a predetermined num=
ber of said circuits -become busy for disabling-
said additional means. . :
-61..In a-communication system, a plurality. of -
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groups of switching control circuits, selecting
means responsive to the initiation of a eall for
selecting any one of said control circuits, ap-
paratus for determining the number of idle ones
of said control circuits in each of said groups,
means controlled by said apparatus for estab-
lishing a preference of selection among said
groups in accordance with the number of idle
ones of said control circuits within each of said
groups, additional means for establishing an ad-
ditional preference for each of said groups se-
quentially, and means effective when g prede-
termined number of said cireuits become busy
for disabling said additiona] means.

62. In a telephone system, a plurality of tele-
phone lines, a register means for identifying any
one of said lines, a multielement electron dis-
charge device individual to each of said lines,
means for applying g discharge-sustaining po-
tential to one of the elements of each device
while the line to which the device is individual
is idle, means for applying a potential ineffective
to sustain discharge to said one of the elements
of each device while the line to which the de-
vice is individual is busy, means controlled by
sald register means for applying discharge-sus-
taining potentials to certain other elements of
the device individual to a line identified by said
register to effect discharge between said certain
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other elements of said device if said line is then
busy or to effect discharge between one of said
certain other elements and said one element of
said device if said line is then idle, apparatus
operated by discharge between said certain other
elements of said device, and apparatus operated
by discharge between said one element and said,
one of said certain other elements.
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