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1

This invention relates to telephone -switching
systems, and more particularly to circuits and ap-
paratus for counting and storing dial pulses and
for - performing control functions in response
thereto.

An object of this invention is to provide an
electronic dial pulse counting, storing and re-
sponsive system of high efficiency and rapidity
of operation.

Another object of this invention is to provide
an electronic register capable of properly re-
sponding to a plurality of diverse normal and ab-
normal conditions.

A feature of this invention is a pulse count-
ing chain embodying certain novel provisions.

Another feature of this invention is an elec-
tronic counting chain for counting the dial pulses
representing each digit of a telephonic designa-
tion and electronic storing means for storing the
successive digital representations.

Another feature of this invention is an elec-

tronic progress means operable successively to
associate a pulse counting chain with several
electronic digit registers.
A further feature of this invention is an elec-
tronic control means operative at the first dial
pulse representing each digit and another elec-
tronic control means operative at the end of
the dial pulses representing each digit of a tele-
phonic designation.

Another feature of this invention is an elec-

tronic means operative in response to the receipt
of pulses representing a selectable first digit for
preventing the counting or storing of subsequent
dial pulses.
- Another feature of this invention is an elec-
tronic means operative in response to the receipt
of pulses representing a selectable first digit for
clearing the counting and storing means of that
digital representation and for thereafter permit-
ting subsequent dial pulses to be counted and
stored.

A more complete understanding of the above-
mentioned and other features of the invention
may be obtained from the following detailed de-
scription of the functioning of an' illustrative
embodiment thereof, when read with reference to
the accompanying drawings, in which:

Figs. 1 and 2 are representations of other ele-
ments of a system with which the subject regis-
ter may be associated;

Fig. 3 discloses a progress chain operable
successively to associate a certain portion of
the register circuit with certain other portions
of the register circuit;

10

15

20

30

35

40

45

50

56

Fig. 4 discloses the counting chain by means
of which incoming pulses are counted, and cer-
tain additional equipment;

Figs. 5, 7T and 8 disclose certain control ap-
paratus comprising a part of the register;

Fig. 6 discloses the storing means for the hun-
dreds, tens and units digits and certain addi-
tional equipment;

Fig. 9 discloses time-out means for the regis-
ter;

Fig. 10 discloses certain class-of-service con-
trol relays in the register; and

Fig. 11 shows the manner of arranging the
several figures of the drawing.

Throughout the specification the circuit ele-
ments will be identified by functional desigha-
tions followed by a number in parenthesis rep-
resenting the figure of the drawing upon which
that element appears. For example, the off-
normal relay in Fig. 5 of the drawing will here-
inafter be designated “relay ON(5).”

The eight-element electron discharge devices
utilized in the disclosed preferred embodiment
of the invention are 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 Fig. 5, tube
RA(S) comprises two control anodes 581 and
502, two control cathodes 503 and 504, a main
cathode 505, and three main anode 506, 507 and
508. In general, the application of a suitable
potential difference between either the control
anode 501 and control cathode 503 or. between
the control anode 502 and control cathode 584
will cause a discharge to occur across the control
gap therebefween. With a suitable voltage ap-
plied to any one of the main anodes 505, 587 or
508, the control gap discharge will be transferred
50 as to exist between the control cathode 593
or 504 and the main anode 506, 507 or 593. 1If
the main cathode 505 is at a voltage sufficiently
negative in respect to the control cathode 503
or 504, the discharge will then transfer to the
main gap so as to exist between the main cathode
505 and the main ancde 506, 597 or 588. This
sequence will hereinafter be referred to as a con-
trol gap discharge followed by first and second
transfers of discharge.

Sinee rapidity of operation is an object in any
telephone system, it may here be noted that pro-
vision is made to decrease the ionization time
of certain of the critical gaseous discharge tubes
employed in the system herein disclosed. For
example, the circuit of tube RA(5) is arranged
s0 that a minute “keep-alive” circuit flows across
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the right-hand control gap thereof while tha$
tube is in its non-conducting state. Prior to the
time that a suitable positive potential is applied
to the left-hand control anode 58! as will be de-
scribed hereinafter, a suitable main anode poten-
tial, such as positive 135 volts, is applied to the
left-hand main anode 586 over a path herein-
after to be traced. This potential is also applied
to the right-hand control anode 582 of the tube.
The right-hand controi cathode 534 of tube
RA(B) is connected to negative battery, which
may supply a negative 48-volt potential, through
resistor 588 and through the winding of relay
RA(5). Resistor 509 should have a high wvalue
of resistance as indicated in the drawing. In

(3
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the disclosed embodiment, with the potentisls -

applied, and with the characteristics of the par-
ticular tube utilized, resistor 509 has been found

to best serve its function if its resistarce is ap-.-

proximately 22 megohms. With these applied
potentials and with high resistance resistor 508
in the external circuit, a current of a few micro-
amperes flows across the right-hand control gap
of tube RA(B), i. e., between control ancde 5982
and control cathode 564. This current is main-
tained at a value below the threshold current of
the tube, but is such that upon the application
of a suitable potential difference across the left-
hand control gap of the tube, breakdown will
occur considerably more rapidly than would oth-
erwise be the case. This “keep-alive” current is
interrupted when the main anode voltage is re-
moved, as will be described hereinafter.

Referring now to Figs. 1 and 2 of the drawing,
a representation is presented of an exemplary
telephone switching system with which the sub-
ject system may be associated. A suitable rep-
resentative system is disclosed and described in
detail in Patent 2,666,096, granted January 12,
1954, to W. A. Cornell, N. I. Hall, ‘G. Hecht, C.
D. Koechling, F. A. Korn, and H. E. Powell, and
the disclosure of that patent is hereby made a
part of this specification by reference. The sub-~
ject-matter of this application is also disclosed
and described in the above-cited application W.
A. Cornell et al. patent.

Seizing the juncior and register

In general, in the representative telephone sys-

tem of Figs. 1 and 2, the lines from the sub- °

seribers’ stations appear in the system at the
line and line-link circuit (Fig. 1). When a
calling subscriber desires to initiate a call, he
will lift the receiver or remove the handset from
its cradle.
erative in response to that clesure of the sub-
scriber’s loop to extend the calling party’s line
to one of a plurality of junctors, one of which
is represented partially in detail in Fig. 1. The
calling subscriber’s tip, ring and sleeve conduc-
tors appear at the left of the junctor as conduc~
tors 10, 102 and 103, respectively. The tip con-
ductor {0 is extended through the No. 1 con-
tact of unoperated relay CO(l) and to ground
through the upper winding of supervisory -relay
S(1). The ring conductor 182 is extended
through the No. 6 contact of relay COU) and to
battery through the lower winding of relay S({).

The line and line-link circuit then sighals the
common release and time-out circuit (Fig. 1)
which transmits a signal over conductor {94
which is cabled to Fig. 7, No. § contact of un-~
operated register off-normal relay ON{(7), con=-
ductor 701, No. 1 contact of unoperated relay
TM(9), conductor 981, through the closed con-

The line and line-link circuit is op- *~

4

tacts of switch 702 and to conductor 703 which
is extended to the register connector of Fig. 2.
In a similar manner, the common release and
time-~out circuit transmits a signal over a simi-
lar path. in all other of the provided register (not
shown) which are idle, and to the register con-
nector. The register connector will then select
one of the idle registers for use on this call,
herein assumed to be the register shown in the
drawing.

‘The line and line-link circuit then grounds
the calling subscriber’s sleeve lead, which ap-
pears at the junctor (Fig. 1) as conductor 103.
This ground on conductor 163 is connected to
battery through the winding of the junctor off-
normal relay ON({) whereby that relay is oper-

* ated to indicate that this junctor is busy. The
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ground on conductor {03 is also extended through
the Neo. 7 contact of unoperated relay TX(I),
conductor 105, No. 3 contact of unoperated relay
SR1) in the junctor, and to conductor 406 which
is extended to the register connector of Fig. 2.
This ground there serves: to: operate the register
connector to interconnect the selecied junctor
and the selected register in the manner fully dis-
closed in the above-cited Patent of W. A. Cornell
et al.

This interconnection eompletes an operating

'path for the register start relay ST(5), which

path may be traced from battery, upper winding
of unoperated relay CO(]) in the junctor (Fig.
1), conductor 107 which is extended through the
operated register connector (Fig. 2) and to ¥ig..5,
winding of relay ST, resistor §i{, conductor
512, No. 5 contact of unoperated relay ONi (1),
conductor 702 and to ground through either the
No. 2 contact of relay TM(3) or the-No. 4 contaet
of relay NGT(9). The resistance in this cireuit
is.such that insufficient current flows to operate
relay COW1) in the junctor, but relay ST(®) is
operated.

Relay ST(5), in operating, conneets, at its No.
2-contact, ground to conductor 513, resistor 5i4,
through the biasing winding of pulsing relay L.(3)
and to batiery, to ensure that relay L(5) is un-
operated before being closed to the line, as will
be described hereinafter. Relay ST(8), in op-
erating, also closes ground through its No. 4 con-
tact to conductor 515 to operate a. traffic register
(not shown) in the line and line-link circuit
(Fig. 1>. The cperation of this traffic register
indicates that this equipment has been employed
in originating & call. Relay ST(5), in.operating,
also closes ground through its No. 1 contact fo
conductor 516, winding of relay STI(5), and te
battery. Relay STIi(5) operates and Iocks
through its No. 4 contact, conductor 541, to
ground through the No. 2 contact of relay SR(5).

Relay STI1(5), in operating, closes ‘ground
through its No. 6 contact to conductor 548 which
is cabled to Fig. 9, lower winding of relay TMA@4),
and to battery. The operation of relay TMA(S)
closes the ground on conductor 518 through its
No. 4 contact to conductor 902 to operate relay
TMB(9), Since the operation of relay ST1(5)
interrupts, at its No. 5 contact, the resistance
shunt around capacitor 993 comprising conduc-
tors 984 and 905 and resistor 906; the operation
of relay TMA(8) will close a- charging path for
capacitor 803 which may be traced from positive
battery, resistor 807, across capacitor 903, .con-
ductor 864, No. 2 contact of relay TMA(9), and
to negative battery. The rising potential on
capacitor 903 is applied through resistor 308 to
the left-hand control anode of ‘timing ‘tube
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5

TM(9). 'The control cathodes of this tube are
connected through resistor 9¢6 and the main
cathode thereof is connected through resistor 815
to conductor 989. Conductor 908 is extended
through the winding of relay TM(8), conductor
904, No. 2 contact of relay TMA(9), and to nega-
tive battery. Therefore, at the lapse of a meas-
ured interval a discharge will ceceur across the
left~hand control gap of tube TM(8) unless prior
to that time relay STI1(3) has released to release
relays TMA(2) and TMB(8) and to reestablish
the resistance shunting path around capacitor
983. A time-out is thereby obtained whereby if
the circuit functions by means of which relay
STI(5) is released do not immediately occur, the
circuit will ke released as will be described in
detail hereinafter.

Relay ST1(5), in operating, also closes ground
through its No. 3 contact, conductor 528, winding
of relay OIN(6) :and to battery. Relay ON(5),
in operating, completes a circuit from ground,
No. 4 contact of relay ON(5), conductor 521
which extends to Fig. 10, through the No. 2 con-
tact of relay FR(i0), No. 2 contact of relay
GL(16), No. 1 contact of relay MR(10), No. 3
contact of relay CN(10), No. 7 contact of relay
OPR(i0), No. 2 contact of relay T(i®), and to
conductor 1081 which is cabled to the line and
line-link ecircuit of Fig. 1. This ground on con-
ductor 19861 causes the line and line-link circuit
to transmit an indication back to the register as
to the class of service to which the calling party
has subscribed. This service may be non-re-
stricted or restricted, i. e., the subscriber may
or may not be permitted to call certain areas
without additional charge. A plurality of meth-
ods of charging are also gvailable, e. g., the sub-
scriber may pay a flat rate for telephone service
over a period of time or may pay on a message-
rate basis. Therefore, the line and line-link cir-
cuit will connect, in effect, negative battery to one
of the conductors (882 to {612 in accordance
with the calling subscriber’s class of service. If
that class of service be flat-rate non-restricted,
negative battery will be connected by the line and
line-link circuit to conductor {038, winding of
class-of-service relay FR(19), resistor 1813, and
to positive battery whereby relay FR(18) will be
operated. Relay FR(i8) locks operated through
its No. 3 contact, resistor 1014, conductor 10615
which is extended to Fig. 5, and to ground
through the No. 8 contact of operated relay
ON(5).

If the class of service be fiat-rate restricted,
negative battery will be connected to the line and
line-link circuit to conductor 16892, winding of
relay CL5(18), resistor 1018, and to positive bat-
tery.  Relay CL5(10), in operating, completes a
circuit from positive battery, resistor 1013, wind-
ing of relay FR(18), No. 6 contact of relay
CL5(10), resistor 10{T and to conductor I6i5
which is connected to ground through the No. 8
contact of relay ON(5) as above described. I
may be noted that relay CL5(18) locks operated
through its No. 2 contact and resistor 1017 to
grounded conductor 1815, and relay FR(i8) locks
over the previously traced path.

Similarly, the trunk class-of-service relay
T(10), the operator relay OPR(If), the coin
relay CN(12), the message-rate relay MR(18)
and the grounded line class-of-service relay
GL(10) will be operated if the line and line-
link circuit transmits the signal over conductors
1002, 1003, 1004, 1805 or 1007, respectively. Re-
stricted service may also be provided on all but
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6.

operators’ calls, with the application of the sig~
nal to conductor 1906 operating relays CL2({0)
and MR(19), to conductor {819 operating re-
lays CLA4(10) and GIL(i8), to conductor {01l
operating relays CL3(18) and CN (1), and to con-
ductor (812 operating relays CLI(10) and T(i0).
The functioning of the restricted service relays
CL~-(10) will be described hereafter.

Relay ON(B), in operating, also causes a shunt
to be placed around the winding of relay ST(5),
this shunt comprising conductor 187 at the left
of the winding of relay ST(5), No. 7 contact of
relay ON(5), conductor 522, No. 4 contact of re-
lay CK(7), conductor 702, No. 5 contact of relay
ON1(7), conductor 512, and to resistor %11 which
is connected to the winding of relay ST'(5) com-~
pleting the shunt. It may be noted that this
shunt may be traced over an additional path in
that conductor 522 also extends to the No. 1
contact of relay PS(1), and from there the
shunting path may be traced over conductor 704,
No. 8 contact of relay TK8(T), conductor 705,
No. 5 contact of relay VAC(8), conductor 881,
No. 8 contact of relay BYI (1), and again to con-
ductor 762 which extends as previously traced.
"The shunting of the winding of relay ST(5) and
of resistor Gl1 reduces the resistance in the pre-
viously traced energizing path for relay ST(5),
which included the winding of relay CO() in
the junctor, and relay CO(l) operates.

Relay CO(1), in operating, completes a circuit
from ground at the No. 6 contact of relay TK ),
conductor {89, No. 3 contact of relay CO),
conductor 1{¢ which extends through certain
contacts, not shown, winding of relay. SR(I),
and to battery.

It will be recalled that the register connector
was operated under the control of the line and
line-link circuit over a path including the No. 3
contact of relay SR({). Relay SR(I), in op-
erating, causes the register connector to be held
operated under the control of the same relays in
the register that hold relay CO() operated, i. e.
it transfers conductor 188, which is connected
to the register connector, through the No. 4 con-
tact of relay SR(i) to conductor 112 which is
connected through the No. 4 contact of relay
CO{) to conductor 187 which extends to ground
in the register as above described. Relay SR(1),
in operating, also connects ground. through re-
tard coil 118, No. 5 contact of relay SR(i), to
conductor 123 which is the sleeve lead, and there-
by provides a holding path for relay ON{) in
the junctor and for certain elements in the line
and line-link circuit.

Relay CO(Y), in operating, transfers the sub-
seriber’s tip and ring conductors from relay S(f)
in the junctor to the register. The subscriber’s
tip conductor enters the junctor as conductor
101, and is connected through the No. 2 con-
tact of relay CO(1) to conductor 114, and
through the No. § contact of relay RF() to con-
ductor {i5. The subscriber’s ring conductor en-
ters the junctor as conductor 182, and is connect~
ed through the No. 5 contact of relay CO(1) to
conductor {18, and through the No. § contact of
relay R¥P(1) to conductor {17. Conductors 15
and {17 are cabled to the ringing conunector in
Fig. 2 and are connected through the back con-
tacts of the ringing connector hold magnet
HOLD(2) to conductors 28! and 282, respec-
tively. These conductors are connected through
the register connector (Fig. 1) and then extend
to Fig. 5. The extension 201 of the subscriker’s
tip conductor is connected to ground through
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winding 528.0f the repeat coil, 'and the extension
202 of the ring conductor is connected through
winding 524 of ‘the repeat .coil, and through the
lower winding of relay 1:(8) to battery, thereby
operating relay LiA5).

Relay L), in operating, closes:.an energizing
path for relay SR(3) which may be traced from
ground at the No. 2.contact of relay ON(3), con-
ductor 523, front contact of relay L:«(5), conductor
526, No. 3 contact of relay ON(3), conductor 521,
resigtor 528, winding of relay SR(&) and to bat~-
tery. It may be nofed that the ground .on :con-
ductor 527 is also extended through the No. 1
contact of relay CE(1), resistor 188, capacitor
107, and fo negative battery. Capacitor 708
thereby receives a .charge which serves to delay
the release of relay SR(5) as will be seen here-
inafter.,

Relay SR (8), in operating, opens the previous-
ly ‘traced locking path for relay ST1(5) through
the No. 2 contact of relay SR(D), and therefore
when relay ST(5) releases-as a result of the de-
seribed shunting thereef, the energizing circuit
for relay 8TI(5) will be interrupted and relay
STH(5) will be released. Relay STI(H), in Te-
leasing, will interrupt the previously traced en-
ergizing paths for relays TMA(8) and TMB(9)
and those relays will release, interrupting the
time-out. Relay STH(5), in releasing, also opens
the previously traced energizing path for relay
ON(8), but that relay is held operated by the
greund through the No. 4 contact of operated re-
lay SR«5). Relay STi(5), in releasing, also com-
pletes a path from ground through its No. 1 con-
tact, conductor 529, No. 5 contact of relay SR(3),
conductor 530, winding of relay ON{(1), and to
battery. Relay ONi(7) operates and locks
through its No. 4 contact and conductor §25 to
sround at the No. 2 contact of relay ON(5). Re-
lay ONI(1), in operating, connects the source of
dial tone, comprising alternator 709, through ca-
pacitor 710, No. 9 contact of relay ONI (1), con-
ductor Tii, No. 4 contact of relay AD(3), con~
ductor 5§32, to ground through winding 533 of
the repeat coil. Since the calling subscriber’s
tip 'and ring conductors are connected through
the windings 523 and 524, respectively, of the re-
peat coil as hefore described, this signal is trans-
mitted to the subseriber to indicate that dialing
may proceed.

Relay ON1 (1), in operating, also closes, through
its No. 3 contact, ground to the off-normal ground
conductor 712 which extends to various -control
relays in the register and which is represented by
a dot-dash line in the drawing.

Relay ON{ (1), in operating, also causes the op-
eration of the commeon release and time~-out cir-
cuit in order that certain -of the circuits other
than the selected register and junctor may be
prepared for additional calls. It will be recalled
that the line and line-link circuit operated one
of the class-of-service relays shown in the lower
portion of Fig. 10. Therefore, upon the opera-
tion of relay ONI (1) a circuit is completed from
ground through the No. 1 contact of relay FR(I10)
or through the No. 1 contact of relay GL(18)
or through the No. 2 contact of relay MRUIB)
or through the No. 1 contacts of relays CN(8),
OPR.(10) or TG to conducter {0{9 which ex-
tends to Fig. 7, No. 7 contact of relay ONI (1),
conductor Ti4, No. 2 contact of unoperated relay
DC (), conductor 534 which extends to Pig. 7
and is then cabled to Fig. 1 to the common re-~
lease and time-out circuit. ‘This circuit responds
to perform the above-mentioned function but
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does not disturb the established path from the
calling subscriber’s line through ‘the line and
line-link circuit, junctor, register connector, :and
register.

Dialing

PULSING

As hereinbefore described, relay L(5) -operates
on its lower winding over the subscriber’s loop.
Consequently, this relay will release in response
to the dial pulses or momentary openings of the
subseriber’s loop. The middle winding of the
relay L:«(§) is a biasing winding which opposes
the lower or operating winding sufficiently o
farce the relay to release when the loop is opened.
The energizing path for this winding was previ-
ously traced. The upper winding of the pulsing
relay L(3) functions .as an aiding winding, -as-
sisting -in both the operation and release of the
relay. When relay 1«(8) is operated, capacitor
535 is charged over a path from negative battery,
upper winding of relay L«(B), capacitor 338, con-
ductor 8§35, Wo. 5 contact of relay ON(5), can-
ductor '53%, front contact of relay 1.(8), com-
ductor 525, No. 2 contact of relay ON(5) and to
ground. When the subscriber’s loop is opened
as by an opening of the dial contacts, relay L(5)
will release thereby interrupting the charging
path for capacitor 535 and permitting that ca-
pacitor to discharge through resistor 538 to nega-
tive battery. The current flow through the up-
per winding of relay 1:(5), as a result of the dis-
charging of capacitor 53§, is in a direction to zid
the release of relay L(8) and insures the closure
of the back contacts under adverse line condi-
tions where the biasing winding alone might
ke insufficient. When the subscriber’s looop is
again closed, relay L(8) again operates to com-
piete the charging circuit for capacitor 535 and
the current fiowing through the upper winding
of relay 1(8) as a result of the charging of that
capacitor aids the operation of the relay thereby
ensuring a steady front contact closure.

Ag previously described, relay 1./(9), in operat-
ing, closes parallel paths for the operation . of
relay SR(8) and for the charging of capacitor
187, During the momentary release periods of
relay L(5), as a result of the momentary open-
ing of the subscriber’s loop, the main energiz-
ing path for relay SR (8) is interrupted, but the
discharging of capacitor 7871 through resistor
163, No. 1 contact of relay CK(T), conductor
527, resistor 528, and through the winding of
relay SR(5) sufficiently delays the decay of en-
ergy in relay SR(B) so that that relay remains
operated during these interruptions. On each
operation of relay L(5), capacitor 181 again be-
comes iuily charged so that relay SR(5) will re-
main operated regardless of the number of dial
pulse interruptions that occur. .

Immediately prior to dialing, while relay L(5)
is operated, capacitor 539 becomes charged uver
a path from greound, winding 549 of the retard
coil, eapacitor 539, conductor 541, No. 6 contact
of relay ON(B), resistor 542, and to negative bat-
tery. At the receipt of the first dial pulse, com-
prising a momentary interruption of the sub-
scriver’s - loop, relay L(5) will momentarily re-
lease, closing its back contacts. Capacitor 539
will therefore be discharged through the baeck
confact of relay I«(5), conductor 9525, No, 2 con~
tact of relay ON«<E), and to ground. 'The re-
tard coil acts as an autotransformer with the
windings 540 and 543 in series aiding. The nega-

g8 tive portion of the stepped-up vollage oscilla-
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tion is suppressed through rectifying element or
varistor 544, and the positive portion is applied
to conductor 545. The positive pulse on con-
ductor 945 is conducted through the No. 3 con~
tact of relay RA((5) and through the No. 4 con-
tact of relay DC(5), in parallel, to conductor 545
over which it is employed to fire the counting
chain tubes of Fig. 4 as will hereinafter be de~
scribed. The positive pulse on conductor 346 is
‘also conducted through the No. 5 contact of re-
lay RA(B), resistor 5471, No. 2 contact of relay
AD(5), conductor 548, resistor 381 and to ground,
thereby applying a positive potential to the left-
hand control anode of tube P{(3) for a purpose
hereinafter to be described. :

The pulse on conductor 528 is alzo applied to
the left-hand control anode 58{ of tube RA(E).
The left-hand control cathode 593 of tube RA(H)
is connected to negative battery threugh re-
sistor 6§52 and through the winding of relay
RA(5), and therefore a discharge will be initiated
across the control gap of that tube. The left-
hand main anode 588 of tube RA(5) is connected
to a source of positive potential through the No.
8 contact of relay SR(5), conductor 548, through
the No. 2 contact of relay NT(8) and through
the No. 5 contact of relay NTI(8), in parallel,
conductor 892, resistor 580, No. 4 contact of relay
RAI(5), resistor 554, and to the main ancde 8508
of tube RA(5). The main cathode 585 of tube
RA(8) is connected to negative battery through
the winding of relay RA(S). Therefore, upon
the initiation of a control gap discharge in tube
RA(B), first and second transfers of discharge
will occur and relay RA(B) will he operated.
Relay RA(5) is operated at the first pulse of
each digit to indicate the beginning of each
digit.

It will be recalled that prior to the receipt of
the first dial pulse, relays L(§), ON(5) and SR (5)
were operated and relay RA(5) was unoperated.
Under this condition, eapacitor 853 is in a dis~
charged condition, its discharging circuit being
traced from ground, capacitor 533, resistor 554,
conductor 585, No. 6 contact of unoperated relay
RA(S), conductor B25, No. 2 contact of relay
ON(5), and to ground.. At the receipt of the first
dial pulse, relay RA(B) is operated, as ahove de-
scribed, to interrupt this path, but capacitor 553
continues to be shunted to ground through the
back contact of released relay L«(B), conductor
525, No. 2 contact of relay ON(5), and to ground.
At the termination of the first dial pulse, relay
1:(8) ‘again operates, removing this shunt, and
permitting capacitor 553 to charge over a path
from positive battery, resistor 855, No. 6 con-
tact of relay SR(B), conductor 555, resistor 554,
capacitor 553, and to ground. This rising posi-
tive potential is appliesd through resistor 557 to
the left-hand control anode of tube RAI(E).
‘The left-hand control cathode of tube RAI(5)
is connected through resistor 558, and the main
cathode thereof is connected directly through
conductor 889, winding of relay RA{(5), to nega~
tive battery. The left-hand main anode of tube
RAI(%) is connected via conductor 588, upper
back contaci of relay EX(5), and resistor 561
to. conductor 842 which is connected to positive
battery as before described. Therefore, when
capacitor 852 has charged to a sufficient value,
tube RAI(E) will discharge and undergo first
and second transfers of discharge. The time
constant of the network comprising capacitor
853, resistor 8§84 and resistor 556 is such, how-
ever, that capacitor 558 will not be charged to
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the critical value during any of the intervals be-
tween the pulses representing any one digit.
Therefore, if another pulse is immediately re-
ceived in the course of the dialing of a digit great-
er than “1,” relay L(5) will again release to re-
establish the discharging path for capacitor 553.
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 ogeur before the receipt of the next
dial pulse. During this interdigital time, ca-
pacitor 583 will charge to the critical value, tube
RAI(§) will discharge and transfer, and relay
RAI(E) will be operated. Relay RAI(5), in op-
erating, interrupts, at its No. 4 contact, the cir-
cuit supplying main anode battery to tube RA(5),
that tube will be extinguished, and relay RA(5)
will be released.

Relay RAH(E), in operating, also closes a cir-
cuit from battery, winding of relay EX(5), No: 1
contact of relay RAI(B), No. 7 contact of relay
DC(%), to off-normal ground conductor 7{2 which
is grounded through the No. 3 contact of relay
ONI(1) as hereinbefore described. It may be
noted that capacitor 562 is charged through re-
sistor 565 in parallel with the winding of relay
EX(5) over the same path, the discharge of this
capacitor upon the interruption of the energiz-
ing path for relay EX(5) rendering that relay
slow to release.

Relay EX(5), in operating, interrupts, at its
upper contact, the eircuit for supplying main
anode voltage to tube RAI(5), that tube is ex-
tinguished, and relay RAI(3) is released. Relay
RAI(5), in releasing, interrupis the previously
traced energizing path for relay EX(5), and that
relay releases. These operations occur during
the interdigital time to restore the pulsing circuit
and prepare it for the receipt of the next digit.
The storing of the received digit and the restor-
ing of the counting chain also cccur 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. 4, the first three digits are successively
stored in the hundreds, tens, and units storing
tubes, respectively, of Fig. 6, under the control
of the steering circuit of ¥ig. 3, and the fourth

-digit, assuming a four-digit subscriber’s designa-

tion, is refained and stored in the counting chain
of Fig.4. One skilled in the art will be able readily
tc modify the disclosed and described cireuits to
provide for subscribers’ codes having a greater or
fewer number of digits.

The counting chain comprises six tubes, viz.,
RIB(A), R2T(D), R28(4), RA9(H), R5O(B), and
RAAB(4). The left-hand main anodes and the
right-hand control anodes of the counting tubes
Ri8(4) to R50(8), inclusive, are connected by
conductor 401 and resistor 402 to conductor 495;
and the left-hand main anode and the right-
hand control anode of tube RAS5(4) are con-
nected by conductor 403 and resistor 404 to con-
ductor 495. Conductor 485 extends to Fig. 5 and
is connected through the lower back contact of
relay EX(5) to conductor 802 which is supplied
with 135-volt positive battery as before described.
THe left-hand control cathode of tube RI§(4) is
connected to ground through a resistance-capac-
itance network comprising resistors 405 and 497
and capacitor 408, and the left-hand control cath-
odes of the counting tubes R27(4) to R50(4) are
connected to ground through similar individual
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networks: The left-hand control cathode-of “add~
five” tube RAS5(4) is connected to-ground through
resistor 409. 'The main cathode of tube RI6(4)
is connected through the network comprising re-
sistor 410 and capacitor 411 to negative battery,
and the main cathodes. of the tubes R2T(4): to
RB0(4), inclusive, are connected: to negative bat-
tery. through similar individual resistance-capac-
itance networks. 'The main cathode: of tube
RAS(4) is connected to negative battery through
capacitor 415 and, in parallel therewith, resistor
416 and the winding of relay RA5(4). It may
be noted that the right-hand control eathode of
each of the tubes in the ecounting chain is con-
nected to its associated main cathode through
a high resistor.. For example, the right-hand
control cathode of tube RI6(4) is connected to
the main cathode of that tube, and thereby io
negative- battery, through high resistor 417,
Thus, the tubes in this counting chain are pro-
vided with “keep-alive” ecircuits to insure the
rapid operation thereof.

Prior to the receipt of the first dial pulse of
any digit, the left-Hand econtrol anode of tube
R 15(4) is connected through resistor 418, through
the network comprising resistor- 419 and capac-
itor 420, through resistor 421, conductor 422, No.
2 contact of unoperated relay RA(5), and con-
ductor 564 which is connected to point 585 on
the voltage divider comprising ground; resistor
565, No. 5 contaet of relay DC(8), econductor 557,
No. 7 contaet of relay SR (5), resistor 868, and pos-
itive: battery. Therefore there is an approxi-
mately 50~volt- positive bias ot the left-hand con-
trol anode of' tube R¥6§(4) before any dial pulse
interruptions occur for any one digit. This po-
tential is insufficient to create a control gap dis-
charge in the tube. The left-hand contrel anodes
of the tubes R2T() to RBO(4), inelusive, are
connected through similar networks and resist-
ances to the main cathodes of the immediately-
preceding tubes in the series. For example, the
left-hand control anode of tube R27(4) is con-
nected through resistor 425, through resistor 426
and capacitor 427 in parallel, and through re-
sistor 428 to the main: cathode of tube R{6:(4).
By these connections;, the left-hand control
anodes of tubes R2T(4y, R38(4), R49(4) and
RE0(4) are connected to negative battery. The
left-hand. control anede of tube RA5(4): is: also
connected to negative: battery through resistor
429, resistor 430: and resistor 434.

As: previously desecribed;, upon the receipt. of
the first dial pulse; a high pesitive pulse is. trans-
mitted: over conductor 546 to: the counting chain
tubes. This positive pulse is:applied through ca-
pacitors: 432 to 43T and through the associated
networks: to the left~-hand control anodes of tubes
RI6(4), R2ZT(A), R34, R4TA), R50(4), and
RAB(4), respectively. 'The left-hand control
anode of tube RI§(4) has been: biaseq: positively,
as. previously described, and: the: left-hand: con~
trol anodes: of the: remaining tubes R2T) to
RAS(4), inclusive, have all been:biased negatively.
Therefore, upon: the reeeipt.of the:first dial pulse,
a. discharge will oceur across. the left-hand con-
trol gap: of tube R16¢4) only, and first and: sec-
end transfers will immediately occur whereby
conduction will exist between the main anode and
the main cathode of tube RI6(4). When relay
RA(%) 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 centrol anode of tube RiI6(®) is in-
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the main cathode of tube R50(%). for purposes
of recycling as will be described hereinafter:

Conduction across the main gap of tube R16 (&)
will result in an appreciable rise in potential af
the main cathede thereof, as for example, from
negative 48 volts to positive 50 volts. This rise
in potential is applied through resistor 428,
through the network comprising resistor 428 and
capacitor 427, and through resistor 425. to. the
left-hand eontrol anode of the next succeeding
counting tube R27(4). This rise in potential is
delayed, however, to- the extent of the charging
time of:capacitor 411 to permit the pulse on the
contrel anodes to. disappear to obviate the pos-
sibility of tube R27(4) being: fired falsely. At
the receipt of the next.dial pulse, a positive pulse
will be applied through: eapacitors 4§32 to 437 and
to. the left-hand control anodes of the, several
counting chain tubes, and since tube R2T(4) is
the only one thereof having a suitable priming
potential applied to. its left-hand control anode,
that tube will undergo a discharge across its
left-hand control gap, and a. first and a second
transfer will occur whereby conduction wiil exist
across: the main gap. thereof.

At the instant of conduction in tube R27¢4),
its: main cathode will remain at approximately
48 volts negative due to the: presence of capacitor
439, but. the potential at the main cathode of
tube RI6(4) will be at approximately 50 wvolts
positive as previously described. The additional
drop across the common main anode resistor 492
as a result.of the conduction through tube R271<4)
will lower the potential at the main anodes: of
tubes R16(4) and R27(8) to a point where. the
potential difference across the main gap of tube
Ri6(4) is insuficient to sustain conduction, and
tube RI6(4) will be extinguished.

Ag capacitor 439 becomes charged, a positive
priming potential will be applied to the left-hand
control anode of tube R38(4) whereby that tube
will be fired on the next dial pulse, extinguish-
ing tube R27(4). Similarly, tubes R49(4) and
R5D (&) are successively rendered conductive, ex-
tinguishing the previously conducting tube, With
tube R50(4) conducting as a result of five pulses
having been received, the rise in main cathode
potential thereof will be applied through con-
ductor 449, through the Nos. 1 and 3 contacts -
of relay RA(5), and to conductors 518 and 422
respectively. This: positive potential is applied
over conductor 422, through resistor 421, through
the network comprising resistor 419 and capaci-
tor 420, and through resistor 418 to the left~
hand control anode of tube Ri6(4). This pesitive
potential is also applied over conductor 510,
through resistors 430 and 429 to the left-hand
control anode of tube RAS(4). Therefore, on
the. sixth: pulse; both: tubes RA5(4) and Ri1%(4)
will fire. Conduction in tube R16(4) will cause
tube R50(4): to be extinguished, but it. may be
noted: that tube: RA5(4). is provided with: an: in-
dividual main anode. impedance comprising re-
sistor 404 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 con-
tinuing in tube RAS5(4) to indicate that. con-
duction through tube R2T(4) now represents the
digit: “7,"” that conduction through tube R38(&)
noew represents the digit ““8,” and so forth. Since
relay RA5(4) is in the main cathode circuit of
tube RAS(4), as previously described, conduc-
tion across the main gap of that tube will result
in the opergtion of relay RAS§(4). :
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It may be noted that further means are pro-
vided to insure the proper extinguishing of a pre-
ceding tube upon the firing of the next succeed-
ing tube. As above described, with tube R15(4)
conducting and after capacitor 411 has fully
charged, the main cathode potential of that tube
rises to approximately 50 volts positive, and this
positive potential is applied to the left-hand con-
trol anode of tube R27(4). At the next pulse
on conductor 546, tube R27(4) is fired and tube
RI6(4) is extinguished. As capacitor 433 be-
comes charged the main cathode potential of
tube R21(4) rises to approximately 50 volts posi-
tive. As capacitor 41{ discharges through re-
sistor 418, the main cathode potential of tube
RI6(4) falls again to approximately negative
48 volts. However, with the main anode of tube
R27(4) having risen to approximately 125 volts
positive, even after tubs R27(4) has undergone
both transfers of discharge, a discharge will con-~
tinue to occur between the main anode of tube
R27(4), left-hand control anode of tube R27(4),
resistor 425, through the network comprising re-
sistor 428 and capacitor 427, resistor 428, and
through the network comprising resistor 449 and
capacitor 411 to negative battery. Therefore, the
left-hand control anode of tube R2¥1(£) will re-
main at an approximately 50-volt positive po-
tential while tube R27(4) is conducting. At the
next pulse on conductor 548, tube R38(4) will he
fired, and the main anode potential of all of the
counting chain tubes will drop to a low positive
value, such as positive 10 volts. Since the main
cathode potential of tube R2Z7(4) has risen to
approximately 50 volts positive, the main gap
discharge in tube R27(4) will cease. Since the
left-hand control anocde of tubs R21(4) is also
at a positive 50-volt potential, conduction be-
tween that control anode and the main anode
will also cease. If the left-hand control anode
were connected to negative battery solely through
resistors, the potentials thereat would immedi-
ately drop to negative 48 volts, and if tube R27(4)
had not completely deionized a digcharge might
then occur between the left-hand control anode
and the main anode of tube R27(4). The capaci-~
tive elements are provided in the circuit of the
left-hand control anode to obviate this possibility
by providing a time delay netwerk to hold that

control anode positive sufficiently long for tuhe ;

R27(4) to become completely deionized. These
considerations also apply to the other tubes in
the counting chain.

It may also be noted that current-controlling

means are associated with the left-hand control 35

cathodes of the counting chain tubes. Thus,
ground is connected to the left-hand confrol
cathode of tube Ri{8(8) through series resistor
496 and through the parallel combination of re-
sistor 487 and capacitor 4088. This network
serves to permit a large initial surge of current
at the first transfer of discharge in the tube but
thereafter serves to limit the conduction be-
tween the main anode and left-hand control
cathode after the second transfer has occurred
thereby serving to cause the conduction in the
tube primarily to exist between the main anode
and the main cathode thereof.

Storing and preliminary pulse absorbing

As each of the digits of the assumed four-digit
subscriber’s number is received, the pulses rep-
resenting each digit are counted in the counting
chain of Fig. 4 as above described, with relay
RA(D) operating at the beginning of each digit,
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and relay RAI[(5) operating at the end of each
digit. As the first or hundreds digit is received
and counted, it will be stored in the hundreds
storing tubes Hi6(6) to HAS5(6), 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 RI15(4) to RAG(4), inclusive, and is
then stored in the tens storing tubes TI6(§) to
'TAB(6), inclusive, and the counting chain is re-
set. The third or units digit is counted, and is
then stored in the units storing tubes Ui6(6) to
UAS(S), inclusive. The fourth digit, represent-
inig the ringing code, is both counted and stored
in the counting chain tubes R{5(4) to RAS),
inclusive. The successive transfer of the counted
digits to their respective series of storing tubes
is- accomplished under the control of the steer-
ing tubes PI(3), P2(3) and P3(3) and the asso-
ciated steering relays P{(3), P2(3) and P3(3).

Ag previously noted, the positive pulse on con-
ductor 548, resulting from the receipt of the first
dial pulse representing the first digit to be trans-
mitted, is conducted through the No. 4 contact
of relay DC(5) and through the No. 3 contact
of relay RAI(5) in parallel, to conductor 546,
through the No. 5 contact of relay RA(S), re-
sistor ‘541, No. 2 contact of relay AD{(5), con-
ductor 548, and through resistor 30{ to ground
whereby this positive pulse is applied to the left-
hand control anode of steering tube PI1(3). The
left-hand control cathode of tuke PI(3) is con-
nected to negative battery through resistors 302
and 303 and the winding of relay P1(3). There-
fore, a discharge will be initiated across the left-
hand control gap of that tube. Since the left~
hand main anode of tube PI(3) is connected
through resistor 384 to conductor 892 which is
connected to a positive main anode battery sup~
ply as previously described, tube P1(3) will un-
dergo a first transfer whereby conduction will
exist between the main anode and the left-hand
control cathode thereof. Since the main eathode
of that tube is connected to negative battery

5 through resistor 303 and the winding of relay

P1(3) and alse through capacitor 305, a second
transfer will oceur, conduction will exist across
the main gap of the tube, and relay P{(3) will be
operated. Tt may be noted that the right-hand
control electrodes of this tube are connected as
a “keep-alive” circuit similar to that previously
described in order to expedite the discharge in
the tube.

The operation of relay PI1(8) prepares a cir-
cuit whereby upon the operation of relay AD(5)
(hereinafter to be described) a suitable negative
potential will be applied to the control cathodes
of the hundreds storing tubes over a path from
negative battery, No. 5 contact of relay RAIL(5),
which operated at the end of the digit, No. 1
contact of relay AD(§), the operation of which
has not as yet been described, conductor 511,
upper front contact of operated relay PI1(3), con~
ductor 386, and through resistor 60{ to ground
whereby a negative voltage is applied through re-
sistors €02 to €687 to the left-hand control cath-
odes of the hundreds storing tubes HI6(6),
H27(8), H38(8), H49(6), H50(8), and HA5MH),
respectively. Until relay AD(S) is operated, how-
ever, this path is not complete, and the first or
hundreds digit cannot be transferred from the
counting chain tubes to the hundreds storing
tubes. )

Relay AD(5) is provided so. that any prelimi-
nary pulse, transmitted by an inadvertent fum-
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ble of the switchhook, for example, may be ab~
sorbed. If, after the first pulse is received and
counted by tube RI6(4), a sufficient delay en-
sues so that relay RAI (5) is operated, this pulse
will represent that the first digit transmitted is
“1,” The operation of relay RAI(5) will cause
the operation of relay EX(8) as previously de-
scribed. The operation of relay EX(3) will re-
move main anode battery from the counting
chain tubes and tube RI6(4) will be extinguished.
Therefore, the circuits are returned to their nor-
mal condition as if no pulse had been received.
It. may be noted that since such a preliminary
pulse is. thus absorbed, a subscriber’s number
must have, as its first digit, & number other than
l‘l')’.

If the first: digit received is “2” or greater, tube
R21(4) will be or will have been rendered con-
ductive during the counting of the pulses rep-
resenting that digit.
conducting, the rise in cathode potential thereof
is transmitted over conductor 4&t, through the
No. & contact of relay AD(5), resistor 5712, con-
ductor 573, resistor 6i9, and to the left-hand
control anode of tube AD(G). Negative battery
is supplied through the upper winding of relay
AD(5), No. 6 contact of relay AD(3), and con-
ductor 574 to the main cathode of tube AD(S),
and through resistor Git to the left-hand con-
trol cathode of that tube. The left-hand main
anode of tube AD(8) is connected through re-
sistor 612 to conductor 882 over which main
anode battery is supplied as before mentioned.
Therefore, tube AD(§) will undergo a control
gap discharge and first and second transfers, and
relay AD(5) will be operated.

Relay AD(5) locks over a path from negative
battery;, upper winding of relay AD(5), No, 7
contact of that relay, lower winding of that re-
lay, resistor 378 to conductor 802 through which
the positive battery at the No. & contact of relay
AR (5) is supplied as before explained. Relay
AD(B) wilt thereby remain operated under the
control of relay SR(5). Relay AD(5), in operat~
ing angd locking, interrupts the supply of nega-
tive voltage to the cathodes of tube AD(§) there-
by extinguishing that tube.

With relay AD(5) 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 Pi(3) will be completed.
It may be noted that since relay AD(5) is locked
operated, “1’" may bhe used as the tens, units or
ringing code digit. Relay AD(5), in operating,
also interrupts, at its No, 4 contact, the circuit
over which dial tone was supplied to the calling
subscriber.

The main cathodes of the counting c¢hain tubes
are cennected to the left-hand control anodes of
their corresponding hundreds, tens and units
storing tubes. Thus, the main cathede of count-
ing chain tube R16(4) is connected by conduc-
tor 443. and through resistors 644, 6{5 and 516
to the left hand control anodes of the hundreds
storing tube HI6(8), of the tens storing tube
T16(6), and of the units storing tube UI6(8),
respectively. Similarly, the main cathode: of
counting chain tube R27(4), is connected by con-
ductor 441 through individual resistors: to. the
left~-hand control ancdes of tubes H2T1(6), T2T(6),
and U27(6). 'The other corresponding tubes. are
similarly’ interconnected, including: the. main
cathode of the “add-five’” countitig chain tube

When that tube becomes v
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RA5(4) being connected by conductor 444
through individual resistances to the left-hand
control anodes of tubes HA5(§), TA5(6) and
UAS(6).

The main cathodes of tubes HI6(6), H21(6),
H38(6), HA9(6), and HE0(6) are connected to a
source of negative voltage through resistors 6471
to 621, respectively, and the main cathode. of
tube HAS5(§) is connected to negative battery
through the winding of relay HAB(5). Similar-
ly, the main cathodes of the tens storing tubes
TI6¢6) to TH0(6), inclusive, are connected to
negative battery through individual resistors, and
the main cathode of tube TA5(8) is connected
to negative battery through the winding of re-
lay TAS(6). And in a similar fashion the main
cathodes of the units storing tubes Ui6(6) to
US0(5) are supplied with negative battery, with
tuke UAS(6) having the winding of relay UAS(6)
in its main cathode circuit.

It will be recalled that a positive voltage from
the positive battery at the No. 8 contact of relay
SR(5) is supplied to conductor 882. This posi-
tive, main anode voltage is thereby connected
through common resistor 623 to the left-hand
main anodes. of tubes HIS(8), H2%(8), H38(6),
HA49(8), and H58(6), and through individual re-
sistor 624 to the main anode of tube HAS5(E).
Similarly, main anode voltage is supplied to:tubes
TI6(5) to TBH(6), inclusive, through the- com-
mon resistor €25, and to tube TA5(8) through
the individual resistor 626. In a similar fashion,
the main anodes of tubes UI6(8) to UHL(BE), in-
clusive, are connected to positive battery through
resistor 627, and the main anode of tube UA56)
is connected to positive battery through resis-
tor 628.

It may therefore be seen that upon the reeeipt
and counting of dial pulses representing a first
or hundreds digit greater than “1,” and upon
the operation of relay RAI(5) during the inter-
digital delay period following the transmission
of those pulses, discharge initiating and sustain-
ing potentials are applied to the electrodes. of the
hundreds storing tubes which are associated with
conducting counting chain tubes. Letting it be
assumed for the present that the called sub-
scriber’s numerical designation is “236-2,” the
first or hundreds digit is “2,” and counting chain
tube R27(4), only, will be conducting. The rise
in main cathode potential of that tube will be
transmitted to the left-hand control anode of
hundreds storing tube H27(5), and since. the
left-hand control cathode of that tube is: con-
nected to a source of suitable negative voltage
through contacts of relays PI(2), AD(5), and
RA1(5) as above described, a control gap dis-
charge will be initiated in tube H21(8), and first
and second transfers will immediately 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
RAI(B) is operated, and before relay BX(5) op~
erates. When relay EX(3) operates, the pre-
viously traced circuit for the supply of main
anode voltage to the counting chain tubes R16(4)
to RA5(#), inclusive, is interrupted, and the con-
ducting counting chain tubes will be extin-
guished. Under the assumed conditions, tube
R27(4) is the only counting chain tube which
is conducting, and it will be extinguished. Singe
relay EX(5), in operating, causes the release.of
relay RAI(E) which, in turn, interrupts the
energiving path. for relay EX(5), the counting -
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chain tubes must be extinguished before relay
EX(5) again releases to reestablish the main
anode supply. The charge on capacitor §62 in-
sures that relay EX(8) will be sufficiently slow
to release for the counting chain tubes to become
deionized to the required degree. ‘

As previously mentioned, the release of relay
RAI(5) releases relay RA(S) which results in
the discharge of capacitor 553 at the control
anode of tube RA{{8), 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 re-
tard coil over conductor 543, through the No. 3
contact of relay RAI(5) and through the No. 4
contact of relay DC(¥) in parallel, conductor
548, No. 5 contact of relay RA(5), resistor 547,
No. 3 centact of operated relay AD(5), conductor
877, lower front contact of operated relay PI1(3),
conductor 30%¥, and through resistor 308 to
ground, whereby this positive pulse is applied to
the right-hand control anode of tube PZ(3).
Negative kaitery is supplied through the wind-
ing of relay P2(3), conductor 3¢3 and resistor
818 to the main cathode, and through the addi-
tional resistor 311 to the right-hand control
cathode of tube P2(3). It may be noted that
negative battery is also connected through ca-
pacitor 312 to the cathodes of this tube. The
main anode of tube P2(3) is connected to main
anode battery through resistor 884 which is com-
mon to tuhes P1(8), P2(3), P3(3), and DC(5).
When the positive pulse is applied to the right-
hand control anode of tube P2(2), a control gap
discharge and first and second transfers will
immediately occur. The main cathede of tube
P2(3) will be momentarily held at approximately
negative battery potential by capacitor 312, while
the main cathode of previously conducting tube
P1(3) will be at a considerably higher voltage
since capacitor 385 will have become fully
charged. Therefore, in a manner similar to that
in which the counting chain tubes operate and
commutate, the additional drop aeross resistor
204 resulting from the conduction through tube
P2(3) will drop the potential at the main anodes
to a point where the potential difference between
the main anode and main cathode of tube P1(3)
is below sustaining voitage, and that tube will
be extinguished. As tube P2(3) continues to
conduct, capacitor 3i2 charges whereby the main
cathede potential of tube P2(8) rises so that tube
P2(3) may be extinguished upon the subsequent
rendering of tube P3(3) conductive, and relay
F2(3) is operated. The extinguishing of tube
PI1{&) will release relay Pi(3), which will inter-
rupt the circuit over which negative battery had
previously been supplied to the control cathodes
of the hundreds storing tubes Hif(§) to HA5(8),
inclusive.

The first dial pulse of the second digit also op-
erates relay RA(8) as before and fires the count-
ing chain tube RIi6(4). Since “3” is the tens
digit of the assumed called subscriber’s number,
two additional dial pulses will be received which
will result in counting chain tube R38(4), only,
being conductive.. During the interdigital de-
lay, capacitor 583 will charge, and tube RAI(5)
will be rendered conductive, operating relay
RAI(8) as previously described. Relay RAI(E),
in operating, will complete a circuit from nega-
tive hattery through the No. 5 contact of relay
RAI(5), No. 1 contact of locked operated relay
AD(5), conductor 571, No. 6 contact of operated
. relay P2(3), conductor 345, and through resistor
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629 to ground, whereby a negative potential is
applied to the left-hand control cathodes of the
tens storing tubes T16(8) to TAB(8), inclusive.
Bince counting chain tube R33(4) is conduct-
ing, a pesitive voltage will be applied over con-
ductor 445 and through resistor §38 to the left-
hand control anode of tube T23§(E), Tube
T38(8) will therefore be rendered conductive to
store the digit “&” ag the tens digit of the called
subsecriber’s numbper. Relay EX(8) will be op-
erated and released, relays RAL () and RA()
will be releasad, and the counting chain tubes
will be extinguished in preparation for the re-
ceipt of the next digit,

Al the first dial pulse of the third or units
digit, a positive pulse is again transmitted to
conductor 577 from which that pulse is passed
through the lower back contact of released re-
lay P1(2), conductor 3§, No. 7 contact of op-
erated relay P2(3), conductor 317, and through
resistor 318 to ground whereby the pulse is ap-
plied to the right-hand control anode of tube
P3(3). This tube fires, transfers, extinguishes
tube P2(3) thereby releasing relay P2(2), and
operates relay P3(3) in its main cathode circuit
in a manner similar to that previously described
in relation to the firing of tube P2(3) at the be-
ginning of the second digit. 'The release of re-~
lay P2(3) interrupts the circuit over which nega-
tive battery had previously been applied to the
control cathodes of the tens storing tubes Ti6(6)
to TAB(B), inclusive. The operation of relay
P3(3) prepares a circuit whereby upon the op-
eration of relay RAI(5) at the end of the third
digit negative battery will be connected through
the lower front contact of operated relay P3(3),
conductor 319, and through resistor §32 to
ground whereby the negative potential will be
applied through individual resistors to the left-
hand control cathodes of the units storing tubes
U18(8), U2T(8), U3L(6), UAL(8), U58(8) and
UAB(G).

Since the. units digit of the assumed called
subscriber’s number 236-2 is “6,” siz dial pulses
will be received and counted by means of the
counting chain. The sixth pulse will render hoth
tubes RA5(4) and RI6(4) conductive as herein-
before described. Full conduction in tube
RA5(4) will cause the operation of relay RA5(4)
which is in the main cathode circuit of that tube.
The rise in main cathode potential ¢f tube R16(4)
will be fransmitted over conductor 442 and
through resistor 61§ to the left-hand control
anode of tube Ui6(6). The rise in main cathode
potential of tube RAS(4) will be transmitted
over conductor 444 and through resistor €33 to
the left-hand control anode of tube UAS5(6).
Therefore, upon the elapse of the requisite por-
tion of the interdigital time and the resultant
operation of relay RAI{(%), tubes UIB(6) and
UAS(6) will be rendered conductive to store the
digit “6.” Relay EX(5) will operate and release,
the counting chain tubes will be extinguished,
and tubes and relays RAI(5) and RA(B) 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 §71, through the low-
er back contact of released relay. Pi(3), con-
ductor 316, No. 8 contact of released relay P2(3),
conductor 325, upper front contact of operated
relay P3(3), conductor 326, and through resistor
518 to ground, whereby the positive pulse is ap-
plied to the right-hand control! anode of tube
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0C(8). Since negative batitery 4 connsesd
through the winding of relay ZCE), conduator
§78, through resisior 334 to the maln canhode oi
tube BC(3) and through resistor 881 to the rig
nand control cathode of that tube, ag v
through capacitor 532 to these-cathodes, a dis-
charge will oceur across the right- hand confrol
gap - of tube DC(E), first and second transisrs
will oecur, tube P3(3) wiil be extinguished due
to the additional drop across resistor 368,
lay P3(3) will ne released, snd relay DCGE) wik
be operated. ‘The release of relay P(H
interriupt the circuit over which negative
had previously been supplied to the cowl
odes of the units storing tubes U1E(E) to
mchmve.

Sinee the Foursh or ringing code digit of the
assumed subscriber’s nuraber 236-2 i5 “2,” coynt-
ing c¢hain tuhe RATE) will be rendersd conduc~
tive, and will remein conductive to store
ringing ‘code digit. Ab the pmuse following the
1ast dial pulse of this digih, tube R A1 (5 will five
and 1ela,/ rvAI(Lﬂ) will be‘operated. The gpera-
tion of relay RAL (D will ‘caudse the extihection of
donduction through tube RAS) and relay RA(H)
will be relezsed. Relay (%), however, will
1ot opelac\, ‘sihce its ple\nous*y traced encrgiz-
ing path is interrupted ‘et ‘the Mo. 7 contact of
relay DC(5) as’'a result'of the operation of relay
DC(U) ‘Since relay LA’(J) ‘does not operate, the
main “arode cucuws Tor tube RAI(E) and for
the counting caam tuocg will not be interrupted.
_Ch'erefore “tube 127 ¢4) “will rémain condusting
to ‘store the ringing code digit “2” and relay
RAT(8) will not be re;eas‘“‘ It may be noted
that any further dnlmg will be iheiTéctive inthat
the ‘pulse output c1r<,u1t from the retard coil
compnsmﬂ wmam@s ‘B35 and B43 s intercupted
by ‘the” opemn»r of ‘the I90.'%" cbntact of reiay
KAL) and by the clening of the Mo, 4 contact
of felay DO .

The conjoint operation of relays RAI(B) and
DC(s) closes an energmng circuit for -relay
D1 (1) “which may be traced from négative’ bat-
tery, ‘winding of relay DCI(T) conductor T,
1eft-hand back contact of relay T’VIB(Q) “con~
ductor 811, No. 5 contact of relay CK (1), con-
ductor 11 8, No. 3 contact of operated relay DC(8),
conductor 583, No. 2 contact ‘of operdted relay
RAI(B) to off- normal ‘ground eonductor 112
which ‘is grounded ‘through’ ‘the No. 3 contact of
relay ONI(D). Relay DCH(T) "will theréfore be
operateu ‘to ‘perform functions heéreiniafter to be
descrxbed
 As helelnbefore meiitioned, provision'is ‘made
Ior time-out in the event ‘that relay STI(8) fails
to release ‘within a prescribed time. Provision
is also ‘made for the circuits to time-out- 1f the
‘subscriber fails to start dialing within another,
and preferably considerably longer, prescnbed
titme, or if a series ‘of "digits tone of which is
greatel than “1” are received, or if ‘an exténded
delay perlod oceurs durlng the dlalmg

‘If, ‘at the time relay ONI(T), operates at the
Seizure of the register, relay ST! (6) hasreleased to
release relay TMA () which, in turn, has released
relay TMB(S) ‘the “operation of relay ONI(D
W111 close an oper ‘ating circuit for relay TMA(E)
wh1ch ‘may be traced from’ sround through the
No.'3 contact of relay ONI (1) ; ofi-normal ground

condictor-112,-through the right-hand back con-
fp_act of relay TMB(9), conductor 912, upper-wind-
ing ‘of relay TMA(9), and “to nég"at'iVe'batteiy
Relay TMAWM, in- operatmg, will loék ' éperated

‘Over atpath’ from ‘negative battery,; lower winding -
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and No. 3 contact ‘of trelay TMA(S), «conductor
€18, -No. 8 contact of relay "ONIi (1), .conditictor

728, Wo. b contact -of unoperated relay AD(E) to
ofs-hormsl ‘ergund donductor T12. This ground
i5-alsc-cxbended through the Nos. 3 and 4 contacts
of operated relay TMA(3) to conductor 892,
through ‘the winding of relay TMB(®) and tc
negative battery. Relay TMB(8) operates to-in-
terrupt ‘the -original operating path for relay
TMA). ‘Relay TMA(S), in opcr‘atmg,, connects
negative battery through ifs WNo. 2 contacn to-con-
ductor 954, through the winding of relay TM(3),
conductor 909, and through resistors 813 and 18
o the ‘main and cortrol cathodes, respectively, of
tube TM(9). This negative batiery on conductor
94 ‘is ‘also -dpplied to the lower electrode of ca-
pacrtor §i1. Positive battery is connecteu through
Tésistor 9298, No. 1 contact of relay NEFT(5), con-
ductor 921, resistor §22 to the upper elactrode of
gapacitor %)I"I This capacitor will begin to
charge, with the rising potential thereon ‘being
spplieq through resistor %23 to the right-hand
control anode of tube TM@). As indicated, the
time constant of the network including capacitor
§i7 is preferably considerably greater ‘than the
time constant of the network including capaci-
tor €63. Tf relay TMA(S) is not released with-
in this time, a discharge will be initiated across
the right-hand control gap of tube TM(I). It
may be nosed that if, upon seizuie of the register,
relay ONi (1) is operated prior to the time that
velay TMA(9) ‘is completely released as a result
of the release of relay ST1(5), relay TMA(3) will
immediately lock over -the -above-traced locking
circuit.

ii dialing commences before capaeitor 817 has
charged to the critical potential, relay AD(E) will

‘be operated at the second dial pulse of the- first

digit, bub the locking path for relay TMA(S) will
be maintained during the dialing of that digit
since conductor 725 is then connected to off-nor-

‘mal ‘ground conductor 712 through the No. 4
‘covxtact of relay RA(5) which is opérated at the

beginning of each digit. At the end of ‘the first
digit, relay RA(H) releases thereby releasing relay
TMAC(SY. The release of relay TMAE) inter-

‘rupts” the -energizing ‘cireuit for- relay 'THB(8).

The release of relay TMB(9) again'closes the-en-
ergizing circuit for relay TMA(3) to off<noimal

'ground conductor 112, but relay TMB(3) is slow
‘to release so thatb capamtor 917 may completely

dischatrge through the circuit including resistor
922 and the No. 1 contact of relay TMA(9) prior
to the reoperation of relay TMA(S). At the be-
‘gitning of the second digit, relay RA(D) gperates

‘to provide ‘a locking path for relay TMA(S) and

an opelatmg path for relay TMB(8); and at the

Tnd-of that  digit ‘Telay RA(3B) releases to release
‘relay TMAMW

TMB®,
This

which releases relay
which, in turn, reoperates relay TMA(S).

“¢ycle ‘Tepeats as each digit is received. ‘At the
"‘eompletion of the last digit, relay TMAW)
‘released at the release of relay RA(D).

Relay
TMA(S) releases relay TMB(8) which - again
closes the ‘circuit for the operation of relay
rK‘MA(“) torestart timing. The operation of the
cirenit-in the event that time-out oceurs will be
discussed hereinafter.

Idle-busy-vacant test

‘When ‘relay DCi(T) ‘is operated, -a ¢ircuit:is
closed from ground, No: 3 contact of relay RS(1),

‘conductor 722, No. 2 contact of relay-DCi(¥) and

to conductor 723 which is exteénded to'the com-

‘nion- teléase and time-outcireuit-in Fig. 1. "Re-
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lay DCI(T), in operating, also completes a cir-
cuit from ground through the No. 2 contact of
relay RS(T), conductor 724, No. 1 contact of re-
lay DCI(T), and to conductor 725 which is also
extended to the common release and time-out
circuit of Fig. 1. Relay DCI(T), in operating,
also completes a loop from conductor 119 at the
common release and time-out circuit, No. 4 con-
tact of relay DCI(T), conductor 126, No. 4 con-
tact of relay RS(T), and conductor 721 which is
extended back to the common release and time-
out circuit of Fig. 1. The common release and
time-out circuit responds to this conditioning to
lock out originating calls and terminating calls
from other registers, and relay LO(I) therein
operates. The common release and time-out cir-
cuit then operates the number-ground connector
relay NGC(2) to associate the register with the
number-group circuit (Fig. 2) and to perform
certain additional functions hereinafter to be
described. The operation of the common release
and time-out circuit is fully described in the
above-cited patent of W. A. Cornell et al.

Relay NGC(2), in operating, connects the wind-
ings of the tens translator relays T16(2), T27(2),
T38(2), T49(2), and T50(2) in the number-group
connector through the Nos. 36 to 32 contacts, re-
spectively, of relay NGC(2), to the main cathodes
of the tens storing tubes TI§(H), T21(5), T2I8(8),
T49(8), and TEO(6), respectively. With the as~
sumed tends digit “3” stored in the tens storing
tubes, and with, therefore, tube T38(8) conduct-
ing as previously described, the main cathode of
tube T38(8) is at or above ground potential. This
potential is connected through conductor €35, MNo.
34 contact of relay NGC(2), conductor 2083, wind-
ing of tens translator relay T38(2) and to nega-
tive battery. Relay T38(2) will therefore be op-
erated. In a similar fashion, whichever of the
tens storing tubes is conducting as a result of
the registration of a tens digit, upon the opera-
tion of relay NGC(2), the correspondingly desig-
nated one of the tens translator relay Ti6(2) to
T50(2) will be operated. In 2 similar manner,
relay NGC(2), in operating, will connect the
windings of the units translator relays UI6(2),
U27(2), U38(2), UALI(2), and UEB(2) through the
Nos. 43 to 392 contacts, respectively, of relay
NGC(2) to the main cathodes of the units storing
tubes UI6(6), U21(6), U3BG), TA96) and
U50(8), respectively. Thus, with the assumed
units digit “6” stored in the units storing tubes,
tubes UI16(8) and UAS(6) will be conducting. The
ground potential, or the potential positive rela~
tive to ground, at the main cathode of tube
Ui6(8), will be transmitted over conductor 638,
No. 43 contact of relay NGC(2), conductor 284,
winding of relay U18(2), and to negative battery.
Relay Ui6(2) will thereby be operated. Con-
duction in tube UA5(S) will result in the opera-
tion of relay UAL(6) as above described.

Relay NGC(2), in operating, also connects
ground through its No. 4 contact, conductor 28§,
No. 4 contact of relay ID(8), conductor 868, No.
2 contact of relay VAC(8), conductor 809, wind-
ing of relay HST(8) and to negative battery.
Relay HST(8), in operaling, connects positive
battery through resistor 812, winding of relay
IB(8), conductor 813, resistor 814, middle front
contact of relay HST(8) and to conductor &15.
Since the digit “6” has been assumed to have
been stored in the units storing tubes and since,
therefore, relay UASB(8) is operated, this posi-
tive voltage on conductor 815 will be connected
through the front contact of relay UAS(6), con-
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ductor 638, No. 37 contact of relay NGC(2), con«
ductor 206 and to the outer front contacts of the
units translator relays Ul6(2) to Us0(2), inclu-
sive. Since relay UIl6(2) is operated as above
described, this positive voltage will be passed
through the outer front contact of that relay to
the “6” conductor 207. It may be noted that had
a digit less than “6” been registered in the units
storing tubes, relay UAB(6) would have been re-
leased, and the positive potential would have
been extended through the back contact of relay
UA5(8), conductor 639, No, 38 contact of relay
NGC(2), conductor 208, and to the inner upper
front contacts of the units translator relays. The
positive potential on the “6” conductor 287 is con-
ducted to the number-group circuit (Fig. 2) for a
purpose hereinaiter to be explained.

Referring again to Fig. 8, negative battery is
connected through the winding of relay BY(8),
conductor 818, resistor 48, and to the armature
of relay TAB(8). Since the digit “3” is stored
in the tens storing tubes, relay TA5(8) is not op-
erated, and, therefore, this negative votlage is
conducted through the back contact of relay
TA5(6), conductor 641, No. 31 contact of relay
NGC(2), and through conductor 209 to the inner
front contacts of the tens translator relays.
Since relay T38(2) is operated as above described,
the negative voltage will he conducted through
the inner upper front contact of that relay to the
“3” tens conductor 218 which is extended to the
number-group circuit of Fig. 2.

Relay HST(®), in operating, connects ground
through its No. 1 contact to conductor 818, ca~
pacitor 819, winding of relay HP(8), outer upper
back contact of relay HP(8) and to negative bat-
tery. Relay HP(8) will thereby operate in the
charging path of capacitor 8i19. Relay HP(8), in
operating, connects negative battery through its
outer upper front contact to conductor 816 there-
by short-circuiting the winding of relay BY(8)
and applying full negative battery over the pre-
viously-traced path to the number-group circuit
(Fig. 2). Relay HP(8), in operating, also con-
nects positive battery through its inner upper
front contact to conductor 813 thereby short-
circuiting the winding of relay IB(8) and apply-
ing full positive battery over the previously-traced
path to the number-group circuit.

It will be recalled that the one of the hundreds
storing tubes which is conducting, assumed to be
tube H27(§), has conduction therethrough
limited by resistor 823 in the main anode circuit
thereof. Relay HP(8), in operating, connects full
positive battery through its inner upper front
contact and through conductor 820 to the main
anodes of the hundreds counting tubes, and, thus,
full positive battery is applied to the main anode
of tube H2T7(8). The increased conduction
through hundreds storing tube H27(8) as a result
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
642, inner upper back contact of unoperated relay
HAS5(8), conductor 8§43 which is cabled to Fig. 2,
No. 23 contfact of relay NGC(2), conductor 211,
through resistor 242 to ground and through con-
ductor 214 to the number-group circuit. It may
be noted that had hundreds storing tube HAS(G)
been operated as well as tube HR2I(§), relay
HAS5(6) would have been operated and the rise in
cathode .potential of tube H27(6) would have
been applied through conductor 842, through the
inner upper front contact of relay HAB(6), con-
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ductor 644, No. 24 contact .of relay NGC(2) and
to:conductor 218 which is exfended to the num-
ber-group circuit.

In response to the application of these noten-
tials to the selected -ones of these conductars’ the
number-group cireuit ccoperates with the line
and line-link ecireuit to select the called .sub-
scriber’s line in a.manner fully discloged in the
above-cited patent of W. A..Cornell.et al.

It may be noted that relay HP(8), in operat-
ing, also interrupts, -at its outer upper back con-
tact, its own energizing .circuit, .and therefore,
after a .short .interval, releases. "The 'positive
potential .applied from the hundreds storing
tubes to the number-group circuit will there-
fore be a square top pulse of short duration. It
may also be noted that relay HP(§), in releas-
ing, restores the previously-traced . energized
path for itself. Relay HP(8) will not reoperate,
however, since capacitor 818 has become fully
charnged during the operating time of relay. HP(8)
over 2 path from ground, No. 1 contact of relay
HST(8), conductor 818, capacitor 819, resistor
821, outer upper front contact .of -relay HP®)
and to negative battery. It may be.noted that
when .relay HST(8) releases as will be described
hereinafter, .capacitor 819 will be discharged.
Relay HP(8), in.releasing, removes-the short cir-
ccuits from relays IB(8) and BY ().

While relay HST(8) is operafed, .a circuit is
«completed . from :ground .on off-normal .ground
conductor 712, No. 7 .contact of .relay RT(8),
conductor 822, No. 2 contact of unoperated relay
IB(8),-conductor 823, inner front contact of re-
Jay HST(8), conductor 824, winding of “vacant
line” relay VAC(8), .and to negative batbery.
Relay VAC(8) is thereby energized bhut is-slow to
.operate. If the called line is not vacant, relay
IB(8) will be .operated .as will be described im-
mediately hereinafter. .The operation of relay
IB(8) in that event -will interrupt the .above-
traced .energizing path for .relay VAC(& .and
relay VAC(8) will.-not.operate. .If the.lineis va-
cant, relay IB(8) will not be operated and relay

VAC(8) will .be allowed to operate to indicate ¢35

that the line-is vacant.

If the .ealled line is.idle, conditions are.estab-
lished in the line and line-link cireuit (Fig. 1)
whereby sufficient current flows through .the

winding -of ‘relay IB(2) to.cperate that velay. If .

the called line is busy, conditions are .established
.in the-line and line-link circuit wher eby suﬂiment
current .flows -through the windings of relays
IB(8) and BY(8) to.cperate both of those relays.

The functioning of the system .when the cailed &
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Jine .is .busy will be discussed hereinafter, it ‘be-

ing assuined for the present that the called line is
Adle.

Relay IB(8), .in operating, closes.a path from
.ground .on.off-normal ground conductor 7.{2, No.
7 .contact of relay RT(8), conductor 822, No. 11
contact .of relay IB(2), -conductor -825, No. 4
contact -of -unoperated relay . BY(8), .conductor
826,  winding of “idle” relay ID(8) and to nega-

tive battery. Relay ID(8) is thereby -operated -

‘and ‘locks -over a path from -negative battery,
winding of relay ‘ID(8), ‘conductor 8§25, No. '1
-contact of relay VAC(8), rconductor 2827, :No. 1
-conitact -of ‘relay ‘ID(B), and to ground on ‘off-
‘normal ground conductor 712,

Relay ID(8), in operating, interrupts the pre-
viously traced energizing path for'relay HST(8),
which releases. Relay HST(8), in releasing, ‘in-

‘terrupts ‘the ‘previously ‘traced circuit including
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the winding of relay TB(8),
relay IB(B).

Establishing ‘path to-celled line

Relay ID(B), in operating, removes, at .ils Ne.
5 contact, the .ground previcusly applied to con-
ductor 828 which :extends ‘to the .comnion -release
and time-~out circuit-of #Fig. 1. That cireuit re-
sponds to this signal o -condition the iine and
line-link :¢ircuit for establishing -a «connection
from ithe .called mariy’s line to the selected
juncter. Relay T368), in operating, also frans-~
mits e signal through the:selected junctor 1o the
line and line-link cireuit.over:a path from.mnega-
tive ‘pattery, resistor 83§, No. 9 contact of relay
IDS), wenductor 884 ‘which is .cabled to Fig. 2,
'extends through the ioperated register connector
and /is then :cabled o the.selected junctor (Fig.
11,4 extendad dhrough that junclor, .and dsithen
cabled toithe Yineanddine-link eireuit (Fig. 1).

The line and dine-lnk -circuil ds operative in
response to these Signals to rextend the wcalled
party’s.line:to the juncior-where the.tip, ring-and
sleeve conductors .appear as.conductors 121, 422
and 103, respectively. The called :subscriber’s
tip:conductor {21 then-extends throughthe No. 3
contact of unoperated relay RE(), No. 3.contact
of uncperated relay TR, wupper winding .of
supervisory relay CS«l), -and #o .ground. The
called subscriker’s ring conduetor 122 is-extended
hrough the Ho. 7 contact of relay RF(L), No..11
contact of relay THE), lower winding of super-
visory relay .C8¢1) , and.to-negative batiery.

The lins and 1ine~1ink circuit then connects

ositive 100-volt battery to conductor 122 which
is cabled to the Junctor. “This potential -on-con-
ductor 4238 is then extended -through .the No. 7
contact of relay BY ), conductor {24 which is
extended through the operated register connector
and $o Fig, -8, -No. T contact -of operated relay
ID(E), conductor 1832, resistor 728, and through
yesistor 138 :to groand wbereby ‘aspositive poten-

thereby releasmg

tube ‘:VCK(‘:T) The r1ght—hand contlol catho,de
‘of ‘tube VCK(T) :is connected to ground through
resistor 8.  Positive 135-volt -battery .is .con-
nected through the 'winding of .relay - CK(@), re-
‘sistor #32, conductor ‘¥33, No. -9 contact of oper-
ated relay SR (5), .and through conducior 584 to
ithe left<hand 'main anode ©of tube VCKC(I).
‘Negative -battery is:connected through resistor
134, No. 4 contact of unoperated relay TRO(D).,
wondusbor T35 whichiextendsito Fig. 10,:No..5:con-
fact of relay T6i§), MNo. 3 econtact -of relay
{CER(E8), conductor #8320 which iextends to Fig.
7, No. 7 contact of reigy RC(T), .conductor '13§,
.ang -through resistor 137 «lo ground whereby :a
.negative potential is. applied tothe main-cathode
-0f tube VCRK(T). Tube VCK(T) will therefore
-undergo ‘o -¢ontrol gap discharge @and :first -.and
cecond transfers.and relay CE(T) will ‘be-oper-
:ated. Relay CK (), in :operating, connects
.ground through the No. .2 rcontact -of -operated
rélay ONL(T), conducior 188, resistor 139, No. %

¥ contact of relay GE(T) to.conductor 133, there-

Jy.locking relay:CE(7) woperated and-extinguish-
Jing tube 'VCK(?). Relay *CR(T), “in (operating,
-alse interrupts, at: its No. 1-contact, ‘the circuit
“by ‘means: 6f which: capacitor 197 was connested
to the winding of rélay ‘SR(H), ‘thereby makmg
relay SR(8) ‘less slow to- 1e1ease ‘Relay’ CK(‘!)
m operatmg, also mnemupta, ab its Ne. 5 -con-

tact, the prevmauiy traced energlams pauh ‘for
relay ‘BCID ‘and ‘that- re?ay releases
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Communication with the ringing circuit

As a result of the determination that the called
line is idle, the common release and time-out cir-
cuit (Fig. 1) applies positive battery to conductor
126 which extends to Fig. 7, No. 7 corntact of un-
operated relay TZO{7), conductor 743, Ne. 11
contact of operated relay ID(®), conductor 834
which extends to Pig. 2, No. 5 contact of oper-
ated number-group connector relay NGC(2),
and to conductor 218§ which extends through cer-
tain other closed contscts (not shown) in the
number-group connecior circuit. The positive
potential on conductor 219 is then extended over
a path through all of the provided ringing cir-
cuits which are idle (only one of which is shown
in Fig. 2), and to the ringing connector. The
ringing connector is operative in response to this
signal to select one of the available ringing cir-
cuits, here assumed to be the ringing ecircuit
represented in Fig. 2, in o manner fully disclosed
in the ahove-cited patent of W. A. Cornell et al.

It will be recalled that the fourth or ringing
code digit of the called subsecriber’s number was
not only counted in the counting chain tubes of
Pig. 4, but was also stored therein. The ringing
connector funciions at this time to operate cer-
tain relays (not shown) in the number-group
connector circuit to close a plurality of paths over
which the information stored in the tubes of Fig.
4 may he communicated to the ringing circuit.
It has been assumed that the ringing code digit
of the present called subscriber’s number is “2”
whereby counting chain tube R27(4) is conduct-
ing, and the main cathode of that tube is at a
potential considerably more positive than the
potentials of the other counting chain tubes.
This positive potential is transmitted through
conductor 441, No. 3 contact of unoperated relay
RA%(4), conductor 447 which is cabled to Fig. 2,
Wo. S contact of operated relay NGC(2), through
the contacts of the relays (not shown) now oper-
ated by the ringing connector, and to the ringing
circuit. In a similar fashion for any other ring-
ing code digit, the ringing code information is
transferred to and stored in the ringing circuit.

A circuit is now completed for the operation
of the ringing connector hold magnet HOLD(2).
The ringing circuit connects a ground potential
through the No. 18 contact of relay NGC(2), con~

ductor 221 which is extended to Fig. 7, No. 3 con- ~

tact of operated check relay CEK(T), conductor
T44 which is extended through the operated reg-
ister connector (Fig. 1) and to the ringing con-
nector (Fig. 2), winding of ringing connector
hold magnet 1—10LD(2) and to battery.

The ringing connectm hold magnet HOLD(Z)
in operating, operates the ringing conneetor in
a manner fully disclosed in the above-cited pat-
ent of W. A, Cornell et al. As a result the sub-
seribers’ tip and ring conductors 115 and 117 are
disconnected from conductors 281 and 202 which

extend to the register as above described, and’

are connected to conduciors 222 and 223, respec-
tively, whieh are extended through the operated
ringing eonnector to the ringing eircuit.

The ringing eircuit then Jocks the ringing con-
nector hold magnet HOLI(2) operated, and
fransmits ringing current over conductors 222
and 283 in ‘the manner fully disclosed in the
above-cited application of W. A. Cornell et al.

The preliminary ring tubes and associated cir-
cuits shown in Fig. 3 of the drawing are disclosed

and claimed in the application of Hall-Korn-.

Serial No.’ 134,108 filed conc:mrentlv,5
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Release of register

It will be recalled that with relay CO(1) in the
junctor operated, the calling subscriber’s ring
conductor was extended through a back contact
of ringing connector hold magnet EOLD{2) and
through the lower winding of relay L.(3) in the
register, to battery. When, therefore, the ring-
ing connector is connected to the junctor upon
the operation of hold magnet HOLD(2), the call-
ing subscriber’s tip and ring conductors are ex-
tended to the ringing circuit, and relay L(5) is
relegsed. 'The release of relay L(5) interrupts
the energizing path for relay SR(5). Relay
SR (5) releases normally since capacitor 707 has
keen disconnected from its winding by the oper-
ation of relay CK(T) as above described. Re-
lay SR(5), in releasing, removes main anode bat-
tery from all of the tubses shown in Figs. 3 to 6,
inclusive, removes the charging battery from ca-
pacitor 553 by means of which a potential was
applied to the left-hand control ancde of tube
RAiI(5), and also removes the positive battery
from the windings of relay AD(8) and that relay
releases. The removal ¢of main anode battery
extinguishes any of those t{ubes in Figs. 3 to 6
which were conducting and removes the ‘“keep-
alive” potential from those tubes therein which
are provided with keep-alive circuits. The ex-
tinguishing of tube RAI(B) releases - relay
RAI(B). The removal of main-anode battery
extinguishes all conducting tubes in the counting
chain and all conducting tubes of the hundreds,
tens and units storing tubes, which, in the as-
sumed case, are tubes R2T(4), H27(5), T38(8),
TU16(8), and UAB(6). The extinguishing of tube
UAB(8) releases relay UA5(6).

Relay SR (8), in releasing, also connects ground
through its No. 3 contact to conductor 386 which
exiends to Fig. 2, No. 20 contact of operated re-
lay NGC(2), conductor 534 which extends to Fig.
7 and is then cabled to the common release and
time-out circuit (Fig. 1).

The common release and time-out circuit re-

J: sponds to this signal to perform certain restoring

operations in the line and line-link circuit, and
releases relay NGC(2) which releases the num-
ber-group connector and number-group ecircuit,
including the operated one of the units trans-

“lator relays U16(2) to UG0(2) and the operated

one of the tens translator relays T16(2) to'T50(2).
Relay SR(§), in releasing, also interrupts the

locking path to release 1'ela,y ON(5). Relay

ON(8), in releasing interrupts, at its No. 7 con-

3 tact, the operating path for relay COWl) in the

junctor, and that relay, in releasing, reconnects
the calling subscriber’s tip and ring conductors
through the windings of supervisory relay S(1)
whereby that relay is operated. . The interrup-
tion of the operating path for relay CO(l) also
interrupts the operating path for the register
connector which releases.

Relay ON(5), in releasing, also interrupts, at
its No. 8 contact, the locking path for the oper-
ated class-of-service relays in Fig. 10. Relay
ON(5), in releasing, also interrupts the previous-
ly traced circuits to release relays DC(5), CK(1),
ID(B) and TMA(9).

It may therefore be seen that when the ring-
ing connector hold magnet is operated to indicate
to the circuits that a path to the called subscriber
has been selected and established and that the
ringing cireuit has received the necessary. ring-
ing-code-digit information, the register, the
register connector, the number-group and the
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line-link circuits- are all restored to normsal
whereby another call may be originated or termi-
nated: while ringing proceeds.
The remaining circuits function and arvs re-
leased: in. accordance with the: disclosure of ths
above-cited patent of W. &. Cornell et.al.

Revertive call

Let it now be assumed that. the: funciioning of
the circuits has proeseded as. above described
down to the point at which the idle-busy-vacant
test is to be made. Let it further be assumed that
the: called line tests busy whereby both ‘idle-
busy” relay IB(8) and “busy” relay BY(8) wilt
be operated as above mentioned.

Relay IB(£), in orperating, interrupis the en~
ergizing cireuit for relay VAC(8) before that re-

lay has had sufiicient. titne to operate, and thus.

no vacant line indication is given as before dis-

cussed. Relays IB(8) and BY(8), in operating,

complete a circuit from negative batiery, wind-

ing of relay BY (1), conductor 745, No. 3 contact

of uneperated relay ID(8), conductor 83€, No. 2
coniact of operated relay BY.(8), conductor 825,
No: 1. condact of operated relay IB(2), conductor
822, No. 7 contact of relay RT(8), and to ground
on off-mormal sground conductor 7i2. Relay
BY () operates, lecks-through its No. 4 contact

to. ground on off-normal ground conductor 1i%..

and: closes g circuit from ground through ths
No:.. 2 contact of operated relay ONi(1), con-
ductor 738, No. 3. contact of relay RC{(T), con-
ductor 746, No. 3 contact of operated relay
BYi{(1), conductor 747, which is extended
through the opsrated register connector (Fig. 2}
and to the juncter (Fig. 1), winding of relay

BY (i), and to battery whereby relay BY) is

aperated.

Since the busy indication. may be due o a
reverting: call, i. e., one. in which. the calling and
called. parties: are on the: same line, a revertive
test. is. made. Therefore, relay BYI(I), in
operating, alse completes a circuit from positive
135-volt. battery through. the winding of “rever-
tive.call” relay RC (1) to conductor 748 which ex-
tends to Fig. 10.
class~of-service to be either ‘“flat-rate” or
“grounded line,” either relay FR(IB) or relay
GL(i®) will be operated as hereinbefore de-
seribed. The battery en conductor 748 will theye-
fore be: extended: thraugh: the No. 4 contact of
operated relay FR(I8) or through the No. G con-
tact. of relay GL(19), conducter 1621, Mo. 5 con-
taet. of operated relay BYI(T), conductor T4%
which. is. extended through the. operated register

conneetor and to. the juncfor (Fig. 1), No. 1

contact of operated relay BY (1), and to the left-
hand main anede of “verification” tube VE(L).
Relay BY (1), in operating, also completes. a.
cireuit. from ground through. its No. & contact,.
conductor {24 which is extended. through the
operated register connector and fo. Fig. 8§, No.. 8
contact of unoperated relay ID(8), eonductor

831, Mo. 2 contact of operated relay BYL(1), con~

ductor 158, No. 8 contact and: winding of relay
RT(8), and to battery. Relay RT(§) operales
and locks. through its Wo. & contach to ground. on
off-normal ground conductor 712. Relay RT (8,
in operating, completes a charging path for
capacitor 839 over a path from positive battery,
resistor 848, Nos. 3 and 2 contacts of relay RT(2),
capacitor 838, and to. ground. It may be nocted
that. capacitor 839 is normally discharged, when

relay RT(8) is released, througir resistor 84§, As

capacitor 889 charges, g rising potential iy ap-

plied over conductor 842, No. 7 contact of relay:

Assuming the. calling party’s.
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NT1 (8), conductor 832, resistor 7129 andto ground
through resistor 738 whereby a rising positive
potential is applied. to the. right-hand confrok
anode of tube VCK (7). The time constant.of the
circuit is such that tube VCK(T) is not discharged
for a.time sufficient for a. revertive test ia be
made.

Referring now to Fig. 10, it- will be noted that
capaeitor 1824 is normally positively charged
from. positive: 135~volt. battery, resistor 1023,
which has a high value of resistance, capacifor
1024, and to ground. Therefore, when. relay
RT(8) operates, a positive pulse is transmitted.
from. capacitor {824 through resistor 1428, No. 5
contact of relay GL(ID) or of relay FR({3), con-
duetor (827 which extends to Fig. 7, No. 3 cen~
tact of relay TKO(T), conductor 151, No. 3. con-
taet of relay VAC(8), conductor 843, No.. 10. con-
tact. of unoperated relay IDX8), conducior 844,
No. 8 contact. of operated relay R'T(8), to. con-
ductor 845 which is extended via the number-
group. cireuit to the line and line-link cireuit as
ahove described. The line and line-link eircuit
forwards this pulse to the junctor with which
the “busy” called line is associated, over the
called subscriber’s sleeve lead.. If the called sub-
sexiber’s station and the. calling subsciiber’s sta-
tion are on the same line, i. e., if it is a reverting
call, as is assumed, this positive pulse will be
received at the junetor which. has previously been
seized. by the calling party, that is, the junecior
shown in Fig. 1. The positive pulse will, there-
fore, appear on sleeve-conductor 103 and will be
transmitted threough the No. 5 contact of relay

» RS(1), and. 3 major portion of that pulse will

pass by the network comprising inductor ({3 and
capacitor 128 and will be applied. through. resis-
tor 128 to the left-hand control anode of tube
VE(). Since the-left-hand confrol cathode of
that tube: is connected to negative battery
through the network comprising resistors. {3¢ and
i34 and capacitor 132, and since the. main cathode
of that tube is connected to negative battery
through: resistor 133, a.control gap discharge and
first. and second. transfers will immediately oc-
cur whereby conduction will exist befween the
left-hand main anode and the main. cathode of
tube VF(). It may be noted that the firing of
this. tube is aided by the presence of a “kKeep-
alive” circuit including the righi-hand control
electrodes. of the tube. It may also be noted that
had. this: not been a.revertive call, the called sub-
scriber’s. line would have been associated with a
different junctor and the positive pulse would
have been applied to the left-hand control anodd
of the VP tube in that junetor, but no transiers
would have occurred in thai tube since there
would be no supply of main anode battery thereto.

Since. relay RC(1) is in the circuit of the left-
hand main. anode of tube V(L) , relay RC(T) will
operate and will lock. through ifs No. 4 contact,
conductor 138, No. 2, contact of relay ONI(T) and
to ground. Thig ground will also extinguish tube
VE(l). Relay RC(1), in operating, interrupts
the previously traced energizing path for relay
BY () in the junctor to release that relay. Re-
lay RC(D), in operating, also connects positive
battery. through resistor 185, through its No. 5
contact, conductor 334 which extends through
the idle ringing circuits to the ringing conductor
whereby one of the ringing circuits is selected as
hereinbefore described.

During the time that the ahove revertive test

. is being made, eapscitor 83% in the contrel anode:

cireuit of tube VCX(T) is charging as hereinhe-
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fore mentioned. Thetime constant ofthis cireuit:

is arranged to be longer than: the time required

to operate relay RC(7) if that relay is to: operate
atalli. It may be noted that if the result of the

revertive test: is affirmative, 1. e, if it is: indeed

a revertive call, relay KRC(1) is operated, whereas
if the result Is negative. relay RC(T) will not be
operated. Jt has been assumed that this is a
revertive call, and relay RC(T) has been operated
as above described.

After a suitable delay interval, cazpacitor §3%
becomes sufficiently charged to cause tube VCE (1)
to discharge across its right-hand control gap.
As previously described, the left-Fand'main anode

of tube VCEK (1) is connected to positive battery i@

through a iront contact of relay SR(5) and
through the winding of relay CR(T). It will be
recalled that in the previous discussion where the
called line was assumed to be idle, relay RC(T)

was not operated and thi» main cathode of tube :

VCR(T)y was connected to negative batbery
through: a back contact of relay TE8T), In the
case of a revertive call, however, with: relay
RC(1) operated, the main cathode of tube
VCK () is connected viz conductor 123, through
the No. 6 contact of operated relay RC(T), con-
ductor- 858 which is extended through the num-
ber-group connector relay NGC(2) and to nega-
tive battery through the winding of a revertive-

ringing  control relay in the ringing cirenit.

Therefore, tube VCK(T) will undergo first and
second transfers whereby relay CX (7)) and the re-
lay in the ringing circuit will be operated.

Relay CK(1) locks operated, extinguishes tube
VCK(T), releases relay CDi(T), removes capaci-
tor 107 from the winding of relay SR(5), so that
relay SR8y will be less slow to relsase, and
discharges capacitor 707 through.resistors 766 and
T12. As previously described;, relay CK(7),.in op-
erating, operates the ringing connector hold mag=
net HOLD(2) over a path from a groungd in. the
ringing circuit.

As described above in relation to the first call;
the ringing connector is thereby operated to as-
sociate the ringing circuit with the junctor. The
operation of the ringing connector hold magnet
HOLD(2) also interrupts, at ifs back contacts,
the circuit from the calling subseriber’s tip con-
ductor’ to ground through winding 523 of the re-
peat coil in the register, and the circuit. from the
calling subscriber’s ring conductor to negative.
hattery through winding 524 of the repeat coil
and through the lower winding of relay L(5),
and relay L.(%) is thezreby released.

Upon the. release of relay L(5), relavs SRG),
ON(8) and OML(T) release in. cascade as de-
seribed in relation to the previous call. Relay
SR(5) , in releasing, removes main anode.battery
to extinguish those tubes.in the register which are
conducting as.previously deseribed. 'The removal
of main anode hattery alsa allows relay AD(5) to
releass. As in the previous description, relay
8R(8), in releasing, also connects ground through
to-the commeon release and:time-cut circuit which

" responds to performy certain. restoring functions
culminating in the release of the number-group
and number-group connector circuits and in the
release of the register and register conmector as
above described. It may be noted that in the re-
storing of the register to normal, relay ON{(T),
in releasing, releases relay BYT(TY, RC(D, and
RT(8). The citcuits thereafter function and are
released in accordance with the disclosure of the
above-cited patent of W, A. Cornell et ak
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Called line busy

If, in the above discussion, the line is found
to be busy, but the result of the revertive test is
negative, i. e., the called and calling subscribers”
lines are mot. common, tube VF({) in the dis-
closed junctor will not be fired and relay RC(T)
will not be operated. With relay RC(1) unop-
erated, the only one of the previously traced paths
over which ground was.applied to conductor 167 to
in the junctor operated is
through theNoe. 4 contact of relay CK(1). There-
fore, when capacitor 838 becomes sufiiciently
chiarged, tube VCR (T will fire operating relay
CK(7) and ground will be removed from con-
ductor (7. Relay COW) in the junctor will
thereby bereleased. The removal of ground from
conductar 187 and the opening of the No. 4 con-
tact of relay CO(f) removes the ground from
conductor 1120y means of which the register con-
nector was held operated. 'The register connec-
tor and regisier will' thereby be released. The:
circuits function to transmit “busy tone” to. the
callihg subscriber and are released in accordance
with the disclosure of the above-cited patent of'
W. A. Cornellet al.

Cailed. line: vacant

As above discussed in- regard to the first ezl
cescrived, the idle-busy-vacant test is initiated
7y’ the number-group connector relay NGC(2Y
operating relay HST(8) through back contacts
of relays TD6E) and VAC(8). In addition to the
functions performed in relation to the idle and
busy tests, as described above; relay HST (Y, in
cperaiing, also completed a circuit from ground:
on off-normal ground conductor T2, No. 7 con-
tact of relay RT(8), conductor 822; armature
and No. 2 contact’ of unoperated relay IB(8),
conductor 823, inmer front contact of relay
HST @), conductor §24, winding of relay VAC(8Y,
and to negative battery: As before indicated, re-
lay VAC(8) is slow to operate whereby if the
czalled line is either idle or busy; relay IB(8) will
operate prior to the operation of relay VAC(E)
witereby the energizing cireuit for relay VACD)
will be interrupted. If, however, the line is va«
cant, relay IB(8) can not operate, and; after the
requisite interval, relay VAC(8) will operate.
Relay VAC(3Y, in operating, locks through. its
Xo. 4 contact to ground on off-normal ground
conductor 712, interrupts at its No. 1 contact the
locking path for relay ID(8) to prevent that re.
lay-from being locked operated, interrupts at its
MNo. 2 contact the previously traced energizing
path for relay HST(8) to release that relay, and
completes & circuit from ground through its No. 6
contact, corductor ¥47T which is extended through
the operated register connector (Fig: 1) and to
the junctor; winding of relay BY() and to bat-
tery whereby relay BY () is operated. Relay
BY(ly, in operating, returns ground to the reg-
ister to operate relay RT(8) as in the revertive
call ghove described. Relay RT(R) locks oper-
ated and applies & rising potential from capaci-
tor 83¢ to the right-hand control anode of tuhe
VCK(T) as previously described. Tube VUK (T)
fires {0 operate relay CR(T) which locks oper-
gted and extinguishes tube VCE(T). Since re-
lay VAVI(B) is operated, the only path over which
ground iy extended to the upper winding of re-
lay: CO(1) and o hold the register connector
cperated is through the No. 4 contact of relay
CKI{Ty, and therefore, upon the operation of re-

lay CEI(T), relay COC) is released and the reg-
* ister contieetor is restored to nermal. The junc-
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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
release 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 line and line-link circuits are re-
stored to normal, as is fully described in the
above-cited patent of W. A, Cornell et al.

Outgoing trunk call to zero operator

Although the principles of this invention may
be applied in a variety of systems, the preferred
embodiment of the invention is representatively
disclosed as comprising a part of the system dis-
closed in the above-cited patent of W. A. Cornell
et al. That system is designed to be fully auto-
matic and unattended. Therefore, an operator
may be reached only through one of a plurality
of trunk circuits, one of which is represented in
Fig. 1.

When a party desiring to signal the ‘“zero”
operator closes his switchhook contacts, the reg-
ister is seized as above described. Upon seizure,
the register causes the operation of the common
release circuit which prepares the line and line-
link circuit for handling other calls as before
mentioned. The register transmits dial tone to

the calling subscriber, and the subseriber dials -

the digit “0.” The register functions as before
described with relay RA(5) operating and the ten
pulses representing the digit “0” being counted
on the counting chain of Fig. 4, tubes R5%(4)
and RAB(4) thereof finally conducting. Pre-
liminary pulse absorbing is accomplished as above
discussed, and when the digit “0” is received in
the register, relay AD(5) will be operated since
more than one pulse was received. As previously
described, relay PU(3) is operated at the first
pulse of the first digit, and upon the operation
of relay RAI(5) during the delay following the
receipt of this first digit, negative batiery is
connected through front contacts of relays
RAI(5), AD(5) and Pi(3) to conductor 386
whereby a negative potential is applied to the
left-hand control cathodes of the hundreds stor-
ing tubes HI5(6) to HAB(6),and tubes H53(6) and
HA5(6) therein are discharged to store the hun-
dreds digit “0.” Since relay RAB(4) is operated as
a result of the conduction through tube RAS(4),
the negative potential on conductor 308 is also
extended through the No. 11 contact of operated
relay RAS(4), and through resistor 448 to ground

whereby a negative potential is applied through -

vesistor 445 to conductor 438. The negative po-
tential on conductor 430 is applied to the left-
hand control cathodes of trunk tubes TKT(T),
TKS(T) and other similar trunk tubes (not
shown) for a purpose hereinafter to be described.
The negative potential on conductor 450 is also
applied through the No. 8 contact of relay
OPR.({0), conductor {838, and through resistor
453 to ground whereby 2 negative potential is
applied to the right-hand control cathode of tube
TRY(4). Main anode battery is supplied to tube
TK0(4), and also to tubes TKT(T) to TK(T)
ant to tube NT(8), over conductor 454, resistor
455 and conduitor 882 which is supplied with
positive 135-volt battery through the contacts of
relay SR(5) as hereinbefore described. With
tube RAN(4) conducting, the main cathode of
that tube will rise in potential, and this poten-
tial is applied through conductor 440 and through
resistor 456 to the right-hand control anode of
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tube TKO0(4). Tube TKSW) will undergo a dis-
charge across its right-hand control gap and a
first transfer. Negative battery is connected to
the main cathode of tube TK8(4) through the
winding of relay TKO(7) via conductor 457.
Therefore, tube TK0(4) will undergo a second
transfer and relay TKQ(T) will be operated.

Relay TE2(?), in operating, connects ground
through its No. 2 contact, conductor 588, and
through the winding of relay RAI(E) to battery
whereby relay RAIL(8) is operated. Conseguently,
the register can not ke further advanced and any
further digits which mighi be dialed are not
recorded. Relay TKE(T), in operating, also con-
nects ground on off-normal ground conductor
7t2 through its No. 1 contact, conductor 515, to
the winding of relay DC(E) and to battery. Re-
lay DC(5) operates and locks to ground on off-
normal ground conductor 712 through its No. §
contact. Relay DC(8), in operating, operafes
relay DCI(T) over a path including a back con-
tact of relay CXR(7) as hereinbefore described.
Relay DCI(T), in operating, calls in the common
release and time-out circuit to initiate the ter-
minating phase of the call as hereinbefore de-
scribed. The number-group connector relay
NGC(2) is operated and the register responds
thereto to perform the idle-busy-vacant test as
above described.

Assuming for the moment that all of the pro-
vided trunk cirecuifs are busy, relays BY(8) and
IB(8) will both be operated as on a regular busy
condition as hereinbefore described. Relays
BY(@) and IB(®), in operating, operate relay
BYI(7) which operates relay BY({) which, in
turn, operates relay RT(8) as hereinbefore de-
scribed. Relay RT(8), in operating, causes a
rising voltage to he applied to the right-hand
control anode of tube VCR(7) from capacitor
However, a revertive test is noj made on 2
busy call to an “0” operator’s trunk since the re-
vertive test lead is opened at the No. 3 contact
of ‘operated relay TKA(Y1). When capacitor 839
becomes sufficiently charged, tube VCE(T) will
undergo a control gap discharge and a first trans-
fer. The main cathode of tube VCXI(7), under
these conditions, is connected via conductor 728,
No. 7 contact of unoperated relay RC(T), con-
ductor 1020, No. 3 contact of relay OPR(19), No.
5 contact of relay T(1%), conductor 135, Wo. 5
contact of operated relay TE8(T), conductor 757,
Mo. 6 contact of operated relay BY1(7), resistor
158, and to negative battery. Therefore, tube
VCK(T) will underge a second transfer, and re-
lay CK(T) will be operated. Relay CE(), in
operating, locks to off-normal ground and ex-
tinguishes tube VCK(I) as before explained.

C With relay TKS8(T) operated, the only path
over which ground is extended to energize relay
CO) in the junctor and to hold the register
connector operated is through the No. 4 con-
tact of relay CR(T), and therefore, upon the op-
eration of relay CK(T), relay CCO(1) will be re-
leased as will the register connector. Therefore,

3 the register connector, the register, and the num-

ber group will be released and restored toc normal,
and busy tone will be sent to the calling sub-
seriber in the manner fully dislosed in the shove-
cited patent of W. A. Cornell ef; al.

Assuming now that one or more of the trunk
circuits is idle, relay IB(8) only will be operated
as on a regular idle line. Relay IB(8), in op-
erating, operates relay ID(8) which locks to off--
normal ground.

Relay ID(®), in operating, signals the line and



‘2,668,081

33
line-link circuit as above deseribed, and that cir-
cuit operates to establish a connection from the
employed trunk circuit (Fig. 1) to the selected
junctor (Fig. 1). When this connection is com-
pleted, the line and line-link ecircuit transmits
positive battery over the previously traced path
through the junctor and through the No. 7. con-
tact of operated relay ID(8) to the right-hand
control anode of tube VCK(1). The main anode
of tube VCK(7) is connected to positive battery
through the winding of relay CK(7), and, with
relay TKO(T) operated, the main cathode of tube
VCK(T) is connected vig conductor 7383, No. 7
contact of relay RC(T), conductor 628, No. 3
contact of relay OPR(10), No. 5 contact of relay
TU0, conductor 135, No. 5 contact of cperated
relay TEE(T), conductor 757, No. 7 contact of
unoperated relay BY[(7), conductor 788 which
is extended through the operated register con-

nector and to the junctor (Fig. 1), winding of:

relay TR(1) and to negative battery. Therefore,
tube VCK (1) will undergo a control gap dischargs
and first and second transfers and relay TK({)
will -be operated. Relay TEK(1), in operating,
locks. through its No. 1 contact, conductor (35,
upper front contact of opsrated relay ON(I) and
to ground, and in so doing, increases the current
in' tube VCK(T) to operate relay CEK(7) which
locks and extinguishes tube VCK(T) as herein-
before explained.

Since relay TR(7) is operated, relay CE (1),
in operating, also interrupts, at its No. 4 contact,
the only path over which ground is supplied to
the upper winding of relay CO(!) and to hold
the register connector operated, thereby releag-
ing the register connector. When the register
connector is released, relay L(5) is released and
the register is restored to normal which causes
the common release circuit to function to re-
store itself and the number-group circuits. to
normal as hereinbefore described. The fune-
tioning of the other circuits on this type of call
is fully set forth in the above-cited patent of
W. A. Cornell et al. ‘

Call to trunks oth‘er than zero operator

As above described, any subscriber in the sub-
ject system may obtain the services of a “zero”
operator through the trunk ecircuit of Fig. 1.
Other distant operators or distant automatic
telephone exchanges may also be reached through
similar trunk circuits by the dialing of certain
selected digits. It may be noted that this may
be done either by a subscriber whose line is as-
sociated with the subject system or by an operator
or subscriber who has reached this exchange
through an incoming trunk call, i. e.; for tandem
Purposes.

However, parties subscribing to a “restricted”
class of service may not be permitted automati-
cally to obtain the use of these outgoing truni
circuits, being required to place a toll call through
the “zero” operator. Provision is made in the
subject register to handle calls to a trunk circuit
either from “restricted” or “non-restricted” lines.

When the register is seized, one or two of the
class-of-service relays of Fig. 10 is operated as
previously described. If the call be from a re-
stricted. service line, one of the CL—~(i10) relays
will be .operated. Thus, if the calling party has
subscribed to a class of service known as “mes-
sage-rate restricted,” relay CL2({0) will be op-
erated . which operates relay MR({8):and both of
these relays are locked operated as above de-
scribed.”
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Upon the receipt of dial tone, the calling sub-
scriber dials the digit representing the desired
group of trunk circuits, herein assumed to be the
digit ‘“7”. Assuming for the present that the
service to this subseriber is “non-restricted,” the
circuits then function as.on the previously: de-
scribed outgoing trunk call to zero operator ex-
cept that instead of tube TE0(4) being fired, the
rise in main cathode potential of the register
counting tube- R2T(4). is applied via conductor
441, which is carried.via cable 459, to the left-
hand - control anode of tube TKY(7).. Since
suitable potentials are applied to the left-hand
control cathode and main anode of tube TKI(T)
as hereinbefore desecribed, this tube will under-
go a control gap discharge and a first transfer,
and, since the main cathode thereof is con-
nected to negative battery through the winding
of ‘'relay TKI(T), this tube will also undergo a
second transfer whereby relay TKT(7) is oper-
ated.” Relay TRT(Y), in operating, connects
ground through its upper front.contact to con-
ductor 457 to operate relay TEKO(1).. The cir-
cuits thereafter function as described on the
previcus outgoing trunk call except that since
the hundreds digit is recorded by conduction in
tubes H27(8) and HA5(E), the rising main cath~
ode potential will be applied to. select the proper
group of trunk circuits. The idle-busy-vacant
test is then performed on these trunk circuits in
a manner similar to that before described in de-
tail. The circuits thereafter funection in the
manner previously mentioned and in accord-
ance with the disclosure of the above-cited pat-
ent of W. A. Cornell et al.

If the calling party has subseribed to the as-
sumed restricted class of service whereby relays
CL2(19) and MR(18) are operated, means are
operative in the register to prevent the establish~
ment of a connection to one of the trunk eir-
cuits in the “7” trunk group. Upon the dialing
of the digit ‘“7,” the circuits respond asg above
described, with tube TKT(7) being rendered con-
ductive to operate relay TK7(1). Relay TKT(T
in operating, operates relay TEB(7) as before
described, and, in addition, completes a circuit
from ground through the No. 3 contact of the
operated class-of-service relay CL2({8), conduc-
tor 10632 which is cross-connected in Fig. 10 to
conductor 1833 which is cabled to. Fig. 7, lower
front contact of relay TK7(T), conductor 162,
winding of relay RS(7) and to battery thereby
operating “restricted service” relay RS(T). It

-will be noted that a plurality of conductors ex-
tend from a plurality of contacts of each of the

CL~(i8) class-of-service relays and these con-
ductors may be cross-connected as desired to
the conductors extending through the lower
front contacts of the trunk group relays TK1(1),
TK(T) 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 ftrunk group
“7? by cross-connections in Fig., 10 to conductor
1033 and so that calls may not be placed through
trunk group “9” by cross-connecting one of the
conductors. from that. subscriber’s CI-(i0) re-
lay to conductor 1624, and, in either case, relay
RS(T) will be operated. It will be naoted that
since none of the grounded conductors from the
class-of-service relay CL2(10) are cross-con-
nected to conductor 1034, the present subscriber
may call a party reached through trunk group
“9” without restriction.

Relay RS(1), in operating, closes .ground
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-through -its ‘No. ' -eontact ‘to - conductor T45 to
‘gperate:relay BYI(T) which locks-operated. The
weircuit ‘now - operates -the.same-as:on-a call.to:a
Yrunk thh a1l ‘trurks within ‘that trunk group

busy, as:was'mentioned in regard to‘the outgoing.

runk call“to zero operator. Rélay ‘BYIE(T) op-
'erates-:relay BY () in -the -junctor -which causes
‘the ‘operation of relay ‘RT(8) as:previously.de-
“geribed. A revertive test is not made: since the
revertive test lead is open at the No. 3:eontact
-of ‘operated relay TKO0(T). Relay RT(8), In op-
“erating, fires tube "VCK(7) which  operates re-
“lay «CR(T). Relay CK(1), in operating, locks
‘operated, extinguishes'tube VCK(T), and releases
rélay ‘CO (1) in the‘junctor and releases the reg-
.istér connector. Theréfore, the register connec-
‘tor -and the register 'will be restored to normal,
‘busy tone will be transmitted to the: calling sub-
:scriber, :and, ‘upon the replacing of the calling
subscriber’s receiver upon its ‘hook,:the connec-
tion will be ‘broken down and -the circuits :re-
-§tored to:normal .in the 'manner fully:disclosed
‘in:the above-cited patent of W..A, Cornell et al.

-Busy-verification. test

/At the request -of :a subscriber, the “zero” op-
ergtor-may ‘establish g monitoring connection to
-any” line 'to -ascertain -whether ‘the ‘line‘is con-
‘tinuously ‘busy, as it appeared to the reguesting
‘subscriber, or whether-there was.a malfunction-
‘ingof the equipment,.
‘To perform this ‘test, ‘the operator se1zes ‘a
‘trunk -circuit, -as for example ‘the trunk circuit
shown in Fig. 1,-and a connection is established

to an idle junctor and to-an idle register. ‘Since

‘the ¢all-is ‘from ‘“zero’” operator, class-of-service
rélay OPRC(I0) will be operated. In order for
“the ‘operator to verify a busy line condition, she
must preface the listed number with ‘a preas-
signed -digit, ‘here assumed ‘to be -the digit “6.”

The -register responds, as hereinbefore -de-
seribed to -count ‘these :pulses, with ‘the result
‘that counting 'chain ‘tubes Ri16(4) and RA5MA)
are ‘discharged and relay RAH4) 'is operated.

‘When relay RA{ ¢5) is-operated-during the inter- .4

digital 'period, ‘negative battery is -connected
‘through the upper front contact of ‘relay Pi(3)
and to conductor 39§ whereby a negative poten-
“tidl ‘is -applied to the lefi-hand cortrol cathodes
of the hundreds-storing tubes HI§(6) to FA5(E)
as hereinbefore described. The counted hun-
‘dreds -digit “‘6”” -will thereby ‘be stored in tubes
‘H16(8) ~and TEAH(B) ‘in the ‘manner previously
expldined. "This negative potential on-eocnductor
306 “is ‘also applied through the:No. 11 contact
‘of operated rélay RAS(4), resistor 449, conductor
-480, through the ‘Wo. '8 contact of operated relay
OPR (D), conductor 1838% and through resistor
346 to ground :whereby a negative potential ‘is
applied to the right-hand control eathode -of
tube NT(®8). With tube RI6(4) -conducting, the
-rise of main cathode ‘potential -theresf 'is -ap-
-plied via -eonductor 443 ‘to Fig. 8 :and through
resistor ‘847 to the right<hand control anode of
‘tube ‘NT(8). "Tube NT(8) will therefore under-
‘g0 & ‘control gapdischarge and -a first transfer
‘since -the ‘main ‘anode thereof is connected to a
source ‘of pesitive :voltage -as thereinbefore -men-
tioned. -‘Sinee ‘the main cathode of tube NT(8)
‘is-connected to negative battery through ‘the No.
‘T-gontact-of rélay NTI(8) and through:the wind-
ing of rélay ‘NT(8), that tube will undergo a
second ‘transfer and relay NT(8) will be op-
erated. Relay NT(8) locks-operated through the
‘No.'1:contact of relay NTI(8) and through its
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"NT1(8) is-operated.
:release time of tube NT(8) :maust be sufficiently
long "to allow :the tubes ‘to be extinguished, but
-must be sufficiently short so'that the:main anode

.described. Relay RT(8)

.aperated .relay BYIL(T),
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‘No. I contact ‘to- ground-on off=normal ground
conductor Ti2.. ‘Relay NT(8), in'operating, com-~
pletes a -eircuit ‘from -ground ‘through ‘the No.:2

-contact:of relay CPR(i0), conductor 1036, No.'3
.contact of relay NT(8),; winding: of relay NT1(®)

and ‘to. battery. ‘Relay NTI(8) -operates ~and
Joeks 'to ground on. off-normal:ground.conductor
712 through the No. 2 back contact of relay
IB($) ,.conductor .848.and through :its No: 4 con-
‘tact. Relay NTI(8), in operating, also Teleases

‘xelay "N'T(8), ‘but ‘that relay :is slow “to ‘release

by “virtue :of -the shunting network ‘comprising
resistor :849. .and -capacitor .850, and ‘during the
period that both relay NTI(8) and. réelay NT(8)
are operated, the previously traced circuits: over

‘which ‘positive. ‘main anode ‘battery s :supplied

via conductors ‘548 and 802 to the main anodes

:of all the register tubes shown .in Figs. 3 108
-are interrupted. Therefore, “the -counting -and
:gtoring ‘tubes and other tubes in the registeriare

extinguished. ‘When relay NT¢8) .fully réleases,

‘the:path over which main anode battery is:sup-

plied tothe tubes is reestablished and the.regis-
ter .is in the .same .condition :as :if ‘was "before
any digl pulses were received ;except “thdt relay
It shrould benoted that the

circuits are restored before the :pulses ‘repre-

.senting the first -digit of the called :subscriber’s
~number are received.

The operator ‘then didls the designdtion of

‘the desired called party, that number is counted

-and stored in the register, the :common release
_cireuit is .operated, the number group isicalled

‘in, and :the idle-busy=vacant fest is performed
ras‘on: a-normadl call towa line. If the line has:be-
-come idle before ‘the ‘verification cgll :is ‘made,
-the operation of relay ID(8) interrupts, at its

‘No.2 contact, the previously traced.locking ‘path
for relay NTIi(8), which releases, and the call

is completed in the regular manner,

Assuming, however, that the called line tests
busy, relays BY(8) and IB(8) are operated to
operate reélay BY{ (1) which locks coperdted as
hereinbefore described. Relay .BYi(1), .in -op-

-erating, operates relay-BY (1).in the.juneter-which

operates ‘“revertive test” relay RT(8) as before
locks :operated -and
starts-the charging of capacitor 839, but, it may

.be ‘noted, this rising potential is not .applied to
the right-hand -control anode of -tube VCK(T)

at this time since :the circuit :therebetween is
interrupted at.the No. 7 contact. of .operated.re~

Jay NTH(®).

Relay BYI(1), in operating, alsc completes a
circuit whereby a signal is transmitted to..the

‘busy verification . eircuit (Fig. .1) -which -may be

traced .from .ground through the .No. 3 -contact
.of relay NTIi(8), conductor 857, No. 1 contact.of
and to - conductor 163
which is extended to the busy verification. c1rcu1t

-represented in Fig, 1.

The -busy -verification ecircuit :xresponds to this

.signal .to establish a connection through -itself
-from -the incoming operator’s trunk circuit - (Hig.
.1) to -the:called subscriber’s line at the -junctor

with which “that :line is:then: assoeciated in:the

manner fully: disclosed in the above-cited:patent
-of ‘W. ‘A. Cornell-et al.

The ‘busy verification circuit also transmits
‘a ground via :eonductor 13T which extends “to
‘Trig, 8, No. '2 contact -of operated reldy: NTi(B)
conductor 858, winding of relay NTK(8) “andito
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battery whereby relay NTK(8) is operated. Re-
lay NTK(®), in operating, completes a circuit
from positive. 135-volt battery through its No. 3
contact, conductor 1821, No. 5 contact of relay
BY (1), and to conductor 742 which is extended
through the operated register connector (Fig. 2),
and through the junctor and line and line-link
cireuit to the trunk circuit (Fig. 1). The trunk
circuit responds to this signal to transfer from
the junctor to the busy verification circuit. As
a resuli of this transfer, relay L(5) will release
as will be mentioned hereinafter.

In the meantime, relay NTR(8), in operating,
has also reestablished, through its No. 1 contact,
the path from capacitor 839 to the right-hand
control anode of tube VCK(T). Since relay
RT(8) was previously operated, capacitor 839
will have become completely or very nearly
charged, tube VCX(7) will fire and relay TIK(})
in the junctor and relay CK(7) will be operated
as hereinbefore described. Relay TR(D), in op-
erating, locks relays BY({) and CO() operated.

With relay L(5) released, slow-to-release re-
lay SR(8) will start to release, and upon the op-
eration of relay CR(T) which removes capacitor
181 from the winding of relay SR(5), relay
SR(5) will immmediately release. Relay CE(T),
in operating, also extinguishes tube VCK(T), re-
leages relay DCI(T), and interrupts the ground

through the upper winding of relay CO) and 3

through to the register connector whereby the
register connector is restored to normal, Relays
SR(§), ON(5) and ON{(T) release in cascade
restoring the register circuit to normal as herein-
before described.

The ecircuits thereafter function to establish
a monitoring connection and are thereafter re-
leased in accordance with the full disclosure in
the above-cited patent of W. A. Cornell et al.

Register time-out

As described in detail in reference to the first-
described call, register time-out is initiated when
relay ONI(T) 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
preliminary 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(9), and
after a suitable inferval controlled by the time
constants of the networks associated with these
control anodes, tube TM(8) will undergo a con-
trol gap discharge and first and second transfers
whereby relay TM(9) is operated.

Relay TM(8), in operating, completes a cir-
cuit from ground on off-normal ground conduc-
tor 712, No. 6 contact of relay NGT(§), No. 4
contact of operated relay TM(8), conductor £33,
No. 3 contact of relay DCI(T), winding of relay
P3(T) and to battery. Relay PS(1), in operat-
ing, interrupts, at its No. 1 contact, one of the
paths over which ground is supplied to operate
relay CO(I) in the junctor and to hold the reg-
ister connector operated as hereinbefore traced.
Relay PS(T), in operating, also closes ground
through its No. 3 contact, conductor 141, which
is extended through the operated register con-
nector and to the junctor (Fig. 1), winding of
relay BY (1) and to battery. Relay BY (i) locks
operated and returns ground to operate relay
RT(8) as hereinbefore described. It may be noted
that since the number-group connector relays
have not been operated, the revertive pulse will
not be transmitted. Relay RT(8), in operating,
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completes a charging circuit for capacitor 839
whereby a rising potential is applied to the right-
hand control anode of tube VCK(T), and closes
ground from off-normal ground conductor 712
through its No. 4 confact, conductor 860, No, 4
contact of operated relay PS(?), conductor 165
which is extended through the operated register
connector (Fig. 2) and to the junctor (Fig. 1),
to initiate junctor time-out which proceeds in a
manner disclosed in the above-cited patent of
W. A. Cornell et al,

In the meantime, the potential at the right-
hand control anode of tube VCK(T) will have
risen to a sufficient value to fire tube VCK(T)
which will cause the operation of relay CK(1).
Relay CK.(T) locks operated, extinguishes tube
VCK(D), and since relay PS(T) is operated, in-
terrupts, at its No. 4 contact, the only remain-

“ing path over which ground is supplied to the

winding of relay CO(1) and to hold the register
connector operated, thereby releasing that relay
and the register connector, The release of the
register connector and the restoration thereof to
normal release the register which restores to nor-
mal ag hereinbefore descrived in detail, with the
addition that upon the release of relay TMA),

tube TM(8) Is extinguished releasing rela,“
TM(8) which, in turn, releases relay PS(7),

Register time-out is also initiated, as mentioned
in the discussion of the first-described call, when
relay ST (5) is operated upon the seizure of the
register. The operation of relay STI(§), it will
be recalled, closed grhund to conductor 518 to
operate relays TMA(9) and TMB(8) which cre-
ated a charging circuit for capacitor 917. If for
any reason the tip and ring loop fails to close,
or if for any other reason relay ST!(5) fails to
release within the requisite interval, tube TM(8)
will conduct, operating relay TM(8). - Relay
TM(9), in operating, completes a path from
ground through the No. 2 contact of relay STI (5),
conductor 587 which is cabled to Fig. 9, No. 5
contact of relay TM(9), conductor 527 which is
cabled to Fig. 5, resistor 528, winding of relay
SR(3) and to battery thereby operating relay
SR(5). Relay SR(5), in operating, interrupts,
at ifs No. 2 contact, the locking path for relay
ST (5) and relay STI (5) releases. Relay ST1(5),
in releasing, releases relays TMA(8) and TMB(9).
Relay TMA(8), in releasing, extinguishes tube
TM(8) which releases relay TM(8), Relay
ST1(5), in releasing, also completes a path for
the operation of relay ON{(7) as hereinbefore de-
scribed. Relay ONI{(7), in operating, completes
a path from ground through the front contact of
one of the operated class-of-service relays in Fig.
10 to the common release circuit (Fig. 1) to dis-
miss that circuit as was mentioned hereinbefore.
Relay STI(9), in releasing, also interrupts, at its
No. 2 contact, the previously traced energizing
path for relay SR(5) releasing that relay, and
relays ON(8) and ONI(T) are thereby released
in the same fashion as on a normal disconnect,
restoring the register to norms), releasing the
register connector, and releasing the junctor
which restores to normal as hereinbefore de-
scribed.

The time-out circuit of Fig. § may also be ar-
ranged to be operative to release the registsr in
response to a time-oud in other cireuits of a
system. Thus, as shown fully in the above-cited
patent of W. A. Cornell et al., a time-out circuit
in the common release and time-out circuit of
Fig. 1 is operated under the control of the num-
ber-group connector relay NGC(2),
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If. the .number-group: connector relay NGEC(2)
fails- to- release. within: a. predetermined time
after a- certaim condition exists, the aforesaid
time-out. circuit is- operative:to conneet ground
138:t0 conductor: $48. -This-ground:on .conductor
{40 is  extended either or. beoth through the No.
45:contact of operated number-group connector
relay NGC(2): and/or through the front contact
of- operated. relay LO(1)  in: the commen release
and: time-out: circuit: (Fig. 1) to conductor. {44
which extends to Fig. 9, right-hand winding- of
relay NGT(S) and to battery. Relay NGT(D)
operates: and locks operated over a path from
negative battery, through its left-hand winding
and: No.. 3 contact, and.to ground on off-normal
ground -conductor 742:

Since prior to the-operation of relay NGT(2)
relay TMA(S)  is operated frem ground on. off-
normal greund eonductor 712 and. through the
right-hand back contact of relay TMB(8), ca-
paeitor. 917 is being eharged from. positive bat-
tery, resistor 829, No. 1 contact of unocperated re-
lay NGT(9), conductor 824, resistor: 822, through
capacitor 847 and to negative battery through
the:No. 2: contact of relay TMA(8). The time
eonstant of this circuit is relatively large as here-
inbefore-mentioned. Upon- the operstion of re-
lay NGT(9),. resistor 9323 is substituted for-re-
sistor 928 in this charging path. Resistor 933 is
preferably of a considerably lower value of re-
sistance- than. resistor 829, and therefore, upon
the operation: of relay. NGT(8) capacitor 911 is
charged. at & more rapid rate. Relay NGT(2),
in operating, also interrupts:the previously traced
energizing path for relay DCI(T). and that relay
ig. released. Relay NGT(8), in operating, also
interrupts; at: its- No. 4-contact, one of the pre-
viously traced paths over which: ground is.sup-
plied to the winding of relay CO(l) and to hold
the register connector. operated. When tube
TM(Y) is fired, relay TM($) is operated. Relay
TM(S), in operating, interrupts the other path
over which: ground is supplied. to. relay co)
and- to. the register coennector, and that relay
and: the register connector are released.

The- release and restoration to.normal of the
register connector - releases the register which,
with the exception- of the circuits of Fig. 9, re-
stores-to normal as described. in detail hereinbe-
fore. Upcn the release of relay TMA(S), tube
TM(9) is extinguished, releasing relay TM(8).

Tt is to be understood. that the above~described
arrangéments are but illustrative of the appli-
cation- of the principles of the invention. Nu-
merous other arrangements may be devised by
those skilled in-the art without departing from
the spirit and scope of the invention.

Whatis claimed is:

1. Tn a counting chain, a-plurality of gaseous
discharge deviees each having an anode, 2 cath-
ode, and- a. contrel. electrade, and a resistance-
capacitance network connecting. the cathode of
each. of said devieces to the control electrode of
the next succeeding, one of said devices.

2. In a counting chain, a plurality of gaseous
discharge devices each having an anode, a cath-
ode, and a control electrode, and means cou-
pling the cathode of: each:of said devices to the
control electrode.of the next succeeding one of
said devices, said means comprising two resistors
and. s capacitor. in. parallel with one.of said re-
sistors.

3. In.a counting chain, a plurality ol gaseous
discharge devices each.having an anode, a cath-
ode, a control. anode. and. a- control cathade,
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means coupling -the cathode:of each. of- said de~
vices-to the control anode of the next succeed=
ing-one of said deviees, and.a parallel resistance-
capacitance. network cennecting: the eeontrol
cathode of each of said devices to-a- source. of
potential.

4. Tn'a counting chain; a plurality of.gaseous
discharge devices each having an anode, a:cath~
ode; a control anode and a control cathode,
means coupling the-cathode of each of said.de-
vices to the control anode. of the next succeed-
ing one of said devices,; and a. parallel resistanee-
capacitance network connecting the- control
cathode of each of said devices: te -a- source. of
potential, said means comprising two- resistors
and a. capacitor in parallel with one of: said
resistors.

5. In a pulse-responsive system; means: for
transmitting ‘a.plurality of groups of pulses; stor-
ing: means comprising a. plurality. of groups of
gaseoug discharge devices, counting. means: for
counting said pulses and operative to .communi-
cate its instant settings to.all of said groups of
devices, and means normally disabling all-of said
devices and effective upon the termination, of
each of said groups of pulses to. successively
enable szid groups of devices to operate in. ac-
cordance with the then settings.of said counting
means.

6. In a pulse-responsive system, means. for
transmitting a plurality. of groups..of- pulses,
storing means comprising a plurality. of groups
of gaseous discharge devices, counting: means for
counting said. pulses and operative to communi-
cate its instant settings to all of said groups of
devices, and means normally. disabling all of said
devices and -effective upon the termination. of
each of said groups of pulses to successively en-
able said groups. of devices to operate in .ac-
cordance with the then settings of said counting
means and for releasing said counting means.

7.In a pulse-responsive system, means for
transmitting a series of pulses; storing means
comprising a plurality of gaseous discharge de~
vices each having at least two electrodes, count-
ing means for counting said pulses and opera-
tive to apply potentials to one of said electredes
in at least one of said devices in accordance-with
its instant settings, and means effective upon
the termination of said pulses to- apply potemn-
tials to the. other of said electrodes in all of said
devices.

8. In a pulse-responsive system, means for
transmitting a plurality of groups of pulses, stor-
ing means comprising & plurality of groups- of
gaseous discharge devices each having at least
two electrodes, counting means for counting said
pulses and operative to apply potentials to:-one
of said electrodes in at least one of said devices
in. each of said groups of devices in accordance
with its instant settings, and means effective
upon the termination of each of said groups of
pulses to. successively apply potentials- to the
other of said electrodes in all of said devices:in
successive groups of said devices.

9. In a pulse-responsive system, means  for
transmitting a plurality of groups of pulses, stor-
ing means comprising a plurality of groups of
gaseous discharge. devices. each having, at. least
two electrodes, counting. means for counting said
pulses.and aperative to apply potentials to one of
said electrodes in at least one of said. devices. in
each. of. said groups. of devices in accordance
with. its. instant settings, and means. effective
upon. the termination of each of said groups: of
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pulses to successively apply potentials to the
other of said electrodes in all of said devices in
successive groups of said devices and to release
said counting means.

10. In a pulse-responsive system, means for
transmitting a series of pulses, a first group of
gaseous discharge devices successively operable
to count said pulses, a second group of gaseous
discharge devices each having at least two elec-
trodes, means coupling each of the devices in
said first group to one of the electrodes in the
corresponding devices in said second group, and
means effective upon the termination of said
series of pulses to apply potentials to the other
of said electrodes in all of the devices in said
second group.

11. In a pulse-responsive system, means for
transmitting a plurality of groups of pulses,
counting means comprising a plurality of gaseous
discharge devices successively operable in re-
sponse to said pulses, storing means comprising
a plurality of groups of gaseous discharge devices
each having at least two electrodes, means cou-
pling each of said plurality of devices to one of
the electrodes in the corresponding devices in
each of said groups of devices, and means effec-
tive upon the termination of each of said groups
of pulses to successively apply potentials to the
other of said electrodes in all of said devices in
successive ones of said groups of devices.

12. In a telephone switching system, means
for ftransmitting pulses representing the digits
of telephonic designations, storing means com-
prising a plurality of groups of gaseous discharge
devices, counting means for counting the pulses
representing each of said digits operative to com-
municate its instant settings to all of said groups
of devices, and progress means operative at the
end of each digit for successively enabling said
groups of devices to operate in accordance with
the then settings of said counting means.

13. In a telephone switching system, means for
transmitting groups of pulses representing the
digits of telephonic designations, a plurality of
digit registers each comprising a plurality of
gaseous discharge devices, a counting chain com-
prising a plurality of gaseous discharge devices
for counting the pulses representing each of said
digits, means coupling each of the devices in said
counting chain to the corresponding devices in
each of said digit registers, and progress means
successively effective upon the termination. of
successive ones of said groups of pulses to suec-
cessively enable said digit registers to operate in
accordance with the instant settings of said
counting chain.

14. In a telephone switching system, means for
transmitting groups of pulses representing the
digits of telephonic designations, a progress
chain comprising a plurality of gaseous discharge
devices, and means including a gaseous discharge
device efiective upon the termination of each
of said groups of pulses to successively operate
said progress chain gaseous discharge devices.

15. In a telephone switching system, means for
transmitting groups of pulses representing the
digits of telephonic designations, a progress
chain comprising a plurality of gaseous discharge
devices, and control apparatus including a
gaseous discharge device for successively operat-
ing said progress chain devices in response to
the receipt of the successive groups of said pulses.

16. In a telephone switching system, means for
transmitting groups of pulses representing the
digits of telephonic designations, a progress
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chain comprising a plurality of gaseous discharge
devices ‘successively operable in response to re-
ceived pulses, and apparatus including a gaseous
discharge device normally establishing a con-
nection between said means and said progress
chain and effective upon the receipt of the first
pulse of each of said groups of pulses to disestab-
lish said connection. ‘

17. In a telephone switching system, means for
transmitting groups of pulses represeniing the
digits - of telephonic designations, a progress
chain comprising a plurality of gaseous discharge
devices successively operable in response to re-
ceived pulses, apparatus including a gaseous dis-
charge device norinally establishing a connection
between said means and said progress chain and
eitective upon the receipt of the first pulse of
each of said groups of pulses to disestablish said
connection, and control means including a
gaseous discharge device operative at the termi-
nation of each of said groups of pulses for re-
leasing said apparatus.

18. In a telephone switching system, means for
transmitting groups of pulses representing the
digits of telephonic designations, a progress
chain comprising a plurality of gaseous discharge
devices successively operable in response to re-
ceived pulses, apparatus inciuding a gaseous dis-
charge device normally establishing a connection
between said means and said progress chain and
eifective upon the receipt of the first pulse of
each of said groups of pulses to disestapblish said
connection, and control means including a
gaseous discharge device controlled by said ap-
paratus and effective upon the termination of
each of said groups of pulses for releasing said
apparatus.

19. In a telephone switching system, first
means for transmitting groups of pulses repre-
senting the digits of telephonic designations, a
first and a second gaseous discharge device,
means controlled by said first means for dis-
charging said first device at the first pulse of each
of said groups of pulses, and means controlled
by said first means and effective upon the firing
of said first device for firing said second device
at the termination of each of said groups of
pulses.

20. In a telephone switching system, first means
for transmitting groups of pulses represent-
ing the digiis of telephonic designations, control
apparatus including g first gaseous discharge de~
vice effective upon the receipt of the frst pulse
of each group of pulses transmitted by said first
means, & second gaseous discharge device, sec-
ond means for applying a discharge-initiating
potential to said second device, means including
said first means and said control apparatus for
normally disabling said second means and con-
trolled by said first means effective upon
the termination of each of said groups of pulses
for enabling said second means, and means con-
trolled by said second device for releasing said
control apparatus.

21, In a telephone switching system, a relay
operative in response to each pulse of a plurality
of groups of pulses representing the digits of
telephonic designations, control apparatus in-
cluding a gaseous discharge device controlled by
the first operation of said relay, a second gas-
eous discharge device, means controlled by said
control apparatus and effective while said relay
is unoperated during the time following each of
said groups of pulses, apparatus including a ca-
pacitor controlled by said means for applying a.
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discharge-initiating ‘potential to:said-second de-
vice, .and mesans controlled by said second 'device
forreleasing said.-control apparatus.

22. In a telephone switching system, means:for
transmitting .groups -of pulses representing the
digits .of telephonic designations, pulse counting
means, apparatus normally operative to connecé

" said means to said pulse counting means, and
means including a .gaseous -discharge device
effective when said pulse counting means is in
certain of its settings to disable said apparatus.

23. In a telephone switching system, means for
transmitting ‘groups .of pulses representing the
digits of telephonic designations, pulse counting
means comprising a plurality of gaseous dis-
charge: devices successively operable in response
to received pulses, apparatus normally operative
to connect said means to :said -pulse .counting
means, a.gaseous discharge tube, means coupling
said tube to a selected one of said devices where-
by conduction in said selected one of said devices
will initiate conduction in-said tube, and means
controlled by conduction  in-said tube for dis-
abling said apparatus.

24, In a telephone switching system, .a pulse
transmitter, pulse counting means connected to
said transmitter and operative to assume any of
a plurality of settings in accordance with the
number of pulses transmitted, a - digit register
normally operable to record the instant settings
of said -pulse counting means, and means in-
cluding a gaseous discharge device connected to
said -pulse counting means and effective when
said pulse counting means is-in a certain one of
its settings for releasing said digit register.

25, In & telephone switching system, means. for
transmitting pulses representing the -digits of
telephonic- designations, pulse counting means, a
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plurality -of -digit registers normally .successively
operable to:store the successive ‘digitdal represen~
tations recorded ‘in ‘said counting means, ;and
means including a gaseous discharge device
effective 'when said counting means is in. a:ge-
lectable one of its settings:for:disabling said digit
registers to wstore the first digital representation.
26. .In atelephone switching system, means:for

transmitting pulses ‘representing the digits of
telephonic designations, pulse:counting means;:a
plurality .of ‘digit registers mormally successively
operable:to store:the:successive digital represen-
tations recorded :in said counting 'means, .and
means including o ‘gaseous :discharge :device
eéffective when said counting means:is {in.ga:se-
lectable one of its settings for momentarily-dis-
abling the first-of said digit registers:to: store ‘the
firstof said digital representdtions and for re-
leasing said.pulse counting means.

NATHAN I. HALL.
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