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UNITED STATES PATENT OFFICE 
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ELECTRONIC REGISTER FOR TELEPHONE 
SWITCHING SYSTEMS 

Nathan . Hall, West Los Angeles, Calif., and 
George Hecht, Astoria, and Charles D. Koech 
ling, Floral Park, N. Y., assignors to Bell Tele 
phone Laboratories, Incorporated, New York, 
N. Y., a corporation of New York 

Application December 20, 1949, Serial No. 134,107 
(C. 315-63) 26 Claims. 

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; 
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2 
Fig. 4 discloses the counting chain by means 

of which incoming pulses are counted, and Cer 
tain additional equipment; 

Figs. 5, 7 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 designa 
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(5) comprises two control anodes 50 and 
502, two control cathodes 503 and 594, 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 50 and control cathode 503 or between 
the control anode 502 and control cathode 504 
will cause a discharge to occur across the control 
gap therebetween. With a Suitable voltage ap 
plied to any one of the main anodes 506, 50 or 
508, the control gap discharge will be transferred 
So as to exist between the control Cathode 53 
or 504 and the main anode 506, 507 or 593. If 
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 anode 506, 597 or 58. This 
Sequence will hereinafter be referred to as a con 
trol gap discharge followed by first and Second 
transfers of discharge. 

Since 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 

55 SO that a minute 'keep-alive' circuit flows across 
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the right-hand control gap thereof while that 
tube is in its non-conducting state. Prior to the 
time that a Suitable positive potential is applied 
to the left-hand control anode 50 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 56 over a path herein 
after to be traced. This potential is also applied 
to the right-hand control anode 592 of the tube. 
The right-hand control cathode 54 of tube 
RA(5) is connected to negative battery, which 
may Supply a negative 48-volt potential, through 
resistor 59 and through the winding of relay 
RA (5). Resistor 509 should have a high Value 
of resistance as indicated in the drawing. In 

5 
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5 
the disclosed embodiment, with the potentials 
applied, and With the characteristics of the par 
ticular tube utilized, resistor 599 has been found 
to best serve its function if its resistance is ap-. 
proximately 22 megohms. With these applied 
potentials and with high resistance resistor 59 
in the external circuit, a current of a few micro 
amperes flows acroSS the right-hand control gap 
of tube R.A.(5), i. e., between control anode 502 
and control cathode 504. 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. 

Seiaing the junctor and register 
In general, in the representative telephone Sys 

tem of Figs. 1 and 2, the lines from the sub 
scribers' stations appear in the System at the 
line and line-link circuit (Fig. i.). 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 closure 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 f O, 02 and 03, respectively. The tip con 
ductor 0 is extended through the No. con 
tact of unoperated relay CO(l) and to ground 
through the upper winding of Supervisory relay 
S(i). The ring conductor 32 is extended 
through the No. 6 contact of relay CO () and to 
battery through the lower winding of relay. S(). 
The line and line-link circuit then Signals the 

common release and time-out circuit (Fig. 1) 
which transmits a signal over conductor 4 
which is cabled to Fig. 7, No. 6 contact of un 
operated register off-normal relay ON (), con 
ductor 70, No. 1 contact of unoperated relay 
TM (9), conductor 90 f, through the closed con 

The line and line-link circuit is op- - 

4 
tacts of SWitch. 702 and to conductor iO3 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 a SSunned to be the register ShoW 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 03. 
This ground on conductor 03 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 No. 7 contact of unoperated relay TK(1), 
conductor 05, No. 3 contact of unoperated relay 
SR () in the junctor, and to conductor -06 which 
is extended to the register connector of Fig. 2. 
This ground there serves to operate the register 
(connector to interconnect the Selected junctor 
and the selected register in the manner fully dis 
closed in the above-cited Patent of W. A. Cornell 
et al. 
This interconnection completes an operating 

path for the register start relay ST(5), which 
path may be traced from battery, upper winding 
of unoperated relay CO(l) in the junctor (Fig. 
1), conductor 07 which is extended through the 
operated register connector (Fig. 2) and to Fig. 5, 
winding of relay STC5), resistor 5, conductor 
52, No. 5 contact of unoperated relay ON (), 
conductor 702 and to ground through either the 
No. 2 contact of relay TM (9) or the No. 4 contaet 
of relay NGT (9). The resistance in this circuit 
is such that insufficient current flows to operate 
relay CO (f) in the junctor, but relay ST(5) is 
Operated. 
Relay ST(5), in operating, connects, at its No. 

2 contact, ground to conductor 53, resistor 54, 
through the biasing winding of pulsing relayL (5) 
and to battery, to ensure that relay I (5) is un 
operated before being closed to the line, as will 
be described hereinafter. Relay ST (5), in Op 
erating, also closes ground through its No. 4 COrl 
tact to conductor 55 to operate a traffic register 
(not shown) in the line and line-link circuit 
(Fig. 1). The operation of this traffic register 
indicates that this equipment has been employed 
in originating a call. Relay ST (5), in . Operating, 
also closes ground through its No. i contact to 
conductor 5 f6, Winding of relay ST? (5), and to 
battery. Relay ST? (5) operates and locks 
through its No. 4 contact, conductor. 5d., to 
ground through the No. 2 contact of relay. SR (5). 

Relay ST (5), in operating, closes ground 
through its No. 6 contact to conductor 58, which 
is cabled to Fig. 9, lower winding of relay TMA(9), 
and to battery. The operation of relay TMA(9) 
closes the ground on conductor 518 through its 
No. 4 contact to conductor 902 to operate relay 
TMB (9). Since the operation of relay ST (5) 
interrupts, at its No. 5 contact, the resistance 
shunt around capacitor 903 comprising conduc 
tors 904 and 905 and resistor 906, the operation 
of relay TMA(9) Will close a charging path for 
capacitor 903 which may be traced from positive 
battery, resistor 907, across capacitor 903, con 
ductor 94, No. 2 contact of relay TMA(9), and 
to negative battery. The rising potential on 
capacitor 903 is applied through resistor 908 to 
the left-hand control anode of timing tube 
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TMC9). The control cathodes of this tube are 
connected through resistor 96 and the main 
Cathode thereof is connected through resistor 95 
to conductor 989. Conductor 909 is extended 
through the winding of relay TMC9), conductor 
94, No. 2 contact of relay TMA(9), and to nega 
tive battery. Therefore, at the lapse of a meas 
ured interval a discharge Will occur across the 
left-hand control gap of tube TMC9) unless prior 
to that time relay STI (3) has released to release 
relays TMA(9), and TMB(S) and to reestablish 
the resistance shunting path around capacitor 
903. A time-out is thereby obtained whereby if 
the circuit functions by means of which relay 
ST (5) is released do not immediately occur, the 
circuit Will be released as Will be described in 
detail hereinafter. 

Relay STS (5), in operating, also closes ground 
through its No. 3 contact, conductor 529, winding 
of relay ON (5) and to battery. Relay ON (5), 
in operating, cornpietes a circuit fron ground, 
No. 4 contact of relay ON (5), conductor 52 
which extends to Fig. 10, through the No. 2 con 
tact of relay FR( 0), No. 2 contact of relay 
GL(G), No. 1 contact of relay Mi R(0), No. 3 
contact of relay CN (9), No. 7 contact of relay 
OPR(0), No. 2 contact of relay T(0), and to 
conductor of which is cabied to the line and 
line-link circuit of Fig. 1. This ground on con 
ductor 08 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 available, 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 f)2 to 92 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(f), resistor 93, and 
to positive battery whereby relay FR(0) will be 
operated. Relay FR (8) locks operated through 
its No. 3 contact, resistor 04, conductor (5 
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 flat-rate restricted, 
negative battery will be connected to the line and 
line-link circuit to conductor G89, winding of 
relay CL5 (0), resistor 06, and to positive bat 
tery. Relay CL5( 0), in operating, completes a 
circuit from positive battery, resistor ()3, wind 
ing of relay FR(0), No. 6 contact of relay 
CL5(0), resistor 07 and to conductor S 5 
which is connected to ground through the No. 8 
contact of relay ON (5) as above described. It 
may be noted that relay CL5(f)) locks operated 
through its No. 2 contact and resistor of to 
grounded conductor i05, and relay FR(0) locks 
over the previously traced path. 

Similarly, the trunk class-of-Service relay 
T(0), the operator relay OPR ( ), the coin 
relay CN (le), the message-rate relay MR(0) 
and the grounded line class-of-Service relay 
GL(Q) will be operated if the line and line 
link circuit transmits the signal over conductors 
OO2, 003, 004, 905 or i07, 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 906 operating relays CL2(0) 
and MR (9), to conductor () operating re 
lays CL4(0) and GI, (8), to conductor iOf 
operating relays CL3 (0) and CN(0), and to con 
ductor 02 operating relays CL (10) and T(0). 
The functioning of the restricted service relays 
CL-(0) will be described hereafter. 
Relay ON (5), in operating, also causes a shunt 

to be placed around the Winding of relay ST (5), 
this shunt comprising conductor O 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(), conductor 702, No. 5 contact of relay 
CN (), conductor 52, and to resistor 5 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 (7), and from there the 
shunting path may be traced over conductor 704, 
No. 8 contact of relay TKO (), conductor 05, 
No. 5 contact of relay WAC (8), conductor 88, 
No. 8 contact of relay BY (), and again to con 
ductor 7C2 which extends as previously traced, 
The shunting of the winding of relay St. (5) and 
of resistor 5 reduces the resistance in the pre 
viously traced energizing path for relay ST (5), 
which included the winding of relay CO(l) in 
the junctor, and relay CO(l) operates, 

Relay CO (), in operating, completes a circuit 
from ground at the No. 6 contact of relay TK(i), 
conductor 69, No. 3 contact of relay CO (l), 
conductor which extends through certain 
contacts, not shown, Winding of relay. SR (), 
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 (), in op 
erating, causes the register connector to be held 
operated under the control of the Saline relays in 
the register that hold relay CO(l) operated, i. e. 
it transfers conductor ifi, which is connected 
to the register connector, through the No. 4 con 
tact of relay SR () to conductor 2 which is 
connected through the No. 4 contact of relay 
CO (A) to conductor E. which extends to ground 
in the register as above described. Relay SER( ), 
in operating, also connects ground through re 
tard coil 3, No. 5 contact of relay SR ( ), to 
conductor 23 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 ( ), in operating, transfers the sub 

Scriber's tip and ring conductors from relay S(f) 
in the junctor to the register. The subscriber's 
tip conductor einters the junctor as conductor 
it, and is connected through the No. 2 con 
tact of relay CO () to conductor 4, and 
through the No. 5 contact of relay RF() to con 
ductor f is. The Subscriber's ring conductor en 
ters the junctor as conductor 32, and is connect 
ed through the No. 5 contact of relay CO(l) to 
conductor 6, and through the No. 9 contact of 
relay RE( ) to conductor St. Conductors 5 
and it are cabled to the ringing connector in 
Fig. 2 and are connected through the back con 
tacts of the ringing connector hold magnet 
HOLD (2) to conductors 23 and 282, respec 
tively. These conductors are connected through 
the register connector (Fig. 1) and then extend 
to Fig. 5. The extension 20 of the subscriber's 
tip conductor is connected to ground through 
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winding 523 of the repeat coil, and the extension 
202 of the ring conductor is connected through 
Winding 52 of the repeat coil, and through the 
lower winding of relay L. (5) to battery, thereby 
operating relay L(5). 

Relay Li (), in operating, closes an energizing 
path for relay SR (5) which may be traced from 
ground at the No. 2 contact of relay ON (5), coin 
ductor 523, front contact of relay I (5), conductor 
526, No. 3 contact of relay ONC5), conductor 52, 
resistor 528, winding of relay SR (5) and to bat 
tery. It may be noted that the ground on Con 
ductor 52 is also extended through the No. 1 
contact of relay CKCT), resistor 706, capacitor 
70, and to negative battery. Capacitor it 6 
thereby receives a charge which serves to delay 
the release of relay. SR (5) as will be seen here 
inafter. 
Relay SR (5), in operating, OpenS the previous 

ly traced locking path for relay ST (5) through 
the No. 2 contact of relay SR (5), and therefore 
when relay Si(5) releases as a result of the de 
scribed shunting thereof, the energizing circuit 
for relay STI (5) will be interrupted and relay 
ST(5) Will be released. Relay STE (5), in re 
leasing, will interrupt the previously traced en 
ergizing paths for relays TMA (S) and TMB (9) 
and those relays will irelease, iraterrupting the 
time-out. Relay Si (5), in releasing, also OpenS 
the previously traced energizing path for relay 
ON (5), but that relay is held operated by the 
ground through the No. 4 contact of operated re 
lay. SR (5). Relay STi (5), in releasing, also con 
pletes a path from ground through its No. 1 Con 
tact, conductor 529, No. 5 contact of relay SR (5), 
conductor 530, winding of relay ONI (7), and to 
battery. Relay ON () operates and locks 
through its No. 4 contact and conductor 525 to 
ground at the No. 2 contact of relay ON (5). Re 
lay ON (), in operating, connects the Source of 
dial tone, comprising alternator 109, through ca 
pacitor 70, No. 9 contact of relay ONE (), con 
ductor i , No. 4 contact of relay AD(5), con 
ductor 532, 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 before described, this signal is trans 
mitted to the subscriber to indicate that dialing 
may proceed. 

Relay ON (T), in operating, also closes, through 
its No. 3 contact, ground to the off-normal ground 
conductor 2 which extends to various control 
relays in the register and which is represented by 
a dot-dash line in the drawing. 

Relay ON (; ), in operating, also causes the Op 
eration of the common 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 ON (7) a circuit is completed from 
ground through the No. 1 contact of relay FR(0) 
or through the No. 1 contact of relay GI, (f)) 
or through the No. 2 contact of relay MRCG) 
or through the No. 1 contacts of relays CN(d), 
OPR, (O) or T(0) to conductor 09. Which ex 
tends to Fig. 7, No. 7 contact of relay ON (T), 
conductor 74, No. 2 contact of unoperated relay 
DC (5), conductor 534 which extends to Fig. 7 
and is then cabled to Fig. 1 to the corron re 
lease and time-out circuit. This circuit responds 
to perform the above-mentioned function but 
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8 
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 
PSING 

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 
subscriber's loop. The middle winding of the 
relay. I (5) is a biasing winding which opposes 
the lower or operating Winding Suificiently to 
force 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. (5) functions as an aiding winding, as 
sisting in both the operation and release of the 
relay. When relay L(5) is operated, capacitor 
535 is charged over a path from negative battery, 
upper winding of relay L. (5), capacitor 535, Con 
ductor 536, No. 5 contact of relay ON (5), con 
ductor 53, front contact of relay I (5), con 
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 I (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. he current flow through the up 
per winding of relayL (5), as a result of the dis 
charging of capacitor 535, is in a direction to aid 
the release of relay L. (5) and insures the closure 
Of the back contactS Linder adverse line condi 
tioias where the biasing Winding alone night 
be insufficient. When the subscriber's looop is 
again closed, relay L. (5) again Operates to Con 
piete the charging circuit for capacitor 535 and 
the current fiowing through the upper Winding 
of relay I (5) as a result of the charging of that 
capacitor aids the operation of the relay thereby 
ensuring a Steady front contact closure. 
As previously described, relay L(5), in operat 

ing, closes parallel paths for the Operation of 
relay SR (5) and for the charging of capacitor 

E. During the nomentary release periods of 
relay L(S), as a result of the momentary open 
ing of the SubScriber's loop, the main energiz 
ing path for relay SR (5) is interrupted, but the 
discharging of capacitor is through resistor 
'06, No. 1 contact of relay CK(7), conductor 
527, resistor 528, and through the winding of 
relay SR (5) sufficiently delays the decay of ten 
ergy in relay SR (5) so that that relay remains 
operated during these interruptions. On each 
operation of relay L(S), capacitor 70 again be 
comes fully charged so that relay SR (5), will re 
main Operated regardless of the number of dial 
pulse intelliptions that occur. 

Immediately prior to dialing, while relay L(S) 
is operated, capacitor 533 becomes charged Over 
a path from ground, Wirading 543 of the retard 
coil, capacitor 539, conductor 54, No. 6 contact 
of relay ONCS), resistor 542, and to negative bat 
tery. At the receipt of the first dial pulse, corn 
prising a nonentary interruption of the sub 
Scriber's loop, relay E, (5) will momentarily re 
lease, closing its back contacts. Capacitor 539 
will therefore be discharged through the back 
contact of relay Ti (5), conductor 525, No. 2 cons 
tact of relay CN (5), and to ground. The re 
tard coil acts as an autotransformer with the 
Windings 50 and 543 in series aiding. The nega 

6 tive portion of the stepped-up voltage 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 545 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 546 
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 546 is 
also conducted through the No. 5 contact of re 
lay RA (5), resistor 547, No. 2 contact of relay 
AD(5), conductor 548, resistor 38 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 548 is also applied to 

the left-hand control anode 5 of tube RA (5). 
The left-hand control cathode 503 of tube RA (5) 
is connected to negative battery through re 
sistor 552 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 508 of tube R.A. (5) is connected 
to a source of positive potential through the No. 
8 contact of relay SR (5), conductor 539, through 
the No. 2 contact of relay NT(8) and through 
the No. 5 contact of relay NTA (8), in parallel, 
conductor 82, resistor 559, No. 4 contact of relay 
RA (5), resistor 552, and to the main anode 596 
of tube RA (5). The main Cathode 535 of tube 
RA(5) is connected to negative battery through 
the Winding of relay RA (5). Therefore, upon 
the initiation of a control gap discharge in tube 
RA(5), first and second transfers of discharge 
will occur and relay RA(5) will be 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(3), ON (5) and SR (5) 
were operated and relay RA (5) was unoperated. 
Under this condition, capacitor 553 is in a dis 
charged condition, its discharging circuit being 
traced from ground, capacitor 553, resistor 554, 
conductor 555, No. 6 contact of unoperated relay 
RA(5), conductor 525, No. 2 contact of relay 
ON (5), and to ground. At the receipt of the first 
dial pulse, relay RA (5) is operated, as above de 
scribed, to interrupt this path, but capacitor 553 
continues to be shunted to ground through the 
back contact of released relay L. (5), conductor 
525, No. 2 contact of relay ON (5), and to ground. 
At the termination of the first dial pulse, relay 

(5) again operates, removing this shunt, and 
permitting capacitor 553 to charge over a path 
from positive battery, resister 55S, No. 6 con 
tact of relay SR (5), conductor 555, resistor 554, 
capacitor 553, and to ground. This rising posi 
tive potential is applied through resistor 55 to 
the left-hand control anode of tube RA (5). 
The left-hand control cathode of tube R.A. (5) 
is connected through resistor 558, and the main 
cathode thereof is connected directly through 
conductor 559, winding of relay RA (5), to nega 
tive battery. The left-hand main anode of tube 
RAt (5) is connected via conductor 560, upper 
back contact of relay EX(5), and resistor 56 
to conductor 82 which is connected to positive 
battery as before described. Therefore, when 
capacitor 553 has charged to a sufficient value, 
tube RA (5) will discharge and undergo first 
and Ssecond transfers of discharge. The time 
constant of the network comprising capacitor 
553, resistor 554 and resistor 556 is such, how 
ever, that capacitor 553 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 "i,' relay L. (5) will again release to re 
establish the discharging path for capacitor 553. 
If the digit dialed be 'i, or, in any event at the 
termination of the final dial pulse of the series 
representing any one digit, an appreciably longer 
delay Will occur before the receipt of the next 
dial pulse. During this interdigital time, ca 
pacitor 53 will charge to the critical value, tube 
FAi (5) will discharge and transfer, and relay 
R.A.; (3) Will be operated. Relay RA (5), in op 
erating, interrupts, at its No. 4 contact, the cir 
cuit Supplying main anode battery to tube RA (5), 
that the will ke extinguished, and relay RA (5) 
Will be released. 

Relay RA (5), in operating, also closes a cir 
cuit from battery, winding of relay EXC5), No. 1 
contact of relay RA (3), No. 7 contact of relay 
DC (5), to off-normal ground conductor 2 which 
is grounded through the No. 3 contact of relay 
ON (7) as hereinbefore described. It may be 
noted that capacitor 562 is charged through re 
Sistor 363 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 circuit for supplying main 
anode voltage to tube RA (5), that tube is ex 
tinguished, and relay RA (5) is released. Relay 
RA (5), in releasing, interrupts 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 occur at this time 
as Will be described hereinafter. 

Registering the digits 
The incoming pulses of each digit are first 

Counted by means of the counting chain shown 
in Fig. 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 Fig. 3, and the fourth 
digit, aSSunning a four-digit SubScriber's designa 
tion, is retained and stored in the counting chain. 
of Fig. 4. One skilled in the art, Will be able readily 
to modify the disclosed and described circuits to 
provide for Subscribers' codes having a greater or 
fewer number of digits. 
The counting chain comprises six tubes, viz., 

R6(4), R27 (4), R38(4), R49 (4), R56(4), and 
RA5(4). The left-hand main anodes and the 
right-hand control anodes of the COunting tubes 
Ri S(4) to R50 (4), inclusive, are connected by 
conductor AO and resistor 402 to conductor 405; 
and the left-hand main anode and the right 
hand control anode of tube RA5(4) are coin 
nected by conductor 403 and resistor 404 to con 
ductor 405. Conductor 405 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 R6(4) is 
connected to ground through a resistance-capac 
itance network comprising resistors 406 and 07 
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 RA5(4) is connected to ground through 
resistOf A 09. The main cathodes of the ER-6(4) 
is connected through the network comprising re 
Sistor 40 and capacitor 4 to negative battery, 
aid the main cathodes of the tubes R27 (4) to 
R59 (4), inclusive, are connected to negative bat 
tery through similar individual resistance-capac 
itance networks, The main cathode of tube 
RA5(4) is connected to negative battery through 
capacitor 45 and, in parallel therewith, resistor 
46 and the winding of relay. RA5(4). It may 
be noted that the right-hand control cathode of 
each of the tubes in the counting chain is con 
nected to its a SSociated main cathode through 
a high resistor. For example, the right-hand 
Control Cathode of tube R6(4) is connected to 
the main Cathode of that tube, and thereby to 
negative battery, through high resistor 47. 
Thus, the tubes in this counting chain are pro 
Wided With "keep-alive' circuits to insure the 
rapid Operation thereof. 

Prior to the receipt of the first dial pulse of 
any digit, the left-hand eontrol anode of tube 
R6(4), is connected through resistor 48, through 
the network comprising resistor. 49 and capac 
itor 420, through resistor 424, conductor. 422, No. 
2 Contact of unoperated relay, RA (5), and con 
ductor 564 which is connected to point 565 on 
the Voltage divider comprising ground, resistor 
565, No. 5 contact of relay DC (5), conductor 567, 
No. 7 contact of relay SR (5), resistor 568, and pos 
itive battery. Therefore there is an approxi 
mately 50-volt. positive bias on the left-hand con 
trol anode of tube RF-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 control anodes 
of the tubes R27(4), to R50(4), inclusive, are 
COIanected 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 A26 
and capacitor 427 in parallel, and through re 
Sist0r 428 to the main: cathode of tube R6(4). 
By these connections, the left-hand control 
anodes of tubes R27 (4), R38(4) R49 (4) and 
R50 (4) are connected to negative battery. The 
left-hand Control anode of tube RA5(4): is also 
Connected to negative battery through resistor 
429, resistor 430 and resistor 43. 
AS previously described, upon the receipt of 

the first dial pulse, a high positive pulse is, trans 
mitted. Over conductor 546. to the counting chain 
tubes. This positive pulse is applied through ca 
pacitorS. 432 to 437 and through the associated 
netWorkS: to the left-hand control anodes of tubes 
R6(4), R27(4), R38(4), R49 (4), R50(4), and 
RA5(4), respectively. The left-hand control 
anode of tube Rf6(4) has been biased positively, 
a.S. previously described, and the left-hand co 
trol anodes of the: remaining tubes R2TCA), to 
RA5(4), inclusive, have all been biased negatively. 
Therefore, upon the receipt. of the first dial pulse, 
a discharge Will occur across. the left-hand con 
trol gap of tube R-6(4), only, and first and sec 
Ond transfers will immediately occur whereby 
Conduction Will exist, between the main anode and 
the main cathode of tube Rf6(4). When relay 
RA (5) Operates, also, in response to the receipt 
of the first pulse of the digit, the previously 
traced path for applying a positive bias to the 
left-hand control anode of tube Rt 6(4) is in 
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the main cathode of tube R50 (4), for purposes 
of recycling as will be described hereinafter. 

Conduction across the main gap of tube Rf6(4) 
will result in an appreciable rise in potential at 
the main cathode thereof, as for example, from 
negative 48 volts to positive 50 volts. This rise 
in potentiaI is applied through resistor 28, 
through the network comprising resistor 426 and 
capacitor 427, and through resistor 425. to the 
left-hand control 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 4 to permit the pulse on the 
control 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 capacitors 432 to 43 and 
to the left-hand control anodes of the Several 
counting chain tubes, and since tube R27 (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 will 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 R.6(4), will be at approximately 50. Volts 
positive as previously described. The additional 
drop across the common main anode, resistor 402 
as a result of the conduction through tube R27 (4) 
will lower the potential at the inain anodes of 
tubes RA 6(4) and R27 (4) to a point where the 
potential difference acroSS the main gap of tube 
RE6(4) is insufficient, to Sustail conduction, and 
tube R. 6 (4) will be extinguished. 
As 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 R2 (4). Similarly, tubes R49 (4) and 
R5 (4) 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 440, through the Nos. 1 and 3 contacts 
of relay RA (5), and to conductors 57, and 422 
respectively. This positive potential is applied 
over conductor 422, through resistor 42, through 
the netWork comprising resistor A 9 and capaci 
tor 420, and through resistor 48 to the left 
hand control anode of tube R. 6(4). This positive 
potential is also applied over conductor 570, 
through resistors 43 and 429 to the left-hand 
control anode of tube RA5(4). Therefore, on 
the Sixth pulse, both tubes RA5(4) and R.S.C.) 
Will fire. Conduction in tube R. 6(4); Will case 
tube. R50 (4) to be extinguished, but it. may be 
noted that tube. RA5(4) is provided with an in 
dividual main anode in pedance Cornprising ree 
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 RA5(4) to indicate that con 
duction through tube R27 (4) now represents the 
digit. "7,' that conduction through tube R38(4) 
now represents the digit '8,' and so forth. Since 
relay RA5(4) is in the main cathode circuit of 
tube RA5(4), as previously described, conduc 
tion across the main gap of that tube will result terrupted, and this electrode is then connected to 7 in the operation of relay RA5(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 R6(i) 
conducting and after capacitor 4 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 coln 
trol anode of tube R2. (4). At the next pulse 
on conductor 546, tube R22 (f) is fired and tube 
R6(4) is extinguished. As capacitor 33 be 
comes charged the main cathode potential of 
tube R27 (4) rises to approximately 50 volts posi 
tive. As capacitor 4 discharges through re 
sistor 40, the main cathode potential of tube 
R6(4) falls again to approximately negative 
48 volts. However, with the main anode of tube 
R2 (4) having risen to approximately 125 votS 
positive, even after tube 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 R.2 (li), 
resistor 425, through the network comprising re 
sistor 426 and capacitor 427, resistor 428, and 
through the network comprising resistor 49 and 
capacitor 4 to negative battery. Therefore, the 
left-hand contro anode of tube R.2 (i) Will re 
main at an approximately 50-Wolt positive po 
tential While tube R2 (4) is conducting. At the 
next pulse on conductor 546, tube R38(4) will be 
fired, and the main anode potential of all of the 
Counting chain tubes Will drop to a, iOW positive 
Value, Such as positive 10 Wolts. Since the aain 
cathode potential of tube R2 (4) has risen to 
approximately 50 Woits positive, the main gap 
discharge in tube R2 (4) Wii cease. Since the 
left-hand contro anode of tube R2 () is also 
at a positive 50-Voit 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 innedi 
ately drop to negative 48 volts, and if tube R2 (4) 
had not coin pletely deionized a discharge night 
then occur between the left-hand control anode 
and the main a node of tube R.? (). he capaci 
tive elements are provided in the circuit of the 
left-hand control anode to obviate this possibility 
by providing a tine delay network to hold that 
control anode positive Sufficiently long for the 
R27 (4) to become completely deionized. These 
COISiderations also apply to the other tubes i. 
the counting chain. 

It may also be noted that current-controlling 
Eleans are associated with the left-hand control 
Cathodes of the counting chain tubes. Thus, 
grouild is connected to the left-hand control 
Cathode of tube R. S. (4) through Series resistor 
495 and through the parallel combination of re 
sistor ASE and capacitor 4.8. This network 
Serves to permit a large initial Surge of current, 
at the first transfer of discharge in the tube out 
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(5) Operating at the beginning of each digit, 
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and relay RA (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 Fifi (6) to HA5(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 R 5 (4) to RA5(4), inclusive, and is 
then Stored in the tens storing tubes T6(6) to 
TA5(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 U6 (6) to 
UA5(6), inclusive. The fourth digit, represent 
ing the ringing code, is both counted and stored 
in the Counting chain tubes R. 6(4) to RA5(4), 
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 P. (3), P2(3) and P3 (3) and the asso 
ciated steering relays F : (3), P2 (3) and P3 (3). 
As previously noted, the positive pulse on con 

ductor 545, 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 RA (5) in parallel, to conductor 546, 
through the No. 5 contact of relay R.A.(5), re 
sistor 547, 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 P. (3). The 
left-hand control cathode of tube P. (3) is con 
nected to negative battery through resistors 302 
and 303 and the winding of relay P (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 P. (3) is connected 
through resistor 334 to conductor 82 Which is 
connected to a positive main anode battery sup 
ply as previously described, tube P; (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 cathode 
of that tube is connected to negative battery 
through resistor 383 and the winding of relay 
P. (3) and also through capacitor 335, a second 
transfer Will occur, Conduction will exist, across 
the main gap of the tube, and relay. P. (3) Will be 
Operated. It 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 P (3) 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 RA (5), 
which operated at the end of the digit, No. 1 
contact of relay AD(S), the operation of which 
has not as yet been described, conductor 57, 
upper front contact of operated relay P (3), con 
ductor 36, and through resistor 60 to ground 
Whereby a negative voltage is applied through re 
Sistors f02 to 697 to the left-hand control cath 
Odes of the hundreds storing tubes H 6 (6), 
H27 (6), H38 (6), H49 (6), H50(6), and HA5(6), 
respectively. Until relay AD (5) 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 prelini 
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 R6 (4), a sufficient delay en 
Sues so that relay RA (5) is operated, this pulse 
Will represent that the first digit transmitted is 
“1.' The operation of relay RA (5) will cause 
the operation of relay EX(5) as previously de 
scribed. The operation of relay EX(5) Will re 
move main anode battery from the counting 
chain tubes and tube R.6(4) will be extinguished. 
Therefore, the circuits are returned to their nor 
nia 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, a number other than 
“ip. 

If the first digit received is '2' or greater, tube 
R2 (s). Will be O. 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 AA, through the 
No. 8 contact of relay AD (5), resistor 572, con 
ductor 573, resistor 8, and to the left-hand 
control anode of tube AD(6). Negative battery 
is supplied through the upper Winding of relay 
AED (5), No. 6 contact of relay AD (5), and Con 
ductor 54 to the main cathode of tube AD(6), 
and through resistor if to the left-hand con 
trol cathode of that tube. The left-hand main 
anode of tube. A. (6) is connected through re 
sistor 62 to conductor 82 over which main 
anode battery is supplied as before mentioned. 
Therefore, tube AD(S) 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 56 to conductor 892 through which 
the positive battery at the No. 8 contact of relay 
SR (5) is supplied as before explained. Relay 
AED (5) Will thereby remain operated under the 
control of relay SR (5). Relay AD (5), in operat 
ing and locking, interrupts the supply of nega 
tive voltage to the cathodes of tube AD (6) 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 be 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 chain tubes 

are connected to the left-hand control anodes of 
their corresponding hundreds, tens and units 
storing tubes. Thus, the main cathode of count 
ing chain tube Ri8Cs) is connected by conduc 
tor. 443, and through resistors 6-4, 6-5 and 66 
to the left hand contro anodes of the hundreds 
storing tube H-6 (6), of the tens storing tube 
Tf6 (6), and of the units storing tube Uf 6 (6), 
respectively. Similarly, the main cathode: of 
counting chain tube R2 (4) is connected by CO 
ductor 44 through individual resistors to the 
left-hand control anodes of tubes H2(6), T2(6), 
and U2 (6). The other corresponding tubes, are 
similarly interconnected, including the main 
cathode of the “add-five' counting chain tube 

When that tube becomes 
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RA5(4) being connected by conductor 444 
through individual resistances to the left-hand 
control anodes of tubes HA5(6), TA5(6) and 
UA5(6). 
The main cathodes of tubes H 6 (6), H2(6), 

H38 (6), H49(6), and H5O(6) are connected to a 
source of negative voltage through resistors 67 
to 62, respectively, and the main cathode of 
tube HA5(6), is connected to negative battery 
through the winding of relay HA5(6). Similar 
ly, the main cathodes of the tens storing tubes 
T 6(6) to TSC (6), inclusive, are connected to 
negative battery through individual resistors, and 
the main cathode of tube A5(6) is connected 
to negative battery through the winding of re 
lay TA5(6). And in a similar fashion the main 
cathodes of the units storing tubes U6 (6) to 
U50(3) are supplied with negative battery, with 
tube UA5(6) having the winding of relay UA5(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 802. This posi 
tive, main anode voltage is thereby connected 
through common resistor 623 to the left-hand 
rain anodes of tubes H6(6), H2(6), H38 (6), 
H49 (6), and H50(6), and through individual re 
sistor 624 to the main anode of tube HA5(6). 
Similarly, main anode voltage is Supplied to tubes 
T6 (S) to T50(6), inclusive, through the come 
mon resistor 25, and to tube TA5(6) through 
the individual resistor 626. In a similar fashion, 
the main anodes of tubes U6 (6) to U5 (6), in 
clusive, are connected to positive battery through 
resistor 62, and the main anode of tube UA5(6) 
is connected to positive battery through resis 
tor. 628. 

It may therefore be seen that upon the receipt 
and counting of dial pulses representing a first 
or hundreds digit greater than '1' and upon 
the operation of relay RA (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. Tetting 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 H2(6), and since, the 
left-hand control cathode of that tube is con 
nected to a Source of Suitable negative voltage 
through contacts of relays P. (3), AD(5), and 
RA (5) as above described, a control gap dis 
charge will be initiated in tube H2(6), 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 
RA (5) is operated, and before relay EX(5) op 
erates. When relay EX(5) operates, the pre 
viously traced circuit for the supply of main 
anode Voltage to the counting chain tubeS, Rf6(4) 
to RA5(f), inclusive, is interrupted, and the con 
ducting. Counting chain tubes will be extin 
guished. Under the assurned conditions, tube 
R2(4) is the only counting chain tube which 
is conducting, and it will be extinguished. Since 
relay. EXO5), in operating, causes the release. Of 
relay RA (5) which, in turn, interrupts the 
energizing path, for relay EXC5), 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 562 in 
Sures that relay EX(5) will be sufficiently slow 
to release for the counting chain tubes to become 
deionized to the required degree. 
As previously rentioned, the release of relay 

RA (5) releases relay RA (5) which results in 
the discharge of capacitor 553 at the control 
anode of tube A {5), 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 trainSmitted from the re 
tard coil over conductor 545, through the No. 3 
contact of relay RA (5) and through the No. 4 
Contact of relay DC () in parallel, conductor 
54S, No. 5 contact of relay RA (5), resistor 54, 
No. 3 contact of operated relay AD (5), conductor 
57, lower front contact of operated relay P (3), 
Conductor 3), and tha'ough resistor 38 to 
ground, whereby this positive pulse is applied to 
the right-hand contro anode of tube P2 (3). 
Negative battery is Supplied through the wind 
ing of relay P2 (3), conductor 369 and resistor 
3f 9 to the main cathode, and through the addi 
tional resistor 3 to the right-hand control 
Cathode of tube P2 (3). It may be noted that 
negative battery is also connected through ca 
pacitor 32 to the cathodes of this tube. The 
main anode of tube P2 (3) is connected to main 
anode battery through resistor 34 which is com 
anon to tubes P. (3), P2(3), P3 (3), and DC (5). 
When the positive pulse is applied to the right 
hand control anode of tube P2 (3), a control gap 
discharge and first, and second transfers will 
inmediately occur. The main cathode of tube 
P2 (3) will be momentarily held at approximately 
negative battery potential by capacitor 32, while 
the main Cathode of previously conducting tube 
P. (3) will be at a considerably higher voltage 
Since capacitor 35 will have become fully 
charged. Therefore, in a raianner similar to that 
in Which the counting chain tubes operate and 
commutate, the additional drop across resistor 
34 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 Pt (3) 
is below sustaining voltage, and that tube will 
be extinguished. As tube P2 (3) continues to 
Conduct, capacitor 32 charges whereby the main 
Cathode potential of tube P2 (3) rises so that tube 
P2 (3) Inay be extinguished upon the subsequent 
rendering of tube P3 (3) conductive, and relay 
P2(3) is operated. The extinguishing of tube 
P. (3) Will release relay P (3), which will inter 
rupt the circuit over which negative battery had 
previously been supplied to the control cathodes 
of the hundreds storing tubes H 6 (6) to HA5(6), 
inclusive. 
The first dial pulse of the second digit also op 

erates relay RA (5) as before and fires the count 
ing chain tube R6(4). Since '3' is the tens 
digit of the aSSurned 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 553 will charge, and tube RAE (5) 
Will be rendered conductive, operating relay 
RA (5) as previously described. Relay RAt (5), 
in Operating, Will complete a circuit from nega 
tive battery through the No. 5 contact of relay 
RA (5), No. 1 contact of locked operated relay 
AD(5), conductor 57, No. 6 contact of operated 
relay P2 (3), conductor 35, and through resistor 
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629 to ground, whereby a negative potentiai is 
applied to the left-hand control cathodes of the 
tens storing tubes T. 6 (6) to TA5(6), inclusive. 
Since counting chain tube R33 (£) is conduct 
ing, a positive voltage will be applied over con 
ductor 445 and through esisto;' $5 to the left 
hand contro anode of tube T33 (3). Tube 
T38 (6) will therefore be 'endered cordictive to 
store the digit, '3' as the tens digit of the called 
subscriber's number. Relay EX(5) will be op 
erated and released, relays RAE (5) and RA (5) 
Will be released, and the counting chain tubes 
Will be extinguished in preparation for the re 
ceipt of the next digit. 
At the first dial pulse of the third or units 

digit, a positive pulse is again transmitted to 
conductor 57 from which that pulse is passed 
through the lower back contact of released re 
lay P. (3), conductor 3 S, No. 7 contact of Op 
erated relay P2(3), cor:ductor 3, and through 
resistOr 3:8 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 (3), 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 T6(6) 
to TA5(6), inclusive. The operation of relay 
iP3 (3) prepares a circuit whereby upon the op 
eration of relay RA (5) at the end of the third 
digit negative battery will be connected through 
the lower front contact of operated relay P3 (3), 
conductor 39, and through resistor 632 to 
ground whereby the negative potential will be 
applied through individual resistors to the left 
hand control cathodes of the units storing tubes 
U6 (6), U27 (6), U38 (G), U49 (6), U5 (6) and 
UA5(6). 
Since the units digit of the assumed called 

Subscriber's number 236-2 is “6,' six dial pulses 
Will be received and counted by means of the 
Counting chain. The sixth pulse Will render both 
tubes RA5(4) and R. 6(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 of tube R6(4) 
Will be transmitted over conductor 443 and 
through resistor 6f 6 to the left-hand control 
anode of tube U6 (6). The rise in main cathode 
potential of tube RA5(4) will be transmitted 
OVer Conductor 444 and through resistor 633 to 
the left-hand control anode of tube UA5(6). 
Therefore, upon the elapse of the requisite por 
tion of the interdigital time and the resultant 
Operation of relay R.A. (5), tubes U6 (6) and 
UA5(6) Will be rendered conductive to store the 
digit '6.' Relay EXC5) will operate and release, 
the counting chain tubes will be extinguished, 
and tubes and relays RAI (5) and RA (5) 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 577, through the low 
er back contact of released relay. Pi (3), con 
ductor 3 f6, No. 8 contact of released relay P2(3), 
conductor 325, upper front contact of operated 
relay P3(3), conductor 326, and through resistor 
58 to ground, whereby the positive pulse is ap 
plied to the right-hand control anode of tube 
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i C (3). Since negative battery is connected 
through the winding of relay c0: (i), conductor 
573, through resistor 538 to the Enain cathode of 
tube C (5) and through resistor 33 f to the right 
hand control eatinode of that tube, as well as 
through capacitor 532 to these cathodes, a dis 
charge will occur across the right-hand CO2ntrci 
gap of tube DC(S), first and second transfers 
will occur, tube P3 (3) will be extinguished due 
to the additionai drop across resistor 36:3, re 
lay P3 (3) will be released, and relay ic(s) will 
be operated. The release of rejay 23 (3) Willi 
interrupt the circuit over which negative battery 
had previously been supplied to the colitici catki 
odes of the units storing tubes U23 (e) to UA5(6), 
inclusive. 
Since the jourth or ringing code digit of the 

assumed subscriber's nuisaber 236-2 is “2,' count 
ing chain tube 2: (3) will be rendered conduc 
tive, and will remain conductive to store this 
ringing code digit. At the pause following the 
last dial pulse of this digit, tube R.A. (5) will fire 
and relay R.Ai (5) will be operated. The opera 
tion of relay RA (S) will cause the extinction of 
conduction through tube RACS) and relay RA ($) 
will be released. Relay REX(5), however, wii 
riot operate since its previously traced energiz 
ing path is interrupted at the No. 7 contact of 
relay DC(S) as a result of the operation of relay 
DC (5). Since relay EX(5) does not operate, the 
main anode circuits for tube R.A. (3) and for 
the counting chain tubes will not be interrupted. 
Therefore, tube R2 (4) will reinai conducting 
to store the ringing code digit “2” and relay 
RAf(5) will not be released, it may ie note: 
that any further dialing will be ineffective in that 
the pulse output circuit from the retai'i coil 
comprising winings 338 and 353 is interrugtei 
by the opening of the No. 3 contact of relay 
RAF (5) and by the opening of the Rio. . contact 
of relay DC (3). 
The conjoint operation of relays RA; (5) and 

DC (5) closes an energizing circuit for relay 
DCi (7) which may be traced from negative bat 
tery, winding of relay DC (7), conductor i7, 
left-hand back contact of relay TMB (g), con 
ductor. 9 fl, No. 5 contact of relay CK(7), con 
ductor 1f8, No. 3 contact of operated relay DC (5), 
conductor 583, No. 2 contact of operated 'relay 
RA (5) to off-normal ground conductor T12 
which is grounded through the No. 3 contact of 
relay. ONI (7). Relay DC (7) will therefore be 
operated to perform functions hereinafter to be 
described. 
As hereinbefore mentioned, provision is made 

for time-out in the event that relay STi (5) fails 
to release within a prescribed time. Provision 
is also made for the circuits to time-out if the 
subscriber fails to start dialing within another, and preferably considerably longer, prescribed 
time, or if a series of digits none of which is 
greater than “1” are received, or if an extended 
delay period occurs during the dialing. 

in If, at the time relay ON (7) operates at the 
Seizure of the register, relay STI (5) has released to 
release relay TMA(9) which, in turn, has released 
relay TMB(9), the operation of relay ONI (7) 
Will close an operating circuit for relay TMA (9) 
which may be traced from ground through the 
No. 3 contact of relay ON (7), off-normal ground 
conductor-712, through the right-hand back con 
tact of relay TMB (9), conductor. 912, upper wind 
ing of relay TMA(9), and to negative battery. 
Relay TMA(9), in operating, will lock operated 
over a path' from negative battery, lower winding 
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and No. 3 contact of relay TMAC9), conductor 
93, No. 8 contact of relay ONI (7), conductor 
23, No. 5 contact of unoperated relay AD (3) to 

off-inorinal ground conductor 712. This ground 
is aiso extended through the Nos. 3 and 4 contacts 
of operated relay EIWA (3) to conductor 902, 
through the winding of relay TMB (3) and to 
negative battery. Relay iii.33(3) operates to in 
terrupt the originai operating path for reiay 
TMA(9). Relay TMA ($), in operating, connects 
negative battery through its No. 2 contact to con 
ductor $34, through the winding of relay Elvi(3), 
conductor 909, and througin resistors St, and 9:6 
to the main and control cathodes, respectively, of 
tube TM (9). This negative battery on conductor 
904 is also applied to the lower electirodie of ca 
pacitor 9 2. Positive pattery is connected through 
resistor 322, No. 1 contact of relay NGi (9), con 
ductor 92., resistor 922 to the upper electrode of 
capacitor 917. This capacitor will begin to 
charge, with the Irising potential thereon being 
applied through resistor 323 to the right-hand 
control anode of tube TMC9). AS indicated, the 
time constant of the network including capacitor 
Sii is preferably considerably greater than the 
time constant of the network including capaci 
(or SG3. If relay TMA (S) is not released with 
in this time, a discharge Will be initiated acroSS 
the right-hand control gap of tube M. (S). It 
ray be noted that if, upon Seizure of the register, 
relay ON i (ii) is operated prior to the time that 
iteiay IMA(9) is completely released as a result 
of the release of relay ST? (3), relay TMA(9) will 
immediately lock over the above-traced locking 
circuit. 

if dialing commences before capacitor 9 it has 
charged to the critical potential, relay AD(5) Will 
be operated at the Second dial pulse of the first 
digit, but the locking path for relay TIVIA (9) will 
be raintained during the dialing of that digit 
Since conductoria is then connected to off-nor 
'nal ground conductor 2 through the No. 4 
contact of relay RA (5) which is operated at the 
beginning of each digit. At the end of the first 
digit, relay RA(i) releases thereby releasing relay 
TMA(s)). The release of relay TIMA(3) inter 
rupts the energizing circuit for relay. TRIB(9). 
The release of relay TVB (9) again closes the en 
ergizing circuit for relay TMA (9) to off-normal 
ground conductor : 2, but relay Tiwai3 (9) is slow 
to release so that capacitor 97 may completely 
discharge through the circuit including resistor 
922 and the No. 1 contact of relay TMA(9) prior 
to the reoperation of relay TMA(9). At the be 
ginning of the second digit, relay RA (5) operates 
to provide a locking path for relay TMA (9) and 
an operating path for relay TMB (9); and at the 
end of that digit relay RA(5) releases to release 
relay IVA (9) which releases relay FlyiB(9), 
Which, in turn, reoperates relay TMA(s). This 
cycle repeats as each digit is received. At the 
completion of the last digit, relay MA (9) is 
released at the release of relay RA (5). Relay 
iMA(9) releases relay TMB (9) which again 
closes the circuit for the operation of relay 
iMA(8) to restart timing. The operation of the 
circuit in the event that time-out occurs will be 
discussed hereinafter. 

Idle-busy-adcant test 
When relay DC (7) is operated, a circuit is 

closed from ground, No. 3 contact of relay Rs (7), 
Conductor 82, No. 2 contact of relay. DCS (), and 
to conductor 723 which is extended to the com 
imon release and time-out circuit-in Fig. 1. Re 

  



2. 
lay DC (7), in operating, also completes a cir 
cuit from ground through the No. 2 contact of 
relay RSCT), conductor 724, No. 1 contact of re 
lay DC (7), and to conductor 25 which is also 
extended to the common release and time-out 
circuit of Fig. 1. Relay DC (7), in operating, 
also completes a loop from conductor 9 at the 
common release and time-out circuit, No. 4 Con 
tact of relay DC (7), conductor 26, No. 4 con 
tact of relay RSCT), and conductor 727 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(l) 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 T6(2), T2 (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 T6 (6), T2 (3), T38 (5), 
T49(6), and T50(6), respectively. With the as 
Sumed tends digit '3' stored in the tens storing 
tubes, and with, therefore, tube T38 (6) conduct 
ing as previously described, the Iain Cathode of 
tube T38 (6) is at or above ground potential. This 
potential is connected through conductor 635, No. 
34 contact of relay NGC (2), conductor 293, wind 
ing of tens translator relay T38(2) and to negar. 
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 T(2) to 
T50 (2) Will be operated. In a similar manner, 
relay NGC (2), in operating, will connect the 
Windings of the units translator relays U6(2), 
U27 (2), U38(2), U49(2), and U50(2) through the 
Nos. 43 to 39 contacts, respectively, of Irelay 
NGC (2) to the main cathodes of the UnitS Storing 
tubes U 6 (6), U2 (6), U38 (6), U49 (6) and 
U5(6), respectively. Thus, with the assumed 
units digit '6' stored in the units storing tubeS, 
tubes U6 (6) and UA5(6) Will be conducting. The 
ground potential, or the potential positive rela 
tive to ground, at the main cathode of tube 
US (6), will be transmitted over conductor 636, 
No. 43 contact of relay NGC (2), conductor 26, 
winding of relay U 6(2), and to negative battery. 
Relay U 6(2) will thereby be operated. Con 
duction in tube UA5(6) will result in the opera 
tion of relay UA5(6) as above described. 
Relay NGC (2), in operating, also connects 

ground through its No. 4 contact, conductor 25, 
No. 4 contact of relay ID (8), conductor 898, No. 
2 contact of relay WAC (8), conductor 89, Wind 
ing of relay HST (8) and to negative battery. 
Relay HST (8), in operating, connects positive 
battery through resistor 8 f2, winding of relay 
IB(8), conductor 83, resistor 84, middle front 
contact of relay HST (8) and to conductor 85. 
Since the digit '6' has been assurned to have 
been stored in the Units storing tubes and since, 
therefore, relay UA5(6) is operated, this posi 
tive voltage on conductor 85 will be connected 
through the front contact of relay UA5(6), con 
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ductor 638, No. 37 contact of relay NGC (2), cons 
ductor 206 and to the outer front contacts of the 
units translator relays U6(2) to U50(2), inclu 
sive. Since relay U6(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 UA5(6) would have been re 
leased, and the positive potential Would have 
been extended through the back contact of relay 
UA5(6), 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 2 is con 
ducted to the number-group circuit (Fig. 2) for a 
purpose hereinafter to be eXplained. 

Referring again to Fig. 8, negative battery is 
connected through the winding of relay BYC8), 
conductor 816, resistor $40, and to the armature 
of relay TA5(6). Since the digit '3' is stored 
in the tens storing tubes, relay TA5(6) is not op 
erated, and, therefore, this negative votlage is 
conducted through the back contact of relay 
TA5(6), conductor 64t, 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 be conducted through 
the inner upper front contact of that relay to the 
“3’ tens conductor 20 which is extended to the 
number-group circuit of Fig. 2. 

Relay HST (8), in operating, connects ground 
through its No. 1 contact to conductor 88, ca 
pacitor 39, 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 8 9. Relay HP(8), in 
operating, connects negative battery through its 
outer upper front contact to conductor 86 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 83 thereby short 
circuiting the winding of relay B (3) and appy 
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, a SSumed to be 
tube H2 (6), has conduction therethrough 
limited by resistor 23 in the main anode circuit 
thereof. Relay HP (8), in operating, connects full 
positive battery through its inner upper front 
contact and through conductor 829 to the main 
anodes of the hundreds Counting tubes, and, thus, 
full positive battery is applied to the main anode 
of tube H2(6). The increased conduction 
through hundreds storing tube H2() as a result 
of this increased potential at the Iain anode 
thereof causes the Voltage at the main cathode 
thereof to rise to approxirately 50 volts positive. 
This rise in potential is applied over conductor 
642, inner upper back contact of unoperated relay 
HA5(6), conductor 643 which is cabled to Fig. 2, 
No. 23 contact of relay NGC (2), conductor 2 , 
through resistor 22 to ground and through con 
ductor 2 to the number-group circuit. It may 
be noted that had hundreds storing tube HA5(6) 
been operated as Well as tube H2(6), relay 
HA5(6) would have been operated and the rise in 
cathode potential of tube H2(6) would have 
been applied through conductor 642, through the 
inner upper front contact of relay HA5(6), con 
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ductor (644, No. 24 contact of relay NGC (2) and 
to conductor 226 which is extended to the num 
ber-group circuit. 

In response to the application of these potent 
tials to the selected ones of these conductors, the 
number-group circuit cooperates with the line 
and line-link circuit to select the called sub 
scriber's line in a manner fully disclosed in the 
above-cited patent of W. A. Cornellet 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 
force be a square top pulse of short duration. It 
may also be noted that relay HP (8), in releas 
ing, restores the previously-traced energized 
path for itself. Relay HP(8) will not reoperate, 
however, since capacitor 8f3 has become fully 
'charged during the operating time of relay. HP(8) 
Over a path from ground, No. 1 contact of relay 
HST (8), conductor 848, capacitor 849, resistor 
82d, outer upper front contact of relay HP (8) 
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 
cuits from relays IB (8) and BY (3). 
While relay HST (8) is operated, a circuit is 

completed from ground on off-normal ground 
conductor T 2, No. 7 contact of relay RT (3), 
conductor 822, No. 2 contact of unoperated relay 
IB(8), conductor 823, inner front, contact of re 
lay HST(8), conductor 824, winding of “vacant 
line' relay WAC (8), and to negative battery. 
Relay WAC (8) is thereby, energized but 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 WAC(8) and 
relay WAC (8) will not operate. If the line is va 
cant, relay IB(8) will not be operated and relay 
WAC (8) will be allowed to operate to indicate , 
that the line is Vacant. 

If the called line is idle, conditions are estab 
lished in the line and line-link circuit (Fig. 1) 
whereby sufficient current flows through the 
winding of relay IB(8) to operate that relay. If 
the called line is busy, conditions are established 
-in-the-line and line-link circuit whereby sufficient 
current flows through the windings of relays 
IB(3) and BY (3) to operate both of those relays. 
The functioning of the System when the called 
line is busy will be discussed hereinafter, it be 
ing assumed for the present that the called line is 
idle. 

Relay. IB (8), in operating, closes a path from 
ground on off-normal ground conductor 2, No. 
7 contact of relay RT (C), conductor 822, No. 1 
contact of relay IB(8), conductor 825, No. 1 
contact of unoperated relay. BY(8), conductor 
826, winding of "idle' relay ID(8) and to nega 
tive battery. Relay ID (3) is thereby operated it 
and locks over a path from negative battery, 
Winding of relay ID(8), conductor $26, No. 1 
contact of relay WAC (8), conductor 827, No. 
contact of relay ID(3), and to ground on off 
normal ground conductor 2. 

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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:a::ed. Relay CKCf), in operating, 
ground through the No. 2 contact of operated 
reiayi ON (7), conductor 733, resistor E39, No. 7 
contact of relay CKC) to conductor i33, there 
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the winding of relay IB(8), thereby releasing relay IB(8). 

Establishing path to called line 
Relay ID (8), in operating, removes, at its No. 

5 contact, the ground previously applied to co 
ductor 829 whichiextends to the common release 
and time-out circuit of Fig. 1. That circuit re 
Sponds to this signal to condition the line and 
line-link circuit for establishing a connection 
from the called party's line to the selected 
junct0r. Relay if (3), in Operating, also trans 
Elits a signal through the selected junctor to the 
line and line-lik circuit. Over a path fl:Onlinega 
tive battery, resistor 835, No. 9 contact of relay 
Ti) (8), conductor 83; which is cabled to Fig. 2, 
extends through the operated legister connector 
and is then cabled to the selected junctor (Fig. 
...), is &Xtendad through that junctor, and is then 
cabled to the line and line-link circuit (Fig. i.). 
Tite line and line-link circuit is operative in 

Jesponse to these Siginals to extend the called 
party's line to the junctor Where the tip, ring and 
sleeve conductors appear as conductors 1-2-1, f22 
and 63, respectively. The called subscriber's 
tip conductor 2 then extends through the No.3 
contact of unoperated relay RF(?), No. 3 contact 
{}f unoperated relay TK(t), upper winding of 
Supervisory relay CS(), and to ground. The 
called subscriber's ring conductor 22 is extended 
through the No. 7 contact of relay RF(t), No. 11 
contact of relay TE(), lower winding of super 
visory relay CS( ), and to negative battery. 
The line and line-link circuit then connects 

positive 200-volt, oattery to conductor. 23 which 
is cabled to the junctor. This potential on-con 
dictor 23 is then extended through the No. 7 
contact of reiay BY (), conductor 34 which is 
extended through the operated registerconnector 
and to Fig. 8, No. 7 contact of operated relay 
ID (8), conductor 832, resistor 729, and through 
resistor 3G to ground whereby a positive poten 
tial is applied to the right-hand control anode of 
tube WCKG7). The right-hand control cathode 
softube WCKC) is connected to ground through 
resistor #3 E. Positive 135-volt battery is con 
inected through the winding of relay C3 (ii), re 
sistor 732, conductor 33, No. 9 contact of oper 
lated relay. SRCS), and through conductor 584 to 
ithe left-hand main anode of tube VCK (). 
ilNegative battery is connected through resistor 
734, No. 4 contact of unoperated relay TKO (7), 
'gonditigioi 35 which extends to Fig. 10,No.5: con 
tact of relay T(i), No. 3 contact of relay 
4CFR (&), conductor f320 which extends to Fig. 
'i, No. 2 contact of reiay. RC(i), conductor 736, 
aid through resistor i3, to ground whereby a 
negative potential is applied to the main cathode 
of tube VCK ('s). 'Tube VCKC) will therefore 
undergo a control gap discharge and first and 
:econd transfers, and relay CEGA) will be oper 

connects 

hylockiing relay CSCE) operated and extinguish 
;ing tube WCE(i). ;Relay CKCT), in operating, 
also interrupts, at its No. 1 contact, the circuit 
by means of which capacitor 707 was connected 
to the winding of relay SR (5), thereby making 
relay SR (5) less slow to release. Relay; CKCl), 
in operating, also interrupts, at its No. 5 con 
tact, the previously traced energizing pach for 
relay DC (7) and that relay 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 
i26 which extends to Fig. 7, No. 7 contact of un 
operated relay TEE (g), conductor 43, No. 11 
contact of operated relay ID(3), conductor 836 
which extends to Fig. 2, No. 5 contact of oper 
atted number-group connector relay NGC (2), 
and to conductor 29 which extends through cer 
tain other closed contacts (not shown) in the 
number-group connector circuit. The positive 
potential on conductor 239 is then extended over 
a path through all of the provided ringing cil'- 
cuits which are idle (only one of which is shown 
in Fig. 2), and to the iringing 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 circuit 
represented in Fig. 2, in a manner fully disclosed 
in the above-cited patent of W. A. Cornell et al. 

It will be recallied that the fourth or ringing 
code digit of the called subscriber's number was 
not only counted in the counting chain tubes of 
Fig. 4, but Was also stored therein. The ringing 
connector functions at this tire to operate cel 
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 be communicated to the ringing circuit. 
It has been assumed that the ringing code digit 
of the present called Subscribe's number is '2' 
whereby counting chain tube R2 (4) is conduct 
ing, and the main cathode of that tube is at a 
potential considerably more positive than the 
potentials of the otheir counting chain tubes. 
This positive potential is transmitted through 
conductor 4, No. 3 contact of unoperated relay 
RA5(4), conductor 47 which is cabled to Fig. 2, 
No. 9 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 Cornpleted for the operation 

of the ringing connector old magnet HOLD (2). 
The ringing circuit connects a ground potential 
through the No. 18 contact of relay NGC (2), con 
ductor 22 which is extended to Fig. 7, No. 3 con 
tact of operated check relay CK (7), conductor 
i44 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 HOLD (2), and to battery. 
The ringing connector hold magnet HOLD (2), 

in operating, operates the ringing connector in 
a manner fully disclosed in the above-cited pat 
ent of W. A. Cornell et al. As a result, the sub 
scribers' tip and ring conductors i5 and 7 are 
disconnected from conductors 29 and 22 which 
extend to the register as above described, and 
are Connected to conductors 222 and 223, respec 
tively, which are extended through the operated 
ringing connector to the ringing circuit. 
The ringing circuit then locks the ringing con 

nector hoid magnet HOLD (2) operated, and 
trainSaits ringing current over conductors 222 
and 223 in the nanner fully disclosed in the 
above-cited application of W. A. Cornell et al. 
The prelinainary ring tubes and associated cir 

cits shown in Fig. 3 of the drawing are disclosed 
and Cained in the application of Hall-Korn 
Powell, Serial No. 134,108, filed concurrently 
herewith. 
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Release of register 

It will be recalled that with relay CO(f) in the 
junctor operated, the calling Subscriber's ring 
conductor was extended through a back contact 
of ringing connector hold magnet HOLD (2) and 
through the lower winding of relay i (5) 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 conductOl'S are ex 
tended to the ringing circuit, and relay L. (5) is 
released. The release of relay L(5) interrupts 
the energizing path for relay SR (5). Relay 
SR (5) releases normally since capacitor TOT has 
been disconnected from its winding by the Oper 
ation of relay CE(T) as above described. Re 
lay SR (5), in releasing, removes main anode bat 
tery from all of the tuhes 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 anode of tube 
RAi (5), and also removes the positive battery 
from the windings of relay AD(5) and that relay 
releases. The removal of main anode battery 
extinguishes any of those tubes 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 RA (5) releases relay 
RA (5). 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 R27 (4), H2(6), T38 (6), 
US (6), and UA5(6). The extinguishing of tube 
UA5(6) releases relay UA5(6). 
Relay Sr. (5), in releasing, also connects ground 

through its No. 3 contact to conductor 386 which 
extends to Fig. 2, No. 20 contact of operated re 
lay NGC (2), conductor 534 which extends to Fig. 
and is then cabled to the common release and 

time-out circuit (Fig. 1). 
The common release and time-out circuit re 

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 circuit, 
including the Operated One of the units trans 
lator relays U6(2) to U5)(2) and the operated 
one of the tens translator relays T16(2) to T50(2). 
Relay SR (5), in releasing, also interrupts the 

locking path to release relay ON (5). Relay 
ON (5), in releasing interrupts, at its No. 7 con 
tact, the operating path for relay CO () in the 
junctor, and that relay, in releasing, reconnects 
the calling subscriber's tip and ring conductors 
through the windings of supervisory relay S(t) 
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), CKC7), 
D(3) and MA (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 
iringing circuit has received the necessary ring 
ing-code-digit information, the register, the 
register connector, the number-group and the 



2,668,931 
27 

line-link circuits, are all restored to normal 
Whereby another call may be originated or termi 
nated while ringing proceeds, 
The remaining circuits function and arg re 

leased in accordance with the disclosure of tiae. 
above-cited patent of W. A. Cornell et al. 

Revertie call 

Let it now be assumed that the functioning of 
the circuitS has proceeded 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(S) and “busy' relay BY (3). Will. 
be operated as above Enentioned. 

Relay BCE), in Orperating, interrupts the enr. 
ergizing circuit for relay WAC (8) before that re 
lay has had. Suficient time to operate, and thus, 
no vacant line: indication is given as Gefore dis 
cussed. Relays. IB(8), and BY (8), in operating, 
complete a circuit fron negative battery, wind 
ing of relay. BY (), conductor 45, No. 3 contact. 
of unoperated relay ID (2), conductor. 336, No. 2 
coltact. Of Operated relay BY(8), conductor 825, 
No. 1 contact of Operated relay B (3), coraductor 
822, No. 7 contact of relay RT (8), and to ground 
on off-aorniaal ground conductor 2. Relay 
BY () operates, locks through its No. 4 contact, 
to ground on off-normal ground conductor ii. 
and closes a circuit from ground through the 
No. 2 contact of operated relay. CN f ( ), coin 
ductor 738, No. 3 contact of relay. RCC), con 
ductor 46, No. 3 contact of operated relay 
BY. (7), conductor 74, which is extended 
through the Operated register Connector (Fig. 2) 
and to the junctor (Fig. 1), winding of relay 
BY (), and to battery, whereby relay BY( ) is 
Operated. 
Since the busy indication may be due to a 

reverting, call, i. e., one, in which the calling and 
called parties are on the saae, line, a reveitive 
test is, made. Therefore, relay BY (), in 
Operating, also completes a circuit for positive 
135-volt, battery through the winding of 'reyer 
tive. cal' relay. RC(i) to conductor 48 which ex 
tends to Fig. 10. Assuming the calling party's. 
class-of-service to be eitheir 'flat-rate' or 
“grounded line,' either relay FR() or relay 
GL(G) will be operated as hereinbefore de 
Scribed. The battery old conductor 48 Withee 
fore, be extended through the No. 4 contact of 
operated relay ERC) or through the No. 6 co 
tact of relay GL( 0), conductor 62, No. 5 coin 
tact of operated relay. BYi (), conductor 43 
which is extended through the operated registe' 
Connector and to the junctor (Fig. ), No. 1 
contact of operated relay 3Y(), and to the left 
hand main anode of “verification’ tube. WF(). 

Relay. BY (), in operating, also completes a, 
circuit from ground through its No. 6 contact, 
conductor 24 which is extended through the 
operated register connector and to. Fig. 8, No. 8 
contact of unoperated relay. ID (8), conducto' 
83, No. 2 contact of operated relay BYi (), co 
ductor 759, No. 6 contact. and winding of relay 
RI (8), and to battery. Relay RT(3) operates 
and locks, through its No. 5 contact to ground on 
off-normal ground conductor 2. Relay RT (8), 
in operating, completes a charging path for 
capacitor 339 over a path from positive battery, 
resistor 849, Nos. 3 and 2 contacts of relay RT (8), 
capacitor 838, and to ground. It may be Icted 
that capacitor 839 is normally discharged, when 
relay RT (8) is released, through resistor 34. As 
capacitor 333 charges, a rising potential is ap 
pied over conductor 842, No. 7 contact of relay. 

5 

0. 

5 

20: 

25. 

30. 

40 

50 

55 

60 

To 

7. 

NT? (8), conductor 832, resistor 29, and to ground 
through resistor 73) whereby a rising positive 
potential is applied to, the right-hand control 
anode of tube. WCK (). The time constaint of the 
circuit is such that tube WCKC) is not discharged 
for a time Sufficient for a revertive test to be 
made. 

Referring, now to Fig. 10, it will be noted that 
capacitor 024 is normally positively charged 
from positive 135-volt battery, resistor 023, 
which has a high value of resistance, capacitor. 
C24, and to ground. Therefore, when relay 
R(8) operates, a positive pulse is transmitted 
from capacitor it 24 through resistor 28, No. 5 
contact of relay GL(G), or of relay. FR (19), con 
ductor 27, which extends to Fig. , No. 3 con 
tact of relay TKC), conductor T5, No. 3 con 
tact of relay WAC (8) conductor 843, No. 10, con 
tact of unoperated relay ID (8), conductor 344, 
No. 8 contact, of operated relay RT (8) to con 
ductor 8.5. Which is extended via the aunger 
group. circuit to the line, and line-link circuit, as 
above described. The line and line-link circuit. 
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 
Scriber's station and the calling Subscriber'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 junctor which has previously been 
seized by the calling party, that is, the junctor 
shown in Fig. 1. The positive pulse. Will, there 
fore, appear on sleeve conductor 03, and will be 
transmitted through the No. 5 contact of relay 
RS ( ), and a major portion of that pulse. Will. 
pass by the network comprising inductor. 3 and 
capacitor 28. and will be applied through resis 
tor. 29 to the left-hand control anode of tube 
WF(i). Since: the left-hand control cathode of 
that tube, is connected to negative battery 
through the network comprising resistoi's 38 and 
13, and capacitor 32, and since the main cathode 
of that tube. is connected to negative battery 
through resistor 33, a control gap discharge and 
first and second transfers will immediately oc 
cur whereby conduction will exist between the 
left-hand main anode and the main cathode of 
tube WE(i). It may be noted that the firing of 
this tube is aided by the presence of a "keep 
alive' circuit including the right-hand control 
electrodes of the 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 anode 
of the V8 tube in that junctor, but no transfers 
would have occurred in that tube since there 
would be, no supply of main anode battery thereto. 

Since relay RC(T) is in the circuit of the left 
hand main anode of tube. VF(t), relay RC(T) will 
operate and will lock. through its No. 4 contact, 
conductor: 38, No. 2 contact of relay Oil () and 
to ground. This ground Will also extinguish tube 
VE(i). Relay RC(T), in operating, interrupts 
the previously traced energizing path for relay 
BY () in the junctor to release that relay. Re 
lay RC(7), in operating, also connects positive 
battery, through resistor 55, through its No. 5 
contact, conductor 834 which extends through 
the idle ringing circuits to the ringing conductor 
whereby one of the ringing circuits, is selected as 
hereinbefore described. 
Euring the time that the above revertive test 

is being made, capacitor. 839 in the control anode. 
circuit of tube WCKCT) is charging as hereinber 
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forementioned. The time constant of this circuit 
is arranged to be longer than the time, required 
to operate relay RC(i) if that relay, is to operate 
at all. It may be noted that if the result of the 
revertive test is a firinative, i. e., if it is: indeed 
a revertive call, relay. RC() is operatei, whereas 
if the result, is legative, relay ERC(7) Will not be 
operated. It has been assumed that this is a 
revertive call, and relay:RC(i) has been operated 
as above described. 
After a suitable delay interval, capacitor 8S9. 

becomes sufficiently charged to cause tube VCE(i). 
to discharge across its right-hand control gap. 
As previously described, the ieft-hand main anode 
of tube WCK () is connected to positive battery 
through a front contact of relay St. (3) and 
through the winding of relay CE(i). It will be 
recalled that in the previous discussion where the 
called line was assumed to be idle, relay RC(i) 
was not operated and th: main cathode of tube 
WCK(7) was connected to negative battery 
through a back contact of relay is. (:). In the 
case of a revertive call, however, with relay 
RC(7) operated, the main cathode of tube 
WCKC) is connected via conductor 35, through 
the No. 6 contact of operated relay RC(T), con 
ductor 856 which is extended through the nun 
ber-group connector relay NGC (2) and to nega 
tive battery through the winding of a revertive 
ringing control relay in the ringing circuit. 
Therefore, tube WCKC) will undergo first and 
second transfers whereby relay C:...(?) and the re 
lay in the ringing circuit will be operated. 
Relay CKCT) locks operated, extinguishes tube 

WCKCT), releases relay CD (T), renoves capaci 
tor 707 from the winding of relay SR (5), so that 
relay. SR (5) will be less slow to release, and 
discharges capacitor (through resistors 36 and 
772. As previously described, relay CKC), in op 
erating, operates the ringing connector hold mag 
net HOLD (2) over a path from a ground in the 
ringing circuit. 
As described above in relation to the first call, 

the ringing connector is thereby operated to a S 
Sociate the ringing circuit with the junctor. The 
operation of the ringing connector hold magnet. 
HOLD (2) also interrupts, at its back, contacts, 
the circuit from the calling subscriber'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. 
battery through winding 24 of the repeat coil 
and through the lower winding of relay L(5), 
and relay (;) is thereby released. 
Upon the release of relay L. (5), relays SR (5), 

CN (5) and ON () release in cascade as de 
scribed 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 described. The removal 
of main anode hattary also allows relay AD.(5) to 
release. As in the previous description, relay 
SR (5), in releasing, also coininects, grouild through 
to the connnon release and time-cut circuit which 
responds to perform 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 connector as 
above described. It may be noted that in the re 
storing of the register to normal, relay ON (), 
in releasing, releases relay BYi (), RC(t), and 
RTC8). The circuits thereafter function and are 
released in accordance With the disclosure of the 
above-cited patent of W. A. Cornell et al. 
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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 not common, tube. WiF(f) in the dis 
closed junctor will not be fired and relay RC(7) 
Will not be operated, With relay RC(7) unop 
erated, the only one of the previously traced paths 
Over Which ground Was applied to conductor GT to 

in the junctor operated is 
through the No. 4 contact of relay. CKC7). There 
fore, when capacitoi' 839 becomes sufficiently 
charged, tube VCK (7) Will fire operating relay 
CKC7) and ground will be removed from con 
ductor S. Relay COC) in the junctor will 
thereby be released. The removal of ground from 
conductor fat and the opening of the No. 4 con 
tact of relay CO(?) removes the ground from 
conductor 2 by means f which the register con 
nector was held operated. The register connec 
t0r and register will thereby be released. The 
circuits function to transmit "busy tone' to the 
calling Subscriber and are released in accordance 
With the disclosure of the above-cited patent of 
W.A. COrnel et al. 

Colled lie; acciii. 
As a love discussed in regard to the first call 

described, the idle-busy-vacant test is initiated 
23 the number-group connector relay NGC (2) 
operating relay HST (3) through back contacts 
Clf relay S (5) and WAC (8). In addition to the 
functions performed in relation to the idle and 
busy tests, as described above, relay HST (8), in 
Cperating, also completed a circuit from ground. 
on off-normal ground conductor 72, No. 7 con 
tact of relay RT (3), conductor 822, armature 
and No. 2 contact of unoperated relay IB(3), 
conductor 823, inner front contact of relay 
HST (3), conductor 824, winding of relay. VAC (8), 
and to negative battery. As before indicated, re 
lay WAC (8) is slow to operate whereby if the 
called line is either idle or busy, relay IB(8) will 
operate prior to the operation of relay WAC (8) 
winereby the energizing circuit for relay WAC(3) 
Will be interrupted. If, however, the line is va. 
cant, relay IB(8) can not operate, and, after the 
requisite interval, relay WAC (3) will operate. 
Relay WAC (8), in operating, locks through its 
No. 4: contact to ground on off-normal ground 
conductor if 2, interrupts at its No. 1 contact the 
logking path for relay ID (8) to prevent that re. 
lay from being locked operated, interrupts at its 
No. 2 contact the previously traced energizing 
path for relay HSF (S) to release that relay, and 
completes a circuit from ground through its No. 6 
contact, conductor 4 which is extended through 
the operated register connector (Fig. 1) and to 
the junctor, winding of relay hY(i) and to bat 
tery whereby relay BY () is operated. Relay 
BY( ), in operating, returns ground to the reg 
ister to operate relay RT (3) as in the revertive 
cali above described. Relay RT (8) locks oper 
ated and applies a rising potential from capaci 
to; 839 to the right-hand control anode of tube 
WCKC) as previously described. Tube WCK (5) 
fires to operate relay. CKC) which locks oper 
ated and extinguishes tube WCK(t). Siace re 
lay WAV (8) is operated, the only path over which 
gi'oihai is extended to the upper winging of re 
lay CC () and to loid the register connector 
operated is through the No. 4 contact of relay 
CK(?), and therefore, upon the operation of re 
lay CE(), relay COC'?) is released and the reg 
ister connector is restored to normal. 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 2ero 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 subscriber dials 
the digit “O.' 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 R53(4) 
and RA5(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 P. (3) is operated at the first 
pulse of the first digit, and upon the operation 
of relay RA (5) during the delay following the 
receipt of this first digit, negative battery is 
connected through front contacts of relays 
RA (5), AD (5) and P6 (3) to conductor 36 
whereby a negative potential is applied to the 
left-hand control cathodes of the hundreds stor 
ing tubes Hf 5 (8) to HA5(6), and tubes H59 (6) and 
FiA5 (G) therein are discharged to store the hun 
dreds digit, “0.' Since relay RA5(4) is operated as 
a result of the conduction through tube RA5(4), 
the negative potential on conductor 306 is also 
extended through the No. 11 contact of operated 
relay RA5(f), and through resistor 448 to ground 
whereby a negative potential is applied through. 
resistor 443 to conductor 450. The negative po 
tential on conductor 450 is applied to the left 
hand control cathodes of trunk tubes TK (7), 
TK9 () 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. 9 contact of relay 
OPR (), conductor 39, and through resistor 
453 to ground whereby a negative potential is 
applied to the right-hand control cathode of tube 
TK (4). Main anode battery is supplied to tube 
TKO (4), and also to tubes TKT () to TK9 () 
ant to tube NT (8), over conductor 454, resistor 
455 and conduitoi' 82 which is supplied with 
positive 135-volt battery through the contacts of 7 
relay SR (5) as hereinbefore described. With 
tube R50 (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 TKO(4). Tube TKO (4) 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 TKO (4) through the 
winding of relay TKG () via conductor 451, 
Therefore, tube TEXO(4) will undergo a second 
transfer and relay TKO (7) Will be operated. 

Relay TKS (), in operating, connects ground 
through its No. 2 contact, conductor 559, and 
through the winding of relay RAt (5) to battery 
whereby relay RA (5) is operated. Consequently, 
the register can not be further advanced and any 
further digits. Which might be dialed are not 
recorded. Relay TK (?), in operating, also con 
negts ground on off-normal ground conductor 

through its No. 1 contact, conductor 59, to 
the winding of relay DC (5) and to battery. Re 
lay DC (5) operates and locks to ground on off 
normal ground conductor 2 through its No. 6 
contact. Relay DC (5), in operating, operates 
relay DC () over a path including a hack con 
tact of relay CK(t) as hereinbefore described. 
Relay DC? (7), 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 connectO relay 
NGC (2) is operated and the register responds 
thereto to perform the idle-busy-vacant test as 
above described. 
ASSunning for the nonent that all of the pro 

vided trunk circuits are busy, relays BY (8) and 
3(3) Will both be operated as On a regular busy 

condition as hereinbefore described. Relays 
BY (3) and IB (8), in operating, operate relay 
BY () which operates relay BY( ) which, in 
turn, operates relay RT (8) as hereinkefore de 
scribed. Relay RT (8), in operating, causes a 
rising voltage to be applied to the right-hand 
control anode of tube WCKC) from capacitor 
333. However, a revertive test is not made on a 
busy call to an '0' operator's trunk since the re 
vertive test lead is opened at the No. 3 contact 
of operated relay TKO (7). When capacitor 839 
becomes sufficiently charged, tube WCKC) will 
undergo a control gap discharge and a first trans 
fer. The main cathode of tube WCKC), under 
these conditions, is connected via conductor 36, 
No. 7 contact of unoperated relay RC(), con 
ductor C20, No. 3 contact of relay OPR (9), No. 
5 contact of relay T(fa), conductor 35, No. 5 
contact of operated relay TKS (), conductor 5, 
No. 6 contact of operated relay BY (), resistor 
758, and to negative battery. Therefore, tube 
WCKC) will undergo a Second transfer, and re 
lay CK (7) will be operated. Relay CKC), in 
operating, locks to off-normal ground and ex 
tinguishes tube WCKC) as before explained. 
With relay TKO (7) operated, the only path 

over which ground is extended to energize relay 
CO(l) in the junctor and to hold the register 
connector operated is through the No. 4 con 
tact of relay CK(), and therefore, upon the op 
eration of relay CKC), relay CC () will be re 
leased as will the register connector. Therefore, 
the register connector, the register, and the nun 
ber group will be released and Testored to normal, 
and busy tone will be sent to the calling sub 
scriber in the manner fully dislosed in the above 
cited patent of W. A. Cornell et ai. 
ASSunning now that One or more of the trunk 

circuits is idle, relay IB (8) only Will is operated 
as on a regular idle line. FRelay IB (3), in op 
erating, operates relay. ID (8) which locks to off 
normal ground. 
Relay ID(8), in operating, signals the line and 
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line-link circuit as above described, 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 con 
pleted, the line and line-link circuit 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 WCK(7). The main anode 
of tube WCKCT) is connected to positive battery 
through the winding of relay CKC), and, with 
relay TKO (7) operated, the main cathode of tube 
WCK(7) is connected via conductor 33, No. 7 
contact of relay RC(7), conductor 23, No. 3 
contact of relay OPR, (f)), No. 5 contact of relay. 
T(0), conductor 735, No. 5 contact of operated 
relay TKO (7), conductor 757, No. 7 contact of 
unoperated relay BY (), conductor 63 which 
is extended through the operated register con 
nector and to the junctor (Fig. 1), Winding of 
relay TK() and to negative battery. Therefore, 
tube WCK(7) will undergo a control gap discharge 
and first and second transfers and relay TK () 
will be operated. Relay TK(), in operating, 
locks through its No. 1 contact, conductor 35, 
upper front contact of operated relay ON () and 
to ground, and in So doing, increases the current 
in tube VCK (7) to operate relay CEK() which 
locks and extinguishes tube WCKCT) as herein 
before explained. 
Since relay TK) () is operated, relay CKC), 

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 releas 
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 func 
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 trunics other than aero operator 

As above described, any subscriber in the sub 
ject System may obtain the services of a "zero' 
operator through the trunk circuit 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 trunk 
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-(O) relays 
will be operated. Thus, if the calling party has 
Subscribed to a class of Service known as 'mes 
sage-rate restricted,' relay CL2 (10) will be op 
erated which operates relay MR(0) 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 subscriber 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 TKO (4) being fired, the 
rise in main cathode potential of the register 
counting tube R27 (i) is applied via conductor 
44, which is carried via cable 459, to the left 
hand control anode of tube TK (). . . . Since 
suitable potentials are applied to the left-hand 
control cathode and main anode of tube TK () 
as hereinbefore described, this tube will under 
go a control gap discharge and a first transfer, 
and, since the nain cathode thereof is con 
nected to negative battery through the winding 
of relay TK (7), this tube will also undergo a 
second transfer whereby relay TK () is oper 
ated. Relay TK7 (), in operating, connects 
ground through its upper front contact to Con 
ductor 45 to operate relay TKO (7). The cir 
cuits thereafter function as described on the 
previous outgoing trunk call except that since 
the hundreds digit is recorded by conduction in 
tubes H2(6) and HA5(6), 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 nanner similar to that before described in de 
tail. The circuits thereafter function 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 Subscribed to the as 
sumed restricted class of service whereby relays 
CL2() and MR(0) are operated, means are 
operative in the register to prevent the establish 
inent, of a connection to one of the trunk cir 
cuits in the '7' trunk group. Upon the dialing 
of the digit '7,' the circuits respond as above 
described, with tube TK7 (7) being rendered con 
ductive to operate relay TKT (). Relay TKT (T) 
in operating, operates relay TKO (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(0), conduc 
tor G32 which is cross-connected in Fig. 10 to 
conductor 33 which is cabled to Fig. 7, lower 
front contact of relay TK7 (7), conductor 762, 
winding of relay RSC) and to battery thereby 

t 

tend from a plurality of contacts of each of the 
CL-(e) 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 TK (), 
TK9 () or of other similar relays which may be 
provided for other trunk groups. Thus, any 
subscriber's service may be restricted so that 
calls may not be placed through trunk group 
“7” by cross-connections in Fig. 10 to conductor 
033 and so that calls may not be placed through 

trunk group '9' by cross-connecting one of the 
conductors from that subscriber's CL-CIO) re 
lay to conductor (34, and, in either case, relay 
RS(T) will be operated. It will be noted that 
since none of the grounded conductors from the 
class-of-service relay CI2(0) are croSS-con 
nected to conductor (34, 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. 1 contact to conductor 745 to 
; Operate relay BY (T) which locks, operated. The 
"circuit now operates the same as on a call to a 
itrunk with all trunks within that trunk group 
busy, as was mentioned in regard to the outgoing 
trunk call to zero operator. Relay BY (T) op 
erates relay BY() in the junctor which causes 
ithe operation of relay RTC8) as previously de 
scribed. A revertive test is not made since the 
revertive test lead is. open at the No. 3 contact 
of operated relay TKO (7). Relay RT(8), in op 
cerating, fires tube WCKC) which operates re 
lay (CKC). Relay CKCT), in operating, locks 
'operated, extinguishes tube WCK(7), and releases 
relay COC) in the junctor and releases the reg 
lister connector. Therefore, the register connec 
'tor and the register will be restored to normal, 
busy, toine will be transmitted to the calling. Sub 

: Scriber, and, upon the replacing of the calling 
subscriber's receiver, upon its hook, the connec 
ition Will be broken down and the circuits re 
stored to normal in the manner fully disclosed 
in the above-cited patent:"Of W.A, Cornellet al. 

Busy verification test 
... At the request of a subscriber, the 'zero' op 
erator may establish amonitoring connection to 
any line to ascertain whether the line is con 
tinuously busy, as it appeared to the requesting 
Subscriber, or whether there was a malfunction 
ing of the equipment. 
To perform this test, the operator seizes 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 callis from "Zero' operator, class-of-service 
relay OPR(0) 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 

Scribed to count these pulses, with the result 
that counting chain tubes R. 6(4) and RA5(4) 
are discharged and relay RA5(4) is operated. 
When relay RA (5) is operated during the inter- it 
digital period, negative battery is connected 
through the upper front contact of relay Pi (3) 
and to conductor 396 whereby a negative poten 
tial is applied to the left-hand control cathodes 
of the hundreds storing tubes H6(6) to HA5(6) 
as hereinbefore described. The counted hun 
'dreds digit '6' will thereby be stored in tubes 
H6 (6) - and HA5(6) in the manner previously 
explained. This negative potential on conductor 
3t6 is also applied through the No. 11 contact. 
of operated relay RAS (4), resistor. 449, conductor 
450, through the No. 8 contact of operated relay 
OPRCC), conductor 35 and through resistor 
1846 to ground whereby a negative potential is 
applied to the right-hand control cathode of 
tube NT(8). With tube Ri 6 (4) - conducting, the 
“rise of main cathode potential thereof is ap 
plied via conductor 443 to Fig. 8 and through 
resistor 84 to the right-hand control anode of 
tube NT (8). Tube NT(8) will therefore under 
go a control gap discharge and a first transfer 
Since the main anode thereof is connected to a 
Source of positive voltage as hereinbefore men 
tioned. Since the main cathode of tube NT(8) 
is connected to negative battery through the No. 
1 contact of relay NT. (8) and through the wind 
ing of relay NTC8), 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 NT (8) and through its 
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No. 1 contact to ground on off-normal ground 
conductor 72. Relay NT(8), in operating, com 
pletes a circuit from ground through the No.2 
contact of relay OPR(0), conductor 36, No.3 
contact of relay NT(8), winding of relay NICB) 
and to battery. Relay NT (8) : operates and 
locks to ground on off-normali ground conductor 
72 through the No. 2 back contact of relay 
IE) (8), conductor 848. and through its No. 4-con 
'tact. Relay NT (8), in operating, also releases 
relay NT(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 NT.(8) and relay NT(8) 
are operated, the previously traced circuits; over 
which positive main anode battery is Supplied 
via conductors 549 and 802 to the main anodes 
of all the register tubes shown in FigS. 3 to 8 

- are interrupted. Therefore, the counting anti 
Storing tubes and other tubes in the register are 
extinguished. When relay NT (8) fully releases, 
the path over which main anode battery is Sup 
plied to the tubes is reestablished and the regis 
ter is in the same condition as it was before 
any dial pulses were received except that relay 
INT? (8) is operated. It should be noted that the 
release time, of tube NT(8) must be sufficiently 

: long to allow the tubes to be extinguished, but 
naust be. Sufficiently short'So that the main anode 
circuits are restored before the pulses repre 

. Senting the first digit of the called subscriber's 
number are received. 
The operator then dials the designation of 

the desired called party,’ that number is counted 
and Stored in the register, the common release 
circuit is operated, the number group is called 
in, and the idle-busyavacant test, is performed 
:as. On a normal call to a line. If the line has-be 
come idle before the Verification call is made, 
the operation of relay Iid (8) interrupts, at its 
No. 2 contact, the previously traced locking path 
'for relay NT (8), which releases, and the call 
is completed in the regular manner. 

ASSuming, however, that the called line tests 
busy, relayS BY (3) and IB (8) are operated to 
operate relay BY (7) Which locks operated as 
hereinbefore described. Relay BY (7), in top 
erating, operates relay BY( ) in the junctor. Which 
operates “revertive test' relay R.T(3) as before 
described. Relay RT(8) 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 WCK(7) 
at this time since the circuit therebetween is 
interrupted at the No. 7 Contact of operated re 
lay NT (8). 

Relay BY (), in operating, also completes a 
circuit Whereby a signal is transmitted to the 
:busy verification circuit (Fig.1). which may be 
traced from ground through the No. 3 contact 
of relay NT. (8), conductor. 857, No. 1 contact of 
operated relay BY (), and to conductor 763 
which is extended to the busy verification circuit 
represented in Fig. 1. 
The busy verification circuit: responds to this 

Signal to establish a connection through itself 
from the incoming operator's trunk circuit. (Fig. 
i) to the called. Subscriber's line at the junctor 
With which that line is then associated in the 
imanner fully disclosed in the above-cited patent 
of W. A. Cornellet al. 

The busy verification circuit also transmits 
a ground via conductor f37 which extends to 
Fig. 8, No. 2 contact of operated relay NTI (8), 
conductor 858, winding of relay NTKC8) and to 
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battery whereby relay NTK(8) is operated. Re 
lay NTK(8), in operating, completes a circuit 
from positive 135-volt battery through its No. 3 
contact, conductor S2, No. 5 contact of relay 
BY (7), and to conductor 49 which is extended 
through the operated register connector (Fig. 2), 
and through the junctor and line and line-link 
circuit to the trunk circuit (Fig. ). The trunk 
circuit responds to this signal to transfer from 
the junctor to the busy verification circuit. As 
a result, of this transfer, relay L. (5) will release 
as Will be mentioned hereinafter. 
In the meantime, relay NTK(8), in operating, 

has also reestablished, through its No. 1 Contact, 
the path from capacitor 839 to the right-hand 
control anode of tube WCK(). Since relay 
RT(8) was previously operated, capacitor 339 
Will have become completely or very nearly 
charged, tube VCKC) will fire and relay iKC) 
in the junctor and relay CKC) will be operated 
as hereinbefore described. Relay TK(), in op 
erating, locks relays BYC) and CO (f) operated. 
With relay L(5) released, slow-to-release re 

lay SR (5) will start to release, and upon the op 
eration of relay. CKC) which removes capacitor 
707 from the winding of relay SR (5), relay 
SR (5) will immediately release. Relay CKC), 
in operating, also extinguishes tube WCKCT), re 
leases relay DCI (7), and interrupts the ground 
through the upper winding of relay CO ( ) and 
through to the register connector whereby the 
register connector is restored to normal. RelayS 
SR (5), ON (5) and ONE (7) release in cascade 
restoring the register circuit to normal as herein 
before described. 
The circuits 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 ON (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-olit 
is initiated by the applying of a rising voltage to 
one of the control anodes of tube TMC9), and 
after a suitable interval controlled by the time 
constants of the networks associated with these 
control anodes, tube TMC9) will undergo a con 
trol gap discharge and first and second transfers 
whereby relay TM (9) is operated. 

Relay TM (9), in operating, completes a cir 
cuit from ground on off-normal ground conduc 
tor 72, No. 6 contact of relay NGT (9), No. 4 
contact of operated relay TM (8), conductor $39, 
No. 3 contact of relay DC (i), winding of relay 
PS(T) and to battery. Relay PS(T), in operat 
ing, interrupts, at its No. 1 contact, one of the 
paths over which ground is supplied to operate 
relay CO ( ) in the junctor and to hold the reg 
ister connector operated as hereinbefore traced. 
Relay PS (7), in operating, also closes ground 
through its No. 3 contact, conductor 747, which 
is extended through the operated register con 
nector and to the junctor (Fig. 1), winding of 
relay BY(i) and to battery. Relay BY(?) 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 WCKCT), and closes 
ground from off-normal ground conductor f2 
through its No. 4 contact, conductor 860, No. 4 
contact of operated relay PS (7), conductor 765 
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. Cornei et al. 
In the meantime, the potential at the right 

hand control anode of tube WCK() will have 
risen to a sufficient value to fire tube WCPX(7) 
which will cause the operation of relay CKC7). 
Relay CK.(i) locks operated, extinguishes tube 
WCK(7), 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(l) 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 as hereinbefore described in detail, with the 
addition that upon the release of relay TMA(9), 
tube TMC9) is extinguished releasing relay 
TM() which, in turn, releases relay PSC). 

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 ST (5), it will 
be recalled, closed ground to conductor 58 to 
operate relays TMA(9) and TMB (9) which cre 
ated a charging circuit for capacitor 9A. 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 (9) 
will conduct, operating relay TM (9). 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 (5) and to battery thereby operating relay 
SR (5). Relay SR (5), in operating, interrupts, 
at its No. 2 contact, the locking path for relay 
ST (5) and relay STI (5) releases. Relay ST (5), 
in releasing, releases relays TMA(9) and TMB (9). 
Relay TMA(9), in releasing, extinguishes tube 
TMC9) which releases relay TM(9). Relay 
ST (5), in releasing, also completes a path for 
the operation of relay ON (7) as hereinbefore de 
scribed. Relay ON (), 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 (5), in releasing, also interrupts, at its 
No. 2 contact, the previously traced energizing 
path for relay SR (5) releasing that relay, and 
relays ON (5) and ON (7) are thereby released 
in the same fashion as on a normal disconnect, 
restoring the register to normal, releasing the 
register connector, and releasing the junctor 
Which restores to normal as hereinbefore de 
scribed. 
The time-out circuit of Fig. 9 may also be air 

ranged to be operative to release the register in 
response to a time-out in other circuits 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 nun 
ber-group connector relay NGC (2). 
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If the number-group connector relay, NGC (2) 
fails, to release. Within a predetermined time 
after a certain condition exists, the aforesaid 
time-out, circuit is operative: to connect ground 
39 to conductor. A. This ground on conductor 
f40, is extended either or both through the No. 
45: contact of operated nuinber-group Connector 
relay. NGC (2) and/or through the front contact 
of operated. Irelay "L.O. () : in the Cominon-release 
and time-out circuit (Fig. 1) to conductor, 4. 
which extends to Fig. 9, right-hand. Winding of 
relay NGTCS) and to battery. Relay. NGT (3) 
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 72. 
Since prior to the operation of relay NGT (9) 

relay TMA(9) is operated from ground on, off 
normal ground conductor 2 and through the 
right-hand back contact of relay TMB (9), ca 
pacitor. 97 is being charged from positive bat 
tery, resistor 920, No. 1 contact of unoperated re 
lay NG (9), conductor. 92 f, resistor. 922, through 
capacitor 92 and to negative battery through 
the No. 2; contact of relay TMA(9). The time 
constant of this circuit is relatively large as here 
in before mentioned. Upon the operation of re 
lay NGT (9), resistor 933 is substituted for re 
sistor. 920 in this charging path. Resistor. 933 is 
preferably of a considerably lower value of re 
sistance than resistor 92, and therefore, upon 
the operation of relay. NGT (9) capacitor 9 is 
charged at a more rapid rate. Relay NGT (3), 
in operating, also interrupts the previously traced 
energizing path for relay DC (7) and that relay 
is released. Relay NGT (9), 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 
TMC9) is fired, relay. TM(9) is operated. Relay 
TMC9), in operating, interrupts the other path 
over which ground is supplied to relay COCl) 
and to the register connector, 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. Upon the release of relay, TMA (9), tube 
TM (9) is extinguished, releasing relay TMC8). 

It is to be understood that the above-described 
arrangements 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. 
What is claimed is: 
1. In a counting chain, a plurality of gaseous 

discharge devices each having an anode, a cath 
ode, and a control electrode, and a resistance 
capacitance network connecting the cathode of 
each of said devices 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 a capacitor in parallel with One of Said re 
sistors. 

3. In a counting chain, a plurality of gaseous 
discharge devices each. having an anode, a caths 
ode, a control anode and, a control. Cathode, 

0 

15 

20 

25 

30 

40 

45 

50 

55 

60 

70 

5 

40 
Ileans. Coupling the Cathode of each of said de 
Vices to the control anode of the next. Succeed 
ing Oile of Said devices, and a parallel resistance 
capacitance network connecting the control 
Cathode of each of Said devices to a source of 
potential. 

4. In 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 resistance 
capacitance netWork connecting the control 
cathode of each of said devices to 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 
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 
enable said groups of devices to operate in ac 
cordance with the then Settings of Said counting 
eaS. 
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 electrodes 
in at least one of said devices in accordance With 
its instant settings, and means effective upon 
the termination of said pulses to apply poten 
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 a 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 teriaination 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 
tranSinitting, 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 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 
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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. 

i0. In a pulse-1 eSpoinSive 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 Systern, lineans 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 tel'naination 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 transmitting 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 Suc 
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 effective 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 Systein, Imeans for 
trainSInitting groups of pulses representing the 
digits of telephonic designations, a progreSS 
chain comprising a piurality 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 aeans and Said progreSS chain and 
citective 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 including a gaseous dis 
charge device normally establishing a connection 
between Said means and Said progreSS chain and 
effective upon the receipt of the first pulse of 
each of Said groups of pulses to disestaiolish 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 
Ineans 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 digits of telephonic designations, control 
apparatus including a first gaseous discharge de 
Vice effective upon the receipt of the first pulse 
of each group of pulses transmitted by Said first 
means, a 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 means controlled by said second device 
for releasing 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 connect 
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 
charget 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 a 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 digital represen 
tations recorded in said counting means, and 
means including a gaseous discharge device 
effective when said counting means is in a se 
lectable one of its settings for disabling said digit 
registers to store the first digital representation. 

26. In a telephone Switching system, means for 
transmitting pulses representing the digits of 
telephonic designations, pulse counting means, a 
plurality of digit registers normally "Successively 
operable to store the Successive digital represen 
tations recorded in said counting means, and 
means including a gaseous ; discharge device 
effective when said counting means is in a ser 
lectable one of its settings for momentarily dis 
abling the first of said digit registers to store the 
first of said digital representations and for re 
leasing Saidpulse counting means. 
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