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This invention relates to a communication sys 
tem and more particularly to an automatic 
switching system wherein trunks or Subscribers' 
Stations are automatically interconnected under 
control of signals transmitted from calling Sub 
Scribers' stations to a central switching Station, 
An object of the present invention is to provide 

a Switching System of improved efficiency and 
rapidity of operation with the capability of 
properly handling a plurality of diverse normal 
and abnormal conditions. 
A feature of this invention relates to the use 

of electron discharge tubes having one or more 
control discharge gaps to control switches and 
circuits. 
Another feature of this invention relates to the 

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

use of a plurality of electron discharge tubes each 
having a plurality of electrodes adapted to con 
trol switches and circuits, and apparatus opera 
tive to Select any one of those tubes by applying 
Suitable potentials to certain of the electrodes 
thereof. 
Another feature of this invention relates to the 

use of electron discharge tubes having a plurality 
of electrodes, certain of which are employed to 
control apparatus and circuits determining the 
a.SSociated line's class of Service. 
Another feature of this invention relates to the 

use of election discharge tubes, controlling 
Switches and circuits, and apparatus responsive 
to the condition of a selected one of those tubes 
to indicate the busy, idle, Or Vacant condition of 
the associated subscriber's line. 
Another feature of this invention relates to 

the use of electron discharge tubes controlling 
switches and circuits, and apparatus responsive 
to a busy condition of a Selected one of those 
tubes operative to perform a revertive test on that 
selected tube to ascertain whether the calling 
and called lines are identical. 
Another feature of this invention relates to the 

use of electron discharge tubes controlling 
switches and circuits, and apparatus operable to 
verify the busy condition of any line associated 
with any of those tubes and to establish a moni 
toring connection. " 
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Another feature of this invention relates to 

the grouping of the subscribers' lines and associ 
ated Switching equipment into frames, to the as 
Sociating of an electron discharge tube with each 
of the Subscribers' lines, and to the associating 
of an electron discharge tube with each of the 
frames, with all of the electron discharge tubes 
a SSociated with the subscribers' lines in each 
frame being arranged in lock-out and with the 
electron discharge tubes associated with the 
franes also being arranged in lock-out whereby 
it is insured not only that but one subscriber's 
line in each frame can control circuits and 
Switches for the establishing of a connection, but 
also that, but one frame can function at any one 
time. 
Another feature of this invention relates to the 

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

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

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

the use of a plurality of outgoing trunk circuits, 
and apparatus and circuits for establishing a 
certain order of preference in which those trunks 
are Selected for use at one time, and a different 
Order of preference in which those trunks are 
Selected for use at another time. 
Another feature of this invention relates to 

the use of a plurality of lines as private branch 
exchange trunks, and apparatus for testing the 
busy, idle, or vacant condition of those trunks 
as a group, and apparatus and circuits for auto 
matically hunting those trunks to locate an idle 
one thereof. 
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Another feature of this invention relates to ap 
paratus and circuits for intercepting calls to cer 
tain lines so that when an attempt is made to 
establish a connection to an intercepted line, this 
apparatus beconnes operative to divert the Con 
nection to an outgoing trunk to an Operator. 
A further feature of this inveñtion FélateS t? 

methods and equipment for equalizing the load 
through the Switches and circuits by establishing 
an automatically changing preference for certain 
of the circuits on succeeding calis, and apparatus 
for cancelling this preference when a predeter 
mined number of those circuits become busy. 

Further objects and features of this invention 
will become apparent in the following description 
of an exemplary embodiinent thereof. 
Although the principles of this invention may 

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

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

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

Figs. 4 and 5 show two horizontal group circuits 
and two class-ôf-service circuits, Which are elle 
ments of a first line-link frame, with Fig. 5 addi 
tionally showing a frame connector circuit; 

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

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

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

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

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

Figs. 20 and 21 disclose register connectors; 
Figs. 22 and 23 show allarm, timing and miscell 

laneous circuits; 
Fig. 24 shows another portion of the first line 

link frame; 
Fig. 25 shows a portion of the tertiary Switches 

associated with and comprising a part of the Sec 
Ond line-link frame; 

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

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

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

Fig. 30 discloses a busy-verification circuit; 
Fig. 31 discloses a ringing connector; 
Figs. 32 and 33 disclose a first ringing-inter 

rupter circuit; 
Fig. 34 is a representation of a Second ringing 

interrupter circuit embodying apparatus similar 
to that shown in Figs. 32 and 33, and also discloses 
a common ringing-interrupter transfer circuit; 

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

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

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

and connector circuit; . 
Fig. 50 demonstrates the manner in which Figs. 

2 and 3 of the drawings should be arranged; and 
Fig. 51 is a chart showing exemplary ringing 

codes and the Operation of the ringing-interrupter 
and ringing circuits. 

GENERAL DESCRIPTION 
Refer noW to FigS. 2 and 3, arranged as shown 

in Fig. 50, which represent, in outline form, the 
various major elements of an exemplary system 
embodying the invention, and indicate the man 
ner in which these elements cooperate to provide 
an automatic switching system operative auto 
matically to interconnect the subscriber's lines 
associated therewith. 

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

in general, one or more line-link frames are 
provided, line-link frame No. 0 and line-link 
frame No. 1 being shown in Fig. 2. Each line 
link frame comprises one or more horizontal 
groups, an upper and a lower horizontal group 
being shown for each line-link frame in Fig. 2. 
Each horizontal group comprises a primary 
Switch, an originating secondary Switch, a ter 
minating secondary Switch and a tertiary Switch. 
Thus, line-link frame No. 0 is illustrated as hav 
ing two horizontal groups, and comprises pri 
mary switches 220, 22 , 222 and 223, terminating 
Secondary SWitches 228 and 229, Originating Sec: 
Ondary Switches 232 and 233, and tertiary 
switches 30 í and 362. Line-link frame No. 1 is 
also illustrated as having two horizontal groups, 
and comprises primary Switches. 224 to 227, ter. 
minating secondary Switches 230 and 23f, origi 
nating secondary switches 234 and 235, and ter 
tiary Switches 33 and 384. It is to be under 
stood that this equipment may be expanded as 
desired to meet particular requirements. 
The Switches employed as primary, secondary, 

and tertiary SWitches, and elsewhere in the sys 
tem, are cross-bar or other form of coordinate 
Switches. Details of a specific type or form of 
CrOSS-bar Switch mechanism Suitable for use in 
the exemplary embodiment set forth herein are 
presented in United States. Patent 2,021,329 
granted to Reynolds on November 19, 1935. 
The primary croSS-bar Switches such as 220 

and 22 comprise a plurality of horizontal levels 
of contacts, conventionally ten, and a plurality 
of vertical rows of contacts, conventionally ten 
or twenty per switch, with any number of pri 
mary switches being provided intermediate the 
Switches 220 and 22 , 222 and 223, etc. A select 



2,666,096 
5 

magnet is a SSociated with each horizontal level 
of contacts on each Switch, and the select magi. 
netS aSSociated with each horizontal level of all 
the primary Switches in a horizontal group are 
controlled by a primary select gaseous discharge 
tube Such as tube 283 or 23. A hold magnetis 
asSociated With each vertical row of contacts on 
each switch, and the hold magnet associated with 
each vertical level of each primary switch is con 
trolled, in part, by a primary line tube such as 
tube 238 or 238. Each primary switch vertical 
row and the associated primary line tube is in 
dividual to a subscriber's line, to a trunk, or to 
a plurality of other types of ultimate equipment 
as will be seen. For example, the first and last 
vertical rows of contacts in primary switch 22. 
and the associated primary line tubes 238 and 
239, are individual to the Subscribers' lines 2 
and 282, respectively, the first and last vertical 
rOWS · Of ContactS ilin prinžary Switch 222 and the 
associated primary line tubes 243 and 26 are 
individual to lines extending to a private branch 
exchange Switchboard, and the first vertical rows 
of contacts in primary switches 223 and 
the associated primary line tubes 242 and 243 are 
individual to lines extending to trunk circuit No. 
0 and to trunk circuit No. 5, respectively. Theire 
is no necessary correlation between the lines aid 
the position at which they appear on the pri 
mary switches within the system, and the above 
described aSSociation is ?ileirely reglresentative. 
The horizontal levels of contacts of each group 

of primary line Switches and the verticai rows 
of contacts in the originating Secondary and ter 
minating secondary switches are interconnected 
by conductors customarily called "line links.' 
These primary-secondary line links provide paths 
for establishing connections between the sub 
scribers or trunks and the secondary switcies 
and are distributed over the vertical rows of both 
the originating secondary and terminating sec 
ondary switches, as shown in Fig. 2. 
A select magnet is associated with each hori 

Zontal level of contacts of each originating sec 
ondary switch, and these originating secondary 
select magnets are controlled by individual origi 
nating secondary, select tubes such as tube. 285 or 
tube 285. The horizontal levels of each of the 
originating secondary line switches are multi 
pled to the corresponding horizontal levels of 
corresponding originating Secondary line SWitohes 
in other line-link frames. For example, the p 
per and lower horizontal levels of originating 
secondary Switch 232 in line-link fra Hhe No. 0 are 
multipled, respectively, to the upper and lower 
horizontal levels of the corresponding originat 
ing secondary line switch 234 in line-link frame 
No. 1. These multipled originating secondary 
switch horizontal levels are then Connected to in 
dividual junctors, e.g., the multipled upper hori 
zontal ievels of originating secondary switches 
232 and 233 are connected to junctor EA in Fig. 3, 
the multipled lower horizontal levels of originat 
ing secondary switches 233 and 235 are connect 
ed to junctor 2B in Fig. 3, and so on. Thus, the 
originating secondary select tubes such as 243 
and 245 in effect control the Selection of a par 
ticular associated junctor. . 
The junctors are divided into two groups with 

junctors A and B being a part of junctor Sub 
group No. 1 and as:Sociated With juinctor subg'Op 
circuit No. 1, and with junctors 2A and 2B being 
a part of junctor Subgroup No. 2 and a SSociated 
with junctor subgroup circuit No. 2. It is to be 
understood that a junctor Subgroup Comprises 
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a plurality of individual junctors and that more 
than tWOSubgroups of junctors may be provided. 
The terminating end of each junctor is linked 

to a horizontal level of contacts of one of the 
tertiary switches, and this horizontal level is 
multipled to the corresponding horizontal levels 
of contacts in the corresponding tertiary switches 
in the other line-link frames. For example, junc 
tOr A is linked to the upper horizontal level of 
contacts of tertiary switch 30 which is a part 
of line-link frame No. 0, and this horizontal level 
is multipled to the corresponding horizontal level 
of contacts of tertiary switch 333 which is a part 
of line-link frame. No. 1. 
The tertiary switches are of the cross-bar or 

coordinate type and are accordingly provided with 
Select and hold magnets associated with their 
horizontal levels and vertical rows of contacts, respectively. 
The horizontal levels of contacts of the ter 

minating Secondary Switches in each line-link 
frame are linked to and distributed over the ver 
tical rows of contacts of the tertiary switches in 
the same line-link frame. Thus, as an exem 
plary arrangement, the upper group of horizon 
tal levels of contacts in the terminating second 
ary Switches 228 and 239 in the line-link frame 
No. 0 are linked to the vertical rows of contacts 
of tertiary switch 30 in line-link frame. No. 0, 
the lower group of horizontal levels of contacts 
in the terminating Secondary switches 228 and 
229 in line-link frame No. 0 are linked to the 
vertical rows of contacts of tertiary switch 302 
in line-link frame No. 0, and the upper and lower 

5 groups of horizontal levels, respectively, of con 
tacts in the terminating secondary switches 238 
and 23 in line-link frame No. 1 are linked to the 
vertical rows of contacts of tertiary switches 303 
and 306, respectively, in line-link frame No. 1. 
The terminating secondary Switches are provided 
with hold magnets associated with the vertical 
rows of contacts and with select magnets aSSO 
ciated with the horizontal levels of contacts. A 
terrainating secondary select tube is provided to 
control each terminating secondary select magnet. 
A plurality of registers are provided and, nor 

Inally, but One number group and number group 
connector circuit. The register circuits record 
the dial pulses, cooperate with the number group 
circuit to select and test the condition of the 
teriainating line or trunk, and perform a plurality 
of additional control functions. Any junctor may 
be associated with any of the registers which are 
idle through the medium of the register connec 
tor which also comprises an electronically con 
trolled Cross-bar Switch. 
A plurality of ringing-interruptor circuits are 

provided, nornally arranged to be sequentially 
operable on a time basis under control of a ring 
ing-interrupter transfer circuit. A plurality of 
ringing circuits are also provided which, in Coop 
eration with the iringing-interrupter circuits, 
transmit a variety of types of Signals. Each of 
the junctor circuits may be aSSociated with any 
of the ringing circuits which are idle through the 
medium of the ringing connector which also 
comprises an electronically controlled cross-bar 
SWitch. Responsive to the selection of a par 
ticular ringing circuit, the number group and 
connector circuit associates the selected register 
circuit. With the Selected ringing circuit. 
The common release circuit shown in Fig. 2 

performs manifold controlling functions com 
prising, in general, the supplying of suitable 
potentials to the Several circuits during the func 
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tioning of those circuits in attempting to establish 
a connection, and the removal of those potentials 
from the several circuits at certain times in the 
normal operation thereof to restore those circuits 
to their normal or idle condition, and at certain 
times under abnormal operation of those circuits 
to perform a similar function. 

Let it now be assumed that the subscriber at 
station 20 desires to communicate with the sub 
scribed at station 212. Subscriber 28? will there 
före lift the receiver or remove the handset from 
its cradle to close the switchhook contacts which 
causes a discharge to be initiated in the asso 
ciated line tube 238. This line tube is arranged 
i lock-out with the other line tlbes ina thale Same 
horizontal group, such as line tubes 239, 246, and 
247 whereby none of these other line tubes may 
be discharged as long as line tube 238 remains 
conductive. The initiation of a discharge through 
line tube 238 sets the common release circuit into 
operation. Responsive to which line-link frame 
includes the discharged line tube, the common 
release circuit connects positive main anode bat 
tery to conductor 248 or 249, the circuits by which 
this is accomplished being also arranged in lock 
out whereby only one frame is rendered operative 
at any one time. Under the assumed conditions, 
this battery will be applied via conductor 248 to 
all of the primary select tubes in line-link frame 
No. 0, including tubes 236 and 237 and to the 
tubes intermediate tubes 236 and 23. 
The cominaon release circuit also transmits a 

positive potential via conductor 359 and through 
ah individual impedance and through a back con 
tact of an off-normal relay in each of the junctors 
which is idle. Assuming all junctors are idle, 
this potential is transmitted through each of 
those junctors, and through conductors 395 and 
306, respectively, to the associated junctor sub 
group circuit. The junctor subgroup circuits are 
provided with delay networks functioning to 
establish certain preferences in accordance with 
the number of idle junctors in each junctor sub 
group and in accordance With a prearranged se 
quentially changing preference for purposes of : 
traffic equalization. The junctor subgroup cir 
cuits then transmit a positive potential to mark 
all of the available idle paths between all of the 
subscribers' stations and all of the junctors. 
Thus, junctor subgroup circuit No. 1 transmits a 
positive potential via conductor 397, through back 
contacts of all of the idle hold magnets in origi 
nating secondary switch 232 and to a control 
element of each of the primary select tubes which 
is associated with a primary switch horizontal 
level associated with one of the vertical rows of 
contacts of originating secondary switch 232, as, 
for example, to primary select tubes 236 and 25f. 
Similarly, junctor subgroup circuit No. 1 trans 
mits a positive potential via conductor 308, 
through the back contacts of all of the idle hold 
magnets in Originating secondary Switch 234 and 
to a control element of each of the primary select 
tubes which is a SSociated with a primary switch 
horizontal level associated with one of the vertical 
rows of contacts of originating secondary switch 
234, as, for example, to primary select tubes 253 
and 255. Similarly, junctor subgroup circuit 
No. 2 transmits a positive potential through a 
back contact of all of the unoperated hold mag 
nets in originating secondary switches 233 and 
235 and to the associated primary select tubes. 

In this manner, assuming all paths to be idle, 
primary select tubes 236 and 237, and all of the 
primary select tubes intermediate those tubes, 
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8 
will have suitable potentials applied to the ?roper 
electrodes thereof and one of those tubes, assume 
tube 236, will be discharged, locking out the re. 
maining primary select tibes in that horizontal 
group. It Will be noted that suitable potentials 
are not applied to all of the necessary electrodes 
of the remaining primary select tubes in the sys 
tem so none of those other tubes will be ren 
dered conductive. 
The primary select tube 236, in discharging, 

operat?s its associated primary switch select mag 
net, and applies a suitable potential to one of the 
electrodes of each of the originating secondary 
Select tubes in the associated originating sec 
Ondary switch 232. It may be noted that had 
another primary select tube been discharged, such 
as tube 237, this potential would or may have 
been applied to a different originating secondary 
Switch, such as switch 233. The primary select 
tube, in discharging, also initiates the operation 
of the common release circuit. The common re 
lease circuit transmits positive battery via con 
ductor 257 to another of the electrodes of thè 
Originating Secondary select tubes, and transmits 
positive battery via conductor 258, through a 
back contact of an off-normal relay in each of 
the junctor circuits which is idle, and to another 
electrode of the originating secondary select 
tubes. Thus all of the originating secondary 
Select tubes 244 to 245 associated with originat 
ing secondary switch horizontal levels which are 
asSociated with idle junctors will have suitable 
potentials applied to each of the necessary elec 
trodes thereof and one of those tubes, assume 
tube 244, will fire in lock-out, operating its asso 
ciated select magnet. 
The common release circuit also functions at 

this time to connect a suitable positive potential 
via conductor 259 to certain of the electrodes of 
the register-connector select tubes such as tubes 
309 and 30 and the tubes intermediate those 
tubes, and also connects positive battery via con 
ductor 260, through a back contact of an off 
normal relay in each of the idle registers and to 
another electrode of the register-connector select 
tubes associated with those register-connector 
horizontal levels which are associated with idle 
registers. One of these select tubes, assume tube 
30, therefore fires in lock-out whereby an idle 
register, assume register No. 2, is selected for use 
in this call. 
The primary select tube, in firing, also performs 

certain functions whereby the current through 
the Subscriber's line tube 238 is increased so that 
the associated primary switch hold magnet is 
operated which causes the closure of the selected 
CrOSS-point of the primary line SWitch 220. The 
closure of this cross-point causes the operation 
of the originating secondary hold magnet asso 
ciated with the selected primary switch hori 
Zontal level, i. e., under the assumed conditions, 
originating secondary hold magnet 26 ?. Thus, 
the selected originating secondary cross-point 
will be operated which will complete the estab 
lishment of a metallic path from the calling sub 
scriber’s line to the selected junctor, in this case 
junctor A. The operation of the originating 
Secondary Switch cross-point also completes a cir 
cuit for the operation of the off-normal relay in 
junctor A thereby rendering that junctor busy 
to future calls, and completes a circuit through 
junctor A to operate the register-connector hold 
magnet associated with the register-connector 
Vertical row of contacts which is associated with 
junctor A. The closure of the selected register 
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connector cross-point associates the selected 
junctor With the selected register, and extends 
the calling party's line to the selected register. 
When the register is seized in this fashion, 2. 

discharge occurs across the subscriber's line tube 
from the main anode thereof to which the class 
of-service function has been assigned to the main 
cathode. This discharge is employed as an in 
dication to the register of the class-of-service to 
which the calling party has subscribed and the 
Subsequent operations of the register are gov 
erned accordingly. - 
The register, upon being seized, transmits an 

indication to the common release circuit of this 
fact, upon the receipt of which the common re 
lease circuit functions to remove the potentials 
from conductors 248 or 243, 25), 25, 258, 259 
and 260 thereby extinguishing any existing dis 
charges in the primary select tubes, in the Orig 
inating secondary select Subes, and in the regis 
ter-connector select tubes, and also extinguishes 
the discharge in the subscriber's line tube. The 
select magnets associated with the Select tubes 
are thereby released, but the established metallic 
path through the several cross-bar switches is 
undisturbed since in the suitable types of cross 
bar switches, the cross-points remain closed un 
der the control of the hold magnet When the 
Select magnet is released. This operation of the 
common release circuit restores the control cir 
cuits to their normal idle condition whereby an 
other call may be originated or terminated at this 
time, while the operations incident to the placing 
of the described call proceed. 
The register transmits dial tone to the calling 

subscriber and dialing ensues, the received digits 
being recorded in the register. Upon the com 
pletion of dialing, the register signals the con 
mon release circuit. If that circuit is busy on 
another originating or terminating call, the reg. 
ister Waits until that call is completed at which 
time the signal is received from the register and 
the common release circuit is conditioned for 
handling a terminating call. The common re 
lease circuit locks out originating calls, removes 
the potentials from the several conductors as 
before to insure that the line circuits are restored 
to normal, and establishes a condition whereby 
no subscriber's line tube can be fired on an orig 
inating call. Register No. 2, assumed to be uti 
lized in this call, then competes with all other 
registers in condition at this time to terminate 
a call for the use of the number group circuit by 
Signaling the common release circuit. A lock 
Out arrangement in the common release circuit : 
Selects one of the registers and locks out the re 
mainder so that only one register can function 
On the terminating phase of a call at any given 
time. When register No. 2 is selected, the com 
non release circuit calls in the number group 
circuit, associating that circuit with the selected 
register, here register No. 2. 
The number group is associated with the ter 

minating electrodes of the several line tubes by 
means of a plurality of conductors represented 6 
in FigS. 2 and 3 as conductor 3 ii. In the specific 
embodiment herein disclosed, the lines have been 
designated by a three-digit number and a code 
ringing digit, although it will be understood that 
it is contemplated that designations comprising 
a greater Aurinber of digits nay be employed in 
certain applications of the invention. There. 
fore, in the disclosed embodiment, a terminating 
main anode, a terminating control anode and 
a terminating control cathode are provided in 
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each line tube. In the exemplary arrangement, 
the terminating control anodes of all of the line 
tubes having the same hundreds digit in their 
designations are multipled to or in the number 
group circuit, the terminating contro Cathodes 
of all of the line tubes having the same tens digit 
in their designations are multipled to or in the 
number group circuit, and the terminating main 
anodes of all of the line tubes having the same 
units digit in their designations are similarly 
multipled. The register transmits the called 
party's line designation to the number group 
by applying Suitable potentials to the proper 
hundreds, tens, and units conductors extending 
from the register to the number group. The 
number group then extends these potentials to 
the corresponding hundreds, tens, and units con 
ductors extending to the line tube electrodes. 
ASSunning for explanatory purposes that one 
thousand line tubes are provided, a suitable po 
tential will be applied to the terminating control 
anodes of those one hundred line tubes having 
the proper hundreds digit in their designations, 
a Suitable potential will be applied to the termi 

- nating control cathodes of those one hundred 
line tubes having the proper tens digit in their 
designations, and a suitable potential will be 
applied to the terminating main anodes of those 
One hundred line tubes having the proper units 
digit in their designations. It will be apparent 
that in Only one of the one thousand line tubes 
Will a suitable potential be applied to each of 
these three terminating electrodes whereby the 
desired one of the one thousand line tubes will 

is be selected. In the assumed case, for example, 
only line tube 28? associated with subscriber's 

:33 

Station 22 will have suitable potentials applied 
to all of its terminating electrodes. 

If no line tube is present, no discharge will 
occur, and control means in the register will 
respond to this condition to indicate a vacant 
line. If the called line is busy, the line tube is 
in a condition whereby full discharge across the 
main gap thereof cannot occur at this time, and 

; control means in the register will respond to 
this condition to cause busy tone to be returned 
to the calling Subscriber and to cause the register 
to be dismissed. If the called line is idle, full 
conduction Will occur in the called subscriber's 
line tube and control means in the register will 
respond to this condition to indicate that the 
establishment of the connection may proceed. 
It will therefore be seen that the register and 
number group cooperate to test the condition 
of the called line before any metallic connection 
is established between the called line and the 
junctor. - 

If the line is found to be idle, the register 
Signals the common release circuit which causes 
a modification of the condition of the called party's line tube whereby the line tube and asso 
ciated circuits are placed in a condition similar 
to that which exists when a call is originated 
from this line. The register at this time also 
completes a circuit through the register-con 
nector, through the selected junctor, here as 
Sumed to be junctor A, and to the tertiary 
SWitch Select magnets associated with those ter 
tiary Switch horizontal levels which are associ 
ated with the selected junctor, i. e., in the as 
Sumed case, the tertiary switch select magnet 
associated with the upper horizontal level of 
contacts in tertiary switches 30 and 30s will be operated. 
When any of the tertiary switch select Imag 



2,666,096 

nets are operated, an associated tertiary start 
relay is operated, as, under the assumed condi 
tions, relays 312 and: 313. These relayS, in op 
erating, connect a positive potential fron: the 
common release circuit via conductor 266, 
through back contacts of all of the idle hold 
magnets in the associated tertiary Switches and 
to a control electrode of the terminating Sec 
ondary switch select tubes associated. With those 
terminating secondary Switch horizontal levels 
which are associated with the vertical reWS of 
contacts in the utilized tertiary Switches. Thus, 
the positive potential on conductor 266. Will be 
conducted through a front contact of relay 32 
and, assuming all hold magnetS. aSSociated With 
tertiary Switch 30 are idle, through back con 
tacts of all Of thOSe hold magnetS tG 3 (30íat:1“O} 
electrode in a plurality of terminating Secondary 
select tubes. in terminating secondary Switches 
228 and 229. Similarly, the positive potential 
On conductor 256. Will be conducted through a 
front contact of relay 33 and through back 
contacts of all the idle hold magaetS in tertiary 
Switch 33 to a control electrode in a plurality 
of terminating Secondary select tubes in ternai 
nating secondary Switches 230 and 23i. 
The tertiary Start relays, in operating, also 

connect a positive potential from the cornimon 
release circuit via conductor 26, through a back. 
contact of each of the idle hold magnets in those 
tertiary SWitches, through a back contact of each 
of the idle originating Secondary SWitchhold mag 
nets (which, for this purpose, are the equivalents 
of the terminating seconday hold magnets. Since 
each terminating. Secondary hold lagnet operates 
Simultaneously With its corresponding Originating 
Secondary hold magnet) and to a control elec 
trode in each of the primary select tubes associ 
ated With those primary SWitch horizontal levels 
Which are aSSociated With idle secondary Switch 
Vertical roWS. Thus, as an example, the positive 
potential on Conductor 267 is conducted through 
a front contact of relay 33, through a back con 
tact of each idle hold magnet in tertiary Switch 
303, via conductors 34 and 35, through a back 
contact of each idle Secondary switch hold mag 
net in secondary switches 229-233 in line-link 
frame No. 0 and 23-235 in line-link frame No, 
1, and to a control electrode in each of the pri 
mary select tubes 237 and 252 and 254 and 256 
Which aire aSSociated With primary Switch hori 
Zontal levels which are associated with idle sec 
ondary Switch vertical rows. It may be noted 
that this marking of idle paths is similar to the 
marking of idle paths on the originating phase of 
the call and certain of the same paths are em 
ployed. It Will therefore be seen that by the ap 
plication of suitable positive potentials to a con 
trol electrode of each of the primary select tubes 
associated with an idle path, and to a control elec 
trode of each of the terminating secondary select 
tubes associated with an idle path through the off 
normal or back contacts of the idle tertiary and 
secondary hold magnetS, all available primary 
secondary-tertiary paths are marked. 

Since the called subscriber's line tube has been 
fired, frame lock-out occurs as on an originating 
call, the common release circuit connects a 
source of positive potential to conductor 249, and 
one of the primary select tubes 255 to 256 fires 
in lock-out. Let it be assumed that tube 256 
first fires, operating the associated primary Select 
magnet. Similar to the originating phase of the 
call, the concurrence of the operation of the pri 
mary select magnets, the application of a suitable 
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positive potential to conductor 257 by the Com 
mon release circuit, and the application of a suit 
able potential to a control electrode of the Several 
terminating secondary select. tubes through the 
back contacts of theidle tertiary SWitch hold mag 
nets causes one of the select tubes in terminating 
secondary switch 23 to fire. Let it be a SSuned 
that tube 268 first fires, operating its associated 
terminating secondary Select magnet. 
The primary switch select magnets, in Operat 

ing, also cause the subscriber's line tube. 28 to 
be placed in a condition whereby the aSSOciated 
primary switch hold magnet is operated to close 
the selected primary Switch Cross-point. At the 
closure of this cross-point, a Suitable potential is 
extended therethrough Via the Sleeve lead t0. Op 
erate the associated secondary switch hold mag 
netS. The Secondary Switch hold magnetS, in O9 
erating, close the selected secondary SWitch. CrOSS 
points, thereby extending the potential on the 
sleeve, lead or conductor through to operate. the 
associated tertiary switch hold magnet to close 
the associated tertiary switch. COSS-point. 

It may be seen that, as an exemplary path, a 
metallic connection now exists from the called 
Subscriber 2t2, through the operated primary 
Switch cross-point, through the operated ter 
minating secondary switch croSS-point, through 
the operated tertiary switch Cross-point, and to 
the Selected junctor A. 
Upon the firing of one of the primary select 

tubes. 255 to 256, a signal is transmitted to the 
common release circuit which applies a suitable 
potential via conductor 269 to the Several ring 
ing-connector select. tubes. 320 to 32, and also 
applies a suitable potential via. conductor 20 
through each of the idle ringing circuitS and to a 
control electrode in each of the ringing-connector 
select tubes. One of these tubes Will fire in leck 
out, assume tube 32, operating its associated 
select magnet, thereby selecting an idle ringing 
circuit to be employed in this call, here ringing 
circuit No. t. The ringing-connector Select mag 
net, in operating, signals the number group Cir 
cuit, which establishes a connection from the 
utilized register No. 2 to the selected ringing cir 
cuit No. 1 by means of which the ringing data are 
transmitted to the ringing circuit. Depending 
upon the present condition of the ringing transfer 
circuit, either ringing-interrupter circuit No. 1 
or ringing-interrupter circuit No. 2 will then be 
set into operation, and the ringing-connector hold 
magnet associated with the utilized junctor A 
will be operated. The closure of the ringing-con 
nector cross-point associates the calling and 
called subscribers' lines with the ringing circuit 
so that by the conjoint action of the ringing-rin 
terrupter circuit and the ringing circuit the called 
subscriber may be signaled and the calling sub 
scriber informed of the fact that the signal is 
being transmitted. 
The operation of the ringing-connector hold 

magnet is indicative that ringing may proceed 
and that the functions of the register are Com 
plete, and the register and register-connector are 
released. The register, in releasing, releases the 
operated tertiary Switch select magnets which, in 
turn, release the tertiary SWitch Start relays 32 
and 3 i3. The register, in releasing, also signals 
the common release circuit which removes the 
previously applied potentials to extinguish all 
fired select tubes thereby releasing all Operated 
select magnets, releases the number group cirs. 
cuit, extinguishes the called subscriber's line tube 
26, and restores the control circuits to normal 
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SO that another call may be originated or ter 
minated while ringing proceeds. 
When the called subscriber answers, ringing is 

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

Since each of the lines may be a multiparty 
line if desired, i. e., since each line may have 
a plurality of subscribers' stations associated 
therewith as, for example, stations: 283A to 
203B, a line that tests busy during the termi 
nating phase of a call may be busy as a result 
of this call originating from this saime line, that 
is, a revertive call. If the designation of the 
called party as received by the register is such 
that the possibility of a revertive call exists, the 
register, upon receiving a busy indication in re 
Sponse to the busy-idle-vacant test, will auto 
matically perform a revertive test. Since the 
busy indication is transmitted to the register by 
virtue of the fact that full conduction has not 
occurred across the main terminating gap in 
the called subscriber's line tube, the exemplary 
test comprises the transmitting of a pulse of 
Suitable polarity from the register, through the 
number group, and to the called subscriber's line 
tube. Momentary main-gap conduction will 
occur in that tube as a result of the receipt of 
this pulse. This momentary conduction will 
CauSe an indication to be transmitted to the 
junctor with which the tested line tube is asso 
ciated. If this indication is not received in the 
junctor with which the present calling party and 
present register are associated, the called line 
is busy on another ca, and busy tone is trans 
mitted to the calling party. If this indication 
is received in the junctor With which the present 
calling party and present register are associ 
ated, the call is revertive. In this event, there 
is no necessity of establishing an additional 
metallic path since both the calling and called 
parties are aSSociated With the Sane line. There 
fore, a ringing circuit and ringing-interrupter 
circuit are seized, signaling proceeds, and the 
common conti'ol equipient is restored to nonal, 
only the Single metallic path from the common 
calling-called Subscribers' line to the utilized 
junctor renaining intact after ringing has been 
tripped. 
Upon receiving a complaint from a subscriber 

that a line has tested busy an undue length of 
time, an operator may initiate a busy verification 
test by means of which she may monitor the 
called line to ascertain if that line is busy in 
another conversation. In order to do this, the 
operator establishes a connection from her 
switchboard in the Inaster office (Fig.2), thirough 
a trunk circuit, assumed to be trunk circuit 
No. 0, and to a junctor and register in the normal 
fashion. The operator then dials the called 
party's number prefixed by a busy-verification 
digit. The receipt of the busy-verification digit 
by the register conditions the register for the 
performance of the busy-verification test. The 
busy-idle-vacant test is performed in the normal 
fashion. If the line tests idle or vacant, the op 
erator so inforins the complaining Subscriber. 
If the line tests busy, the register seizes the busy 
verification circuit (represented in Fig. 3) and 
associates that circuit with the operator's trunk, 
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in this case trunk No. 0 via conductor 322. The 
busy-verification circuit then transmits a pulse 
of Suitable polarity through the register and 
number group to the called subscriber's line 
tube. As in the case of a revertive test, the re 
ceipt of this pulse results in momentary main 
gap conduction in this line tube which causes an 
indication to be transmitted to the junctor with 
which that line tube is presently a SSociated, 
aSSume junctor 2B. Each , of the junctors is - aiS 
sociated with the busy-verification circuit, and 
that junctor which receives the indication from 
the called Subscriber's line tube Will transmit an 
identifying indication to the busy-verification 
circuit. Thus, in the assumed case, junctor 2B 
will transmit, an indication, via conductor 323 
to the busy-verification circuit. The busy 
verification circuit then performs a hunting func 
tion to iocate the indication from the junctors, 
thereby identifying which junctor is being emi 
ployed in the existing conversation in which the 
presently called subscriber is one of the parties. 
Upon locating the sought junctor, the busy-veri 
fication circuit associates the operator's trunk 
as extended via conductor 322 with the located 
junctor, thereby establishing a monitoring Con 
nection whereby the operator, may audit the 
existing conversation and report to the com 
plaining subscriber that the party he desires to 
call is presently engaged in conversation and 
that the equipment has not malfunctioned. 
When the operator's trunk is associated with 

the busy-verification circuit, the functions of the 
control equipment utilized in establishing this 
connection are completed and the registers and 
register-connector are released, the Common re 
lease circuit is signaled to restore the number 
group circuit and the line circuits to normal, and 
the junctor employed by the operator in estab 
lishing a connection to the busy-verification cir 
cuit, is released. When that junctor releases, 
the primary and secondary switches which estab 
lished the metalic connection from the operator 
to that junctor are also released SO that this 
equipment as well as the common control equip 
ment may be utilized on further calls. 
A plurality of lines may be employed as lines 

to private branch exchange SWitchboards if de 
sired. Thus, as is shown in Fig. 2, the lines asso 
ciated with line tubes 240 and 24 are shown 
associated with a private branch exchange 
Switchboard, although it is to be understood that 
additional lines may be associated with each of 
the private branch exchange Switchboards and 
that these lines may be distributed among the 
primary switches. The designation of one of the 
lines, Such as the line associated with the line 
tube 240, may be selected as the private branch 
exchaiage number, and the terminating control 
electrodes of the line tube associated with that 
iine, are not connected to the number group in 
the normai fashion, but, rather, a master private 
branch eXchange tube is provided in the number 
group circuit which is tested for an idle or vacant 
condition of the associated private branch ex 
change trunks as a group. If all of the trunks 
in a private branch exchange group are busy, a 
circuit is completed through a contact of an oper 
ated rely in each of the line circuits associated 
With private branch exchange trunks so that the 
inaster private brainch exchange tube tests busy 
and the circuits respond to this condition as on 
a regular call. If one or more of the trunks 
are idle, this circuit is not completed and the 
Inaster private branch exchange tube will test 
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erative. automatically to transfer between these 
circuits on a time basis. ... During a certain period 
of time, one of these, commons release circuits 
is rendered operative-to function in the origina 
tion and termination of all calls, placed during 
that interval. At the end of a suitable interval, 
if the common release circuits are idle, the trans 
fer means functions, automatically to render the 
other common release, circuit -operative. . If the 
common release. circuit is a functioning. On an 
originating or terminating, phase of a call, at 
the end of this interval, the transfer circuit is 
operative at the completion of ... that phase to 
perform the transfer, i.e., during...the processing 
of a call the common release circuits are locked 
in their operative condition, whereby transfer. 
cannot occur until the circuits...become idle. In 
the event that the operative common release cir 
cuit malfunctions, -a, - time-out will occur, and 
the transfer circuit... immediately functions to 
transfer the control to the other common re 
lease circuit. The transfer circuit is then locked 
in this condition. So... that. no. Subsequent retrans 
fer to the malfunctioning circuit will occur until 
the inoperativeness is rectified. 
As above described, provision is made. whereby 

in an originating phase of, a call the Subgroups 
of junctors are given an order of preference rela 
tive one to the other. in accordance... with the 
number of idle. junctors...in each of the junctor 
subgroups. Provision is also made to establish 
an additional sequentially changing preference 
among the junctor subgroups by means of a 
junctor subgroup. preference circuit in the con 
mon release circuit. This preference circuit is 
arranged, in the illustrative embodiment, to es 
tablish a preference in favor of one of the sub 
groups of junctors on one call, and to establish 
a preference in favor of the other junctor sub 
group on the next originating call. However, 
when a certain number of the junctors become 
busy, it may be desirable to cancel this auto 
matic preference feature, and therefore means 
are provided in the common release. circuit, re 
sponsive to a preselected number of junctors 
becoming busy automatically to disable this al 
ternating junctor Subgroup preference. 
A more complete understanding of the above 

mentioned and other features of the invention 
may be obtained from the following Specific de 
scription of the functioning of an illustrative em 
bodiment of the invention. 

DETALED DESCRIPTION 
Throughout the remainder of this specifica 

tion, the circuit elements will be identified by 
functional designations followed by a number 
in parentheses representing the figure of the 
drawing upon which that element appears. For 
example, the class-of-service connector relay in 
Fig. 4 of the drawing will hereinafter be desig 
nated 'relay CSC (4).” 
The electron discharge devices utilized in the 

disclosed preferred embodiment of the inven 
tion are eight-element. cold-cathode gas-filled 
tubes preferably of the type more fully disclosed 
in Patent 2,549,064, granted April 17, 1951, to 
W. A. Depp. As shown, for example, in Fig. 9 
herein, subscriber's line tube. L2(9) comprises 
an originating-discharges control, gap between 
control anode 90, and control cathode 902, a 
terminating-discharge control gap i between i con 
trol anode 903 and control cathode 904, a main 
cathode 905, and three main anodes 906, 907, and 
908. In such subscriber's line tubes, main anode 
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996 is employed when the subscriber originates 
a call, main anode: 907 is employed to indicate 
or control the "class-of-service' to which the 
Subscriber is entitled, and main anode 908 is em 
ployed when a call terminates at the subscriber's 
line associated with that tube, i. e., when that 
Subscriber is the called party. A modified ar 
l'angement is used in the case: of private-branch 
eXchange line tubes, as will be discussed in de 
tail hereinafter, 
In general, the application of a suitable po 

tential difference across the electrodes 90 ... and 
982 will cause a discharge to occur across the 
Control gap therebetween. With a suitable volt 
age applied to the main anode 906, the control 
gap, discharge will be transferred so as to exist 
between the control cathode 902 and the main 
anode 906. If the main cathode 905 is at a volt 
age. Sufficiently negative in respect to the control 
Cathode 902, the discharge will then transfer to 
the main, gap so as to exist between the main 
anode 906, and the main cathode 905. This se 
quence". Will hereinafter , be "referred to, as a "con 
trol-gap discharge followed by first and second 
transfers. A similar chain of transfers may occur 
upon the application of suitable voltages to elec 
trodes 903, 904, 905, and 908. 
In the automatic telephone switching system 

disclosed herein, Crossbar switches are employed 
as the primary, secondary and tertiary switches, 
and as the register and ringing connectors. In 
general, these switches' comprise a plurality of 
groups of contacts... which are selectively oper 
able by the conjoint but successive operation of 
a selected horizontal or select magnet and of a 
Selected vertical or hold magnet. The switches 
are arranged so that the operated contacts at 
the. Selected cross-point may be maintained i op 
erated under the sole control of the hold magnet, 
thereby permitting the select magnet to be re 
leased. Without disturbing the established con 
nection through the closed contacts. For ex 
ample, operation of select magnet SEL9(8) foll 
lowed by the operation of hold magnet 
HOLDA (8) will result in the closure of cross 
points: 80i, on the crossbar. switch represented 
in Fig. 8, Select magnet. SEL9(8) may then be 
released and cross-point 80 ... will remain oper 
ated until hold magnet HOLDA (8) is released. 
The crossbar switch as disclosed in Fig. 8, for 
example, is provided with cross-points 80 , 802, 
803, and 804. Persons skilled in the art will read 
ily recognize that numerous other horizontal and 
Vertical rows of cross-points may be provided. 
In the usual case, there will be ten horizontal 
rows and ten to twenty vertical rows. For fur 
ther details of the construction of crossbar 
SWitches of a suitable type, reference is made to 
United States Patent 2,021,329, granted to J. N. 
Reynolds on November 19, 1935, the disclosure of 
which patent is hereby made a part of the present 
application as if fully included herein. 

Subscriber initiates a call 
With power, applied to the system as shown, 

the circuits will be in their normal condition with 
relays CC2) and C (f2): operated in parallel 
from battery 4G, resistor 402, conductor 403, 
through the winding of relay. Ci ( 2) to conduc 
tor 204 and through the winding of relay C(2) 
to conductor f204, back contact of relay T(3), 
and to ground. 
ASSme now, for purposes of illustration, that 

the subscriber at station 347-7, shown in Fig. 9, 
desires to communicate with the subscriber's sta 
tion 236-2, shown in Fig. 11. The subscriber 
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at station 34-7 will initiate the call in the cus 
tomary fashion by removing the receiver or hand 
set from its cradle to close the line loop through 
the switchhook contacts. Thus a path is closed 
from ground, middle left-hand back contact of 
hold magnet HOLDB(9), conductor 938, through 
the subscriber's line and Switchhook contacts, 
conductor 939, outer left-hand back contact of 
hold magnet HOLDB(9), Winding of the sub 
Scriber's line relay L2 (9), and to battery. Op 
eration of line relay L2(9) connects a Suitable 
voltage, herein disclosed as positive 100 volts, to 
control anode 90 of the subscriber's line tube 
L2(9) over a path from the positive 100-volt 
battery shown at the left of Fig. 12, resistor 20, 
middle upper back contact of relay RLS (f2), 
conductor 208, back contact of relay OT (i2), 
conductor 209, No. 3 contact of operated relay 
C (2), conductor 20, resistor 21, conductor 
22 Which is cabled through Figs. 10 and 5 to 

Fig. 4, back contact of relay GP(4), conductor 
40 through Figs. 8 and 9, right-hand front con 
tact of relay L2 (9), outer left-hand back con 
tact of relay LO2(9), resistor 989, conductor 9 iC 
to control anode 90 of line tube L2(9). Con 
trol cathode 902 of line tube L2(9) is connected 
to ground through conductor í and retarda 
tion coil 9 2, and a discharge will therefore be 
initiated across this control gap of the line tube 
L2(9). Main anode battery is supplied to the 
main anode 906 of line tube L2(9) from the posi 
tive 135-volt battery at the left of Fig. 12, inner 
upper back contact of relay RLS (2), conductor 
í 23, back contact of Irelay MA (2), conductor 
2 4, No. 4 contact of relay C((2), conductor 
25 through Figs. 10 and 5 to Fig. 4, through 

the back contacts and upper Winding of relay 
LS(4), conductor 404 through Fig. 8 to main 
anode 906 of line tube L2(9). The character 
istics of the tubes are Such that upon the appli 
cation of these potential differences, a first trans 
fer will occur so that conduction exists through 
the tube between the control cathode 92 and 
the main anode 906. It will be noted that all line 
tubes in the same horizontal group are Supplied 
main anode battery from a common source 
through the common impedance, in the case of 
the horizontal group shown in part in FigS. 8 and 
9, comprising the winding of relay LS(4). It Will 
be further noted that all line tubes in the same 
horizontal group have their left-hand control 
cathodes connected to ground through a common 
impedance, comprising, in the upper horizontal 
group, retardation coil 9 2. As a result, a first 
transfer in one of the line tubes will raise the 
potential applied to the control cathodes of all 
of the other line tubes in the Sane horizontal 
group to such a point that any control-gap dis 
charges that may have occurred Will be extin 
guished and no further discharges or tiransferS 
may occur as long as that one tube is conducting. 
Therefore, all the line tubes in the same hori 

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

Since the main cathode 905 of line tube L2(9) 
is connected through resistor 93 to negative 
battery 94, it has a voltage impressed upon it 
which is sufficiently negative in respect to the 
voltage at control cathode 902 to result in a 
second transfer immediately occurring whereby 
conduction will now exist between the main 
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anode 906 and the main cathode 905. This cur 
rent is sufficient to operate relay LS (4). which is 
fast operating and opens its back contacts to 
interrupt the previously traced path for pro 
Viding anode voltage and energizing this relay, 
and immediately reestablishes this path through 
resistor 402, high resistance 403 to the winding of 
relay LS(4). The placing of these resistors in 
the anode circuit of tube L2(9) reduces the cur 
rent through that tube so that the potential 
difference between the main cathode 95 and 
negative battery 95 is insufficient to cause the 
operation of hold magnet HOLDB (9) over a 
path from negative battery 95, Winding of hold 
magnet HOLDB(9), conductor 96, inner left 
hand back contact of relayLO2(9), and conductor 
9 7 to the main cathode 905. The additional im 
pedance in the main anode circuit prolongs the 
life of the conducting line tube and also pro 
Vides an additional common impedance to 
further reduce the potential applied to the left 
hand main anodes of the other line tubes in the 
same horizontal group to further insure lock-out 
if an attempt is made to establish conduction in 
another subscriber's line tube in the sane hori 
Zontal group. 

Relay LS(4), in operating, locks operated over 
the previously traced path from the 135-volt bat 
tery in Fig. 12, through the front contact of relay 
LS (4), lower Winding of relay LS (4), conductor 
£08, winding of relay. PHS (4), resistor 409, to 
ground. Relay PHS (4) is thereby operated. Op 
eration of relay LSC4) also connects positive 135 
volt battery through its right-hand front con 
tact, resistor 4 0, conductor 427 and through a 
delay network to the control anode of tube TO(4) 
to start a time-out circuit as will be described 
hereinafter. 
The operation of the primary horizontal start 

relay PHS (4), closes a circuit from the positive 
100-volt battery at the left of Fig. 12, resistor 
2, middle upper back contact of relay RLS (2), 
conductor 208, No. 4 contact of Irelay C (f2), 
conductor 29, resistor 220, conductor 22 
which is cabled through Fig. 10 to Fig. 4, resistor 
4, outer upper front contact of relay PHS (4), 
conductor 42 through Figs. 4, 5, and 10, to the 
control anode Of the frame lock-Out tube FR9 (2) 
which is associated with the frame in which the 
calling Subscriber's line appears. It is to be 
noted that conductor 42 also extends to the 
control anode of tube FR0 (4) whereby the frame 
lock-out function maybe performed by that por 
tion of the common release and time-out circuit 
shown in Fig. 14 in the event that that circuit is 
in service, rather than the circuit of Fig. 12, 
under the control of the transfer relay T(3) 
as Will be described hereinafter. The control 
cathode of tube FR0 (f2) is connected to ground 
through retardation coil II 22 I and the No. 10 
contact of relay"Cl(2), and the main anode of 
tube FRG (2) is connected to the positive 135 
volt supply through conductor 222, No. 11 contact 
of relay C (2), conductor 223, winding of relay 
OS (2), conductor 23, inner upper back contact 
of relay RLS (f2), and to battery. Therefore, a 
discharge Will occur across the control gap of . 
tube FRO(2) which Will transfer So as to occur 
between the control cathode and the main anode 
of that tube. Tube FR) (2) is connected in lock 
Out With all other frame lock-out tubes asso 
ciated with other line-link frames, such as the 
exemplary tube FR2(2) which is associated with 
the No. 2 line-link frame represented in Fig. 19. 
It is to be understood that there is to be one 
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frame lock-out tube in each of the circuits rep- - 
resented in Fig. 12 and in Fig. 14 for each line 
link frame, and it is to be understood further 
that the showing of Fig. 19 represents but one 
of a plurality of additional line-link frames which 
Inay be provided. The lock-out between the sev 
eral frame lock-out tubes such as tubes FR3 (2) 
and FR2 ( 2) is accomplished by employing there 
With a Common main-anode impedance compris 
ing the Winding of relay OS (2), and a common 
control-cathode impedance comprising retarda 
tion coil 22. The occurrence of the first trans 
feir in one of the frame lock-out tubes will there 
fore raise the potential applied to the control 
Cathodes of all associated frame lock-out tubes 
So that a first transfer cannot occur in those other 
tubes. The parameters may be arranged such 
that this rise of control cathode potential is 
also sufficient to extinguish the control-gap dis 
charges which may have occurred in any of the 
other frame lock-out tubes as the result of the 
initiation of a call in any other line-link frame. 
Thus, if two or more line-link frames originate 
calls sin muitaneously, one of the frame lock-out 
tubes will have conduction therein transferred 
to the main anode thereof, and all other frame 
lock-out tubes will be prevented from transfer 
i’Ing. 
Since the main Cathode of tube FR (f2) is 

connected to negative battery over a circuit, in 
cluding conductor 225, No. 1 contact of relay 
C (2), conductor 226, and winding of relay 
FR(5), a second transfer will immediately occur 
in tube FR3(2) whereby conduction will now 
exist therein between the main anode and the 
main cathode and Sufficient current will flow to 
cause tine operation of relays OS ( 2) and FR (5). 

Marking idle paths 
Relay OS (2), in operating, closes a circuit 

from positive 100-volt battery at the left of 
Fig. 12, resistor 207, middle upper back con 
tact of relay RLS (2), conductor 208, outer 
upper back contact of relay OT(2), conductor 
29, front contact of relay OS (2), conductor : 
223, No. 5 contact of relay C (2), to conductor 
229 which extends through Figs. 12, 13, 19, and 

30 to Figs. 29 and 28. This positive potential 
is then conducted over parallel paths to a plu 
rality of junctors as shown in Figs. 28 and 29. 
Two subgroups of junctors have been disclosed, 
each of those subgroups comprising a junctor 
subgroup circuit with each of which a plurality 
of junctors may be associated. For purposes of 
clarity, but two junctors have been shown in 
each subgroup, although it is to be understood 
that additional junctors may be provided in 
each junctor Subgroup, Junctor Subgroup cir 
cuit No. 1 (29) haS aSSOciated thereWith junctOr 
A shown in detail in Fig. 28 and junctor B 
represented in Fig. 29, and may have additional 
junctors provided as required. Junctor Sub 
group circuit No. 2 (29) has associated there 
with junctor 2A(29) and junctor 2B (29) in ad 
dition to other junctors not shown on the draw 
ings. As will be hereinafter described, when 
a junctor is busy, relay ON therein will be oper 
ated. Thus if junctor. B(29) is in service, re 
lay ONB (29) will be operated. Therefore, the 
positive potential on conductor 1229 Will be con 
ducted through the several resistors 280, 290, 
29 í , 292 , and others not shown, and through 
the back contacts of all those relays ON in all 
of the junctor circuits which are not busy. 
Thus, if junctor AC28) is idle, the positive volt 
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age on conductor 229 will be conducted through 
resistor 280, No. 5 contact of relay ONA (28), 
conductor 2802, back contact of the make-busy 
switch MBIA (28), resistor 2803, conductor 28 GÅ, 
and to ground in the junctor subgroup circuit 
No. 1 (29) through the network comprising re 
sistors 2905 and 2906 and capacitors 2907 and 
298. Similarly, if junctor B (29) is idle, the 
potential Will be conducted through resistor 
29, back contact of relay ONB (29), conductor 
2362, back contact of switch MB B (29), resistor 
2963, conductor 2804, and to ground through 
the same network in junctor subgroup circuit 
No. 1 (29). In a like fashion, the potential on 
conductor 229 will be conducted through the 
resistors and back contacts of the ON relays in 
all of the idle junctors in the second junctor 
Subgroup to ground through network 2924 in 
junctor Subgroup circuit No. 2 (29). Capacitors 
2987 and 2908 in junctor subgroup circuit No. 
1 (29) will therefore commence to charge if any 
junctor in that subgroup is idle; and since re 
Sistors 290 and 2903 in junctor B (29) are in 
parallel With the corresponding resistors in all 
other junctors in that subgroup, it may be seen 
that the time of charging of the capacitors 2937 
and 298 will vary inversely with the number of 
junctors in that subgroup which are idle. Simi 
larly, the time required to charge the capacitors 
in network 2924 in junctor subgroup circuit 
No. 2 (29) to a given potential will increase with 
an increased number of busy junctors in that 
Subgroup. As will be seen immediately herein 
after, these junctor and junctor subgroup cir 
cuits provide traffic equalization whereby a call 
is preferably routed through those groups of 
links that at the time have the least traffic there 
through. 
As the capacitors in the junctor subgroup 

circuits charge, the rising potential is trans 
initted through elements of the originating 
Secondary SWitches of Fig. 18 to the control 
anodes of the several primary select tubes PSO 
to PS9 of which tubes PSO and PS9 have been 
represented in Figs. 4 and 5, and through ele 
ments of the corresponding originating-second 
ary SWit(ches of other line-link frames to the 
control anodes of the primary-select tubes asso 
ciated therewith, as, for example, in line-link 
frame 2 shown in Fig. 19. 
The rising potential on capacitors 290 and 

2968 in junctor Subgroup circuit (29) is applied 
through the back contact of switch LFA(29), 
conductor 2909, through the back contacts of 
all the unoperated hold magnets in the upper 
Originating-Secondary switch in Fig. 18, as, for 
example, through the back contacts of hold 
magnets HOTDA (8) and HOLDB (8), to con 
ductors 802 and 80, respectively, over which 
the rising potential is conducted through Figs. 
18, 11, and 10, and through Figs. 18, 11, 9, and 
8, respectively, to the control anodes of the 
associated primary-select tubes PS9(5) and 
PS9 (4) respectively. The rising potential on 
capacitors 2.907 and 2908 is also applied through 
the back contact of switch LFB(29), conductor 
290 through Fig. 18 to Fig. 19, through the 
back contacts of all the unoperated hold mag 
netS. in the aSSociated originating-secondary 
Switch in line-link frame 2, to the control anodes 
of the associated primary-select tubes in that 
line-link frame, 
The rising potential. On the capacitors in net 

Work 2924 is conducted through the back con 
tact of Switch. LF2A(29), conductor .2925, . 
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locks out the remaining primary select tubes in 
the upper horizontal group of this line-link:fraine, 
i.e., the remaining, tubes in Fig. 4. 

233. 
through the back-contacts of all the unoperated's 
hold magnets-in-the-lower-originating Secondary 
switch of Fig.:18, as for example, through the: 
back contacts of hold magnets HOLDC(8), and, The main.cathodes; of the several primary-ser 
HOLDD(48), to conductors, 1804. and 803 over : 5. lect. tubes, are, connected, through, their aSSO-- 
which the rising potential is:conducted through: 
Figs. 18; 11 and 10s and through Figs.:8:9-and 
8, respectively, to the control anodes of primary: - 
selects tubes PSO(5), and PSO(4), respectivel 

ciated...primary-select magnets and ; through a 
secondary-horizontal-start relay.to, a source of. 
negative battery common, to...all the sprinary 
Select. tubes in the same line-link...fraine. The. 

The rising potential. on the capacitorsi-of-nets: 10 main, cathode - of primary-select. tube. PS9 (4), is: 
work:2924 injunctor subgroup circuit 2 is also: 
conducted through the back::contact of Switch: 
LF2B (29) overconductor. 2926-to-similar appari. 
ratus: inline-link frame: 2s shown;"; in Fig. 19:2. 

connected through conductor. 43 to the Wind. 
ings... of . primary-select ... magnets: SEI-9 (8) - and : 
SEL.9(9); the other terminals of those windings . 
being connected to conductor. 8:8, whereby these - 

The primary-select :tubes - PS0:tand PS9:shown-: l,5 s primary-select magnets - are: connected in. paral 
in each horizontal groups are but representative. 
of a plurality of such tubes-associated with eaches 
of the primary switches, and it is to-be-under- - 
stood, that: the control anode potential for those: 

lel, over conductor. 8 li to... the Winding of Second 
alry-horizontal-start relay SHS.(8) and to coll. 
ductor: . 85.- The main cathode.of.tt be.PS9 (5). 
is connected through conductor. 50 to the Wind 

tubes not shownis-conducted through: the junct. 20...ings of its associated select-magnets: SEL 9(8). 
tor circuits and junctor. Subgroup circuits, as here: 
inbefore describediand-through the back, con: 
tacts, of unoperated, holds magnets, in the origi 
nating-secondary: switches of Fig:18, although: 

and SEL3 ( ) in parallel, over... conductor . Sfc. 
which, as just...described, is connected through 
the winding of 1'elay, SHS (8) to . conductor 
i 85.. Primary-select tube. PSG-(4), has - its main - 

for purposest of clarity these additional: holds. 25.cathode connected, through its associated select 
magnets have not been shown: on-the-drawing: 
The roperation of relay:FR-(5), upon the real 

dering of tube.R.R conductive, completessa º 
cirquit; gover i wihi uitable-positive-potentials: 

magnets. SEL(8): and SEL(9), in parallel, to 
conductor; 8 A., which is...connected through the 
Winding of Irelay SHS2 (3) to the aforesaid con-, 
ductor : 805, and, Similarly, tube PS3 (5). ha.S. its 

is applied to the right-hand main anodes of the: 30 main cathode connected through its associated. 
several; primary-seleet tubes shown sin Figs. 14: 
and 5. This circuit may be traced-froil-the-pgsi-- 
tive:135-volt battery sat the left of. Rig. 12, iinner. 
upper back; contact of relay:RS (2), conductor: 
223, No.7 contact:of: {230 through. Fig. 10, to thes winding of? relay. 
STC (5); andresistor:53-sin paralel, conductor 
5C2, front contact of relay FR(5), to conductor; 
53:which is...connected to the:Irain. anodes: of 

Select.magnets SEGi 0 (0) and:SELF (- ), in paral 
le!, to conductor 8 !.i Which is connected through . 
the . Winding of Secondary-horizontal-start relay. 
SHS2(8) to conductor. 805. Conductor. 805. 

elay. CfCl2); conductor:35 extends through Figs. 11, 10. and 5 to the back. 
contact of relay.CR (5), resistor 59 and nega 
tive battery 50. It is to be-understood that in 
termediate primary-select tubes PS to PS3 may 
be provided in each:horizontal group as herein 

tubes PS3:(4), PS9 (4), PS (5), PSS (5), and of...;0 befores stated... In both horizontal groups, addi 
the other primary-select: tubes not shown.i. 

Relay. PHS (4), in operating, connects the righters 
hand control cathodes of, all of the tubes. PS9 to: 
PS9 in Fig. 4 to ground through its middle front. 
contact; over: conductor. 504 and through-resistors 
55 andgretardation, coili,506: Therefore, when: : 
therising:5p?tential app?ie he start anodes: 
of the several: primary select: tubest-PS0-to-PS9 - 
in Fig. 4 becomes sufficiently.sgreater, than the is 
ground potential of the control cathodesthereof, o 
each; of these tubes: will undergo a controls gap 
discharge: One; of: these; tubest:Will: have that 3 
discharge: occur:first in point of time, boths be-: 
cause:certain of those tubes: are given a moment." 
tary preference:by. 
junctori, Subgotip 
scribed, and also sibecause of minutes variations. 
in the characteristics of the tubes." Since a suit-s: 
able: {positive potential;has been applied to;thei: 

the delay networks in:the ss 
ircuits, as...hereinbefore syder. 

tional primary select: tubes...PS5 to:PS8 (not : 
shown) will have their main: cathodes connected:; 
through associated primary-select, magnets (not. 
shown); to the windings of relay SHS. (8)., while, 
additional primary-select tubes PSI to PS4 (not : 
ShoWn). Will have their main" cathodes connected . 
through associated primary-select. magnets: (not : 
ShoWh): to the winding of relay...SHS2(8). 

Since, the initial transfer of discharge has been: 
assumed to occur in tubei PS9 (4), and since: a . Suitable negative potentialis, applied to the main 
Cathode of. that, tube, -a second transferiwill im- . 
mediately occur whereby econduction. Will now... 
exist: between the mains anode and: the main 

scathode of tuber PS9 (4). This full conduction, in-the primary-select tube initiates a plurality 
of Operations; which proceed-concurrently: 
AS, previously described, relay. STC (5) is in . 

the imain; anode. ::circuit of the primary start 
right-hand anodes...of all of these:-tube 
tube: which first-undergoes a; discharge: in: the i 
controlggap Wil inmediately transferiawhereby: 
the discharges will existibetween; the mainsanode.: 
and the scontrolin cathode thereof.. In so tran capacitor 54 to charge over a path frogn posi-. 
ferring; this: tube; wiElslock out alliofithe::remain-: '6 tive battery 5 t, tresistor: 5 f5, i capacitor 5 i 4, tot, 
ing::primary's select tubes in: that line-linkiframe : ground. This rising potentialis.applied through: 
associated; with, the operated. PHS relay, i.e., allis, resistor 56: to the control anode of current-re. , 
of the other tubeSiSoitoi S9: in Fig. ducing, tube CRC5), the control cathode of which 
0LLLLLLLSC0SLLLSLGLLLLSSSLLLSLLLLGmkLSS00LCaLLLLSS LL0LCSCS S LLLS00GLLLLLLSLL0 LLLLLLLGLLLLSLLLLLLGLu LLLLLLLLS0000SYLLLS 
common controls cathode&impedance:comprising:70 time-constant of the network comprising resistor : 
resistor:505 and retardation: coil:505iisi-provided a 5t5 and capacitor 5E4 is such that a control-gap is 
and since a common main-anode impedance.com - discharge will not occursin tube-CR (5) until the 
prising the winding of relay:SEG-(5), and resistor primarySelect.: magnets have" hadi time stoop 
50-ti in parallel; is provided: Let:it be assumed: erate. After this interval; a discharge willoc-. 
that::tube:PS964). first:transfers; and thereby 375gcuracross; the control gap of tube-CR (5), and; 

60-tubes. Therefore, when tube PS9 (4), fires, relays 
PC65): will be-operated:. Relay STC (5);in op 

erating, removes ground from resistor. 5,3,..., con 
ductor; 5 i2; and capacitor 51-4 thereby permittings 
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since the main anode is connected to positive 
135-volt battery through resistor 52 and the 
previously traced path via conductor 230, a first 
transfer will immediately occur. The main 
Cathode of tube CR, (5) is connected to negative 
battery through the winding of relay CR (5) so 
the Second transfer will take place and relay 
CR (5) will be operated. ... The operation of that 
relay removes the shunt from resistor 522 there 
by increasing the impedance in the main-cathode 
circuit of the conducting primary-select tube 
PS9 (4) thus reducing the current, through the 
tube and prolonging its life. 

Relay STC (5), in operating, also connects 
ground through its front contacts to conductors 
58 and 59 which extend through Fig. 10 to Figs. 
12 and 14, respectively. Since under the as 
sumed conditions relays C( 2) and C (2) are 
operated rather than relays C(f4) and CI (14), 
the ground will be conducted over conductor 518, 
No. 3 contact of relay CC 12), winding of relay 
STC (2), and to battery. Relay STC (12), in 
operating, removes, at its lower back contact, 
battery from the winding of relay OT (12) there 
by locking out terminating calls as will here 
inafter be described. The operation of relay 
STC (2) also closes a circuit from the positive 
100-volt battery at the left of Fig. 12, resistor 
f207, middle upper back contact of relay RLS(2), 
conductor 208, upper back contact of relay 
OT (i2), conductor 209, middle front contact of 
relay STC (12), conductor 123t, No. 5 contact of 
relay C (12), conductor 232, to resistor f406 and 
conductor 407, and, in parallel, therewith, to re 
sistor 408 and conductor 409, as well as to other 
similar resistor-conductor combinations, not 
shown. Conductor 40 extends through cable 
40 to Fig. 13, and through cable 30 through 

Figs. 19, 30 and 37 to Fig. 39. The positive po 
tential on conductor 40 is then extended 
through the No. 6 contact of relay ON (39), as 
Sumed to be unoperated, conductor 390, upper 
back contact of relay TM(4 ), conductor. 4 (0, 
through the closed contacts of switch 3902, con 
ductor 3903, resistor 2001, to the left-hand con 
trol anode of the register-connector select 
magnet tube SM (20). . Similarly, assuming reg 
ister No. 2(4) is idle and therefore that its ON 
relay is released as will hereinafter be seen, the 
positive potentia) applied through resistor í 408 
will be conducted by conductor 409, through 
cables 4 and 302, through a similar path in 
register No. 2 (41) including the back contact of 
the unoperated ON relay, cable 402 to con 
ductor 2 ), resistor 2002.to the control anode of 
the register - connector select - magnet tube 
SM2 (20). In a similar fashion, this positive po 
tential is applied to the control anodes of all of 
the other register-connector select-magnet tubes 
SM- (not shown) which are associated with other 
idle registers (not shown). The left-hand con 
trol cathodes are connected, in common, to 
ground through resistor 2003 and retardation coil 
2004. The left-hand main anodes of all of the 
register-connector select-magnet tubes alre con 
nected, in common, to a source of positive po 
tential over a circuit, which may be traced Over 
conductor 230 through Figs. 20, 15, 14, and 12, 
No. 7 contact of relay C (42), conductor 23, 
inner upper back contact of relay RLS(2) to 
positive 135-volt battery. Therefore, one of the 
register-connector select-magnet tubes will dis 
charge across its control gap, and that discharge 
will immediately transfer so as to occur between 
the control cathode and the main anode thereof. 
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It will be assumed that tube SM? (20), associated 
with the register shown in detail and assumed 
to be presently idle, first discharges and trans 
fers. Since the entire appreciable external im 
pedance in this first transfer path comprises the 
Common resistor 2003 and retardation coil 2004, 
the control cathode of the remaining register 
COnnector Select-magnet tubes SM- will be raised 
to a potential such that any control-gap dis 
charge Which may have occurred in any of those 
other tubes will be extinguished, and thereafter 
neither a control-gap discharge nor a first trans 
fer can occur in any of the other SM- tubes as 
long as one of those tubes such as, as assumed, 
tube SM. (20) is conducting. 

Since the main cathode of tube SM (20) is 
connected to negative battery through resistor 
2007 and the winding of select magnet SEL (20), 
a second transfer will immediately occur where 
by conduction will exist between the main anode 
and the main cathode of tube SM (29). Select 
magnet SEL (20) will thereby be operated and 
Will connect ground through its front contact to 
lead - 2008 to operate the associated select mag 
net SEI (2 ). 
In accordance with the previously traced cir 

cuit, conduction in primary-select tube PS9(4) 
will result in the operation of relay SHS (8) 
which is preferably of a sensitive, low-inductance 
type so that it will operate prior to the here 
inafter-to-be-described operation of the pri 
mary-select magnets. Relay SHS (18), in op 
erating, will connect, through its front contact, 
ground through inductor 806 and resistor 80 
to conductor 808 which is connected to the 
right-hand control cathodes of the upper group 
Of Originating-Secondary-Select tubes OSSOA (8) 
to OSS9A (8) and to the control cathodes of the 
upper group of terminating-secondary-select 
tubes TSSO(6) to TSS9 (16). It may be noted 
that had secondary - horizontal - select relay 
SHS2(8) been operated as previously described, 
it would have connected ground through inductor 
809 and resistor 80 to conductor 8 Which 
extends to the right-hand control cathode of 
originating-secondary-select tubes OSSB (8) to 
OSS9B (18), inclusive, and of terminating-sec 
ondary-select tubes TSSO (17) to TSS9 (7). No 
Suitable voltage is applied to the control anodes 
of the terminating-secondary-select tubes dur 
ing an originating call, so no discharge occurs 
therein. A suitable voltage is applied to the con 
trol anodes of those originating-secondary-select 
tubes OSSOA.(8) to OSS9A (8) which are a part 
of the originating-secondary switches associated 
with junctors which are idle at the time. These 
paths may be traced from positive 100-volt bat 
tery at the left of Fig. 12 in the common release 
and time-out circuit, resistor 1207, middle upper 
back contact of relay RLS (f2), conductor i 208, 
upper back contact of relay OT(2), conductor 
209, No. 3 contact of relay C (2), to conductor 
20 which extends through Figs. 12, 13, 19, and 

30 to Figs. 29 and 28, Assuming junctor A (28) 
to be idle, and, therefore, that relay ONIA (28) 
is released, the potential on conductor 20 is 
extended through resistor 2805, inner upper back 
contact of relay ONIA (28), conductor 2806, upper 
back contact of switch MBA (28), conductor 280 
which is cabled through Fig. 17, and to the right 
hand control anode of tube OSS9A(8). Simi 
larly, if junctor fB(29) be assumed idle, the po 
tential on conductor 20 is extended through re 
Sistor 2927, through the back contacts of the un 
operated relay ONB (29), through the back con 
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tact of switch MB fB(29), to conductor - 2928 
which extends to the right-hand control anode 
of "tube , OSSA (8). **Similarly, ** intermediate 
tubes OSSA (8) to OSS8A (8) which may be 
provided but, which have not been shown have a 
suitable positive potential applied to their control 
anodes if they are associated with junctors which 
are idle. . It may be noted that this potential on 
conductor 29 is also extended, in a similar fash 
ion, through the junctors in the second junctor 
subgroup to the control anodes of the tubes 
OSS0B(8) isto". OSS9B (8), but, under the tas 
Sumed conditions whereby relay SHS (8) rather 
than relay SHS2(8) operated," these tubes are 
not. Supplied with a suitable control cathodepo 
tential. 
Main anode voltage is applied to the tubes of 

Figs. 16, 17, and 18 over a path from positive 135 
volt battery at the left of of Fig. 12, inner upper 
back, contact.of relay RLS (2), conductor. 2'? 3, 
No. 7 contact of relay C (2), to conductor f239 
which extends through Figs., 12, 13, 19, and 18 to 
Figs. 16 and 17. The potential applied to con 
ductor 230 is extended through i resistor. 60 fºto 
conductor 602 which is connected to the main 
anodes of tubes TSSO(6) to TSS9 (6) and to 
the main anodes of tubes OSSA (f 8) to 
OSS9A(8). This potential is also extended 
through resistor 70 to conductor 792 which is 
connected to the main anodes of tubes TSS (7) 
to TSS9 () and to the main anodes of tubes 
OSSOB (8) to OSS9B (8). It may be noted that 
conductor 230 also conducts this main anode po 
tential to the corresponding tubes in line-liik 
frame. No. 2(9). Since... suitable potentials are 

* applied to the control anodes, the control cath 
odes, and to the main anodes of the originating 
secondary-select tubes OSSA (8) to OSS9A (8), 
one of those tubes will.. undergo, a control-gap 
discharge and immediately transfer so that a 
discharge exists between the control cathode and 

...the.main... anode.thereof. . Since the control cath 
Odes of all of these tubes, are connected to the 
common impedance comprising the resistorf 807 
and, the retardation coil 806, and since the main 
anodes are connected to the common impedance 
comprising resistor. 60, these, tubes will fire in 
lockout, whereby when one tube undergoes a first 
transfer, the control cathodes of the remaining 
tubes OSSOA (8) to OSS9A (8), will be raised to 
Such a potential that any control-gap discharges 
that may have occurred will be extinguished and 
no further discharges or...transfers may occur as 
long as that one tube is conducting. The re 
duced main anode potentials resulting from the . 
drop across the common main anode impedance 
Will also insure that all other tubes in the group 
Will be locked out. Let it be assumed that 
originating - secondary - select tube OSS9A (8) 
first discharges, and transfers. Since the main 
cathode of that tube is connected to a suitable 

...negative potential through the associated select 
magnet, a Second transfer will immediately oc 
cur So... that conduction exists between the main 
anode and main cathode thereof and select mag 
.net. SEL9A(f8) will be operated. 

Since primary select magnets SEL9(8) and 
SEL9(9) are in the main-cathode circuit of the 
primary-select. tube PS9 (4) as before described, 
When that tube conducts, those selectmagnets 
Will be operated. Select magnet. SEL9(8), in op 
erating, will connect ground over conductor 812, 
inner front, contact of relay. PHS (4), conductor 
45, Winding of relay. GP (4), and to battery. 
The operation of relay GP(4) will disconnect 

conditictor 40*from º coriductor 22 : ait, its - back 
contact and will therefore remove the positive 
potential from the left-hand control anodes of 
the several line tubes in that horizontal group 

5 thereby extinguishing the control-gap discharge 
in tube L2(9), thereby insuring that other line 
tubes will be locked out while tube L2(9) is con 
ducting acroSS its main gap. 
Select magnet SEL9(8), in operating, will also 

10 Connect ground over conductor 82, through the 
Winding of relay CS(4), and to battery. Relay 
CS(4), in operating, connects the class leads from 
the line tubes of its horizontal group to all class 
of-service connector relays, such as relays CSC (4) 

l5 and CSC (5); for a purpose to be described here 
inafter. Relay CS(4), in operating, also closes, 
at its No. 13 contact, conductor. 404 to conductor 
46 which serves to place a shunt around high 
resistor - 403 - and the upper' winding of relay 

20 LS (4) in the previously traced main anode cir 
cuit of conducting line tube L2(9). The current 
through tuber 2(9) therefore increases whereby 
the current from-negative battery, winding of 
hold magnet HOLDB(9), conductor. 96, inner 

25 left-hand back contact of relay LO2 (9), conduc 
tor 97, cathode 905 of line-tube L2(9), through 
the tube" and sover the previously traced anode 
circuit thereof is now sufficient to operate pri 
mary hold magnet-HOLDB(9): The operation 

30 of this primary hold magnet-connects the main 
cathode 905 of line tube. L2(9): through the inner 
make contact of magnet HOLDB(9) to conductor 
9f 6, which is the sleeve lead; preparatory to mak 
ing the tube busy to terminating calls as 

35 Will-be described in detail hereinafter. Magnet 
HOLDB(9) also removes ground, at its middle 
back contact, from the tip lead 927, and inter 
rupts, at its outer left-hand back contact, the 
energizing path for relay 'L2(9): whereby, that 

40 relay releases. Primary hold-magnet HOLDBC9), 
in operating, also closes, through its middle front 
contact, ground over conductor: 920 to operate 
relay LO2(9). Since primary - select magnet 
SEL9(9) “has-been operated-operation of primary 
hold :''magnet HOLDB (9) is will also close the 
primary-switch-cross-points; 92 in is accordance 
With the normal functioning of crossbar switches 
of a suitable types as hereinbefore referenced. 
When primary-select magnet SET,9(9) is oper 

50 ated as a result of full conduction in primary 
select tube PS9 (4), ground is connected from the 
No. 12 contact of relay. CS(4), conductor 34.9; to 
Fig. 9, front contact of select. magnet: SEE,9(9), 
to the Sleeve conductor-922 which extends through 

55 Figs. 9- and 17 to Figs. 16- and 18. The ground 
on sleeve conductor. 922 is conducted through the 
winding of terminating-secondary: hold magnet 
HOLDB (6) to battery, and in parallel, through 
the times delay network comprising resistor 603 

: 60 and capacitor it 604 to battery. The operation of 
this terminating-secondary:hold magnet.is of no 
importance on an "originating- callina Smuch as 
none of the associated: select magnets are oper 

- ated. The ground on sleeve conductor. 922 is also 
65 conducted through the winding of originating 

secondary hold magnet HOLDB (8) to battery, 
and, in parallel, through the Surge-absorbing net 
work comprising: resistori 822 and capacitor. 813 
rto battery, whereby hold magnet FiODBC8) is 

70 operated. - 
Seizing the functor 

since the originating-secondary select magnet 
SEL9A(18) was previously operated, the opera 

'75-'tion - of- originating - secondary 4 hold magnet 
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HOLDB (8) will result in the closure of the upper 
set of cross-points 84 of the originating-sec 
ondary crossbar switch. The subscriber's tip and 
ring conductors 925 and 926 Will now be con 
nected through the operated cross-points 92 in 
the primary switch to conductors 92 and 928. 
These conductors are connected through the 
operated cross-points 8A to conductors 87 and 
88, respectively, through the outer upper back 

contact and inner lower back contact, respec 
tively, of relay CO (28), to conductors 287 and 
288, to the windings of relay S(28), and to 
ground and battery, respectively. Therefore, 
supervisory relay S(28), in the junctor, operates 
under the control of the subscriber's switchhook 
contacts. 
Upon the closure of the cross-point 84, the 

ground on sleeve conductor 922 will be conducted 
through the operated cross-point to conductor 
85, which, it may be noted, is multiplied, along 

With the other horizontal conductors of the orig 
inating-secondary switches of the line-link frame 
shown in detail, to the corresponding horizontal 
conductors of the originating-secondary SWitches 
of line-link frame. No. 2 represented in Fig. 19. 
The ground on sleeve conductor 85, which is 
cabled to Fig. 28, is conducted through the 
Winding of relay ONA (28) to battery. Relay 
ONA(28) operates and indicates that junctor 
A(23) is busy as hereinbefore mentioned. The 
ground on conductor 85 is also conducted 
through the No. 8 contact of relay TK (28), con 
ductor 2809, through the No. 5 contact of relay 
SR (28), conductor 280 which is cabled to Fig. 
21, and, in parallel, to the winding of register 
connector hold magnet HOLDA (2) to battery, 
and to the winding of hold magnet HOLDA(2) 
to battery. Since the register-connector Select 
magnets SEL (20) and SEL (2 ) were previously 
operated, the operation of these hold magnets will 
result in the closure of cross-points 2009 and 202, 
respectively. 

Seieing the register 
It may be noted that at this time both an idle 

junctor and an idle register have been Selected, 
viz., junctor A (28) and the register shown in 
detail in Figs. 35 through 42. Upon the closure 
of the selected cross-points in the register con 
nector of Figs. 20 and 21, the selected junctor 
and the selected register are interconnected. 
This interconnection completes an operating path 
for the register start relay ST(3), which path 
may be traced from battery, upper winding of 
relay Ce (28) in the junctor, conductor 23i which 
is cabled to Fig. 21 and extends to Fig. 20, through 
the operated cross-points 2009, conductor 2010, 
winding of relay ST(3), resistor 30, conductor 
32, No. 5 contact of relay ON (39), conductor 
395 and to ground through either the No. 2 con 
tact of relay TMC4) or the middle left-hand 
back contact of relay NGT (4). The resistance 
in this circuit is such that insufficient current 
flows to operate relay CO (28), but relay ST(3) is 
operated. 

Relay ST(3), in operating, connects, at its 
inner upper front contact, ground to conductor 
33, resistor 3 64, conductor 3705, to the biasing 
winding of relay L (37) and to battery, to insure 
that relayL (37) is unoperated before being closed 
to the line, as will be described hereinafter. 
Relay ST(37), in operating, also closes ground, 
through its outer lower front contact, to con 
ductor 3706 through Figs. 35, 29, 18, 11, 10, and 5, 
through the lower front contact of relay GP (4), 
winding of traffic register TR2(4) and to battery. 
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This traffic register operates to indicate that this 
equipment has been employed in originating a 
call. Relay ST (37), in operating, also closes 
ground, through its outer upper contact, conduc 
tor 3708, Winding of relay ST (37), and to bat 
tery. Relay ST (37) operates and locks through 
its inner upper front contact, conductor 3709, to 
ground through the No. 2 contact of relay SR (37). 
Relay ST? (3), in operating, closes ground 

is through its outer lower front contact to conduc 
tor 30 which is cabled to Fig. 41, lower winding 
of relay TMA (4), and to battery. The operation 
of relay TMA(4) closes the ground on conduc 
to 39 through its outer lower front contact 
to conductor 44 to operate relay TMB (4). 
Since the operation of relay ST? (3) interrupts, 
at its inner lower back contact, the resistance 
shunt around capacitor 404 comprising conduc 
tol's 37 i? and 372 and resistor 45, the opera 
tion of relay TMA(4) Will close a charging path 
for capacitor i & Which may be traced from 
positive battery, resistor 406, across the ca 
pacitor, conductor 4, upper front contact of 
relay TMA (4), to negative battery. The rising 

5 potential on capacitor 404 is applied to the left 
hand control anode of tube TMI(4). the con 
trol cathodes of this tube, as well as the main 
cathode thereof, are connected by conductor 438, 
winding of relay TM (Af), conductor it, upper 
front contact of relay TMA (4), to negative bat 
tery. Therefore, at the lapse of a measured in 
terval, a discharge will occult across the left 
hand control gap of tube TM (4 f) unless prior 
to that time relay ST (37) has released to re 
lease relays TMA (4) and TMB (4f) and to re 
establish the resistance shunting path around 
capacitor 04. A time-out is thereby obtained 
whereby if the circuit functions by means of 
which relay ST (37) is released do not immedi 
ately occur, the circuits will be released as will 
be described in detail hereinafter. 
Relay ST (37), in operating, also closes ground 

through its middle upper front contact to oper 
ate relay ON (37). Relay. ON (37), in Operating, 
completes a circuit for the operation of the class 
of-service connector relay CSC (6) over a path 
from ground, No. 4 contact of relay ON (31), 
conductor 373 through Figs. 39 and 41 to Fig. 42, 
through the middle upper back contact of relay 
FR(42), middle upper back contact of relay 
GI, (42), outer upper back contact of relay 
IMR (42), inner lower back contact of relay 
CN (42), No. 7 contact of relay OPR (22), No. 2 
contact of relay T (i2), conductor 429 which is 
cabled to Fig. 4, winding of relay CSC (4), and 
to battery. Relay CSC (4), in operating, con 
nects the center or class-of-service main anodes 
of the line tubes in the associated horizontal 
group to their associated class-of-service relays 
in the register (Fig. 42). This cali has been as 
Sumed to have originated for the Subscriber 
designated 34- in Fig. 9. It is assumed that 
this subscriber is entitled to non-lestricted Serv 
ice to be paid for on a flat-rate basis. Since 
this subscriber's line tube L2(9) is conducting, 
upon the operation of relay CSC (4), conduction 
in that tube will also occur between the main 
cathode of line tube L2(9), the middle main or 
class-of-service anode, conductor 924 which has 
been associated with the proper terminal for this 
class of Service atterniinal Strip 428, through 
the No. 5 contacts of relays CS (4) and CSC (4), 
to conductor 42 which is cabled to Fig. 42, 
through the winding of relay FR(42), resistor 
4202, to positive battery. It may be recalled that 
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out circuit in order that the circuits may be pre 
pared for additional calls. Since the present 
calling subscriber has been assumed to have sub 
Scribed to flat-rate service, and since, therefore, 
relay FR(42) is operated as hereinbefore de 
Scribed, the operation of relay ON (39) will com 
plete a circuit from ground at the outer upper 
contact of relay FR(42), conductor 4295, No. 7 
contact of relay ONI (39), conductor 39 i 5, No. 
2 contact of relay DC (37), conductor 3728 which 
is cabled to Fig. 14, through resistor it 2, to posi 
tive battery which may be approximately 135 
volts positive. It may be noted that prior to 
that grounding of conductor 328 through the 
operation of relay ON (39), capacitor 4 3 has 
a positive 135 volt potential impressed on its 
right-hand electrode through resistor i 2 and 
has approximately a negative 50 volt potential 
impressed on its left-hand electrode through 
resistor 44. When ground is connected to the 
right-hand electrode of capacitor 4 3 through 
conductor 3728, the voltage on both sides of ca 
pacitor Af3 is reduced. This increased nega 
tive potential applied to the right-hand electrode 
of gas diode R.R. (4) causes a discharge to be 
initiated across the gas diode over a path from 
ground, resistor 234, conductor 1235, No. 7 con 
tact of relay C (2), conductor 236 to the left 
hand electrode of gas diode R.R. (4), and acroSS 
that diode. Conduction in the gas diode reduces 
the voltage applied through resistor 237 to the 
right-hand control cathode of tube RL, (2) to 
approximately negative 100 volts, and, since the 
right-hand control anode of tube RL (2) is con 
nected to ground through resistor 238, a dis 
charge will be initiated across the right-hand 
control gap of tube R.L. (2). It may be noted 
that had relays C(4) and C (4) been oper. 
ated rather than the assumed relays C(2) and 
C (f2), a discharge would have been initiated 
across the control gap of tube RL (f4). Capaci 
tor 43 immediately charges through resistor 
#4 [& thereby extinguishing gas diode RRI (14). 
The left-hand main anode of tube R.L. (2) is 
connected to positive 135-volt battery through 
the inner back contact of relay RLS (2), resis 
tor 239, and, in parallel, through the Winding 
of relay RIS (2) and through capacitor 240. 
The main cathode of tube R.L. (2) is connected 
to a source of negative voltage. Therefore a first 
and a second transfer Will immediately occur, 
as described in connection With other tubes of 
the same type, and relay RIS (2) Will be op 
erated. Relay RLS (2), in operating, interrupts 
those control circuits which were employed in 
the establishing of the originating call. It may 
be noted that the circuits used in maintaining 
the connections from the calling Subscriber's line 
through the primary and Secondary CrOSS-bar 
switches and to the junctor and register are not 
disturbed by the operation of relay RIS (f2). 
Relay RLS (f2) in operating disconnects the posi 
tive 50-volt battery from the circuit including 
the outer back contact of relay RTS (f2), discon 
nects the positive 100-volt battery from the cir 
cuit including its middle back contact, and dis 
connects the positive 135-volt battery from the 
circuit including its inner back contact. The 
removal of these potentials interrupts the ener 
gizing or holding paths, as previously traced, for 
the following relays and tubes: the subscriber's 
line tube L2(9), relay LS (4), relay PHS (4) which 
releases slow-to-release relay GP (4), frame lock 
out tube FR0(12), relay FR (5), relay OS (12), 
primary-select tube PS9(4), primary-select mag 
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nets SEL9(8) and SEL9(9) which release relay 
CS (4), relay SHS (8), relay STC (5) which 
releases relay STC (2), originating-secondary 
Select tube OSS9A (8) and originating-second 
ary select magnet SEI.9A(8), tube CR (5) and 
relay CR (5), and register-connector select tube 
SM (20) and register-connector Select magnetS 
SELi (20) and SEL (2 l). These relays release 
and the tubes begin to deionize. To decrease 
the deionization time of the tubes, negative 50 
volt battery inay be connected through resistors 
| 24, 242, and 252, respectively and through 
the front contacts of operated relay RLS (2) to 
the positive Voltage leads. It may be reiterated 
that the established Connection to the junctor 
and register is finaintained through the cross 
bar switches under the control of the several 
hold naagnets even though the select magnets 
are released, which is in accordance with the 
normal operation of ci'ossbar Switches of suit 
able types as above discussed. 
Relay RLS (f2), in operating, also interrupts, 

at its inner back contact, the energizing path 
for itself and the source of main anode battery 
for tube RL, (2). Tube R. (2) is extinguished 
and relay RLS (f2) starts to release. Capacitor 
249 renders relay RLS (2) slow-to-release to 

allow ample time for the above-noted tubes and 
relays, except relay GP (4), to be released. When 
relay RS (2) releases, the positive 50-volt, the 
positive 100-volt and the positive 35-volt bat 
teries are reconnected to their circuits and the 
apparatus of the common circuit is again con 
ditioned to handle another originating or ter 
iminating call. 

it may be noted at this time that provision 
may be made for horizontal group preference 
for originating calls. As previously described, 
the originating or left-hand control anodes of 
the Subscriber's line tubes are connected through 
a back contact of their associated relay GP(4) 
or GP (5). Therefore, even though the sub 
scriber's line tube L2(3) is now extinguished so 
that the remaining line tubes in the same hori 
ZOntal group (i. e., those shown in Figs. 8 and 9) 
are no longer locked out, no other line tube in 
that horizontal group can have a discharge ini 
tiated therein until slow-to-release relay GP(4) 
has released. If a Subscriber Whose line tube is 
located in the Same horizontal group as was the 
line tube just served has lifted the receiver or 
handset in preparation for placing a call, and 
if a. Subscriber whose line tube is located in an 
Other horizontal group is also awaiting service, 
the latter SubScriber will be given preference 
during the time required for relay GP (4) to re 
lease. Similarly, if one of the subscribers in an 
other horizontal group, such as a subscriber at 
One of the Stations represented in Figs. 10 and 
11 has just been connected to a junctor and reg 
ister and if relay GP (5) is in the process of re 
leasing, a Subscriber Whose line tube is located 
in the horizontal group shown in Figs. 8 and 9 
Will be given preference on the next call. If, 
however, no calls are Waiting when the line-link 
circuit returns to normal, the release of the GP 
relay permits the associated horizontal group to 
compete on an equal basis with other horizontal 
groups for future calls. 

Dialling 
EPULSING 

As hereinbefore described, relayL (37) operates 
On its lower winding over the subscriber's loop. 
Consequently, this relay will release in response 
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to the dial pulses Qi ni??. openings of the 
subscriber's loop. The middle winding of the relayL (37) is a biasing winding which opposes 
the lower or operating winding sufficiently to 
force the relay to release when the loop is opened. The energizing path for this winding 

previously traced. The upper winding of 
pulsing relay L(37) functions as an aiding 

winding, assisting in both the operation and re 
lease of the relay. When relay L(37) is oper 
ated, capacitor 3730 is charged over a path from 
negative battery, upper winding of relay I (37), 
capacitor 338, conductor 373, No. 5 contact of 
relay ON (37), conductor 3732, front contact of 
relay L(37), conductor 37 9, No. 2 contact of 
relay ON (37) and to ground. When the sub criber's loop is opened, as by a breaking of the 

all contacts, relay L(37) will release thereby interrupting the charging path for capacitor 
3730 and permitting that capacitor to discharge 
through resistor 3:33 to - 333 to negative battery. The 
current low through the upper winding of relay 
L(37), as a result of the discharging of capacit 
tor 3139, is in a direction to aid the release and 
insures the closure of the back contacts under 
adverse line conditions where the biasing wind 
ing allonè might be insufficient. When the sub 
scriber's loop is again closed, relayL (37) again 
operates to complete the charging circuit for ca 
pacitor 3730 and the current flowing through 
the upper winding of relayL (37) as a result of 
the charging of that capacitor aids the opera 
tion of the relay thereby insuring a steady front 
contact closure. v- 1: 
As previously described, relay I (37), in operat 

ing, closes parallel paths for the operation of re 
lay SR(37) and for the charging of capacitor 
3909. During the momentary release periods of 
relay L(37), as a result of the momentary open 
ing of the subscriber's loop, the main energizing 
path for relay SR(37) is interrupted, but the 
discharging of capacitor 3909 through resistor 
3908, resistor 3722, and through the winding of 
relay SR (37) sufficiently delays the decay of 
energy in relay. SR (37) so that that relay re 
mains operated during these interruptions. On 
each operation of relay L(37), capacitor 3909 
again becomes fully charged so that relay SR (37) 
will remain operated regardless of the number of 
dial pulse interruptions that occur. 
Immediately prior to dialing, while relay I (37) 

is operated, capacitor 3735 becomes charged over 
a path from ground, winding 336 of the retard 
coil, capacitor 3735, conductor 3737, No. 6 contact 
of relay ONC37), resistor 3738, and to negative 
battery. At the receipt of the first dial pulse, 
comprising a momentary interruption of the Sub 
scriber's loop, relay L(37) will momentarily re. 
lease, closing its back contacts. Capacitor 3735 
will therefore be discharged through the back 
contact of relay L(37), conductor 3119, No. 2 
contact of relay ON (37), and to ground. The re 
tard coil acts as an auto-transformer With the 
windings 3736 and 339 in series aiding. The 
negative portion of the stepped-up voltage. Oscil 
lationis suppressed through rectifying element... orº 
varistor 3740, and the positive portion is applied 
toconductor 3741. The positive pulse on con 
ductor 374 is conducted through the inner upper 
contact of relay RA (31). and through the No. 4 
contact of relay DC (37), in parallel, to conductor 
3742 over which it is employed to fire the counting 
chain tubes of Fig. 36 as will hereinafter be de 
scribed. The positive pulse on conductor 3742 is 
also conducted through the inner lower contact 
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of relay RA(3), resistor 343, No. 2 contact of 
relay AD(37), conductor 3744, resistor 350 to ground, thereby applying a positive potential to 
the left-hand control anodes of tubes RAC37) 
and Pi (35). The left-hand control cathode of 
tube RA(37) is connected to negative battery 
through the winding of relay RAC37), and there. 
fore a discharge will be initiated across the con 
trol gap of that tube. The left-hand main anode 
of tube RA(37) is connected to a source of posi 
tive potential through the No. 8 contact of relay 
SR (37), conductor 3146, through the inner upper 
contact of relay NT (40) and through the No. 5 
contact of relay NT (40), in parallel, conductor 
4002, resistor 3747, inner lower back contact of 
relay RAI (37), resistor 3748, and to the main 
anode of tube RA (37). The main cathode of tube 
RA(37) is connected to negative battery through 
the winding of relay RAC37). Therefore, upon 
the initiation of a control-gap discharge in tube 
RAC37), first and second transfers will occur and relay RA(37) will be operated. Relay RA (37) is 
operated at the first pulse of each digit to indicate 
the beginning of each digit. 
Since rapidity of operation is an object in this 

telephone switching system, it may here be noted 
that provision is made to decrease the ionization 
time of certain of the critical gas tubes employed 
in the system herein disclosed. For example, the 
circuit of tube RA(31) is arranged so that a min 
ute "keep-alive” current flows across 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 of this tube as hereinbefore 
described, a suitable main anode potential, such 
as a positive 135 volts, is applied to the left-hand 
main anode thereof over the previously traced path. This potential is also applied to the right. 
hand control anode of the tube. The right-hand 
control cathode of tube RAC37) is connected to negative battery through the winding of relay 
RA(37) and through a resistor having a high 
value of resistance. In the disclosed embodi 
ment, with the potentials applied and with the 
characteristics of the particular tube employed, 
resistor 3749 has been found to best serve its 
function if its resistance is approximately 22 
megohms. With these applied potentials and 
with high resistor 3749 in the external circuit, a 
current of a few microamperes flows across the 
right-hand control gap of the tube. This current 
is maintained at a value below the threshold curs 
rent of this tube, but is such that upon the appli 
cation of a suitable voltage across the left-hand 
control gap of the tube and the consequent cur 
rent flow between the left-hand control anode 
and the left-hand control cathode, break-down will occur considerably more rapidly than would 
otherwise be the case. This keep-alive current 
is interrupted when the main anode voltage is 
removed as will be described hereinafter. 

It will be recalled that prior to the receipt of 
the first dial pulse, relays L(31), ON (37), and 
SR (37) were operated and relay RA (37) was un 
operated. Under this condition, capacitor 359 
is in a discharged condition, its discharging cir 
cuit being traced from ground, capacitor 350, 
resistor 375?, conductor 3752, outer lower contact 
of unoperated relay RA (37), conductor 379, No. 
2 contact of relay ON (37), and to ground. At th 
receipt of the first dial pulse, relay RA (31) is op 
erated, as above described, to interrupt this path, 
but capacitor 3750 continues to be shunted to ground through the back contact of released re 
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lay L (37), conductor 379, No. 2 contact of relay 
ON (37), and to ground. At the termination of 
the first dial pulse, relay L (37) again operates, 
removing this shunt, and permitting capacitor 
359 to chai'ge over a path from positive battery, 
resistor 3553, No. 6 contact of relay SR (37), con 
ductor 3i52, resistor 375 i, capacitor 3750, and to 
ground. This rising positive potential is applied 
through resistor 354 to the left-hand control 
anode of tube RA (37). The left-hand control 
cathode of tube RA (37) is connected through re 
sistor 355, and the main cathode thereof is con 
nected directly, through conductor 3756, winding 
of relay RA (3), to negative battery. The left 
hand main anode of tube RAI (3) is connected 
via conductor 35, upper back contact of relay 
EX(3), and resistor 358 to conductor 402 
Which is connected to positive battery as before 
described. Therefore, when capacitor 356 has 
charged to a sufficient value, tube RA (37) will 
discharge and undergo first and second transfers. 
The time constant of the network comprising 
capacitor 35, resistor 375 and resistor 353 is 
Such, however, that capacitor 350 will not be 
charged to the critical value during any of the in 
tervals between the pulses representing any one 
digit. Therefore, if another pulse is immediate 
ly received in the course of the dialing of a digit 
greater than “1,' relayL (31) will again release to 
reestablish the shunting or discharging path for 
capacitor 3750. If the digit dialed be “1,” or, in 
any event, at the termination of the final dial 
pulse of the Series representing any one digit, an 
appreciably longer delay will occur before the 
receipt of the next dial pulse. During this inter 
digital time, capacitor 3750 will charge to the 
critical value, tube RAl (31) Will discharge and 
transfer, and relay RAI (3) Will be operated. 
Relay RAF (37), in operating, interrupts, at its 
inner lower contact, the circuit supplying main 
anode battery to tube RA(37), that tube is ex 
tinguished, and relay RA (37) is released. 

Relay RA (3), in operating, also closes a cir 
cuit from battery, winding of relay EX(37), outer 
upper front contact of relay RA (37), No. 7 con 
tact of relay DC (37), to off-normal ground con 
ductor 393 which is grounded through the No. 3 
contact of relay ONI (39) as hereinbefore de 
Scribed. It may be noted that capacitor 359 is 
charged through resistor 360 in parallel With the 
winding of relay EX(37) over this same path, the 
discharge of this capacitor upon the interruption 
of the energizing path for relay EXC3) rendering 
that relay slow-to-release. 

Relay EX(3A), in operating, interrupts, at its 
upper contact, the circuit for Supplying main 
anode voltage to tube R.A. (3), that tube is ex 
tinguished, and relay RA (37) is released. Relay 
RAA (37), in releasing, interrupts the previously 
traced energizing path for relay EXC37), and that 
relay releases. These operations occur during 
the inter-digital time to restore the pulsing cir 
cuit and prepaire it for the receipt of the next 
digit. The storing of the received digit and the 
restoring of the counting chain also occur at this 
time as Will be described hereinafter. 

REGISTERING THE DIGITS 
The incoming pulses of each digit are first 

counted by means of the counting chain shown in 
Fig. 36, the first three digits are successively 
stored in the hundreds, tens, and units storing 
tubes, respectively, of Fig. 38, under the control 
of the steering circuit of Fig. 35, and the fourth 
digit, assuming a four-digit subscriber number, 
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is retained and stored in the counting chain of 
Fig. 36. One skilled in the art will be able readily 
to modify the disclosed and described circuits to 
provide for Subscriber's codes having a greater or 
fewer number of digits. 
The counting chain comprises six tubes, viz., 

R 16 (36), R27 (36), R38(36), Rg:9 (36), FR50 (36), 
and RA5(36). The left-hand main anodes and 
the right-hand control anodes of the counting 
tubes R6 (36) to R50(36), inclusive, are con 
nected by conductor 360 . and resistor 3682, and 
the left-hand main anode and the right-hand 
control anode of tube RA5(36) is connected by 
conductor 3603 and resistor 3604, to conductor 
3605. Conductor 3605 is connected through the 
lower back contact of relay EX(37) to conductor 
4092 which is supplied with 135-volt positive bat 
tery as before described. The left-hand control 
Cathode of tube R. 6(36) is connected to ground 
through a resistance-capacitance network com 
prising resistors 3606 and 3607 and capacitor 3338, 
and the left-hand control cathodes of the count 
ing tubes R2 (36) to R50 (36) are connected to 
ground through similar individual networks. 
The left-hand control cathode of "add-five' tube 
RA5(36) is connected to ground through resistor 
3699. The main cathode of tube R? 6 (36) is con 
nected through the network comprising resistor 
360 and capacitor 36 to negative battery, and 
the main cathodes of the tubes R27 (3) to 
R5)(36), inclusive, are connected to negative bat 
tery through similar individual resistance-capaci 
tance netWorkS. The main cathode of tube 
RA5 (35) is connected to negative battery through 
capacitor 365 and, in parallel therewith, resistor 
366 and the winding of relay RA5(36). It may 
be noted that the right-hand control cathode of 
each of the tubes in the counting chain is con 
nected to its aSSociated main cathode through a 
resistor having a high value of resistance. For 
example, the right-hand control cathode of tube 
R. 6(36) is connected to the main Cathode of that 
tube, and thereby to negative battery, through 
high resistance 36 7. Thus, the tubes in this 
counting chain are provided with "keep-alive' 
circuits to insure rapid operation thereof. 

Prior to the receipt of the first dial pulse of any 
digit, the left-hand control anode of tube R. 6(36) 
is connected through resistor 368, through the 
network comprising resistor 369 and capacitor 
3620, through resistor 362, conductor 3622, 
middle upper contact of unoperated relay 
RA(3), and conductor 376 which is connected 
to point 362 on the voltage divider comprising 
ground, resistor 363, No. 5 contact of relay 
DC (3i), conductor 3764, No. 7 contact of relay 
SR (3), resistor 365, and positive battery. 
Therefore there is an approximately 50-volt posi 
tive bias on the left-hand control anode of tulipe 
R6 (36) before any dial pulse interruptions occur 
for any one digit. Ti This potential is insufficient 
to create a control-gap discharge in the tube. 
The left-hand control anodes of the tubes 
R27 (36) to R5 (36), inclusive, are connected 
through similar netWorks and resistances to the 
main cathodes of the immediately preceding tubes 
in the series. For example, the left-hand control 
anode of tube R27 (36) is connected through re 
sistor 3625, through resistor 3626 and capacitor 
362; in parallel, and through resistor 3628 to the 
main cathode of tube R?. 6(36). By these Con 
nections, the left-hand control anodes of tubes 
R27 (36), R38 (36), R49(36) and R50 (36), are con 
nected to negative battery. The left-hand con 
trol anode of tube RA5(36) is also connected to 
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negative battery through resistor 3629, resistor 
3665 and resistor 3666. 
As previously described, upen the receipt of 

the first dial pulse, a high positive pulse is transs 
mitted over conductor 342 to the counting chain 
tubes. This positive pulse is applied through ca 
pacitors 3630, 363t, 3632, 3633, 3634, and 3635 and 
through the associated networks to the left 
hand control anodes of tubes R. 6(36), R27 (36), 
R38(36), R49 (36), R50 (36), and RA5(36), re 
spectively. The left-hand control anode of tube 
R. 6(36) has been biased positively, as previously 
described, and the left-hand control anodes of 
the remaining tubes R27 (36) to RA5(36), inclu 
sive, have all been biased negatively. Therefore, 
upon the receipt of the first dial pulse, a dise 
charge will occur across the left-hand control 
gep of tube. Rf6(36) only, and first and second 
transfers will innediately occur. Whereby conce 
duction will exist between the imain anode and 
the main cathode of tube R. 6(38). When relay 
RA(37) 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 anede of tube R6(36) is in 
terrupted, and this electrode is then corataected 
to the main cathode of tube R50 (36) foi pur 
poses of recycling as will be described hereinafter. 
Conduction acroSS the main gap of tube 

R 6 (36) will result in an appreciable rise in po- : 
tential at the main cathode thereof, as for ex 
ample, from negative 48 volts to positive 50 volts. 
This rise in potential is applied through resistor 
3628, through the network, and through resistor 
3825 to the left-hand control anode of the next : 
succeeding counting tube, R27 (36). This rise in 
potential is delayed, however, to the extent of the 
charging time of capacitor 36ft to permit the 
pulse on the control enodes to disappear te ob 
viate the possibility of tube R27 (36) being fired 
falsely. At the receipt of the next dial pulse, a 
positive pulse will be applied through capacitors 
3630, 363, 3632, 3633, 3634, and 3535 to the left 
hand control anodes of the several counting 
chain tubes, arid since tube R2 (36) is the only 
one thereof having a suitable priming potential 
applied to its left-harad control anode, that tube 
will undergo a discharge across its left-hand 
control gap, and a first and second transfer will 
occur whereby coraduction will exist acroSS the 
main gap thereof. 
At the instant of conduction in tube R27 (36), 

its main cathode will remain at approximately 
48-volts negative due to the presence of Capaci 
tor 3637, but the potential at the main cathode 
of tube: R. 6(36) will be at approximately 50 
volts positive as previously described. The addie 
tional drop. acroSS the common aihode resistor 
3302 as a result of the Conduction through tube 
R2 (36) will lower the potential at the main 
anodes of tubes. Riis (36); and R2 (36) to a point 
where: the potential differenge agross the main 
gap of tube R: ?6(36) i? insufficient to ?ustain Con 
duction, and tube RS (36) will be extinguished 
AS capacitor 3637 begomes charged, a goS 

priming potential will be applied to the left-hand 
control anode of tube R38(36), whereby that tube 
will be fired on the next dial pulse, extinguishing 
tube R27 (36). 
R50 (36), are successiysely rendered g9nductiv?, 
extinguishing the: previously, Çondicting tipe. 
When tube R50(36), becomes, conducting as are 
sult of five pulses having been received, the rise 
in main cathede potential thereof will be applied 

Similarly, tubes. R49(38) and 
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upper and outer upper contacts of i'elay RA (37), 
and to conductors 3622 and 3766, respectively. 
This positive potential is applied over conductor 
3632, through resistor 362, through the network, 
and through resistor 368 to the left-hand con 
trol anode of tube R. 6(36). This positive po 
tential is also applied over conductor 3:66, 
through resistor 3565 and resistor 3529 to the 
lieft-hand control anode of tube RA5 (35). There 
fore, on the sixth pulse, both tubes RA5(3G) and 
Rf6 (36) Will fiite. COInduction in tube R!6 (36) 
will cause tube R50 (36) to be extingished, but 
it may be noted that tube RA5(36) is provided 
With an individual main anode impedance com 
prising resistor 3694 and will not, therefore, be 
extinguished as a result of conduction in any of 
the other counting chain tubes. Subsequent dial 
pulses will be counted as before, with conduction 
continuing in tube RA5 (36) to indicate that con 
duction through tube R2 (36) now represents 
the digit '7,' that conduction through tube 
R38(36) now represents the digit '8' and so 
forth. Since relay RA5 (35) is in the main cath 
ode circuit of tube RA5(36), as previously de 
Scribed, conduction across the main gap of that 
tube will result in the operation of relay RA5(36). 

STORING AND PRELIMINARY PULSE ABSORBING 
As each of the digits of the assumed four 

digit Subscriber's number is received, the pulses 
representing each digit are counted in the count 
ing chain of Fig. 36 as above described, with relay 
RA (36) operating at the beginning of each digit, 
and relay RA (36) operating at the end of each 
digit. As the first OF hundreds digit is received 
and counted, it will be stored in the hundreds 
Storing tubes Hf S(38) to HA5 (38), inclusive, and 
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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. 6(36) to RA5(36), inclusive, and 
is then stored in the tens storing tubes T6 (38) 
to TA5C38), inclusive, and the counting chain is 
reset. The third or units digit is counted, and 
is then Stored in the units storing tubes U6 (38) 
to UA5(38), inclusive. The fourth digit, repre 
Senting the ringing code, is both counted and 
Stored in the Counting chain tubes R. 6(36) to 
RA5(36), inclusive. The successive transfer of 
the counted digits to their respective series of 
storing tubes is accomplished under the control 
of the steering tubes PA (35), P2 (35) and P3 (35) 
and the assogiated Steering relays Pi (35), P2 (35) 
and P3 (35). r 
Aspreviousy noted, the positive pulse on con 

guctor 374, resulting from the receipt of the 
first dial pulse of the pulses representing the 
first digit to be transmitted, is conducted through 
the No. 4 contact of relay DC (37) and through 
the inner upper back contact of relay RA (Si) 
in parallel, to conductor 3742, through the in 
e lower contact 9f relay RA(37), resistor 
13, No. 2 contact of relay AD(37), conductor 
34, and through resistor 350, to ground where 
by this positive pulse is applied to the left-hand 
control anode of steering tube PI (35). The left 
hand control cathode of tube P (35) is connect ed to negative battery through resistors 352 
and 3503 and the winding of relay Pi (35). 
Therefore, a discharge will be initiated across 
the left-hand control gap of that tube. Since 
the left-hand main anode of tube Pl (35) is con 
nected through resistor 3504 to conductor 4002 
which provides a positive main anode battery 

through conductor 3688, through the middle 75 supply as previously described, tube P1(35) will 
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undergo 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 3503 and the winding 
of relay P (35), a second transfer will occur, 
conduction will exist across the main gap of the 
tube, and relay Pi (35) will be operated. It may 
be noted that the right-hand control electrodes 
of this tube are connected as a "keep-alive' cir 
cuit similar to that previously described in or 
der to expedite a discharge in the tube. 
The operation of relay P (35) prepares a cir 

cuit whereby upon the operation of relay AD(3) 
a suitable negative potential will be applied to 
the control cathodes of the hundreds storing 
tubes over a path from negative battery, outer 
lower front contact of relay RA (37), which op 
erates at the end of the digit, No. 1 contact of 
relay Ald (3), the operation of which has not as 
yet been described, conductor. 3768, upper front 
contact of relay. P! (35), conductor 3506, and 
through resistor 380 to ground whereby a neg 
ative voltage is applied through resistors 3802, 
383, 384, 335, 3806 and 3807 to the left-hand 
control cathodes of the hundreds storing tubes 
HIS (28), H21 (38), H38 (38), H49(38), H50 (38), 
and HA5(38), respectively. Until relay AD (37) 
is operated, however, this path is not complete, 
and the first or hundreds digit cannot be trans 
ferred from the counting chain tubes to the 
hundreds storing tubes. 

Relay AD (37) is provided so that any prelim 
inary pulse transmitted by an inadvertent 
fumble of the switchhook, for example, may be 
absorbed. If, after the first pulse is received 
and counted by tube R. 6(36), a sufficient de 
lay ensues so that relay RA (37) is operated, 
this pulse Will represent that the first digit 
transmitted is “1.’ The operation of relay 
RAI (37) will cause the operation of relay 
EX(3) as previously described. The oper 
ation of relay EX(37) will remove main anode 
battery from the counting chain tubes and tube 
R 6 (36) will be extinguished. Therefore, the 
Circuits are returned to their normal 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 "l.' 

if the first digit received is '2' or greater, tube 
R27 (36) will be or will have been rendered con 
ductive during the counting of the pulses rep 
resenting that digit. When that tube becomes 
conducting, the rise in cathode potential there 
'of is transmitted over conductor 364, through 
the No. 8 contact of relay AD (37), resistor 3769, 
conductor 370, resistor 380, and to the left 
hand control anode of tube AD (38). Negative 
battery is supplied through the upper winding 
of relay AD (37), No. 6 contact of relay AD (37), 
and conductor 37 to the main cathode of tube 
AD(38), and through resistor, 38 to the left 
hand control cathode of that tube. The left 
hand main anode of tube. AD (38) is connected 
through resistor 3855 to conductor 4002 over 
which main anode battery is supplied as before 
mentioned. Therefore, tube AD (38) will under 
go a control-gap discharge, first and second 
transfers, and relay AD (37) will be operated. 

Relay AD (37), locks over a path from negative 
battery, upper winding of relay AD (37), No. 7 
contact of that relay, lower winding of that re 
lay, resistor 3772 to conductor 4092 through 
which the positive battery at relay SR (37) is 
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supplied as before explained. Relay AD (37) will 
thereby remain operated under the control of re 
lay SR (37). Relay AD (37), in operating and 
locking, interrupts the supply of negative volt 
age to the cathodes of tube AD (38) thereby ex 
tinguishing that tube. 
With relay AD (37) 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 Pf (35) will be complet 
ed. It may be noted that since relay AD(37) is 
locked operated, '1' may be used as the tens, 
units, or ringing code digit. Relay AD (37), 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 associated and respective hundreds, tens 
and units storing tubes. Thus, the main cath 
Ode of counting chain tube R. 6(36) is connect 
ed by conductor 3640 and through resistors 382, 
38 3 and 384 to the left-hand control anodes 
of the hundreds storing tube H 6 (38), of the 
tens storing tube TI 6 (38), and of the units stor 
ing tube U6 (38), respectively. Similarly, the 
main cathode of counting chain tube R27 (36) 
is connected by conductor 364 i through indi 
vidual resistors to the left-hand control anodes 
of tubes H2 (38), T27 (38) and U27 (38). The 
other associated tubes are similarly intercon 
nected, including the main cathode of the “add 
five” counting chain tube RA5(36), being con 
nected by conductor 3645 through individual re 
sistances to the left-hand control anodes of tubes 
HA5(38), TA5(38) and UA5(38). 
The main cathodes of tubes H 6 (38), H2 (38), 

H38 (38), H49(38), and H50 (38) are connected to 
a source of negative voltage through resistors 
38 5, 33 f6, 38 7, 38 (8, and 38 9, respectively, and 
the main cathode of tube HA5(38) is connected 
to negative battery through the winding of relay 

Similarly, the main cathodes of the 
tens storing tubes Ti 6 (38) to T50 (38), inclusive, 
are connected to negative battery through indi 
vidual resistors, and the main Cathode of tube 
TA5 (38) is connected to negative battery through 
the winding of relay TA5(38). And in a similar 
fashion the main cathodes of the units storing 
tubes U6 (38) to U50 (38) are supplied with nega 
tive battery, with tube UA5(33) having the Wind 
ing of relay UA5 (38) in its main cathode circuit. 

It will be recalled that a positive voltage from 
the positive battery at relay SR (3) is supplied 
to conductor 4902. This positive, main anode 
Voltage is thereby connected through common 
resistor 3820 to the left-hand main anodes of 
tubes Hf 6 (38), H27 (38), H38 (38), H49(38), and 
H5 (38), and through individual resistor 382 to 
the main anode of tube HA5(38). Similarly, 
main anode voltage is Supplied to tubes T6 (38) 
to T5 (38), inclusive, through the common re 
sistor 3822, and to tube TA5(38) through the 
individual resistor 3823. In a similar fashion, 
the main anodes of tubes U6 (38) to U5 (38), 
inclusive, are connected to positive battery 
through resistor 3824, and the main anode of tube 
UA5(33) is connected to positive battery through 
resistor. 3825. 

It may therefore be seen that upon the receipt 
and counting of dial pulses representing a first 
or hundreds digit greater than “1,” and upon the 
operation of relay RA (37) during the inter 
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AD(37) will be operated at the second dial pulse 
of the first digit, but the locking path for relay 
TMA (41) will be maintained during the dialing 
of that digit since conductor 3929 is connected 
to. off-normal ground conductor 393 through 
the inner-upper front contact of relay RA(3) 
Which is operated at the beginning of each digit. 
At the end of the first digit, relay RA(3) re 
leases thereby releasing relay TMA(4). The 
release of relay TMA(4) interrupts the ener 
gizing circuit for relay TMB (4). The release 
of relay TMB (4) again closes the energizing 
circuit for relay TMA (4) to off-normal ground 
conductor 393, but relay TMB (4) is slow-to 
release so that capacitor 47 may completely 
discharge through the circuit including resistor 
di 22 and the upper back contact of relay 
TMA(4f). At the beginning of the second digit, 
relay RA (37) operates to provide a locking path 
for relay TMA (4) and an operating path for 
relay TMB (41); and at the end of that digit 
relay RA (37) releases to release relay TMA (41) 
which releases relay TMB (4), which, in turn, 
reoperates relay TMA(4). This cycle repeats 
as each digit is received. At the completion of 
the last digit, relay TMA(4) is released at the 
release of relay RA(37). Relay TMA (4A) re 
leases relay TMB (4) which again closes the 
circuit for the operation of relay TMA (4 !) t0 
restart timing. The operation of the circuits 
in the event that time-out occurs will be dis 
cussed hereinafter. 

Busg-idle-vacant test 
TRAFFIC ILOCKOUT 

When relay DC (39) is operated, a circuit is 
closed from ground, inner upper back contact 
of relay RS (39), conductor 392 f, inner upper 
front contact of relay DC (39), conductor 3922 
which extends via cables 40 and 13 through 
Fig. 14 to Fig. 12, No. 2 contact of operated relay 
C (12), conductor 24, winding of relay Oil (f2), 
conductor 242, inner upper back contact of relay 
STC (2), to negative battery. If relay STCC2) is 
released, as above described, or, otherwise When 
relay STC ( 2) releases, relay OT (f2) will Oper 
ate and lock to negative battery through its 
inner upper front contact. This locking path 
is provided so that relay OTC?2) will not release 
if relay STCC2) is subsequently operated. Re 
lay OT (i2), in operating, interrupts, at its Outer 
upper back contact the previously traced circuit 
over which positive 100-volt battery is applied to 
the left-hand control anodes of the Subscribers' 
line tubes as shown in Figs. 8, 9, 10, 11 and 19. 
It is thereby provided that if any other Subscriber 
has just attempted to originate a call whereby 
his line relay is operated, the associated line tube 
may not be fired. Relay OT (i2), in Operating, 
also connects negative battery through its mid 
dle upper front contact to conductor 1243, Wind 
ing of relay Gi (3) to ground, whereby relay 
G. (3) is operated for a purpose to be described 
hereinafter. ? - . . . . w 

Prior to the operation of relay. OT ( 2), the 
right-hand electrode of gas diode OT(2) is con 
nected to ground over conductor 235 and through 
resistor 234. The left-hand electrode of tube oT(2) and the right-hand electrode of capacitor 
249 are connected to negative 50-volt battery 
through resistor 244. The left-hand electrode 
of capacitor 249 is connected to positive 135 
volt battery through resistor 1245. Upon the 
operation of relay OT(2), negative battery is 
connected through the inner upper front con 
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tact of that relay to the left-hand electrode of 
capacitor f 249 dropping the potential on both 
sides of capacitor 249, thereby rendering tube 
OT(2) conductive. The drop across resistor 
:234 as a result of conduction through tube 
CT (12) will cause a negative potential to be ap 
plied through resistor 23 to the right-hand 
control cathode of tube R.E. (2) which Will reader 
that tube conductive as before described. Capaci 
tor. 249 immediately discharges through re 
sistor 244 thereby extinguishing gas diode 
OT (f2). As hereinbefore described, tube RI ( 2) 
in firing will operate relay RS (12) which in 
terrupts the circuits of the positive 50, 190 and 
135-volt batteries, for the purpose, at this time, 
of releasing any control circuits which may have 
been set up by an originating call which has not 
as yet operated relay STC (12). As before, relay 
RLS (2), in operating, interrupts its own en 
ergizing circuit and, after a delay interval, re 
leases. When relay R.L.S ( 2) releases, positive 
00-volt battery is connected through resistor 
297, middle upper back contact of relay RLS (f2), 
conductor 28, outer upper front contact of op 
erated relay OT(12), conductor 1246, No. 6 con 
tact of relay C (2), conductor 24, resistor 46, 
conductor 47 which is carried through cables 
40 and 30 to Fig. 39, inner lower back con 

tact of relay RS (39), conductor 3325, outer lower 
front contact of operated relay DC (39), con 
ductor 3926 which is carried through cable 430 
to Fig. 13, and to the right-hand control anode 
of tube LO(3). It may be noted that the posi 
tive 100-volt battery on conductor 247 is also 
connected to resistor f48 and conductor 49 
which is carried through cables A and 392 
to register No. 2 in Fig. 41, and this positive 
potential may also be connected to additional 
registers, not shown, in a similar fashion. Any of 
these registers which are attempting to ter 
minate a call will connect this potential back to 
its associated lockout tube in Fig. 13 of the coin 
mon release and time-out circuit. If, for exam 
ple, register No. 2 is attempting to terminate a 
call at this time, relay DC(i) therein will be op 
erated and the positive potential will be car 
ried back through a conductor in cabie 332 to 
the right-hand control anode of tube LO3 (E3). 
The right-hand control cathodes of the lockout 
tubes, such as LOf (13) and LO2(3) shown, are 
connected to ground through the common re 
sistor 35 and retard coil 3C6. Therefore, these 
tubes are connected in lockout, and the first one 
thereof to fire will lock out all others. It will 
be assumed that a discharge is first initiated 
across the right-hand control gap of tube 
LOI (13). The right-hand main anode of tube 
LO ( 3), as well as the right-hand înain anodes 
of the other aSSOciated lockout tubeS Such as 
TO2(3), is connected through conductor 239, 
No. 7 contact of relay C (2), conductor 2 3, 
inner upper back contact of relay R.L.S(2) to 
positive 135-volt main anode battery. The main 
cathode of tube IO (3) is connected to nega 
tive battery through resistor 337 and the wind 
ing of relay LO (13). Therefore tube LO (3) 
will undergo first and Second transfers and relay 
LO (13) will be operated. The operation of re 
lay LOf (f3) completes a circuit from ground at 
the No. 5 contact of relay ID (48), conductor 
405 which is extended through cable i38 to Fig. 
13, No. 1 contact of relay IO (3), conductor 
308, No. 1 contact of relay C (2), conductor 
248, winding of relay MA(2), and to negative 

battery. The operation of relay MA(2) inter 
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rupts the previously traced circuit over which 
positive 135-volt main anode battery is supplied 
to the subscribers' line tubes, and thereby pre 
pares these tubes for line, selection by the regis 
ter as . Will be described hereinafter. It may be 
noted that had relays C (4), and C (4) in the 
common release and time-out circuit been Op 
erated rather than relays C(2) and C (12), the 
operation of relay LO(3) would have completed 
a circuit from ground at the No. 6 contact of 
relay ID(4), conductor 40s which is extended 
through cable 30 to Fig. 13, No. 2 contact of 
relay LO I (13), conductor 1389, No. i contact of 
relay C (14), conductor. 42), winding of relay 
MAC 4), and to negative battery. In this event, 
relay MA(4) would have been operated to per 
form the same function as relay MA(2). Re 
lay L.O. (A3), in operating, also connects ground 
through its No. 6 contact to conductor 3i, back 
contact of relayi MB(S), upper winding of re 
lay T?? (5), to battery. Relay T?? (15) op 
erates over this path to commence timing as will 
be described hereinafter. 

SEIZING THE NUMBER GROUP 
Relay LOI (43), in operating, also connects 

negative battery, through resistor f3, No. 7 
contact of relay LO (13), conductor 312, wind 
ing of number-group connector relay NGCB (47) 
to ground. Relay NGCB (4), in operating closes 
a circuit from ground, through its No. 1 contact, 
conductor 4 a., winding of relay NGCA (46), to 
battery whereby relay. NGCA(45) is operated. t 
may be noted that when register No. 2 controls 
the termination of a call in which event relay 
LO2(43) will be operated, negative battery is con 
nected through resistor 33, No. 7 contact of 
relay LO2(3) conductor. 34, winding of relay 
NGCB (48) to ground whereby relay NGCB (48) 
will be operated to, in turn, operate relay 
NCGCA (58). 

Relay NGCA(46), in operating, connects 
ground through its Nos. 20, and 21 contacts to 
conductor 466; which is cabled to Fig. 15, through 
the inner lower front, contact and through the 
winding of operated relay. TMA(5) to battery, 
thereby providing a locking path for relay TMA 
(5) This ground also extends through the 
outer lower front contact of relay. TMA(5), 
conductor 50 , winding of relay TMB (15), and 
to battery, thereby operating relay TMB(5). 

Relay NGCB (47), in operating, connects the 
windings of the tens translator relays T6(4), 
T27 (41), T38 (41), T49 (47), and T50 (47) through 
the Nos. 18, 17, 16, 15, - and 14 contacts, respec 
tively, of relay NGCB (47), to the main cathodes 
of the tens storing tubes - TI 6 (38), T27 (38), 
T38 (38), T49(38), and T50 (38), respectively. 
With the assumed tens digit '3' stored in the 
tens storing tubes, and with, therefore, tube 
T38 (38) conducting as previously described, the 
main cathode of tube T38 (38) is at or above 
ground potential. This potential is conducted 
through conductor 3833, No. 16 contact of relay 
NGCB (47), conductor. 4703, winding of tens 
translator relay T38 (47) and to negative bat 
tery. Relay T36 (47) will therefore be operated. 
In a similar fashion, whichever of the tens stor 
ing tubes is conducting as a result of the regis 
tration of a tens digit, upon the operation of 
relay NGCB (47), the correspondingly designated 
one of the tens translator relays T16(47) to 
T50(47) will be operated. In a similar manner, 
relay NGCB (47), in operating, will connect the 
windings of the units translator relays U6(4), 
U21 (47), U38 (47), U49 (47), and U50(37) 
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through the Nos. 25, 2, 23, 22, and 21 contacts, 
respectively, of relay NGCB (47) to the main 
cathodes of the units storing tubes, U 6(38), 
U27 (38), U38 (38), U49(38) and U50 (38), re 
Spectively. Thus, with the assumed units digit 
'6' stored in the units storing tubes, tubes 
U6 (38) and UA5(38) will be conducting. The 
ground potential, or the potential positive rela 
tive to ground, at the main cathode of tube 
U6 (38), will be transmitted over conductor 
3834, No. 25 contact of Irelay. NGCB (47), con 
ductor. 404, winding of relay U6 (47), to nega 
tive battery. Relay U6 (47) will thereby be 
Operated. Conduction in tube UA5 (38) will re 
Sult in the operation of relay UA5(38) as above 
described. 

Relay. NGCA(46), in operating, connects 
ground through itS.No. 5 contact, conductor. 4602, 
No. 4 contact of relay ID (40), conductor 4G08, 
No. 2 contact of relay. VAC (40), conductor 2009, 
winding of relay HST (40) to negative battery. 
Relay HST (40), in operating connects positive 
battery through resistor 40f2, winding of relay 
IB (40), conductor 40 f3, resistor. 4044, middle 
upper front contact of relay HST (40) and to 
conductor 405. Since the digit “6” has been 
aSSumed to have been stored in the units storing 
tubes and since, therefore, relay UA5 (38) is op 
erated, this positive voltage will be connected 
through the front contact of relay UA5(38), 
conductor 3835, No. - •? ??? 

NGCB (47), conductor 4705 and to the front con 
tacts of the units translator relays U16 (47) to 
U50 (47), inclusive. Since relay U16 (47) is op 
erated as above described, the positive voltage 
will be passed through the outer upper front 
contact of that relay to the '6' conductor 47 96. 
It may be noted that had a digit less than “6” 
been registered in the units storing tubes, relay 

40 UA5(38) would have been released, and the posi 
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tive potential would have been extended through 
the back contact of relay UA5(38), conductor 
3836, No. 27 contact of relay NGCB (4) , conduc 
tor 4707, and to the inner upper front contacts 
of the units translator relay. 
The positive potential on the “6” conductor 

47.06 is conducted to the number-group cross 
connection terminals of Fig. 49 where a connec 
tion is made between conductor 4706 and the 
units lead of all those line tubes in the system 
which have a '6' as the units digit of their des 
ignating or subscriber's number. For example, 
"6" conductor 47 06 is cross-connected in Fig. 49 
to the SubScriber's units lead 4906 which is car 
ried via cables 4907 and 4908 to Fig. 11, This 
positive potential on conductor 4906 is then ap 
plied to the right-hand main or “units' anode 
of the subscriber's line tube Li ( ). It may be 
noted that in a one-thousand line office, ninety 
nine other line tubes would be designated by a 
number of which the units digit is (6), and there 
fore ninety-nine other line tubes would have 
this positive potential applied to their right 
hand main or “units' anodes. 

Negative battery is connected through the 
winding of relay BY(40), conductor 406, resis 
tor 3837, and to the armature of relay TA5 (38). 
Since the digit "3" is stored in the tens storing 
tubes, relay TA5 (38) is not operated, and, there 
fore, this negative voltage is conducted through 
the back contact of relay TA5(38), conductor 
3838, No. 20 contact of relay NGCB (47), and 
through conductor 4708 to the contacts of the 
tens translator relays. Since relay T38 (47) is 
operated as above described, the negative voltage 

26 contact of relay 
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will be conducted through the inner upper front 
contact of that relay to the '3' tens conductor 
473 which is cross-connected in Fig. 49 to the 
tens leads of all those line tubes in the systein 
which have a '3' as the tens digit of their des 
ignating or subscriber's number. For example, 
the tens. '3' conductor 4 3 is cross-connected 
in Fig. 49 to conductor 49.99 which extends to 
Fig. 11 via cables 4907 and 4998. The negative 
potential on conductor 4909 is connected through 
.resistor í í0Í to the right-hand control or “tens'' 
Cathode of tube Li ( ). In a similar manner, 
a Suitable negative voltage is applied to the 
right-hand control or “tens” cathodes of all the 
other line tubes which also have '3' as the tens 
digit of their designation. - 
Relay HST (40), in operating, connects ground 

through its outer upper front contact to con 
ductor 408, capacitor 40 9, winding of relay 
HP (40), outer upperback contact of relay HP (45) 
and to negative battery. Relay. HP (40) will 
thereby operate in the charging path of capacitor 
409. Relay HP (4 t), in operating, connects nega 
tive battery through its outer upper front con 
tact to conductor A36 thereby short circuiting 2 
the winding of relay BY (40) and applying full 
negative battery to the right-hand control or 
"tens' cathode of the line tubes having the as 
sumed number as their tens digit. Relay HP (40), 
in operating, also connects positive battery 
through its inner upper front contact to con 
ductor 403 thereby short circuiting the winding 
of relay IB(40) and applying full positive battery 
to the right-hand main or “units' anode of the 
line tubes having the assumed number- as their 
units digit. - . . - - - - -- . . . . 

It will be recalled that one of the hundreds 
storing tubes which is conducting, assumed to be 
tube H27 (33), has conduction therethrough lim 
ited by resistor 3820 in the main anode circuit 
thereof. Relay. HP (46), in operating, connects 
full positive battery through its inner upper front 
contact and through conductor. 4020 to the main 
anodes of the hundreds counting tubes, and, thus, 
full positive battery is applied to the main anode 

The increased conduction of tube H2 (38). 
through hundreds storing tube. H2 (38) as a re 
Sult of this increased potential at the main anode 
thereof causes the voltage at the main cathode 
thereof to rise to approximately 50-volts positive. 
This rise in potential is applied over conductor 
3840, inner upper back contact of unoperated 
relay HA5(38), conductor. 384, No. 13 contact 
of relay NGCB (47), conductor 47 4 through re 
sistor 475 to ground and through conductor 414 
to the "2” hundreds terminal in Fig. 49. By * 
means of the cross-connection terminals in Fig. 
49, this positive potential is applied to the hun 
dreds' leads of all the line tubes in the system 
having '2' as the hundreds digit of their desig 
nating number. Thus, the positive potential is 
applied to the hundreds lead 49 O which is car 
ried via cables 4907 and 4998 to Fig. 11, where 
the positive potential is applied through resistor 
Í 92 to the right-hand control or “hundreds” 
anode of Subscriber's line tube Ll ( ). It may 
be noted that this positive potential is also ap 
plied through the cross-connections at Fig. 49: to 
conductor. 49 which is carried via cables 49-2 
and 4908 to Fig. 10 where the positive potential 
on conductor. 49 is applied through resistor 
00 to the right-hand control or "hundreds' 
anode of line tube L3 (0) - which also has '2' aS 
the hundreds digit of its designating number...It 
also may...be.noted that had hundreds storing 
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tub? HA5(38) been operated as well as si tube 
H27 (38), relay HA5(38) would have been oper 
ated and the rise in cathode potential of tube 
H27 (38) would have been applied through con 

- ductor 3840, through the inner upper front con 
tact of relay HA5 (38), conductor 3842, No. 8 con 
tact of relay NGCB (47) and to conductor 45 
which is connected to the '7' hundreds terminal 
in Fig. 49. 

Relay HP (40), in operating, also interrupts, at 
its outer upper back contact, its own energizing 
circuit, and therefore, after a short interval, re 
leases. The positive potential applied to the 
right-hand control or "hundreds' anodes of those 
line tubes having a '2' as their hundreds digit 
will therefore be a Square top pulse of short 
duration which is sufficient to fire the particular 
line tube having the proper hundreds, tens and 
units digits. It may be noted that relay HP (4)), 
in releasing, restores the previously traced ener 
gizing path for itself. Relay HP(40) will not re 
operate, however, since capacitor 40f S has be 
come fully charged during the operating time of 
relay HP (40) over a path from ground, outer 
upper front contact of relay HST (40), conductor 
408, capacitor 409, resistor 402, outer upper 
front contact of relay HP(40) and to negative 
battery. It may be noted that when relay 
HST (40) releases as will be described, capacitor 
4 of 9 will be discharged. Relay HP (40), in re 
leasing, removes the short-circuits from relays 
IB (40) and BY (40). 
When relay HST (40) is operated, a circuit is 

completed from ground on off-normal ground 
conductor 393, No. 7 contact of relay RT (49), 
conductor 4022, back contact of unoperated relay 
IB (40), conductor 4023, inner upper front con 
tact of relay HST (40), conductor 4024, Winding 
of relay VAC (40), and to negative battery. Relay 
WAC (40) is thereby energized but is slow to oper. 
ate. If the called line is not vacant, relay I B (40) 
will be operated as will be described immediately 
hereinafter. The operation of relay IB(49) in 
that event will interrupt the above traced ener 
gizing path for relay VAC (40) and relay VAC (49) 
will not operate. If the line is vacant, relay 
IB (40) will not be operated and relay WAC (4), 
will be allowed to operate to indicate that the 
line is vacant. . . . . 
With a suitable positive voltage applied through 

relay IB (40) to the main anodes of all those line 
tubes having a “6” as their units digit, with a 
suitable negative voltage applied through the 
winding of relay BY(40) to the right-hand con 
trol cathodes of all those line tubes having a 
'3' as their tens digit, and with a positive pulse 
applied to the right-hand-control anodes of all 
those line tubes having a '2' as their hundreds 
digit, presuming a 1000-line office, only ten line 
tubes will undergo a discharge across their right 
hand control gaps and only one of these ten 
will have a proper potential applied to its right 
hand main anode so that a first transfer will 
occur whereby conduction will exist therein be 
tween the right-hand main anode and the right 
hand control cathode of that tube. This tube 
will be the one designated “236' which, in the 
drawing, is tube Li (ff). If this line is idle, the 
main cathode of line tube Li (ii) will be at full 
negative voltage, such as, it may be assumed, 
at negative 48 volts. In this event, a second 
transfer will immediately occur whereby conduc 
tion will exist between the right-hand main 
anode and the main cathode of tube Li (, ?). 
Since-relay IB(40) is in the right-hand main 
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anode circuit, that relay will be operated. After 
this second transfer has occurred, line tube 
Li () may also still conduct between the right 
hand main anode and the right-hand control 
cathode, but insufficient current will flow to oper 
ate relay BY (). If the line is busy, the main 
cathode of tube , f ( ) will be connected over 
the sleeve lead to ground through retardation 
coil 288 in the junctor as above described. 
Therefore, in this circumstance, the second 
transfer Will noti occur, in tube Li () and con 
duction will continue to exist between the right 
hand main anode and the right-hand control 
cathode thereof. Since relay BY (49) is in the 
right-hand control cathode circuit, under a busy 
condition both relays B (4) and BY (40) will 
operate. The functioning of the system when 
the called line is busy will be discussed herein 
after, it being presently presumed that the line 
is idle. 

Relay B (49), in operating, closes a path from 
ground on off-normal ground conductor 393, 
No. 7 contact of relay RT (49), conductor 4922, 
front (left-hand) contact of relay IB (40), con 
ductor 4025, back (left-hand) contact of relay 
BY (49), conductor 4025, winding of relay ID (40) 
and to negative battery. Relay ID (40) is thereby 
operated and locks over a path from negative 
battery, winding of relay ID (40), conductor 4923, 
No. 1 contact of relay VAC (46), conductor 4927, 
No. 1 contact of relay I (48), and to ground on 
off-normal ground conductor 393. 

ESTARLSEING PATH TO CALLE} LINE 

Relay ID (40), in operating, removes, at its l'o. 
5 contact, the ground which was employed to 
operate relay MA(2) as above described. Relay 
MA(2), in releasing, connects positive 135-volt 
battery through the inner upper back contact of 
relay RLS (f2), conductor 2 3, back contact of 
relay MA(2), conductor 24, No. 4 contact of 
relay C (2), conductor 2 is, back contact and 
upper winding of relay LS (5), to conductor 525 
which is connected to the left-hand main anode 
of tube Li () as well as to the left-hand main 
anodes of the other line tubes in the same 
horizontal group. It may be noted that relay 
MA(2), in releasing, also connects positive 
battery through the winding of relay LS (4) to 
the left main anodes of the line tubes in the 
upper horizontal group and to the left-hand ?? 
main anodes of the line tubes in line-link frame 
No. 2 but since the called line has been assumed 
to be in the lower horizontal group of the line 
link frame shown in detail, these latter paths 
are of no present importance. 
in operating, aiso interrupts the previously traced 
energizing path for relay HST (40), which re 
leases. Relay HST (40), in releasing, interrupts 
the previously traced circuit, including the Wind 
ing of relay IB(40), for supplying positive bat 
tery to the right-hand main anode of the called 
subscriber's line tube I ( ). Therefore, positive 
battery is removed from the right-hand main 
anode of tube I, (i) and relay B (40) is re 
leased. 
With positive battery applied to the left-hand 

main anode of line tube ( ) as above de 
scribed, a third transfer will occur whereby con 
duction will exist between the left-hand main 
anode of line tube . ( ) and the main cathode 
of that tube. Thus a condition exists similar to 
that, when the subscriber initiates a, call, and the 
apparatus functions in a similar manner. Con 
duction through tube Ll (fi) causes relay TS (5) 
to be operated which removes the shunt from 
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around resistors 526 and 52 to reduce the cur 
rent through the line tube to a low value to pre 
vent the operation of hold magnet HOLDAC). 
As before, relay LS (5), in operating, closes posi 
tive battery through a time delay network to 
the left-hand control anodes of the timing tube 
TO (4) for a purpose to be hereinafter described. 
Relay LS (5) locks on its primary winding in 
Series with the winding of relay PHS (5). Relay 
PHS (5), in operating, connects ground through 
retardation coil 506 and resistor 505 to the right 
hand control cathodes of the primary select tubes 
PSO (5) to PS9 (5). Relay PHS (5), in operating, 
also connects positive 100-volt battery through 
resistor 207, middle upper back contact of relay 
RLS (2), conductor f2O3, No. 4 contact of relay 
Cf (2), conductor 29, resistor 250, conductor 
25 which is cabled to Fig. 5, resistor 528, outer 
upper front contact of relay PHS (5), conductor 
Af2, and to the right-hand control anodes of the 
frame lockout tubeS FR3 (2), and FRº(4) aS 
Sociated with this line-link frame. With relay 
C (2) and Cf (2) operated, tube FR0 (2) fires. 
Conduction through tube FRO(2) causes the op 
eration of relay FR(5), as before, since that relay 
is in the main cathode circuit of tube FRO(2). 
Relay FR(5), in operating, closes a circuit over 
which positive 135-volt main anode battery is 
supplied through the winding of relay STC (5) 
to the main anodes of all the primary select tubes 
PSO(4) to PS9 (4) and PSO (5) to PS9 (5) in line 
link frame No. 0. Conduction through tube 
FRO(2) also causes the operation of relay 
OS (2). It will be recalled that in the case of 
an Originating call the operation of relay OS (2) 
connected positive 100-volt battery through the 
idle junctors to the right-hand control anodes 
of the several primary-select tubes PSO(4) to 
PS9 (4) and PSO (5) to PS9 (5). However, in the 
present case of a terminating call, relay OS (2), 
in operating, performs no useful function since 
the positive 100-volt battery has been removed 
from its armature by the operation of relay 
OT (f2) as previously described. 
Relay ID (40), in operating, also connects bat 

tery through the selected junctor to the tertiary 
switch select magnets, associated with that, junc 
tor, in each of the line-link frames. These paths 
may be traced from negative battery, resistor 
4528, No. 9 contact of relay ID (49), conductor 
4929, cross-point 202 of the register connector, 
conductor 295 which is cabled to Fig. 28 through 
junctor A (28) and to Fig. 24, and through the 
winding of select magnet SEE, A (24) in the 
tertiary switch which is a part of line-link frame 
No. 0 to ground, and, in parallel therewith, 
through the winding of select magnet SEA (25) 
in the tertiary Switch which is a part of line-link 
frame No. 2 shown in part in Fig. 19. It is to be 
understood that the tertiary switch select mag 
nets associated with junctor A (28) in other line 
link frames, not shown, will also be operated at 
this time. Select magnet SELA (24), in operat 
ing, operates relay TST (24) over a path from 
negative battery, resistor 249 , conductor 2432, 
front contact of select magnet SELA (34), con 
ductor 2403, winding of relay TST (24) and to 
ground. Similarly, select magnet SELIA (2) op. 
erates relay TST (25) over a path from negative 
battery, resistor 250, conductor 2502, front con. 
tact of select magnet SELIA (25), conductor 2598, 
winding of relay TST (25) and to ground. 

Positive 100-volt battery is connected through 
resistor 207, middle upper back contact of relay 
RIS (H2), conductor 208, No. 4 contact of relay 
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C (12), conductor 12t 9, through-resistor 220 to 
conductor 22, and through resistor-253 to con 
ductor 254. Conductor 22-t is cabled to Fig. 24 
where it is connected to certain of the arriatures 
of relay TST (24). Conductor -254 is cabled to 
Fig. 25 where it is connected to certain of the 
armatures of relay TST (25). When relay 
TST (24) operates, the positive 100-volt battery 
on conductor 22 is extended through its inner 
lower front contact to conductor 2465, through 
the back contacts of the unoperated hold Inag 
nets of Fig. 24 and to the right-hand control 
anodes of the associated terminating-secondary 
select tubes of Figs. 16 and 17. For example, the 
positive i00-volt potential on conductor 2405 is 
extended through the outer back contact of ter 
tiary hold magnet HOLDA (24), assuming that 
hold magnetto be unoperated, resistor 2406, con 
ductor 2407. Which is cabled to Fig. 16, resistor 
686, and to the right-hand control anodie of ter 

minating-secondary select tube TSS9 (26). If 
tertiary hold magnet HOLDB (24) is unoperated, 
the potential. On conductor 240i is also extended 
through the outer back contact of that hold mag 
net, resistor 2498, conductor 2409 which is 
cabled to Fig. 16, resistor 60 and to the right 
hand control anode of terminating-secondary 
select tube TSS5(6). Similarly, if hold magnets 
HOLDC (24) and HOLDD (24) are unoperated, 
positive 100-volt battery will be applied to the : 
iright-hand control anodes of terminating-sec 
ondary select, tubes TSS9 () and TSS5(7). 
Similarly, this potential will be applied through 
the back contacts of those unoperated hold mag 
nets (not shown) 
;IOLDA (24) and HOLDB (24) to the control 
anodes of tubes TSS6 (6) to TSS8 (6), respec 
tively (not shown), and will be applied through 
the back contacts of those unoperated hold mag 
hets (not shown) intermediate hold magnets i 
HOLEDC (24) and HOLDD (24) to the control an 
odes of tubes TSS6 (7) to TSS8 (ii), respectively 
(not shown). The positive 100-volt potential on 
conductor 254 is extended, upon the operation of 
relay TST (25), through the back contacts of 
all unoperated hold magnets in Fig. 25 to the 
right-hand control anodes of the associated ter 
Irinating-Secondary Select tubes in line-link 
frame No. 2(9) in a similar manner. It may be 
noted that had junctor fB(29) been employed in 
the Call rather than the assumed junctor A(23), 
tertiary select magnets SEL B (24) and 
SELiB (25) would have been operated to op 
erate the same relays TST (24) and TST (25) 
Whereby the positive potential would have been 
applied to the same terminating-secondary se 
lect tubes as above described. If junctor 2A(29) 
or junctor 2B (29) had been utilized, tertiary se 
lect magnets SET2A (26) and SEL2A (27) or ter 
tiary select magnets SEL2B (26) and SEL2B (2) 
would have been operated to operate relays 
TST(26) and TST(27). Relay TST (26), in op 
erating, would have connected, in a similar fash 
ion to that above described, positive 100-volt 
battery through the back contacts of all those un 
operated hold magnets HOLDA (26) to 
HOLDB (26), inclusive, and to the right-hand 
control anodes of terminating-Secondary Select 
tubes TSS4 (6) to TSSO (f6), respectively. 
Similarly, relay TST (26) would have connected 
positive 100-volt battery through the back con 
tacts of all those unoperated hold magnets 
HOLDC (26) to HOLDD (26), inclusive, and to the 
right-hand control anodes of terminating-Sec 
ondary select tubes TSS4C 7) to TSSO(7), re 
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spectively. In a similar manner, relay TST(2), 
in operating, would have connected positive bat 
tery through the back contacts of all those un 
operated hold magnets shown Or indicated in Fig. 
27 to the right-hand control anodes of the asso 
ciated terminating-secondary select tubes in line 
link frame No. 2 (19). - 
The operation of the TST relays aiso causes 

marking potentials to be applied to the control 
anodes of the several primary select tubes. For 
example, relay TST (24), in operating, connects 
the positive 100-volt potential on conductor 22 
through its outer upper front contact to con 
ductor 240 whereby this potential is extended 
through the inner back contact of hold magnet 
HOIDA (24), if that magnet be unoperated, to 
conductor 2909 and also through the inner back 
'contact of hold magnet HOLDB(24), if that mag 
net be unoperated, to the saime conductor 2909 
and also through the back contacts of those un 
Operated tertiary hold magnets intermediate hold 
magnetS HOTAIDA(24). anöi IHOLDB(24) to con 
ductor 2909. The positive potentia on conduc 
tor 2999 is extended through the back contacts 
of the unoperated originating-secondary hold 
magnets to the control anodes of certain of the 
primary select tubes as described above in rela 
tion to an originating call. For example, the 
positive 100-volt potential on conductor 29C9 is 
conducted through the back contact of originat 
ing-secondary hold magnet HOLDA (48), if that 
magnet be unoperated, over conductor 802, and 
to the right-hand control anode of primary se 
lect tube PS9 (5). Similarly, the positive 100 
Voit potential on conductor 2909 is conducted 
through the back contacts of those unoperated 
hold magnets (not shown) which are interme 
diate hold magnets HOLDA (8) and HOLDB(8) 
to the right-hand control anodes of the associated 
primary select tubes PS5(4) to PS3(4), inclusive, 
and PS5(5) to PS8 (5), inclusive, none of which 
are shown. It may be noted that this positive 
i00-volt potential will not be connected to the 
right-hand control anode of tube PS9 (4) since 
originating-secondary hold magnet HOLDB(8) 
Was Operated during the originating phase of 
this call as above described. 

Relay TST (24), in operating, also connects the 
positive 100-volt potential on conductor 22 
through its inner upper front contact to conduc 
tor 24 whereby this potential is extended 
through the inner back contact of hold magnet 
HOLDC(24), if that magnet be unoperated, to 
conductor 2925, and also through the inner back 
contact of hold magnet HOLDD (24), if that mag 
net be unoperated, and also through the back con 
tacts of those unoperated tertiary hold magnets 
intermediate hold magnets HOLDC(24) and 
HOLDD (24) to conductor 2925. The positive po 
tential on conductor 2925 is extended, in a fash 
ion similar to that above described, through the 
back contacts of all those unoperated hold mag 
nets HOLDCC18) to HOLDD (8), inclusive, to 
the right-hand control anodes of primary select 
tubes PS).(4) to PS4(4) and Pse (5) to Psg(s), respectively, 

Relay TST(25) in operating, connects the posi 
tive 100-volt potential on conductor 254 through 
the back contacts of those unoperated tertiary 
hold magnets shown or indicated in Fig. 25 to the 
control anodes of the associated primary select 
tubes in line-link frame No. 2(9) in a manner 
similar to that above described. 

It may be noted that had junctor B(29) been 
employed, the same relays TST (24) and TST (25) 
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would have been operated and the same results 
as above described would have obtained. If 
junctors 2A(29) or 2B (29) had been used, relays 
TST (26) and TST (27) would have been Operated 
to connect the positive potential through the 
back contacts of the unoperated tertiary hold 
magnets in Figs. 26 and 27 to the same conduc 
tors 2909, 2925, 290 and 292S, respectively, as 
above and the positive 100-volt potential would 
thereby have been applied to the right-hand con 
trol anodes of all of the primary select tubes as 
Sociated with unoperated originating-secondary 
hold magnets in all line-link frames as above de 
scribed. It will therefore be seen that by the 
application of Suitable positive potentials to 
the control anodes of the primary select tubes 
and to the control anodes of the terminating. 
Secondary Select tubes through the Off-normal 
contacts of the idle tertiary and seconday hold 
magnets, all available primary-secondary-ter 
tiary paths are marked. 
The main anodes of all of the primary select 

tubes in line-link frame No. 0 are connected to 
positive battery through the winding of relay 
STC (5) as above described. The right-hand 
control cathodes of the primary select tubes 
PS (5) to PS9 (5) are connected in lock-out to 
ground through inductor 56, resistol 535 and 
through the middle upper front contact of op 
erated relay PHS (5). Therefore, one of the pri 
mary select tubes PSO(5) to PS9(5) will undergo 
a control gap discharge and a first transfer. It 
will be assumed that primary select tube PS9 (5) 
first fires and transfers thereby locking out the 
remaining primary select tubes of Fig. 5. As de 
Scribed in the originating phase of this call, the 
main Cathode of primary select tube PS9 (5) is 
connected to negative battery through the Wind 
ings of select magnets SEL9 (10) and SEL9( ), 
through the winding of relay SHS f (8), and 
through the back contact of relay CR (5). Pri 
mary select tube PS9 (5) will therefore undergo 
a Second transfer whereby conduction Will exist 
therein between the main anode and the main 
cathode thereof. Relay SHS (8), in the main 
cathode circuit of tube PS9 (5), will be operated 
and will close ground through inductor 896, re 
sistor 807 and through itS front contact to con 
ductor 808 and thence to the right-hand con 
trol Cathodes of terminating-secondary select 
tubes TSSO(6) to TSS9 (6), inclusive. The 
main anodes of these tubes are connected to posi 
tive battery through resistor 60 as before de 
scribed. Since a positive potential is applied to 
the right-hand control anodes of tubes TSS5 (6) 
to TSS9 (f6) as above described, one of those 
tubes will discharge and transfer, in lock-out. It 
will be assumed that terminating-secondary se 
lect tube TSS5(6) discharges and transfers. 
Since the main cathode of that tube is connected 
to negative battery through the winding of select 
magnet SEL5(f6), tube TSS5(6) will undergo 
a Second transfer and Select magnet, SE.5 (6) 
will be operated. It may be noted in reoard to 
the above discussion that although a suitable 
potential is applied to the control anodes of the 
terminating-secondary select tubes TSS5(7) to 
TSS9 (f7), no control cathode potential is applied 
thereto unless relay SHS2(8) is operated. It 
may also be noted that although a suitable poten 
tial is applied to the control cathodes of Originat 
ing-secondary select ... tubes . OSSOA (8) to 
OSS9A (t8), no suitable control anode potential 
is applied thereto since relay OT(2) is operated 
as above described, 

0 

3. 

35 

40 

5 5 

60 

65 

70 

75 

58 
Full conduction through primary select tube 

PS9(5) also causes the operation of primary se 
lect magnetS SEL9 ( I 0) and SEL9 ( I ) . . Select 
magnet SEL9 (0), in operating, operates relay 
GP (5), as in an originating call. Relay GP (5), 
in Operating, completes a circuit from ground, 
Outer lower front contacts of relays TST (24) and 
TST (25), conductor 24: 2 to Fig. 5, inner upper 
front contact of relay GP (5), winding of traffic 
register TR (5) and to battery. The traffic reg 
ister is thereby operated to record tile fact that 
the equipment has been used in the completion 
of a terminating call. 
AS Was described in the originating phase of 

this call, select Inagnet SEL9 (to), in operating, 
operates relay CS (5) which places a shunt around 
the high resistaice 527 to increase the current 
ilow through the line tube Lt. ( ) whereby pri 
Iral's hold magnet HOLDA ( ) will be operated 
to close cross-point G3 and to operate relay 
LO ( ). Relay CS(5), in operating, also ex 
tends ground through its No. 12 contact, con 
ductor 528, front contact of select magnet 
SEL9 ( ) and to sleeve conductor í i 04. This 
ground is conducted through the closed cross 
point ff03, conductor ff05, winding of hold mag 
net HODA (; ) and to battery to lock that hold 
alagnet operated. The ground on sleeve con 
ductor 4 operates originating-secondary hold 
1mag}met HOLIDA (f8) and terminating-secondary 
hold magnet HOLDA (f6) as in an originating 
Call. Hold magnet HOLDA (8), in operating, 
Opens its back contact so that the path there 
through will be busy to subsequent calls. Ter 
minating hold magnet HOLDA (16) in operat 
ing, closes cross-point f608 whereby the ground 
On sleeve conductor 04 is extended to sleeve 
conductor 669 which is cabled to Fig. 24 and 
connected through the winding of tertiary hold 
magnet HOLDB (24) to battery. Hold magnet 
HOLDB (24) in operating, closes cross-point 243 
and thereby extends the ground on conductor 
69 to sleeve conductor 85 which is cabled to 
junctor A (28). 

it will now be seen that the called subscrib 
er's tip and ring conductors are connected 
through operated cross-point if 03 in the primary 
SWitch, operated cross-point f 608 in the ter 
minating-Secondary switch, and through oper 
ated cross-point 243 in the tertiary switch to 
the right-hand side of junctor A (28). The 
called subscriber's tip conductor. 2832 then ex 
tends through the No. 3 contact of relay RF (28), 
No. 3 contact of relay TK(28), conductor 2845, 
upper winding of supervisory relay CS (29), and 
to ground. The called subscriber's ring conduc 
tor 2833 is extended through the No. 7 contact 
of relay RF (28), No. 12 contact of relay TK(28), 
conductor 2846, lower winding of supervisory 
relay CS (28), and to negative battery, 
Upon the operation of tertiary hold magnet 

HOLDB (24) and the resultant closure of cross 
point 243, positive 100-volt battery is connected 
through resistor 24 f5, conductor 246, cross-point 
24 f3, conductor 247 which is cabled to Fig. 28, 
No. 8 contact of relay BY (28), conductor 2835 
Which is cabled to Fig. 21, through the operated 
register-connector cross-point, 262, conductor 
2:06, No. 7 contact of operated relay ID(40), 
conductor 483, resistor 392, and through re 
sistor 3928 to ground whereby a positive poten 
tial is applied to the right-hand control anode 
of tube WCKC39). The right-hand control cath 
ode of tube WCK (39) is connected to ground 
through resistor 3929. Positive 135-volt battery 
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is connected through the winding 9f relay. 
CK (39), resistor'3930, conductor 393. No. 9 con tact of operated relay. SR (37), and through con 
luctor 380 to the left-hand main anode of tube sconnected through 

of relay TKO (39), 
tact of relay T(42), No. 

3 contact of relay OPR(42), conductor 4206, No. 
7 contact of relay. RC(39), conductor. 3934, and through resistor. 3935 to ground whereby a negal 
tive potential is applied to the main cathode of 
tube vCKC39). Tube VCK(39) will therefore undergo a control-gap discharge and first and 
second transfërs and relay CK(39) will be op Relay. CKC39), in operating, connects 

gh the No. 2 contact of operated 
39), conductor 3936, resistor 3937, front contact ofrelay CK(39)to con 
thereby locking relay CKC39) op 

erated and extinguishing tube VCK(39). Relay 
CKC39), in operating also interrupts, at its outer 
upper back contact, the circuit by means of 
which capacitor 3909, was connected to the wind elay. SR (3i), thereby making relay SR (37) 

w ase. Relay. CKC39), in operating, 
also interrupts, at its inner lower back contact, a previously traced energizing path for relay 

30) and that relay releases. 
sidering again the effects of full conduction 

select tube RS9(5), it will be recalled 
. . . . . . ain anode circuit of that tube included 

the winding of relay STC (5), and therefore as 
a result of conduction through this circuit, relay 
STC (5) will be operated. Relay STC (5), in op 
erating, causes, tube CRC5) to be rendered con 
ductive as described in the originating phase of 
this call, and relay. CR (5), will thereby be op 
erated to reduce the current flow through pri 
mary select tube. PS9(5), as hereinbefore de 
scribed, Relay STC (5), in operating, also closes 
ground through its front contact, to conductor 
518, No. 3 contact of relay C(f2), conductor. 255, 
winding of relay STC(2) to battery, thereby op 
erating relay, STCCf2). ... ." 
Relay STC (2), in operating, connects posi 

tive 100-volt battery through resistor 201, mid 
dle upper; back contact of relay RLS(2), con 
ductor 1208, outer upper front, contact of op 
erated, relay QTC?2), conductor. 246, outer up 
per frönt, contact of relay STC (42), conductor 
í256, No. 6 contact of relay Cl(12), conductor 
f 25.1, resistor. 421, conductor f422 which is car 
ried via cables 410, and 30 to Fig. 39, No. 7 
contact, of relay TKO (39), conductor 3939, No. 
11 contact of operated relay. ID(49), conductor 
493 f which extends to Fig. 46, No. 4 contact of 
relay. NGCA(46), conductor 4605, through the 
back contact and armature of relay. INTC46) to 
conductor 4606, resistor 440?, conductor 4402, No. 
2 contact of relay ON (44), conductor 4403, right 
hand closed contact of switch SW (44), conductor 
4404, back contact of relay RL (44), conductor 
4405 which is cabled to Fig. 31, resistor 393, and 
to the left-hand control anode of the ringing 
connector select tube. SM (31). The positive 
100-volt battery on conductor 4606 is also ex 
tended through similar relays in all other idle 
ringing circuits, and to the control anodes of the 
other associated ringing-connector select tubes. 
For example, this, voltage on conductor. 4666 is 
also extended through ringing circuit No. 2(43), 
if that circuit beidle, conductor 4301 which is 
cabled to Fig. 31, resistor .304, and to the left hand, control anode of ringing-connector select 
tube SM2(3). The left-hand control cathodes 
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of the ringing-connector select tubes SM (3) 
to SM2(Sf) are connected, in common, to ground 
ria conductor 3105, through resistor 3 06 and re 
tardation coil 307. The left-hand main anodes 
of the tubes SM (3) to SM2 (31) are connected, 
in common, to conductor 308, resistor 309, con 
ductor 230 which extends to Fig. 12, No. 7 con 
tact of relay Cl ( 2), conductor 2 3, inner upper 
back contact of relay RLS (f2), and to positive 
135-volt battery. One of the tubes SMI (3 f) to 
SM2(31) will therefore fire and undergo a first 
transferto lock out the remaining ringing con 
nector select tubes. Let it be assumed that tube 
SM (3) first discharges. The main cathode of 
that tube is connected to negative battery 
through resistor 31 ff and the winding of ring 
ing-connector select magnet . SEL (3). Tube 
SM1 (31) will therefore undergo, a second trans 
fer and select magnet SELI (31 r agnet SEL (3!!) will be operated: 
It may be noted that when any one of the reg 
ister-connector select tubes discharges and un 
dergoes a first transfer, the consequent rise in 
control cathode potential is sufficient to ex 
tinguish any control-gap discharges which may 
have occurred in the remaining register-con 
nector select tubes. 

Select magnet SEL f (31), in operating, connects 
ground through its front contact to conductor 
312, through the windings of ringing connector 
relays RÇ(46) and RC l (46), in paralleli, and to 
battery, thereby operating these relays. 

It will be recalled that the fourth or ringing 
code digit of the called subscriber's number was 
not only counted on the counting-chain tubes 
of Fig. 36, but was also stored therein. Upon the operation of ringing-connector relay. RC(46), the 
information stored in the counting-chain tubes 
of Fig. 36 is transmitted to the ringing-code tubes 
of Fig. 45. It has been assumed that the ring 
ing-code digit of the present called subscriber's 
number is "2" whereby counting-chain tube 
R27(36) is conducting, and the main cathode of 
that tube is at a potential positive relative to 
ground. This positive potential is transmitted 

5 through conductor 3641, No. 3 contact of unop 
erated relay RA5(36), conductor 3646, No. 15 
contact of relay NGCA(46), conductor 4607, No. 
10 contact of relay RC(46), conductor 4608, 
through resistor 450 to ground, whereby a posi 
tive potential is applied through resistor 4502 to 
the left-hand control anode of ringing-code tube 
R2 (45). Since none of the other counting-chain 
tubes. R6 (36) to R50(36), inclusive, are con 
ducting, the main cathodes of those remaining 
tubes are at approximately negative 48 volts and 
a negative potential will be applied through the 
contacts of relayRC(46) to the left-hand con 
trol anodes of the ringing-code tubes Rf (45), 
R3 (45), R4(45) and R5(45), with relay RA5(36). 
in an unoperated condition. It may be noted 
that relay. RA5(36) performs a translating func 
tion whereby if the ringing code digit had been, 
for example, “7” so that tubes R27 (36), and 
RA5(36) had been conducting and relay RA5(36) 
had been operated, the rise in main-cathode po 
tential of tube R27 (36) would have been trans 
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mitted over conductor. 364, through the No. 4 
contact of operated relay RA5(36), conductor 
3647, No. 10 contact ofrelay NGCA(46), con 
ductor 4609, No. 5 contact of relay RC (46), con 
ductor 460, and through resistor 4503 to ground 
whereby a positive, potential would have been 
applied through resistor 4504 to the left-hand 
control anode òf ringing-code, tube R7(45) 
The left-hand control cathode of ringing-code 
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tube R2 (45) is connected to negative battery 
through the network comprising resistors 4505 
and 456 and capacitor 4507. Therefore, a dis 
charge will occur across the left-hand control 
gap of ringing-code tube R2 (45). 

Relay RC; (45), in operating, completes a cir 
cuit for the operation of the ringing-connector 
hold magnet, over a path from ground, upper 
back contact of relay TP (44), conductor 442, 
lower back contact of relay PB(44), conductor 
443, No. 3 contact of unoperated relay H(44), 
conductor 44 4 which extends to Fig. 46, No. 3 
contact, of relay RC (46), conductor 453, No. 18 
contact of relay NGCA(46), conductor 464 which 
extends to Fig. 39, middle upper front contact 
of operated relay CKC39), conductor 394, 
through the operated register-connector croSS 
point 202, conductor 207 which is cabled to 
Fig. 31, winding of ringing-connector hold mag 
net, HOLDA (3A), and to battery. Hold magnet 
HOLDA(3), in operating, operates the ringing 
connector cross-point 3 f3, thereby extending the 
ground on conductor 2 07 through that cross 
point to conductor 3 4 which is cabled to Fig. 
44. The ground on conductor 34 is extended 
through the winding of relay R.L (44) to battery, 
thereby operating that relay which interrupts 
the previously traced control-anode circuit of 
ringing-connector select tube SM (3 l) and eX 
tinguishes the control-gap discharge in that tube. 
Relay RC (46), in operating, also connects 

ground through the No. 1 contact of that relay, 
conductor 46 2, through the lower winding of 
relay ON (44), and to battery. Relay ON (44), 
in operating, connects 135-volt positive battery 
through its No. 8 contact to conductor 4406, re 
sistor (508, and to the left-hand main anode of 
ringing code tube R2 (45). Tube R.2 (45) will 
therefore undergo a first transfer Whereby con 
duction Will exist between the left-hand main 
anode and the left-hand control cathode thereof. 
Since the main cathode of tube R2 (45) is con 
nected to negative battery through conductor 
45?, resistor 4512, conductor 453 and the wind 
ing of relay R. (44), tube R2 (45) will undergo a 
Second transfer whereby conduction will exist, be 
tween the left-hand main anode and the main 
cathode thereof. Due to the presence of resistor 
453, of relatively high value, in the circuit of 
the left-hand main anode, insufficient current will 
flow to operate relay R(44), but the tube will 
continue to Sustain after the register is discon 
nected, to be described hereinafter, so that the 
ringing code is recorded in the ringing circuit. 
Relay ON (44), in operating, interrupts, at its 

No. 2 contact, the previously traced circuit over 
which positive battery was supplied to the con 
trol anode of the ringing-connector select tube, 
thus preventing future selection of this ringing 
circuit while it is busy. Relay ON (44) also con 
nects ground through its No. 1 contact to ringing 
circuit off-normal ground conductor 4408. Relay 
ON(44), in operating, 
through its No. 3 contact to conductor 4409, 
upper back contact of relay TR(34), conductor 
3455, through the winding of the ringing-inter 
rupter start relay. ST (34), to battery, whereby 
relay Siti (34) is operated for a purpose to be 
described hereinafter. The operation of relay 
ON(44) also completes a circuit from negative 
battery, winding of relay PA(44), lower back 
contact of relay PA(44), conductor 440, No. 7 
contact of relay ON (44), and to conductor 44 
which extends to Fig. 23 which represents part 
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of the common release and time out circuit, for 
a purpose to be described hereinafter. 
Relay ON (44), in operating, also extends the 

ground on conductor 34 through the No. 3 con 
tact of unoperated relay SR (44), conductor 
44 5, No. 6 contact of relay ON (44), conductor 
446, winding of relay. H(44), to negative battery, 
thereby operating relay H(44). When relay 
H(44) operates, ground is connected through the 
upper back contact of relay TP (44), conductor 
4412, No. 4 contact of relay PB (44), conductor 
453, No. 4 contact of operated relay H(44), to 
conductor 445. The ground on conductor 445 
is extended through the No. 6 contact of relay 
ON (44), conductor 446, winding of relay H(44) 
and to battery, thereby locking relay H(44), oper 
ated. The ground on conductor 44 is is also 
extended through the No. 3 contact of unoper 
ated relay SR (44), conductor 34, ringing-con 
nector cross-point 33, conductor 20, winding 
of hold magnet HOLDA(3), and to battery. It 
may be seen hereinafter that this locking path. 
for hold magnet HOLDA(3) is transient, but 
will be relied on for the present for clarity of 
description. 

It will be recalled that with relay CO (28) oper 
ated, the calling subscriber's ring conductor was 
extended through a back contact of ringing-con 
nector hold magnet, HOLDA(3) and through 
the lower winding of relay L(37) in the register, 
to battery. When, therefore, the ringing con 
inector is connected to the junctor upon the 
operation of hold magnet HOLDA (3A), the call 
ing subscriber's tip and ring conductors are ex 
tended to the ringing connector, and relay L (37) 
is released. The release of relay I (37) inter 
rupts the energizing path for relay SR (3). 
Relay SR (3) releases normally since capacitor 
399 has been disconnected from its winding by 
the operation of relay CKC39) as above described. 
Relay SR (37), in releasing, removes main 
anode battery from all of the tubes shown in 
Figs. 35 to 38, inclusive, removes the charging 
battery from capacitor 3750 by means of which 
a potential was applied to the left-hand control 
anode of tube RA (37), and also removes the 
positive battery from the windings of relay 
AD (37) and that relay releases. The removal of 
main-anode battery extinguishes any of those 
tubes in FigS. 35 to 38 which were conducting 
and removes the “keep-alive” potential from 
those tubes therein which are provided with 
keep-alive circuits. The extinguishing of tube 
RA (3) releases relay RA (37). The removal 
of Imain-anode battery extinguishes all conduct 
ing tubes in the Counting chain and all conduct 
ing tubes of the hundreds, tens and units stor 
ing tubes, which, in the assumed case, - are 
tubes R2 (36), H2 (38), T38 (38), UES (33), and 
UAS (38). The extinguishing of tube UA5(38) 
releases relay UA5 (38). 

Relay SR(3), in releasing, also connects 
ground through its No. 3 contact to conductor 
382 which extends to Fig. 46, No. 23 contact of 
relay NGCA(46), to conductor 3728. Which ex 
tends to Fig. 39 where it is carried via cables 
lá í 0 and í39 í to Fig. 14, through resistor 14 í2 
and to positive battery. Therefore, ground is 
connected to the right-hand electrode of capaci 
tor 4:3 whereby gas diode R.R. (4) becomes 
conductive to render tube RL, (2) conductive as 
described previously in the operation of the com 
mon release and time-out circuit during the 
originating phase of this call. Relay RLS (2) is 
Operated as above described to remove positive 
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135-volt, positive 100-volt, and positive 50-volt 
batteries from the circuits through its contacts 
as before described. The interruption of these 
circuits: extinguishes the called subscribe's line 
tube Lí ( f ) ; causes the release of relays LS (5), 
PHS (5), SEC (5), slow-to-release relay. GP (5), 
STC( 2) and CR(5); extinguishes primary select 
tube PS9 (4) Which releases relay SHS (8) 
and primary select magnets. SEL9(8) and 
SEL9(9), which, in turn, release relays CS(5); 
extinguishes terminating-secondary Select tube 
TSS5(6), which releases terminating-Secondary 
select magnet SEL5(CS), extinguishes ringing 
Connector Select tube: SM (3: ), which releaSeS 
ringing-connector select magnet SELi (3) 
which, in turn releases relays RC(46) and 
RC (46); extinguishes register-connector select 
tube SMI (20) which releases register-connector 
select, magnet. SEL (20), which releases. Select 
magnet SEE, (2); extinguishes frame lock-out 
tube FRO(2) which releases relay. FR(5); re 
leases relay OS (2) ; extinguishes tube. LO (3) 
which releases relay. EOfCl3) which, in turn, 
releases the number-group: Connector relays 
NGCA(46) and NGCB (47), the latter of which 
releases. the Operated one of the tens connector 
relays T16 (47) to T50-647) and the operated one 
of the units connector relays. U-6(4) to 
U5(4); and releases relay OTC2). As pre 
viously described, relay, RLSC-2), then releases. 
It will be recalled that in accordance with the 
nature of cross-bar switches of suitable type as 
hereinbefore described, after the release of the 
select magnet, the closed cross-points are main 
tained operated by the energized hold magnets. 
It may be noted that if another register is await 
ing the use of the number group, relay Ci ill 
that register will be operated to connect ground 
to the Winding of relay. OT(2) whereby relay 
OT(2) will not be released, and, upon the sub 
sequent release of relay RTSC-2), this other reg 
ister will proceed to establish a terminating Con 
nection as above described, in preference to an 
incoming call. If no other register is waiting, 
relay OT(2) releases to restore those circuits: to 
normal. 

Relay, SR (37), in releasing, interrupts the 
locking path: to release relay ON (37). Relay 
ON(37), in releasing, interrupts, at its No. 7 con 
tact, the operating path for relay CC (28) in the 
junctor, and that relay, in releasing, reconnects 
the calling subscriber's tip and ring conductors 
through the windings of supervisory" relay S(28) 
whereby that relay is reoperated. The interrup 
tion of the operating path for relay CO (28) 
also, interrupts the operating path for register 
connector hold magnets HOLDA(20) and 
HOLDAC2 ), and those hold magnets' release, 
opening cross-points: 2009 and 202. The open 
ing of register-connector cross-point 2f02 re 
leases tertiary select magnets SEffA(24) and 
SELA (25) which release relays TST(2) and 
TST (25). Relay: GN (37), in releasing, also in 
terrupts, at its No. 8 contact, the locking path 
for class-of-service-relay FR(42), and that relay 
is released. Relay ON(3), in releasing, also 
releases relay ONI (39). Relay. ONI (39), in re 
leasing, interrupts, previously: traced circuits to 
release relays. DC (37), ??(39), ID (40), and 
MA(4). 
It may therefore-be seen that when the ring. 

ing-connector hold magnet is operated to indi 
cate to the:circuits that: a path to the called sub 
Scriber: has been. Selected and established and 
that, the:ringing circuit...has received the: necess is 
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sary ringing-code-digit information, the register, 
the register connector, the number group and 
the line link circuits are all restored to normal 
whereby another call may be originated Oi ter 
minated while ringing proceeds. 
When relay S(28) is operated as a result of 

being reconnected to the calling Subscriber's 
line, ground is connected through the No. 3 COn 
tact of operated relay SR (28), conductOir. 282t, 
upper front contact of relay S (28) to conductor 
283 which is connected both through the No. 1 
contact of relay RF (28) and through the No. 1 
contact of relay DT(23) to conductor 284, 
through the Winding of relay SR (28) and to bat 
tery, thereby providing a locking path for relay 
SR (28). It may be noted that relay SR (28) is 
slow to release So that it will not release in the 
interval between the release of relay C (28) and 
the operation of relay S (28). 

RNGING CAEED SO3SCRIBER 

As above indicated, relay. ONC44), in operat 
ing, operates relay ST (34). Which starts the 
functioning of the ringing-interrupter circuit 
shown in detail in FigS. 32 and 33. Relay 
STA (34), in operating, connects negative battery 
through its No. 4 contact, conductor 340, 
through the windings of relays Ti (33) and 
T2(33), in parallel, conductor 330, inner lower 
back contact of relay TR(34) and to ground, 
thereby operating relays Ti (33) and T2 (33). 
Relay Si (34), in operating, also connects posi 
tive 135-volt battery through its No. 1 contact 
to conductor 3402. This positive potential on 
conductor 3402 is extended through resistor 
3302, and through Conductor 333 to the main 
anodes and “keep-alive' control, anodes of the 
counting chain tubes W (33) to W8 (33), inclu 
sive. The positive potential on conductor 3482 
is also extended through the voltage divider 
comprising resistors, 320i and 3262 whereby the 
resulting voltage will be applied to the upper 
electrode of capacitor 3203. Since. the lower elec 
trode of capacitor 3203, is connected to ground 
through resistor 3204, that capacitor will charge, 
With the utilized parameters, to about positive 
40 volts. The positive potential on conductor 
3402. is also conducted through resistor 3205, 
conductor 326, and through resistor 3207 to the 
main anode, and to the “keep-alive' control 
anodes. Of tube. P5 (32), and through the voltage 
divider comprising resistors. 3208, and 3209 to the 
upper control anode of the tube. P5 (32). The 
positive potential on conductor 326 is also ex 
tended through the winding of relay Z(32), re 
Sistor 32fO, to the “keep-alive' control and main 
anodes of tube, P4 (32), and through the voltage 
divider comprising resistors, 32ff and 32 i2. to the 
upper control anode of tube. R4 (32). The posi 
tive voltage. On conductor. 3402 is, in a similar 
fashion, also Conducted through resistor 32 í 6, 
conductor 32, resistor 32 i8, to conductor. 32 9. 
where it is applied to the “keep-alive' control 
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anode and main anode of tube, P3 (32) and 
through the voltage divider comprising resistors 
3220 and 322 to the upper control anode of tube 
P3 (32). The potential on conductor 32 it is also 
conducted through the winding of relay X(32), 
resistor 3225, conductor 3226 to the “keep-alive' 
control and main anodes of tube P2 (32) and 
through the voltage divider comprising resistors 
3227 and 3228' to the upper controlanode of tube 
P2 (32). It may be noted that although the 
upper control cathodes of tubes P4(32) and 
P2 (32) are connected to ground through resistor 
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325 and resistor 3229, respectively, the values 
of the voltage-divider resistances are such that 
tubes P2 (32) and PA (32) do not conduct at this 
time. The main Cathodes of tubes 2 (32), 
P3 (32), P4 (32) and P5 (32) are connected to 
negative battery, and the “keep-alive' control 
cathodes of these tubes are connected to nega 
tive battery through individual high resistances. 
The positive potential or conductor 343 is also 
extended through variable resistor 323, resistor 
323? and to capacitor 3232, the other electrode of 
which is connected to ground. As capacitor 3232 
charges, the rising potential is applied to the 
plate of gas diode Pi (32). 

Prior to the operation of relay STi (33), the 
upper control cathode of tube P3 (32) is con 
nected to ground through resistor 3233 and net 
work. 3234, the upper control cathode of tube 
P5 (32) is connected to ground through resistor 
3233, conductor 3235 an: network 3236, and the 
upper electrode of capacitor 323 is connected to 
ground through resistor 3233. Since the lower 
electrode of capacitor 3237 is connected to posi 
tive battery through resistor 3238, that, capacitor 
will be charged. Upon the operation of relay 
ST? (34), negative hattery is connected through 
the No. 3 contact of relay ST (34), conductor 
3495, to the lower electrode of capacitor 323 
thereby lowering the potential on both sides of 
that capacitor and applying a negative pulse to 
the upper control cathodes of tubes P3 (32) and 
P5 (32). These tubes will therefore discharge 
and transfer so that conduction exists between 
the main anode and main cathode thereof. 
The cathode of gas diode P (32) is connected 

to negative battery through resistor 3233. 
Therefore, when capacitor 3232 has charged to 
a sufficient potential, gas diode P (32) will 
undergo a discharge and capacitor 3232 will dis 
charge through the diode and resistor 8239 to 
negative battery. When the Voltage across gas 
diode Pf (32) falls below sustaining voltage, the 
diode is extinguished and capacitor 3232 again 
begins to charge through resistors 3233 and 323 . 
The parameters of this oscillating circuit are 
preferably arranged whereby a discharge occurs 
across the gap of gas diode PA (32) one-hundred 
and twenty times per minute. 
When gas diode P (32) discharges, its rise 

in cathode potential resulting therefronn is trans 
mitted over conductor 3249 and through ca 
pacitor 324 to the upper control anode of tube 
P2 (32) and through capacitor 324 to the upper 
control anode of tube P3 (32). Since tube 
P3 (32) is conducting as before described, the 
potential at its main anode has dropped to a 
value of approximately 10 volts whereby the po 
tential at the upper control anode of that tube is 
at approximately 5 volts positive relative to 
ground due to the voltage divider comprising re 
sistors 322 and 322. The upper control gap 
of tube P3 (32) will therefore not be fired by the 
application of the potential through capacitor 
3244. Since tube P2 (32) is not conducting, its 
main anode is at full 135 volts positive and the 
upper control anode of that tube is at approxi 
mately 60 volts positive since it is connected to 
the main anode through the voltage divider con 
prising resistors 3227 and 3223 as above de 
scribed. Tube P2 (32) therefore discharges and 
undergoes first and second transfers whereby 
conduction exists across its main gap. As a re 
sult of this conduction, the main anode of tube 
P2 (32) drops an appreciable amount, to ap 
proximately 10 volts. Since the main anodes of 
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tubes P2(32) and P3 (32) are interconnected 
through capacitors 3242 and 3243, the drop in 
voltage on the main anode of tube P2 (32) causes 
the anode voltage of tube P3 (32) to fall below 
the Sustaining value thereof, and tube P3 (32) is 
extinguished. Since the winding of relay X(32) 
is in the main-anode circuit of tube P2 (32) as 
above described, relay X(32) will be operated 
while tube P2 (32) is conducting. 
At the next discharge through tube P (32) 

one-half second later, a positive pulse Will again 
be applied through capacitors 324 and 32.34 to 
the upper control anodes of tubes P2 (32) and 
P3 (32), respectively. Since tube P2 (32) is con 
ducting, the puise will have no effect on that tube 
as before described. The pulse on the control 
anode of tube F3 (32) will cause that tube to 
discharge and transfer, extinguishing tube 
P2 (32) and thereby releasing relay X(32). It 
may therefore be see that gas tubes P2 (32) 
and P3 (32) and relay X(32) comprise a 60 
interruptions per minute interrupter under con 
trol of gas diode Pi (32), with relay X(32) be 
ing operated and released during alternate one 
half second intervals. 

During the time that relay X(32) is operated, 
negative battery is connected through resistor 
3258, conductor 3249, through capacitor 3250, 
resistor 325, and to ground. Capacitor 3250 
thereby becomes charged. When relay X(32) 
releases, ground is connected through its outer 
back contact to conductor 3249 thereby raising 
the voltage on both sides of capacitor 3250 and 
transmitting a positive pulse through capacitors 
32.52 and 3253 to the upper control anodes of 
tubes P4 (32) and F5(32), respectively. Since 
tube P5 (32) is conducting, the pulse is of no 
effect thereon in view of the considerations 
hereinbefore discussed in relation to tube P3 (32). 
The application of this positive pulse to the con 
trol anode of tube P4 (32) creates a discharge in 
that tube, and first and second transfers im 
mediately occur. Conduction through tube 
P4 (32) causes a drop in main anode potential of 
that tube, and, since the main anodes of tubes 
PA (32) and P5(32) are interconnected through 
capacitors 3254 and 3255, the main-anode volt 
age of tube P5 (32) is dropped below the value 
at which tube P5 (32) will sustain, and tube 
P5 (32) will be extinguished. Since relay Z(32) 
is in the main-anode circuit of tube P4 (32) as 
before described, that relay will be operated 
When tube P4 (32) becomes conductive. 
When relay X(32) again operates one-half 

second later, capacitor 325 will again be 
charged. At the next release of relay X(32), 
capacitor 325 will again apply a positive pulse 
through capacitors 3252 and 3253 to the upper 
control anodes of tubes P4 (32) and P5(32), re 
Spectively. The positive pulse on the upper con 
trol anode of tube P5 (32) will cause that tube to 
discharge and transfer, extinguishing tube 
PA (32) and thereby releasing relay Z(32). It 
may therefore be seen that gaS tubes P4 (32) and 
P5 (32) and relay Z, (32) comprise a 30-interrup 
tions per minute interrupter under control of 
relay X(32), with relay Z (32) being operated 
and released during alternate one-second in 
tervals. 
Cold cathode gas tubes V (33) to V8 (33), in 

clusive, constitute a counting chain that is ad 
vanced each time relay X(32) is operated. With 
certain exceptions which will be noted in the en 
Suing description, the circuit of the counting 
chain comprising tubes V (33) to V8 (33) is simi 



8,866,098 
lar to that of the counting chain comprising tubes 
R?6(36) to R59 (36), hereinbefore described, and 
commutation occurs in a similar manner. The 
upper control cathodes of tubes V (33) to V8 (33) 
are connected to ground through individual net 
works. For example, the upper control cathode 
of tube V (33) is connected to ground through 
the network comprising resistors 336 and 3301 
and capacitor. 3308. The lower control or "keep 
alive' cathodes, through a high resistance, and 
the main cathodes of tubes V (33) to V8(33) are 
connected to negative. battery through parallel 
paths comprising a capacitor in one branch and 

20 

a resistor and a comparably designated relay in 
the other branch. For example, the lower Con 
trol cathode of tube W (33) is connected through 
high resistance 3309, and the main cathode of 
that tube is also connected, to negative battery 
through capacitor 33:9, and in parallel there 
with, to negative battery through resistor 33 
and the winding of relay (33). The upper con 
trol anodes of tubes V (33) to V2 (33) alre con 
nected to pulse input lead 335 through individ 
ual capacitors and individual networks. For ex 
ample, the upper control anode of tube Wi (33) 
is connected to pulse input lead 335 through 
the network comprising resistors 33 d6 and 33 7 
and capacitor 33:8 and through the individual 
capacitor. 339: Each tube WE (33) to W8 (33) is 
linked to the next succeeding tube, as for exam- 3 
ple, tube V (33) is linked to tube W2(33) by the 
main cathode of tube. W (33) being connected 
through resistor 3320 and through network 332 
to the upper control anode of tube W2(33). It 
..may be noted that the main cathode of tube 
W8 (33) is connected through resistor 3322 and 
through the network comprising capacitor 338 
and resistors 336 and 33 7 to the upper control 
anode of tube WA (33), whereby recycling may 
OCCULI”. 
Upon the initial seizure of the ringing inter 

rupter and the Consequent Operation of relay 
STA (34) as hereinbefore described, positive 135 
volt battery will momentarily be connected 
through the Nos. 1. and 2 continuity contacts of 
relay ST(34) to conductor 346 and through 
resistor 3323 to the upper control cathode of 
tube V8 (33), and that tube will discharge and 
transfer. As capacitor 3324 becomes charged, 
the main cathode potential of tube W8 (33) will 
rise, and this rising potential Will be applied over 
the above-traced path to the upper control anode 
of tube V (33). The upper control anodes of 
the remaining tubes will remain at approximate 
ly 48 volts negative. When relay X(32) oper 
ates as above described, the positive 135-volt 
potential on conductor 3402 is extended through 
the inner front contact of relay X(32) to the 
upper electrode of capacitor 3203 which has been 
charged to approximately 40 volts as above de 
scribed. As a result, a positive pulse will be 
transmitted over pulse-input lead 335, and 
through the individual capacitors and networks 
to the upper control anodes of the counting chain 
tubes V (33) to V8 (33). Since the upper con 
trol anode of tube V (33) is the only one with 
a suitable positive bias previously applied thereto 
as above described, tube VI (33) only will dis 
charge and transfer. Since the main cathode 
of tube V8(33) has risen to a value which may 
be positive relative to ground, the additional po 
tential drop across the common main-anode re 
sistor 3302 will reduce the potential difference 
across the main gap of tube V8(33) to a point 
below sustaining, and tube W8 (33) will be ex 
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tinguished. As capacitor 330 becomes charged, 
the main-cathode potential of tube V (33) will 
rise, and the upper control anode of tube V2 (33) 
will be positively biased thereby. Therefore, 
when relay X(32) has released for one-half sec 
ond and again operates to apply a positive pulse 
to pulse-input lead 33 (5, tube W2(33) will be 
fired, extinguishing tube Vd (33), and priming 
tube V3 (33). Thus, each operation of relay 
X(32) will cause the next succeeding tube in the 
counting chain to fire and commutate. As each 
of the tubes V (33) to VC (33) fires, it operates 
its associated relay í (33) to 8(33), respectively. 
The cooperative operation of the code ringing 

interrupter shown in Figs. 32 and 33 and the 
code ringing tubes of Fig. 4.5 may best be seen 
by reference to Fig. 50 of the drawings. In the 
preferred embodiment disclosed, a full ringing 
cycle has been arranged to occupy, eight seconds, 
after which the ringing cycle repeats. This 
cycle, for convenience of discussion, has been 
divided into half-second intervals, numbered 1 
to 16. As above described, relay X(32) is oper 
ated for one-half second, released for one-half 
second and so on so that it is operated during 
the odd-numbered intervals and released during 
the even-numbered intervals. Relays Z(32) op 
erates each alternate time that relay X(32) re 
leases, and therefore relay Z(32) is operated 
during the second and third intervals, released 
during the fourth and fifth intervals and so on. 
When relay X(32) is released, the positive 135 
Volt potential on conductor 3402 is extended 
through the inner back contacts of relay.X(32) to 
conductors 328 and 3263, and therefore. a posi 
tive potential is on these conductors during the 
even-numbered intervals as shown in Fig. 50. 
During the time that relay X(32) is operated 
and relay Z(32) is released, the positive 135-volt 
potential-on conductor 3432 is connected through 
the inner front contact of relay X(32), conductor 
3285, back contact of relay Z(32) to conductor 
3264, and therefore that conductor has positive 
battery connected thereto during the first, fifth, 
ninth, and thirteenth intervals as shown in Fig. 
50. During the time that both relays X(32) and 
Z(32) are operated, the positive potential on 
conductor 3462 is connected through the inner 
front contact of relay X(32), conductor 3265, 
front contact of relay Z (32) to conductor 3262, 
and therefore conductor 3262 has positive bat 
tery connected thereto during the third, seventh, 
eleventh and fifteenth half-second intervals as 
shown in Fig. 50. 
As above described, relay (33) is operated dur 

ing the time that relay X(32) is operated at the 
beginning of the cycle, and continues to be op 
erated during the release time of relay X(32), 
after which relay I (33) is released. Relay 2033) 
is operated during the time that relay X(32) is 
operated and released on its second cycle, i.e., 
during the third and fourth half-second intervals. 
Relay 3 (33) is operated during the fifth and 
Sixth intervals, and so on. The armatures of 
relay (33) are connected to conductors 3264 
and 3261. While relay (33) is operated during 
the first and second intervals, positive battery is 
connected to conductor 3254 during the first in 
terval, and this potential is conducted through 
the No. 1 contact of relay f (33), through resistor 
3345, No. 1 contact of operated relay T(33) and 
to conductor 333?, as is represented in Fig. 50. 
During the second interval, while relay (33) 
remains Operated, positive potential is connected 
to conductor 326, and this potential is extended 
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through the No. 2 contact of relay (33), re 
sistor 3346, No. 2 contact of relay Ti (33), and 
to conductor 3332 as shown in Fig. 50. By re 
ferring to the chart of Fig. 50, it may be seen 
that conductors 333 to 3340 receive one or imore 
one-half second pulses of positive voltage as a 
result of the conjoint functioning of relays X (32), 
Z(32) and relays (33) to 6 (33), inclusive. It 
may be noted that certain of the front contacts 
of the relays (33) to 6 (33) are cross-connected 
whereby certain of the conductors 333 to 3349 
receive more than one pulse per cycle. For ex 
ample, conductor 3337 receives a positive pulse 
of one-half second duration during the eighth 
interval through the No. 3 contact of relay 4 (33), 
Which is operated during the seventh and eighth 
intervals, and over conductor 3263 which is Sup 
plied with positive potential during the eighth 
interval. Conductor 3337 also receives a pulse 
during the ninth interva through the No. 1 con 
tact of relay 5 (33), which is operated during the 
ninth and tenth intervals, and over conductor 
3264 which is supplied with positive potential 
during the ninth interval. Conductor 3337 also 
receives a pulse throughout the tenth interval 
through the No. 2 contact of operated relay 
5 (33) and over conductor 3263 which is supplied 
with positive potential during the tenth interval. 

It will be recalled that although conduction 
exists across the main gap of the selected one : 
of the code ringing tubes R. (85) to R0 (45), and 
although relay R(44) is in the main-cathode cir 
cuit of each of those tubes, relay R(44) did not 
operate since the impedance in the circuit of 
the left-hand main anodes of the ringing tubes 
is such that insufficient current flows to meet the 
perate requirements of relay R(44). However, 
when the positive potential on one of the con 
fuctors 3334 to 334) is connected to one of the 
other main anodes of that one of the code ring 
ing tubes which is previously conducting, conduc 
tion Will also occur between that other main 
anode and the main cathode of that tube, and 
sufficient current will flow to operate relay R(44). 
For example, the center main anode of tube 
Ri (45) is connected to conductor 3334 and there 
fore, as per Fig. 50, a suitable positive potential 
is applied to that main anode during the fourth, 
fifth and sixth intervals, and, as a result of the 
increased conduction through the tube, relay 
R(44) Will be operated during that period. The 
right-hand main anode* of tube RÍ (45) is con 
nected to conductor 3336 and therefore has a 
suitable positive potential applied to it during 
the seventh interval, the increased conduction 
therefore continues through the Seventh interval, 
and relay R(44) therefore remains operated for 
a two-second period during the fourth to Sev 
enth intervals, inclusive. If tube R6 (55) or 
R7 (45) had been previously conducting, since the 
center main anode of each of those tubes is con 
nected to conductor 3335 and since the right 
hand main anode of each of those tubes is con 
nected to conductor 333, relay R(44) would 
have been operated during the fourth, sixth, 
eighth, ninth, and tenth intervals, as shown in 
Fig. 50. In addition, the right-hand control 
anode of tube R7 (45) is also employed in the 
function of a main anode, being connected to 
conductor 3340. Therefore, if tube R(4,5) had 
been conducting, relay R(44) would also have 
been operated during the twelfth interval as 
shown in the chart of Fig. 50. 

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

It may be noted that an alternative method of 
operation of the ringing tubes R. (55) to RO(45) 
may be employed. For example, in the case of 
ringing tube R2 (45), the parameters, of the cir 
cuits may be arranged so that no second transfer 
of discharge will occur in the selected tube until 
positive battery is connected to the middle main 
anode thereof by the ringing-interrupter circuit. 
Prior to the application of that positive potential 
a discharge Will occur between the left-hand main 
anode and the left-hand control cathode of that 
tube whereby the selected tube is marked so that 
the register may be released. Upon application 
of the positive potential to the middle main anode 
of the selected ringing tube R2 (45), the discharge 
Will transfer. So that conduction Will occur both 
between the left-hand main anode and the main 
cathode of the selected tube and between the 
riddle main anode and the main cathode of the 
Selected tube. Conduction across the latter path 
causes the operation of relay R(44) as above de 
scribed. At the removal of positive battery from 
the iniddle main anode of tube R2 (45), conduc 
tion continues between the left-hand main anode 
and the main cathode of that tube but the cur 
rent flow is insufficient to maintain relay R(44) 
operated. - 

When relay Ei(44) operates, as above described, 
ground on off-normal ground conducto' A408 is 
connected through the No. 7 contact of relay 
H(44), conductor 48, No. 2 contact of relay 
RC(44), conductor 44 is which is cabled to Fig. 31, 

60 

through the operated cross-point 3 3 of the 
ringing connector, conductor 36 which is ca 
bled to Fig. 28, through the winding of relay 
RF(28), and to negative battery. The “ring 
front' ringing control relay RF (23) in the junic 
to is thereby operated. The operation of Irelay 
RF(23) completes a locking circuit for relay 
ON(44) which may be traced from ground 
through the No. 6 contact of relay ON A (28), 
conductor 233, No. 10 contact of relay RF (28), 
conductor 2838 which is cabled to Fig. 31, through 
the operated cross-point 33, conductor 32 
which is cabled to Fig. 44, No. 1 contact of relay 
H(44), conductor di 29, No. 4 contact of relay 
ON(44), upper winding of relay ON (44), and to 
battery. When relay RF (28) is operated, the 
called subscriber's tip conductor 2832 is connected 
through the No. 4 contact of relay RF(28) to 
conductor 282S, and the called subscriber's ring 
conductor 2833 is connected through the No. 6 
contact of relay RF(28) to conductor 2830. The 
calling subscriber's tip and ring conductors are 
also connected to conductors 2829 and 2830 
through individual capacitors: the calling Sub 
Scriber’s tip conductor i 8 li is connected through 
capacitor 2839, conductor 28$3, Nos. 2 and 4 con 
tacts of relay RF (23), and to conductor 2829; the 
calling Subscriberºs ring conductor 88 is con 
nected through capacitor 284, conductor 2852, 
No. 8 contact, of relay RF (28) to conductor 283). 
Tip and ring conductors 2829 and 2833 are cabled 
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to Fig. 31...extend through the front., contact. of 
hold?mag:Ihet FHOLIDA(3.); to .condi3:ucetQr:S . 3 f i "i - and 
3d 8, respectively, through the operated ringing 
connector cross-point; 3. 3. to conductors. 3 9 
and 320, respectively, which are cabled to Fig. 
44, and to inductors. 442 is and 422, respectively. 
"When relay H(44), operates, relay: SR (44), is 

operated over a path fron battery, winding of 
relay SR (44), conductor 423, No. 6 contact of 
relay H(44), conductor. 424, lower back contact 
of relay. TP:(44), conductor. 425, outer upperback 
contact of relay PB(44), and to ground. When 
relay, SR (4) operates, the tip conductor, is ex 
tended throughtingtictor. 442, No. 1 contact of 
relay. SRG 4), conductor 4.425, No. 2 contact of re 
lay, H-644), conductor.442, inner upper back con 
tact of relay RA(44), conduetor A28, Upper back 
contact of Jelay. DR(64), conductor 4.33, upper 
winding of relay TP (44), and to ground. Upon 
the operation of relay. SR (44), the ring-conductor 
is extended through;inductor 422, No. 5-contact 
of relay. SR (44), conductor. A43, No. 5 contact 
..of relay.H.(4:3), conductor. 443f, inner lower back 
contact of relay RA (4A), conductor. 4432, lower 
back, contact. of relay. DR (A4), conductor. 433, 
lower winding of relay TP(4), and to negative 
battery: it may be noted that relay R(44) does 
not operate at this times since the calling Sub 
scriber’s line is, connected: trGugh the WindingS 
thereof through capacitors 2933, and 284, as above 
idescribed, and the called subscriber's switch-hook 
:contacts have not as yet been closed. 

Relay. SR (44), in operating, connects groil; 
through its No. 4 contact to conductor 3 - 
to lock the ringing connector hold magnet 
HOLIDA, (3i)2 operated. When relay. SR (44) is op 
erated; a circuit;is:completed froin ground on off 
normal ground, conductor-4488, No. 4 contact of 
pick-up relay PU(44), lower winding of relay 
PU(44), conductor. 4435, outer lower back coin 
tact of relay TN(44), conductor.-443, No. 5 con 
tact of relay ON(44), conductor 4438, No. 6 con 
tact of relay SR (8), resistor 439, and to con 
ductor 333. It may be noted, by reference to 
Fig. 50 that positive 135-volt battery is connected 
to conductor 333i for one-half second during the 
first interval of each ringing cycle. Therefore, 
at the beginning of the first ringing cycle to con 
mence; after relay. SR (44) operates, relay. PU(44) 
will be operated. Relay PU(44), in operating, in 
terrupts its own energizing circuit at its No. 4 
Contact, but locks operated through its upper 
winding, and through its No. 5 contact to off 
normal ground. 

Relay PU(44), in operating, closes a circuit 
from battery, Winding of relay RA (44), condu3 
tor. 4440, No. 1 contact of relay. PU(44), Outer low 
er back contact of relay RS (44), conductor 444f, 
outer upper front contact of relay R(44) and to 
ground. Therefore, relay RA (4A) Will follow the 
operations of relay R(44) in response to the ring 
ing code... as above: described, i. e., With the as 
Sumed: code, both relays FR (44) and RA (44) will 
be operated for one-half Second during the fourth 
interval of each ringing cycle and for one-half 

. Second during the sixth interval of each ringing 
cycle. When relay R(44) and RA (44) operate, 
ringing current,is connected from: alternator: 4342 
through conductor 4853, resistor. 4444, outer up 
per front contact of Irelay R.A (43), conductor 
4445, No. 3. contact of relay. RW (A4), No. 4 contact 
of relay R(44), conductor 446, inner; upper front, 
contact of relay RA (44), and to tip conductor 
4.427. Ringing ground is connected through the 
No, 2 contact of relay RS (44), conductoi's 4446, 
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No. 8 contact of relay. RW (44), conductor 44.47, 
inner lower, front contact of relay, RA (48), and 
to ring conductor. 443. Therefore, the called 
subscriber's bell will be energized during the one 
half second interval and the calling subscriber 
Will receive audible ringing induction. Relay 
RA (44), in operating, also operates slow-to 
release relay DR.(4) over a path from ground, 
outer, lower front. contact of relay RA(44), con 
ductor. 4448, winding of relay. DR(44), and to neg 
ative battery. After relay. RA (44) releases and 
before slow-to-release relay. DR(4A) has released, 
the tip, conductor is momentarily connected to 
ground through the upper front contact. of relay 
DR(44), and the ring conductor is momentarily 
connected to negative battery through resistor 
4449 and the lower front contact of relay DR(44). 
This momentary application of potentials of op 
posite polarity. to that of the silent-interval bat 
tery and silent-interval ground discharges the 
line so that when relay DR(44) releases and re 
connects the tip and ring conductors to the wind 
ings...of relay TP (44), relay. EP (24) will not be 
falsely operated to trip ringing. 
The ringing cycles, repeat and the called sub 

scriber continues to be signaled until one of 
three events occurs; until the calling party hangs 
up, until the circuits time out, or until the called 
party answers. 

If the calling party hangs upon failure of the 
called party to answer, relay ONIA (23) is re 
leased, as will be seen hereinafter, thereby re 
leasing relay ON (A4). Relay. ONC44), in releas 
ing, releases relay H(44), removes ground, from 
the off-normal ground lead to release any relays 
logked to that ground, removes positive. 135-volt 
battery from the ringing code tubes of Fig. 45 
whereby any of those tubes which are conduct 
ing will be extinguished, and interrupts the en 
ergizing circuit for the ringing interrupter start 
relay. Sil (34). Relay H(44), in releasing, opens 
the tip and ring conductors, releases relay RF(28) 
in the junctor, and releases relay SR (44). Relay 
SR (46), in releasing, removes the holding ground 
from the ringing connector hold magnet, there 
by releasing the ringing connector and the ring 
ing circuits. Relay. STi (34) does not immedi 
ately release upon the interruption of its ener 
gizing path since it is locked over a pathin 
cluding conductor 34. , No. 6 contact of relay 
T2 (33), right-hand, back contact of relay 8(33), 
and to ground. Therefore, the ringing inter 
rupter continues to operate until tube V8C33) 
fires to operate: relay 3 (33), which releases relay 
ST4 (34). Relay STI (34), in releasing, removes 
positive and negative. battery from the circuits 
thereby extinguishing all tubes and releasing all 
relays in the ringing interrupter and restoring 
that circuit to its normal idle condition. 
The junctor is released and the connection is 

broken down as will be described hereinafter. 
Ringing will also: cease if the called subscriber 

fails to answer, and if the calling subscriber fails 
to-disconnect within a predetermined time, after 
which time-out occurs. Referring to Fig. 23, the 
circuit comprising relays TL1-(23), TL2(23) and 
FI.3 (23), operates continuously, sending out timed 

Signals on leads 239 and 44-. When battery 
is initially connected to the circuits, relay 
TI f (23), operates from ground through the inner 
lower back contact of relay TL3 (23), winding of 
relay, TEl (23), and to battery. Relay TT (23), 
in operating, closes a circuit from ground through 
the inner lower back contact of relay TL3(23), 
-lower front contact of relay TL? (23), winding of 
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DL (23), conductor 2859, heater resistance ele 
ment 286 of thermal relay RLS (28), and to 
negative battery. After a suitable interval, as 
from two to five seconds, the bimetallic element 
286 closes the contact of relay RIS (28) which 
completes a circuit from ground, No. 4 contact 
of relay SR (23), No. 4 contact of relay DL (28), 
contact of therinal relay RIS (28), conductor 
36, winding of relay RF (28) and to battery, 
whereby relay RF (28) is operated. Relay RF (28), 
in operating, opens the called subscriber's tip and 
ring conductors to prevent relay CS(28) from 
being reoperated, and releases relay SR (28). The 
release of relay SR, (28) releases relay DL (23) 
which interrupts the heating circuit for therial 
relay RLS (28) permitting that relay to release. 
Relay SR (28), in releasing also interrupts the 
locking path of relay ONA (28) which releases 
to restore the junctor to normal. Relay Sir (23), 
in releasing, also renoves the ground through 
retardation coil 28:8 froin the sleeve lead there 
by releasing the utilized hold magnets in both 
the originating and terminating links. The call 
ing party, if he has not as yet disconnected, is 
placed on permanent signal lock-out as will be 
described hereinafter. If the calling Subscriber 
disconnects first, relay S (28) is released which 
releases relay. SR (23). Relay SR (28), released, 
functions as above described to break down the 
established connection, to release relay iLi (23), 
and to release relay ONA (23) which restones 
the junctor to its normal idle condition. If the 
called Subscriber has not as yet hung up, he is 
placed on permanent signal lock-out. 

RINGING INTERRUPTER TRANSFER, CIRCUIT 

Referring to Fig. 23, it will be recalled that 
relay TT3 (23) is operated for a, brief time at 
two to four-minute intervals. At the first oper 
ation . Of relay TL3 (23), ground is 'connected 
through the otter upper front contact of Irelay 
TL3 (23), conductor 2392, upper back contact of 
relay W(23), winding of relay W(23), resistor 
2303 and to battery, whereby relay W(23) is op 
-erated. Relay W(23) locks through its upper 
front contact. Relay Z (23) is not operated at 
this time since its winding is shunted by an 
obvious circuit, including the inner lower back 
contact of relay Z (23). When relay TL3 (23) 
releases a short interval later, the shunt arolind 
the winding of relay Z (23) is removed, and relay 
Z(23) is operated from ground through the up 
per i front contact of Irelay W (23), winding of 
relay Z (23), resistor 234, and to battery. With 
relay Z (23) operated, conductor 2305 is not 
grounded. When relay Ti 3 (23) again operates 
for a brief tirae two to four minutes.later, ground 
is: connected through the outer upper front Con 

i tact of that Irelay, conductor .233, inier lower 
front contact of relay Z (23), conductor 238, 
winding of relay W(23), upper front contact of 
relay W(23), and to ground, whereby relay W(23) 
is released. Relay Z (23) remains operated from 
ground on conductor 2382 and through the upper 
back contact of relay W(23) until relay TT3 (23) 
releases. With relay Z (23) released, conductor 
2305 is grounded. When relay T3 (23) next 
operates two to four ninutes later the cycle is 
repeated whereby conductor 23.65 is alternately 
grounded and opened at two to four-minute in 
tervals. It may be noted that conductor 23) 
is also alternately grounded and opened at this 
same rate for a purpose. hereinafter to be de 
scribed. 
Conductor 2305 extends to Fig. 34. When con 
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ductor i 2305 is not connected to ground, relays 
C (34) and TR(34) are unoperated, as was a S 
surned in the above description, whereby the 
starting ground from the ringing circuit oper 
ated relay STi (34) and ringing interrupter No. 1 
(ShOWn in detail) is employed as above described. 
It may be noted that when relay T2 (33) is oper 
ated immediately after the seizure of ringing in 
terrupter No. 1, a circuit is completed from the 
winding of relay CO (34), conductor. 2395, No. 8 
contact of relay T2 (33), conductor. 3347, upper 
back contact of relay Ce (34), to the other side of 
the winding of relay CC (34), thus shunting relay 
C9(34) so that a ground on conductor 23.65 Willinot 
operate relay C5 (34) to cause a transfer to ringing 
interrupter No. 2 (34) while ringing interrupter No. 
1 is in operation. With the ringing interrupters 
idle, when conductor 2395 is grounded, this 
ground is conducted through the Winding of 
relay C (34), resistor 349 and to negative bat 
tery whereby relay C (34) is operated. Relay 
CO(34), in operating, connects ground through 
its outer lower front contact, conductor 3408, 
outer lower back contact of relay AL2 (34), con 
ductor 3409, lower back contacts of SWitches 
ST(34) and 2ST(34), conductor 340, winding 
of relay TR(35), and to battery, thereby operat 
ing reiay TTR (34). If, when the ringing trans 
fer circuit. is in this condition, ground is con 
nected from One of the ringing circuits through 
the ringing interrupter start lead 4,409, this 
ground is now coinducted through the upper front 
contact of operated relay TR(34), winding of 
relay ST2 (34), and to battery, whereby ringing 
interrupter No. 2 (34) is employed instead of 
ringing interrupter No. 1. To prevent transfers 
during the use of interrupter No. 2, relay. CO (34) 
lockS Operated over a path including its inner 
lower front contact, conductor 34 , through op 
erated contacts of relay T2 (not shown) in ring 
ing interrupter No. 2, conductor 342, and to 
ground. It may therefore be seen that the ring 
ing transfer circuit serves to distribute the work 
ing load between the ringing interrupter circuits. 

ASSunning again that relays C8 (34) and TR(34) 
are released When ground is connected to con 
ductor. 4409 so that ringing interrupter No. 1 
is employed, when relay STI (34) is operated, 
positive battery is connected through the No. 1 
contact of that relay, conductor 332, to the 
main anode of tube AL (34) and through re 
sistor 343, capacitor 344, and to ground. 
Capacitor 344 commences to charge and the ris 
ing potential thereon is applied through resistor 
345 to the right-hand contro anode Of tube 
AI, (34). Relay ST (34), in operating, also fires 
tube W8 (33) which operates relay 3 (33) as above 
described. Relay 3 (33), in operating, Connects 
groundthroughits.left-hand front contact, con 
ductor S34S, iright-hand back contact of Switch 
CKC34), conductor 34 6, No. 10 contact of relay 
T! (33), No. 1 contact of relay T2 (33), con 
ductor 3343, back contact ofrelay CK(34), con 
diuctor 3; Ti, outer lower back contact of relay 
TR(34), resistor 34; 8 and to the upper electrode 
of capacitor 333i whereby that capacitor is dis 
charged. Relay 8 (33), in operating, also con 
nects ground through its right-hand front con 
tact, conductor 345, No. 7 contact of relay 
T2 (34), conductor 345 í, winding of relay CK(34), 
to negative battery. Relay CKC34) operates to 
interrupt... the previously traced discharging path 
for capacitor 344, but is sufficiently slow to op 
erate, so that, capacitor. 34 is may become. fully 
discharged. If relay STi (34) operates, but, by 
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some malfunctioning, tube W8 (33) or relay 8 (33) 
fails to operate, capacitor 344 will continue to 
charge and tube AL (34) will be fired as will 
hereinafter be described. 
At the first operation of relay X(32), tube 

V (33) is fired, tube W8 (33) is extinguished and 
relay 8(33) is released as above described. Re 
lay 8 (33), in releasing, releases relay CKC3A) 
and interrupts the previously traced discharg 
ing path for capacitor 344. As the counting 
chain tubes .W (33) to W8 (33) are progressively 
rendered conductive by the successive operations 
of relay X(32), tube V8 (33) will again be 
rendered conductive to operate relay 8 (33) which 
discharges capacitor 34.4. The cycles thus re 
peat with capacitor 34 4 never becoming Sufi 
ciently charged in normal operation to fire tube 
AL (34). If for any reason tube W8 (34) does 
not refire within a suitable interval, Such as, for 
example, ten to fifteen seconds, the charge On 
capacitor 3 & 4 will rise to a sufficient value to 
cause tube AL (34) to undergo a discharge from 
its right-hand control anode, right-hand con 
trol cathode, resistors 342 and 3422, conductor 
3423, winding of relay AL (34) and to negative 
battery. The main cathode of tube AL (34) is 
also connected to negative battery through re 
sistor 3422, conductor 3423, and through the 
winding of relay AL (34), and the main anode 
is connected to positive battery as above de 
Scribed. Tube AL (34) Will therefore undergO 
first and second transfers and relay AL (34) will 
be operated. Relay AL i (34) locks through its 
No. 4 contact, conductor 3323, and through the 
lower back contact of switch RT (34), to ground, 
and lights, through its No. 3 contact, alarm lamp 
ALÍ (34). Relay AIL (343), in operating, con 
nects ground through its No. 1 contact to con 
ductor 334, and connects ground through its 
No. 2 contact to conductor 342 6 whereby, if re 
lay AL2(34) becomes operated, ground will be 
connected to conductor 342. Conductors 334 
and 342 are cabled to the alarm circuit of Fig. 
22 for a purpose hereinafter to be described. 
Relay AL (34), in operating, 
ground through its No. 5 contact to conductor 
348 whereby relay TR(38) is operated as above 
described. Relay TR(34), in operating, trans 
fers the ringing interrupter start lead 499 from 
the winding of relay Sat (34) to the Winding of ; 
relay ST2(34), thereby operating the latter relay. 
Relay TR(33), in operating, also interrupts the 
energizing paths for relays Tí (33) and T2 (33), 
allowing them to release, and connects ground 
through its inner lower front contact to the cor- 5: 
responding relays Ti and T2 in ringing inter 
rupter No. 2 (34). Relay TR (34), in Operating, 
also transfers lead 347 from the time delay met 
work associated with tube AL (34) and connects 
it to the corresponding network associated with : 
tube AL2(34). Relay T2 (33), in releasing, al 
lows relay STE (33) to release thereby permitting 
ringing interrupter No. 1 to become idle. The 
release of relay T2 (34) also removes the shunt 
from the Winding of relay C (38) as above der 
scribed to allow that relay to operate the next 
time ground is connected to conductor 2365. 
Relay ST2 (34), in operating, starts the function 
ing of ringing interrupter No. 2 (34) with that in 
terrupter 
AL2(35). Since relay TR(36) is locked to re 
lay AL (33), ringing interrupter No. 2 Will con 
tinue to be used until switch RT (34) is operated. 
Similarly, malfunctioning of code ringing in 
terrupter No. 2 will cause relay AL2(34), to be 
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operated which will cause a transfer to ringing 
interrupter No. 1 and will also ground conductor 
334. If both relays AL (34) and AL2(34) be 
come operated, conductor 3427, which extends to 
the alarm circuit (Fig. 22), will be grounded. 

It is to be understood that although individual 
batteries have been shown in the ringing inter 
trupiter and transfer circuits for purposes of clar 
ity, the batteries associated with the fuses at the 
right of Fig. 34 represent the battery supply for 
all ringing interrupters. If any of the fuses at 
the right of Fig. 34 are operated, relay F (34) 
or relay F2(33) is cperated, depending on whether 
the operated fuse is associated with ringing in 
terrupter No. 1 or ringing interrupter No. 2. 
If relay F (36) is operated, ground is connected 
through its inner lower front contact to operate 

If relay F2 (34) is operated, 
grouild is COllected through its lower front con 
tact to operate relay A.i.2 (34). Relay AL (34) 
or AL2(34), in operating, functions as above de 
Scribed to transfer the circuits and to ground 
Conductor 334, and, if both relays operate con 
Currently, to ground conductor 3427. If relay 
F (34) operates, negative battery is connected 
through resistor 3429 and through its outer lower 
front contact to conductor 339. If relay F2 (34) 
operates, negative battery is connected through 
resistor 343 and through its upper front contact 
to conductor $33. Conductor 339 is cabled to 
the alarm circuit (Fig. 22) for a purpose here 
in after to be described. 

Revertive call 
Provision is made for associating up to twenty 

parties with a single line, with means for dis 
tinctively ringing each of these parties. For ex 
ample, the line represented as terminating at 
the portion of the primary switch shown at the 
Iniddle of Fig. 9 is such a multiparty line. Three 
Subscriber's stations have been represented, viz., 
347-4, 347-7, and 3S4-, although it is to be under 
stood that up to seventeen more such stations 
may be a SSociated with this same line. Ten of 
these stations will be given designations having 
Coinnon hundreds, tens and units digits and in 
dividual ringing-code digits, viz., 34.7-i to 34.7-0, 
inclusive. The remaining ten of these stations 
Will be similarly designated with a common 
hundreds digit, which is the same as for the other 
ten stations, a common tens digit which must be 
different than that for the other ten stations, 
a connon units digit, and individual ringing 

A line tube is 
associated with each of these groups of ten sub 
Scriber's Stations, aS, for example, line tube L2(9) 
is associated with those subscriber's stations hav 
ing the designation 34-ac, and line tube L3 (9) 
is associated with those stations having the 
designation 364-?. ?ne of the groups of ten 
Subscribers is signaled by the regular ringing 
codes 1 to 10 as shown in Fig. 50. The other 
group of ten subscribers is signaled by ringing 
codes 1 to 20 which are as the regular ringing 
codes except that they are preceded by a 'short' 
prelinainary ring during the second ringing in 
terval. It will be assumed that those sub 
Scriber's Stations designated 341-ac will receive 
Codes 1 to i3, and those designated 364-ac Will 
receive codes 11 to 20. 

Lei, it be assumed that the subscriber desig 
nated 35-4 desires to call the subscriber desig 
nated 364-. Subscriber 34-4 Will lift, the re 
ceiver or remove the handset from its cradle, 
saind, presuming the line is idle, will be connected 
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the momentary operation of elay HP(40), full 
135-volt battery is connected to the left-hand 
main anodes of the hundreds storing tubes and 
the resulting increased conduction through tube 
H38 (38) causes a monentary rise in the po 
tential at the main cathode of that tube. This 
positive potential is extended through conductor 
3845, through the outer upper back contact of 
relay HA5 (38), to conductor 3845. Since it has 
been assumed that multiparty lines shall have 
the number '3' as the hundreds digit of their 
designation, conductor 3846 is cross-connected 
to conductor 384 over which the positive pulse 
is applied through the No. 1 contact of relay 
DC (37), which is operated as before described, 
conductor 384, and through capacitor 3536 and 
resistor 3535 to the left-hand control anode of 
“pre-hundreds' tube PRE-H(35). It may be 
noted that a different hundreds digit could have 
been selected for use Wish multiparty lines by 
suitable cross-connection at the cross-connection 
terminal strips in Fig. 38. It may be further 
noted that although ten “pre-tens' tubes may 
be associated with each “pre-hundreds' tube, 
other “pre-hundreds' tubes may be added, each 
having an additional ten “pre-tens' tubes as 
Sociable therewith. 
The application of this positive pulse to the 

left-hand control anode of tube. PRE-H(35) 
causes a control-gap discharge in that tube Since 
the left-hand control cathode thereof is connect 
ed to negative batterythrough the netWork com 
prising resistors 3537 and 3538 and capacitor 
3539. First and second transfers will immediately 
occur in the “pre-hundredsº tube, and the Con 
joint rise in main cathode potentials of the "pre 
hundreds' tube and of the "pre-tens' tube will 
raise the potential on conductor 3549 to approxi 
mately 50 volts positive, for a purpose herein 
after to be explained. 
The positive potential momentarily appearing 

on conductor 384S is also applied through the No. 
12 contact of relay NGCB (4), conductor 47 9, 
is divided to ground through resistor 420, and 
extends over conductor 47 9 to the cross-connec 
tion terminals of Fig. 49. This potential is there 
connected to conductors extending to the right 
hand control or “hundreds' anodes of all those 
line tubes having the number '3' as the hundreds 
digit of their designation. 
pulse on conductor 47 9 is applied through the 
cross-connection terminals to conductors 592) 
and 492 which are cabled to Fig. 9, through resis 
tors 93 and 932, respectively, to the right-hand 
control or 'hundreds' anodes of line tubes T3 (9) 
and L2(3), respectively. Thus line tube L3 (9) is 
the Only line tube in the office which will have 
suitable potentials applied to all three of its ter 
ninating electrodes. 
Line tube L3 (9) will undergo a discharge acroSS 

its right-hand control gap, and this discharge 
Will immediately transfer whereby conduction 
will exist between the right-hand main anode 
and the right-hand control cathode of that tube. 
If the line were idle, the main cathode of line tube 
L3 (9) would be at a potential negative relative to 
that of the right-hand control cathode and a 
second transfer would immediately occur as here 
in before described. However, since the calling 
party is also on this line, the line is in effect 
busy and Will test such by virtue of the fact that 
ground is connected from the junctor over the 
sleeve conductor and to the main cathodes of 
both line tubes L2(9) and L3 (3), as before de 
scribed. Therefore, a second transfer will not 

Thus, the positive 
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occur, and conduction will continue across the 
first transfer path. 
When relay HP (40) releases, the shunts around 

the windings of relays BY (49) and IB (49) are 
removed, whereby current flows from positive 
battery, through the winding of relay IB(49), 
right-hand main anode of line tube T3 (3), right 
hand control cathode of tube L3 (3), winding of 
relay BY (43), and to negative battery, thereby 
operating relays IB (40) and BY(4) . RelayIB(40) 
is thereby operated to interrupt the energizing 
circuit for relay VAC (49) before that relay has 
had sufficient time to operate, and thus no Va 
cant line indication is given. Relays IB (40) and 
BY (48), in operating, complete a circuit from 
negative battery, winding of relay BY(39), con 
ductor 325i, No. 3 contact of unoperated relay 
ID (is), conductor 432, right-hand contact of 
operated relay BY (40) conductor 4325, left-hand 
contact of operated relay IB(4), conductor 422, 
No. 7 gontact of relay RF (42), to ground on off 
normal ground conductor 39 3. Relay BY (39) 
operates, locks through its No. 4 contact to ground 
on off-normal ground conductor 39 3, and closes 
a circuit from ground through the No. 2 contact 
of operated relay ON (39), conductor 3342, No. 3 
contact of relay RC (39), conductor 3943, No. 3 
contact of operated relay BY (39), conductor 
33.34, through the operated cross-point of the reg 
ister connector, conductor 20 which is cabled 
to the junctor (Fig. 28), winding of relay BYC28), 
and to battery. Relay BY (28), in operating, con 
rects ground through its No. 1 contact to con 
ductor 49 which will serve to start the ringing 
interrupter circuit as hereinbefore described. 
Since the busy indication inay be due to a 

reverting call, a revertive test is inade. There 
fore, relay BYs (42), in operating, also completes 
a circuit from positive 135-volt battery through 
the winding of relay R C (39) to conductor 39.45 
which extends to Fig. 42. Since the calling party's 
class-of-service is."flat-rate non-restricted,' relay 
FR, (42) will be operated as hereinbefore described. 
the battery on conductor 39A5 will therefore be 
extended through the inner lower front contact 
of operated relay FR(42), conductor $299, No. 5 
contact, of operated relay BYA (39), conductor 
356, through the operated cross point of the 
ringing connector, conductor 286 which is cabled 
to Fig. 28, No. 2 contact of operated relay BY (28), 
to the left-hand main anode of tube. WF(2S). 
Relay BY (28), in operating, also completes a 
circuit from ground through its No. 7 contact, 
conductor 2835 which is cabled to Fig. 21, through 
the operated cross-point of the register connec 
tor, conductor 2 66, No. 8 contact of relay Il (80), 
conductor 4$33, No. 2 contact of operated relay 
BY (39), conductor 3843, No. 6 contact and 
winding of relay RT (48), and to battery. Relay 
RT (4) operates and locks through its No. 5 
contact to ground on off-normal ground conduc 
tor 393. Relay RT (49), in operating, completes 
a charging path for capacitor 36 over a path 
from positive battery, resistor 435, Nos. 3 and 2 
contacts of relay RT (43), capacitor 36, and to 
ground. It may be noted that capacitor 4338 is 
normally discharged, when relay RT (4) is re 
leased, through resistor 3346. As capacitor 336 
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charges, the rising potential is applied over con 
ductor ?23?, No. 7 contact of relay NT (Á), con 
ductor f3, resistor 32 # and to grond through 
resistor 3928 whereby a rising positive potential 
is applied to the right-hand control anode of 
tube VC:(39). The time constant of the circuit 
is such that tube VCK(39) is not discharged for 
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a time sufficient for a revertive test to be made. 
It will be noted that capacitor 2 is is nor 

mally positively charged from positive 135-volt 
battery, resistor 42, which has a high value of 
resistance, capacitor 24, to ground. Therefore, 
when relay RT (58) operates, a positive pulse is 
transmitted through resistor 422, conductor 
42 3, outer lower front contact of relay FR(42), 
conductor 2 is which extends to Fig. 39, No. 3 
contact of relay TKO (39), conductor 3959, No. 3 
contact of relay VAC (48), conductor 8038, No. 10 
contact of relay ID (43), conductor 4039, No. 8 
contact of operated relay RC40), to conductor 
405 which is extended via the number group 
circuit to the right-hand main or “units' anode 
of line tube L3 (9). Therefore, a high positive 
pulse is applied to the main anode of the Sub 
scriber’s line tube, and a second transfer Will 
occur whereby conduction will momentarily exist 
between the right-hand main anode and the 
main cathode of tube L3 (9), thereby momentarily 
raising the main cathode potential of tube T3 (9) 
to approximately 50 volts positive. This positive 
pulse will be transmitted over the sleeve lead, 
through the originating secondary Switch, and to 
the junicitor. if the called subscriber's Station 
and the calling subscriber's station are on the 
same line, i. e., if it is a reverting call, as has 
been assumed, this positive puise Will be received 
at the junctor which has previously been seized 
by the calling party. Since junctor A (28) has 
been assumed to have been seized on this call, 
the positive pulse on the sleeve conductor 85 
will be transmitted through the No. 7 contact of 
relay Sri (28), and a najor portion of that pulse 
will pass by the network comprising inductor 288 
and capacitor 2852 and will be applied, through 
resistor 2863 to the left-hand control anode of 
tube WF(28). Since the left-hand control cath 
ode of that tube is connected to negative battery 
through the network comprising resistors 2864 
and 2865 and capacitor 2866, and since the main 
cathode of that tube is connected to negative 
battery through resistor 283, a control-gap dis 
charge and first and second transfers will imme 
diately occur whereby conduction. Will exist be 
tween the left-hand main anode and the main 
cathode of tube WF(23). 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 Subscriber's line Would have been aSSO 
ciated with a different junctor and the positive 
pulse would have been applied to the left-hand 
control anode of the VF tube in that junctor, but 
no transfers would have occurred in that tube 
since there would be no supply of Iihain anode 
battery. 

Since relay RC (39) is in the circuit of the left 
hand main anode of tube WF(28), relay RC(39) 
will operate and will lock through its No. 4 con 
tact, conductor 3932, No. 2 contact of relay 
ON (39) and to ground. This ground will also 
extinguish tube VF(28). Relay RC (39), in oper 
atting, interrupts the previously traced energizing 
path for relay BY (28) to release that relay. 
Relay RC (39), in operating, also connects posi 
tive battery through resistor 395, through its 
No. 5 contact, conductor i3, No. 4 contact of 
relay NGCA(46), conductor 4605, back contacts 
and armature of relay INT (46), conductor 465, 
resistor. 44, conductor 44.2, No. 2 contact of 
unoperated relay ON (43), conductor 443, right 
hand contacts of switch SW (44), conductor 4493, 
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back contact of relay. RL (44), conductor 4405 
Which is cabled to Fig. 31, resistor 3 e3, and to 
ühe leit-hand control anode of ringing connector 
S&lisªt tube SM (31). Similarly, positive battery 
is connected thirough the corresponding portions 
of other idle ringing circuits to the left-hand 
control anodes of their associated ringing-con 
nector Select tubes. One of these tubes will fire 
in lock-out as previously explained, and it will 
be again assumed that tube SMi (31) fires, oper 
ating ringing-connector select magnet SELi (31). 
Select magnet SEL? (31), in operating, operates 
ringing connector relays RC(46) and RC? (46) as 
efore described. 
Relay RC (46), in operating, operates the ring 

ing circuit off-normal relay ON(44) which con 
nects ground to off-normal ground conductor 44.08 
and to conductor 4409 which holds the ringing 
interrupter start relay operated, and connects 
the winding of relay PA(44) to the timing circuit 
of Fig. 28 as hereinbefore explained. Relay 
ON (44), in Operating, also interrupts the circuit 
Over which battery is connected to the control 
anode of the ringing-connector select tube 
SMF (31), and connects positive 135-volt battery 
through its No. 8 contact to conductor 4406 
Whereby it is applied to the left-hand control 
anode of tube RW (45), through resistor 4508 to 
the left-hand main anodes of the even-numbered 
ringing code tubes R2 (45), R4(45), R6 (45), 
R8(45) and RO(45), through resistor 45f 4 to the 
left-hand main anode of tube PRE(45), and 
through resistor 45 5 to conductor 456 whereby 
it is applied to the left-hand main anodes of the 
odd-numbered ringing-code tubes R. (45), R3 (45), 
R5 (43), R (45), and R9045) and through the 
Outer lower back contact of relay RV (44) and 
conductor 4454 to the left-hand control cathode 
of tube RW (45). 

Since conductor 3540 is at a positive potential 
due to the conjoint conduction of the “pre-hun 
dreds' tube PRE-H(35) and of the “pre-tens' 
tube PRE-TA(35), upon the operation of relay 
RC(46), this potential is applied through the No. 
6 contact of relay. NGCA(46), conductor 46 6, 
No. 1 contact of relay RC (46), conductor 46 T and 
through resistor 457 to ground whereby a posi 
tive voltage is applied through resistor 45? 8 to 
the left-hand control anode of tube PRE(45). 
The left-hand control cathode of tube PRE(45) 
is connected to negative battery through the net 
work comprising resistors 459 and 4520 and ca 
pacitor 452. The main cathode of tube PRE(45) 
is connected, in parallel with the main cathodes 
Of the other ringing Code tubes, to negative bat 
tery through resistor 452 and the winding of 
relay R(44). Therefore tube PRE(45) will under 
go a control-gap discharge and first and second 
transfers, but, as before, relay R(44), will not be 
operated due to the presence of the current-limit 
ingresistor A54. 

Since the ringing-code digit '1' is stored in 
the counting chain, upon the operation of relay 
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RC(46), ringing-code tube R (45) will discharge 
and undergo first and second transfers in a man 
ner similar to that previously described, but relay 
R(44) will still not be operated due to the presence 
of current-limiting resistor 455 in the circuit 
of the left-hand main anode of tube Rf (45). 
However, the potential drop across resistor 455 
is sufficient to cause the left-hand control gap 
of tube RW (45) to break down. With the left 
hand control anode of that tube Supplied with 
positive 135-volts and since the main cathode of 
that tube is connected to negative battery over 
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a path including resistor 4523, conductor 4524, 
No. 5 contact and winding of relay RW (44), a 
transfer will occur in tube RW (45) whereby con 
duction Will exist therein between the left-hand 
control anode and the main cathode thereof. it 
may be noted that tube RW (45) will discharge 
and transfer in this fashion when any of the odd 
numbered ringing-code tubes R. (A5), R3 (45), 
R5 (45), R (65) or R3 (35) are rendered conduc 
tive, but will not be discharged if an even-num 
bered ringing-code tube is conducting. Conduc 
tion in tube RW (45) will cause the operation of 
relay RW (44) which locks to off-normal ground 
through its No. 6 contact, and interrupts the pre 
viously traced circuits of the main and left-hand 
control cathodes of tube RW (43), thereby extin 
guishing that tube. Relay RW (44), in operating, 
also reverses certain ringing connections as Will 
be described hereinafter. 

Since the operation oil the ringing interrupter 2 
has been started as agowe described, positive 135 
volt battery is systematically applied to the Sev 
eral conductors 333i to 3340 as hereinbefore de 
scribed and as represented in the chart of Fig. 50. 
Since the niddie-main aihode of Conducting ring 
ing code tube R. (65) is connected to conducto: 
3334 and since the right-hand main anode of tube 
Rf (45) is connected to conductor 3336, increased 
conduction will occur through that tube, and 
relay R(44) will be operated in response there 
to, during the fourth, fifth, sixth, and Seventh 
half-second intervals, i. e., a single "long' ring. 
Since the middle-main anode of conducting tube 
PRE(45) is connected to conductor 3332, in 
creased conduction will exist through that tube 
during the second half-second interval and relay 
R(44) will therefore also be operated during that 
interval. This additional "pre’ pulse is the short 
ring preceding the code which distinguishes the 
“pre' codes 11 to 20 from the normal codes 1 to 10, 
as shown in Fig. 50 
During the time that the above revertive test 

is being made, capacitor 438 in the control-anode 
circuit of tube VCK(39) is charging as herein 
before mentioned. The time constant of this cir 
cuit is arranged to be longer than the time re 
quired to operate relay RC (39) if that relay is to 
operate at all. It may be noted that if the re 
sult of the revertive test is affirmative, i... e., if it 
is indeed a revertive cail, relay RC (39) is op 
erated, whereas if the result is negative, relay 
RC (39) will not be operated. It has been a S 
sumed that this is a revertive call, and relay 
RC (39) has been operated as above described. 
After a suitable delay interval, capacitor 4036 

becomes sufficiently charged to cause tube 
VCK (39) to discharge aeross its light-hand con 
trol gap. As previously described, the left-hand 
main anode of tube VCK(39) is connected to posi 
tive battery through a front contact of relay 
SR (37) and through the winding of relay. CKC39). 
It will be recalled that on the previous call With 
the called line assumed to be idle, relay RC(39) 
was not operated and the main Cathode of tube 
WCK(39) was connected to negative battery 
through a back contact of relay TKO (39). In 
the case of a revertive call, however, with relay 
RC (39) operated, the main gathode of tube 
WCK(39) is connected via conductor 3934, through 
the No. 6 contact of operated relay RC(39), Con 
ductor 395?, which extends to Fig. 46, No. 17 con 
tact of relay NGCA(46), conductor 46.9, No. 3 
contact of relay FC (46), conductor 462, Wind 
ing of relay RC (44), and to negative attery. 
Therefore, tube WCKC39) will undergo first and 
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second transfers whereby relays CK(39), and 
RC(44) will be operated. Relay RC(44), in Op 
erating, locks to off-normal ground through its 
No. 4 contact, and completes a circuit from nega 
tive battery, winding of relay TN (44), conductor 
4456, No. 6 contact of relay RC(44), conductor 
462, No. 1 contact of relay RC (46) and to 
ground, whereby relay TN (44) is operated for a 
purpose hereinafter to be described. 
Relay CK(39) locks operated, extinguishes tube 

WCK(39), releases relay DC (39), removes ca 
pacitor 3909 from the winding of relay. SR (37) 
so that, relay will not be slow-to-release, and dis 
charges capacitor 39C9, as described hereinfore. 
As in the first call described, relay CK (39), in 
operating, operates the ringing-connector hold 
magnet over a path from ground through the 
upper back contact of relay TP (44), and, in this 
case, also from ground through the inner upper 
front contact of relay TN(44), conductor 442, 
No. 4 contact of relay PES (44), conductor 44 i 3, 
No. 3 contact of relay H(44), conductor 444, No. 
3 contact of relay RC (46), conductor 463, No. 18 
contact of relay NGCA (46), conductor 46, 4, mid 
dle upper front contact of relay CK(39), conduc 
tor. 3940, through the operated cross-point 202 
of the register connector, conductor 20, wind 
ing ofringing-connector hold magnet HOLDA (3) 
and to battery. As previously described, hold 
magnet HOLDA (32), in operating, closes ringing 
connector cross-point 3 E3 thereby extending the 
ground on conductor 207 through this cross 
point to conductor 3A, and, in parallel, through 
the winding of relay R.L (44) to battery, and 
through the No. 3 contact of relay SR (44), con 
ductor 445, No. 6 contact of relay ON(44), con 
ductor 446, winding of relay H(44), and to bat 

i tery. Relay H(43), in operating, connects ground 
through the upper back contact of relay TP (44) 
and through the inner upper front contact of 
relay TN (44), conductor 442, No. 4 contact of 
relay PB (44), conductor 4413, No. 4 contact of 
relay H(44), and to conductor 445 whereby relay 
H(44) is locked operated and whereby, tem 
porarily, this ground is extended through the 
No. 3 contact of relay SR (44) to conductor 34 
to iock both the ringing-connector hold magnet 
HOLDA(3) and relay R.L (44) operated. Relay 
H(44), in operating, also completes a circuit from 
ground on off-normal ground conductor 44.08 
through its No. 7 contact, conductor 448, No. 3 
contact of operated relay RC(44), to conductor 
3 í2Í. This ground is extended, over one path, 
through the No. 1 contact of relay H (44), con 
ductor 4420, No. 4 contact and upper winding of 
relay ON (44), and to battery whereby relay 
ON(44) is locked operated. The ground on cons 
ductor 32 is also extended through the op 
erated ringing-connector cross-point 3 3, con 
ductor 2838, No. 11 contact of unoperated relay 
RF (28), conductor 2869, lower winding of relay 
C (28) and to battery, thereby locking relay 
C3 (28) operated. 
As described above in relation to the first call, 

the operation of the ringing-connector hold mag 
net HOLDA (3) aso interrupts, at its back con 
tacts, the circuit from the calling subscriber's 
tip conductor to ground through winding 37 7 
of the repeat coil in the register, and the cir 
cuit from the calling Subscriber's ring conductor 
to negative batterythrough Winding 378 of the 
repeat, coil and through the lower. Winding of re 
lay L (37), and relay ... (3) is thereby released. 
Upon the release of relayL (37), relays SR (37), 

ON (3) and ON. (39) release, in cascade as de 
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scribed in relation to the previous call. Relay 
SR (37), in releasing, removes main-anode bat 
tery to extinguish those tubes in the register 
which are conducting, inclueling tubes RAF (37), 
any "pre' tubes in the register which are con 
ducting, i.e., tubes. PRE-H(35) and PRE-TA (35) 
under the aSSunned conditions, and the counting 
chain tubes and digit-storing tubes of Figs. 36 
and 37, whereby relay RA (37), and, under the 
assumed called number, relay TA5(38) are re 
leased. The removal of main-anode battery also 
allows relay AD (3) to release. As in the previ 
ous call, relay SR(37), in releasing, also con 
nects ground through to the common release and 
time-out circuit to fire gas diode R.R. (4) which 
fires tube R.L. ( 2) which causes relay RLS (2) to 
be momentarily operated. Relay RLS (2), in 
operating, removes the positive 50-, 100-, and 
135-Volt batteries frOn the line and line-link Ciri 
cuit to extinguish line tube L3 (9) thereby re 
easing relays BY (40) and B (40), and removes 
main-anode battery from tube LO (3) extin 
guishing that tube, which releases relay IO (13). 
Relay LO (3), in releasing, releases number 
group connector relay NGCB (47) which releases 
relay NGCA(46), the reby releasing relay 
HST(40) and the number group circuit. Relay 
RLS (2), in operating, also removes main-anode 
battery from the ringing-connector select tube 
SM (3) which is extinguished and releases 
ringing-connector select magnet SEL (3). It 
may be noted that since the ringing-connector 
hold magnet HOLDA(3) is operated, the ring 
ing - connector operated cross-point remains 
closed. Select magnet SEL (3), in releasing, 
releases relays RC(46) and RC (46), but it may 
be noted that relay TN (44) is not released there 
by since it is locked operated as will hereinafter 
be described. Ground is also removed from re 
lay OT (i2), and that relay releases unless an 
other register is waiting to terminate a call as 
previously described. Upon the release of relay 
RLS (f2), the office is again ready to handle an 
other originating or terminating call. 

Relay ON (37), in releasing, as in the previous . 
call, interrupts the energizing circuit for relay 
Co(28) and for the register-connector hold mag 
nets HOLIDA(20) a,nd" IHOLEDA(2f) and theSe 
hold magnets release to release the register con 
nector, but relay CO (28) is locked operated as 
above described. Relay ON (37), in releasing, also 
releases the class-of-service relay FR(42) as in 
the previous call. 

Relay ON (39), in releasing, removes off-nor 
mal ground from the register circuit, releasing 
relays TMA (4), DC (37), and CK(33) as in the 
previous call. Relay ON (33) also releases relays 
py:: (39), RC (39) and RT(43). Thus the register 
is restered to normal and is in condition to be en 
ployed in the completion of further calls. 

Returning to a consideration of the ringing cir 
cuit, relay - H(54), in operating, operates relay 
SR (44) over the previously traced path through 
back contacts of relays TP(44) and PB (48) to 
ground and also, in this case, through the outer 
upper front contact of relay TN(44) to ground. 
Relay SR (45), in operating, connects ground 
through its No. 4 contact to lock relay R.L (44) 
and ringing-connector hold magnet HOLDA(3) 
operated as in the previous call. With relay 
C3(2S) in the junctor locked operated as above 
described, upon the operation of Irelay SR, (?i?i), 
the calling and called Subscribers' Common line 
is extended to the ringing circuit. The coinamon 
tip, and ling conductors 8 and 88 are ex 
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tended through the Cuter upper front contact and 
through the inner lower front contact, respec 
tively, of relay CE (28), to conductors 282 and 
2.323, through the Nos. 5 anii 9 contactS, respec 
tively, of uroperated relay R5 (23), to conductors 

3. Ši aindi 23, through the inner front and oUitei 
front contacts, respectively of hold ragnet 
HCLDA(3 i), to conduictors 3i and Si 8 through 
the operated ringing-connector cross-point 3i 3, 
to conductor's 3 is and 32 which are cabled to 
Fig. 44, ihrough inductors ?tå 2 i aradi ?tå 22, re 
Spectively, through the Nos. 1 &nd 5 contacts of 
relay SR (E), to conductors 4.23 and 4:53, 
through the Nos. 2 and 5 contacts, respectively, of 
relay H(43), to conductors 482 and 343, through 
the inner upper back and the inier lower back 
contacts, respectively, of relay RA (44) to con 
ductor's ÉÉ28 and i832, through the back contacts 
of relay OR (64) to conductors is 23 and 44.33, and 
thi'Oigh the Willings of relay TF (36) to ground 
and negative battery, respectively. Since the 
cailing SibSCliber is on this line as well as the 
Callied Subscriber, the line is closed and relay 
T?“P (?:) will immediately operate. Relay TP(?4), 
iii Operating, closes ground through its upper 
front contact to conductor 4458, Eo. 3 contact of 
l’elay PÜ () , conductor 49, Nos. 5 and 6 con 
tacts of relay RC(34), conductor £55, winding. 
of Irelay iN (#3) and to battery, thereby locking 
l’elay Ti'ÎN (44) operated under the control of re 
lays TP (4.3) and PU(34). It may be noted that, 
in point of time, these operations actually occur 
pTiCi' to the time that relay RC (46) is released, 
as above described, whereby relay TNI (44) is 
locked operated before relay RC (86) releases to 
interript the energizing circuit therefor. With 
relay i ri (45) operated, the subscribers' ring con 
ductor 4:33 is extended through capacitor 4460, 
through the inner lower front contact of relay 
TN (24), and to conductor 335. It will be re 
called that relay X(32) is operated and released 
during alternate half-second intervals. There 
fore ground is connected through the outer light 
hand front contacts of relay X(32) to conductors 
323i and 3268 during alternate half-second inter 
vais. The ground on these conductors is extended 
through the Nos. 3 and 4 contacts of relay T2 (33) 
to conductors 3353 an? 3356. Conductor 3353 
is Connected to alternator BT (33) which is ar. 
ranged to generate an alternating current of a 
Suitable audible frequency. Thus, an audible tone 
is transmitted to various points in the system via 
COInductor 335i at half-second intervals when any 
of the ringing interrupters are operating. This 
tone, recognized by the subscribers as the “busy 
tone,' is therefore transmitted over the sub 
Scribers' line on a revertive call as an indication 
to the Calling subscriber to hang up so that ring 
ing may proceei. ihe. intermittent ground ap 
plied to conductor 3353 is used as a “busy tone' 
On a trunk call as will be described hereinafter. 
When the calling subscriber hangs up to open 

his Switch-hook contacts, relay TP (46) is released 
Which releases slow-to-release relay "IN ($4). 
When relay TN (ii) releases, busy tone is removed 
from the Subscribers' line, and the winding of 
the pick-up relay PU(44) is connected to con 
ductor 333 i through the outer lower back contact 
of relay TN(64) as on the previous call. During 
the first half-second interval of the next succeed 
ing ringing cycle, positive battery is connected to 
conductor 333i which operates relay PU(44) as 
shown in Fig. 50. Relay PU(44) locks to off 
normal ground, and connects the winding of re 
lay RA (44) through the No. 5 contact of unoper 
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ated relay RS (44) and to ground through the No. 
2 contact of relay R(iii), whereby relay RA (48) 
will be operated each time relay R. (ii) operates 
as hereinbefore described. It may be noisd that 
relay IDR (44) follows relay R.A. (35) as in the 
previously described call, Since iringing code No. 
11 is to be transmitted, relay R. (iii) is operated 
during the second half-second interval to trans 
mit a “pre’ pilise and during the fourth, fifth, 
sixth and seventh intervals to tranSr:lit a Single 
“long' ring as above described. Relay RA (3.) 
will therefore be operated during these S2.1118 
intervals. It will be recalled that 'Feve'Siing' 
relay RW (44) is operated when an odd-numbered 
code is to be tiransmitted, and is rele2.3ed When 
an even-numbered code is to be ti'aaSnitted. 
With relay R.V. (A4) unoperated, as in the previou. 
call, ringing voltage is connected to the Sub 
scribers' tip conductor and ringing ground is 3On 
nected to the subscriberi,’ ring conductoi", a Shere 
inbefore described. Since the assumed code is 
an odd-numbered code whereby tube RW (ii.5) WaS 
rendered conductive to operate relay RW (44), 
these connections are reversed. During the 
periods when relays R (4ts) and FRA (4A) are oper"- 
ated, the subscribers” tip conductor 442 is con 
nected through the inner upper front contact of 
relay RA (45), conductor is 6 f, No. 7 contact of 
operated relay RV (Ag), conductor it, No. 2 con 
tact of relay RS (44), to gi"ound; and the Sub 
scribers' ring conductor 453 i is connected thicugh 
the inner lover front contaci, Cf relay RA (4i), 
conductor 444, No. 6 contact of relay (53), No. 
4 contact of operated relay RW (63), conductor 
4445, outer upper front contact of relay RA (iii), 
resistor 4444, conductor 4443, and to the ringing 
alternator 4442. Therefore, in odd-numbered 
codes, ringing voltage is connected to the tip coll 
ductor and Iringing ground is connected to the 
ring conductor. 
ASSunning that grounded ringer's are provided, 

if the ringers of both the calling and called Sub 
Scribers are Connected to the Same Side of the 
line, both subscribers Will receive the code sig 
nal. However if the ringers of the calling and 
called parties are connected to opposite sides of 
the line, i. e., in this case, if the calling Sub 
scriber's ringer is connected to the tip conduc 
tor while the called subscriber's ringer is con 
nected to the ring conductor, the calling Sub 
Scriber would receive no signal and Would not 
be notified that the line Was being rung or 
would there be an indication that the called sub 
scriber had answered. Therefore, a revertive 
signal, comprising a short ring during the third 
and eieventh half-second interval of each cycle, 
is transmitted over the opposite conductor, in 
this case, over the tip conductor. The ringing 
interrupter applies positive battery to conductor 
3333 for one-half second during the third inter 
val, and again during the eleventh interval. 
This potential on conductor 3333 is connected 
through resistor 3463, No. 1 contact of relay 
RC(4f), conductor $464, upper back contact of 
relay GL (44), conductor $465, No. 7 contact of 
relay R(44), conductor 4466, No. 2 contact of 
relay PU(4f), winding of relay RS (44), and to 
ground. Therefore, on a revertive call, relay 
RS (64) is operated during the third and eleventh 
intervals. As may be noted in Fig. 50, no regu 
lar codes are transmitted during these intervals, 
and therefore relay R(4) is released while relay 
RS (44) is operated. A circuit is therefore corn 
pleted from negative battery, winding of relay 
RA (48), conductor 434), No. 1 contact of relay 
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PU(44), No. 4 contact of relay RS (44), conductor 
448, to ground through the No. 1 contact of re 
lay R(44) whereby relay RA (44) follows relay 
RS (44). In order that the revertive signal may 
be transmitted over the opposite side of the line 
from that over which the ringing Wolsage is ap 
plied, the Subscribers' tip conductor, which nor 
mally, in an odd-numbered code, is connected 
to ground through the No. 2 contact of relay 
RS (44), is, upon the operation of relay RS (44), 
extended through the No. 3 contact of relay 
iRS (ii) to the source of ringing voltage 4432. in 
an a Wei-nunhei'ed code where the ringing volt 
age is normally applied to the tip conductor, re 
lay RS ($ i.), i. operating, causes ringing voltage 
to be applied to the ring conductor during the 
third and eleventh half-second intervals. It may 
be noted that during the time during which the 
revertive Signal is being transntited over one 
Side of the line, the Ciposite side of the line is 
interrupted, and is not connected to ground. In 
the case of grounded ringers, there is no neces 
sity of having the opposite side of the line 
grounded during these intervals; and in the case 
of a line in which the ringers are bridged, there 
is no necessity of a revertive signal being sent 
Since all parties thereon receive all rings, and, 
in fact, the transmission of a revertive signal on 
lines having bridged ringers would be undesir 
able since it would cause a variation of the regu 
lar code. It may further be noted that the re 
veitive signal is also omitted on a revertive call 
to a grounded line, i. e., a line comprising a sin 
gle conductor and a return path through ground. 
AS above indicated, the energizing path for re 
lay RS (38) includes the upper back contact of 
'elay Gil (54). When a call originates on a 
grellided line, class-of-service relay GTI (42) in 
the register is operated as above described. If 
an affirmative answer is obtained from the re 
vertive test whereby relay RC (39) is operated, 
ground is connected through the inner upper 
front contact of relay GL(A2), conductor 425, 
No. 2 contact of relay RC(39), conductor 3954 
Which extends to Fig. 46, No. 19, contact of relay 
NGCA(46), conductor 462, No. 4 contact of re 
lay RC; (38), conductor 4622 which extends to 
Fig. 44, winding of relay GL(44) and to battery. 
Relay GL (44) operates, locks to ground on off 
normal ground conductor 4:08, and interrupts, at 
its upper back contact, the previously traced en 
ergizing path for relay RS (64) whereby a rever 
tive signal will not be transmitted. 
Since under the assumed conditions the call 

ing and called Subscribers are provided with 
grounded ringers, and since the called sub 
Scriber’s code is odd While the calling subscriber’s 
code is an even-numbered code, the called sub 
SCriber Will be signaled by a short ring followed 
by a long ring, and the calling subscriber will re 
ceive a revertive signal. Tihis ringing continues 
until one of three events occur: until the ring 
ing circuit times out as above described; until 
the calling subscriber releases the circuits be 
Cause of a failure of the called subscriber to 
anSWer; Or until the call is completed. 

If the calling Subscriber decides to cease at 
tempting to signal the called subscriber, he lifts 
his receiver for a brief interval and then returns 
it to the Switch-hook. If the receiver is removed 
from the Cradle to close the switch-hook con 
tacts while relays RA (44) and DR(44) are re 
leased, or otherwise when those relays do release, 
relay TP (44) will be operated to trip ringing. 
Similarly, if the called subscriber answers, the 
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Supplied with busy tone from the ringing inter 
rupter as hereinbefore described. The junctor 
will remain in this condition until the calling 
Subscriber disconnectS. 
With the register-connector hold magnets re 

leased to release the register connector, relay 
L(3) is released to release relays SR (37), ON (3) 
and ON (39) in cascade. Relay SR (37), in re 
leasing, closes ground to the common release and 
time-Out circuit, which Serves to extinguish line 
tube II ( ), to restore the common release cir 
cuit to normal, and to release the number group 
circuit as hereinbefore described. Relay SR (3F) 
also removes main anode battery from the tubes 
in the register, and with the release of relays 
ON(3?) and ON (39) and of the relays held 
operated thereby, the register is returned to 
normal for use on Subsequent calls. 
When the calling subscriber hangs up, relay 

S(28) releases to release relay SR (28) which re 
leases relay ONA (23) and the hold magnetS in 
the primary and secondary Switches to restore the 
circuits to normal as described above in relation 
to the revertive call. 

Called lit?? ?????t 
As above discussed in regard to the first call 

described, the busy idle vacant test is initiated 
by the number group connector relay NGCA(46) 
Operating relay HST (40) through back contacts : 
of relays ID (AC) and WAC(45). In addition to the 
functions performed in relation to the idle and 
busy tests, as described above, relay FiST (50), in 
operating, also completes a circuit fro groundi 
on off-normal ground conductor 393, No. 7 con- 3.3 
tact of relay RT (46), conductor 4 22, a mature 
and back contact of unoperated relay B (40), 
conductor 423, inner upper front contact of re 
lay HST (43), conductor A924, winding of relay 
WAC(A)), and to negative battery. As before in 
dicated, relay VAC (43) is slow to operate where 
by if the called line is either idle or busy, relay 
IB(43) will operate prior to the operation of relay 
WAC (48) whereby the energizing circuit for relay 
VAC (49) will be interrupted. If, however, the 
line is vacant, in which case there will be no line 
tube having the dialed designation, relay IB(49) 
cannot operate, and, after the requisite interval, 
relay VAC (46) will operate. Relay VAC (40), in 
operating, locks through its No. 4 contact to 
ground through off-normal ground conductor 
39;3, interrupts at its No. 1 contact the locking 
path for relay ID (40) to prevent that relay from 
being locked operated, interrupts at its No. 2 
contact the previously traced energizing path for 
relay HSI (23) to release that relay, and completes 
a circuit from ground through its No. 6 contact, 
conductor 3944, register-connector Operated 
cross-point 2 92, conductor 2 iii, which is cabled 
to Fig. 28, winding of relay BY (28) and to battery 
whereby relay BY (23) is operated. Relay 
BY (28), in operating, returns ground to the 
register to operate relay RT (40) as in the re 
vertive calabove described. Relay Ri() locks 
operated and applies a rising potential from ca 
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pacitor 453 to the right-hand control anode of 
tube WCK(39) as previously described. Tube 
WCK(33) fires to operate relay CKC39) which 
locks operated and extinguishes tube WCKC39). 
Since relay WAC (49) is operated, the only path 
over which ground is extended to the upper Wind 
ing of relay Cuj (28) and to the register-conhec-- 
tor holds magnets HOLDA(2ü) and HOLIDA (2l) 
is through the inner upper back contact of relay 
CK(39), and therefore, upon the operation of 5 

5 unused line designation may be used. 

94 
relay CK(39), relay CO (28) is released and the 
register connectoris restored to normal. The junc 
tor is thus in the same condition as in a busy call. 
The release of the register connector restores the 
register to normal which signals the common re 
lease circuit, and that circuit releases the num 
ber group circuit and restores itself to normal as 
previously described. When the calling Sub 
Scriber receives busy tone and disconinects, the 
junctor and Switch train is restored to normal as 
described in relation to the busy and revertive 
calls. 

Call to private branch eacchange trunk group 
Private branch exchanges may be operated 

with the System herein disclosed by the provision 
of certain additional equipment in the number 
group, by slight modification of the line equip 
ment, and by associating a plurality of the lines 
in the office (which then serve as private branch 
exchange trunks) with a private branch exchange 
switchboard. For each private branch exchange, 
a tube and relay combination, such as tube 
PX(49) and relay PX(49) must be provided in 
the number group. In each line circuit to be 
associated with a private branch eXchange, an 
additional contact must be provided on the in 
dividual lock-out relay in that line, such as the 
outer right-hand contact of relay LO2(8). In 
the present disclosure, one private branch ex 
change switchboard P. B. X(8) has been dis 
closed, with three private branch exchange trunks 
extending thereto, i. e., the line including line 
tube L2 (3), the line including line tube. If (9), 
and the line including line tube L2( ), although 
it is to be understood that additional lines may 
readily be associated with this private branch 
exchange, and that additional private branch 
exchange systems may be provided. The three 
private branch exchange trunks have been des 
ignated “400-1,” “401-1,' and '402-1' of which 
the former is here assumed to be the listed pri 
wate branch exchange number. The designation 
of any one of the P. B. X lines may be used as 
the P. B. X number, or, if preferred, a different 

It may 
be noted, as will be seen hereinafter, that there 
is no necessary relationship between the num 
bers assigned to the several private branch ex 
change trunks, and consecutive designations have 
been employed only for purposes of clarity. 
Let it be assumed that the subscriber desig 

nated 236-2 (Fig. 11) desires to communicate 
with a party who may be reached through the 
private branch exchange switchboard P. B. X(8). 
Although the designations of the other private 
branch exchange trunks may be listed for night 
connections, as will be described hereinafter, the 
listed number which the calling subscriber will 
dial is 600-d. Let it further be assumed that the 
calling party 236-2 has subscribed to a class of 
Service known as “message rate restricted,' i. e., 
the calling Subscriber is limited as to Which par 
ties he may call on a non-toll basis, and he is 
charged for the calls made on a message rate 
basis. 
As described in detail hereinbefore, the calling 

Subscriber initiates the call by lifting the re 
ceiver to close the SWitchhook contacts, relay 
If (t ) is operated, and the control circuits 
function to connect the calling Subscriber's line 
through the primary and originating Secondary 
Switches to a junctor, assumed to be junctor 
A(28), and through the operated cross-points, 
assumed to be cross-points 2039 and 2:32, of the 
register connector to the register, assumed to be 
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the register shown in detail. However, since this 
line has a “message rate restricted' class of 
service, When relay ON(3) in the register oper 
ates to operate relay CSC (5) as hereinbefore de 
scribed, the center-main anode of the cailing 
Subscriber's line tube L. (ii) is connected to poS 
itive 135-volt battery over a circuit including the 
winding of relay CL2(42). Line tube L (lf) will 
therefore momentarily transfer and relay CL2(42) 
will be operated. In a manner similar to that 
: described above in relation to the busy call, relay 
CL2(42), in operating, locks to ground, extin 
guishes the transferred conduction through the 
center-main anode of tube I, (ii), and Operates 
relay IMR (42) which also locks to ground. It 
will be assumed that the restrictions in the call 
ing party's service do not include the present 
called party, and therefore relay CL2(42) has 
no function in this call other than that above 
described. 
The operations then proceed as above described 

with the common release circuit extinguishing 
tube Li ( , ) so that further calls may be placed, 
the register transmitting dial tone, and the digits 
'400-1' being dialed, counted and stored in the 
Iregister. As before, at the conclusion of the 
fourth digit, relay RA (37) is operated to Oper 
late relay DC (39) which calls in the common 
release circuit, and operates relay OT ( 2) there 
in. If the release circuit is idle, relay OT(2) 
conditions this circuit for a terminating call, 
and if the common release circuit is busy on 
another originating or terminating call, relay 
OT(2) performs this conditioning when the 
common release circuit becomes idle as herein 
before described. When the common release cir 
cuit has operated, one of the lock-out tubes op 
erates in lockout to permit only one register to 
seize the number group. When lock-out tube 
LO (3), associated with the presently used reg 
lister, operates, relay LOf (13) is operated which 
operates relay MA(12). Relay MA(12), in op 
terating, removes main-anode battery from the 
line tubes to make certain that those tubes are 
extinguished as hereinbefore described, and also, 
in each call, interrupts that path over which 
main-anode battery is supplied to the PX tube, 
in the number group, associated with each pri 
wate branch exchange, i. e., the path from posi 
tive 135-volt battery, inner upper back contact 
of relay RLS (i2), conductor 213, back contact 
of relay MA(2), conductor 24, No. 4 contact 

- of relay C(i2), conductor 25 which extends 
through Fig. 14 to Fig. 15 and is there cabied to 
Fig. 49, through the network comprising resistor 
4924 and capacitor 4925, winding of relay PX(49), 
and to the center-main anode of tube PX(49). 
Therefore, when relay MA (42) is operated, it is 
insured that all of the PX tubes are extinguished. 

Relay LOE ( 3), in operating, also operates 
number group connector relay NGCB (4) which 
operates relay NGCA (46) as above described. 
Relay NGCB(4T), in operating, connects the 
cathodes of the tens and units storing tubes to 
the corresponding tens and units relays in Fig. 
47 thereby operating one of those relays in each 
group, i.e., since the registered tens. and ??nitS 
digits are both “0,” relays T50 (47) and U50 (47) 
will be operated. Relay NGCA (46), in Operating, 
operates relay HST (40) which momentarily op 
erates relay HP (49) as above described. Relay 
HP (4G) momentarily connects full 135-volt bat 
tery to the main anodes of the hundreds storing 
tubes, thereby causing a positive pulse to be trans 
mitted from the main cathode of that hundreds 
tube which is conducting, and through the op 
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erated contacts of relay NGCB (4) to the proper 
hundreds conductor in the number group. Wjith 
the aSSuined hundreds digit “4,' therefore, a 
positive pulse Will be transmitted over the '4' 
hundreds conductor 4722 to the number group. 
While relay HP(60) is operated, full negative 
battery is connected, and after relay Hi(S0) is 
-released negative battery is connected through 
the Winding of relay BY (4), through the oper 
ated contact of relay T5(4) to the propertens 
conductor, in this case the '0' tens conductor 
& 723 to the number group. While relay HP (49) 
is Operated, ifull positive battery is connected, and 
after relay HP (43) is released, positive battery is 
connected through the winding of relay B (40), 
through a front contact of operated relay 
HST (4G) through the operated contact of relay 
U50 (4) to the proper units conductor, in this 
Case the '0' units conductor 424 to the number 
group. - 

At the cross-connection terminals (Fig. 49) 
in the number group, instead of connecting 
conductors 4724, 4723, and 4722 to conductors 
4928, 4927 and 4928, Which extend to the termi 
nating units, tens and hundreds electrodes of 
tube L2(8) as Would normally be done, these 
conductorS are croSS-connected to the correspond 
ing electrodes of tube PX(49). Thus, the units 
conductor 424 is connected to conductor 4329 
Which extends to the right-hand aain or units 
anode of tube FX(39); the tens conductor. 423 
is COilected to conductor 493. Which - extends 
thirough resistor. 93 to the right-hand-control or 
€ins cathode of tube. PX(59) ; and the hundreds 
conductor 47.22 is connected to conductor 4932 
Which extends through resistor 933 to the right 
hand control or hundreds anode of tube. PX(49). 
Therefore, a positive 135-volt potential is con 
Ilected to the right-hand main-araode of all those 
line tubes and of all those PX tubes having a 
'0' as the units digit of their designation, a 
negative potentiai is connected to the right-hand 
control cathode of all those line tubes and of all 
those PX tubes having a '0' as the tens digit of 
their designation, and a positive pulse is applied 
to the right-hand control anode of all of those 
line tubes and of all those PX. tubes having a 
'4' as the hundreds digit of their designation. 
Since line tube L2(8) is not cross-connected in 
Fig. 49, tube PX(49) is the only tube in the system 
Which will both undergo a control gap discharge 
and a first transfer whereby conduction Will exist 
between the right-hand main anode and the 
right-hand coiatrol cathode thereof. 
it will be recalled that when any line is busy 

under- a? established connection, the hold magnet 
and the lock-out relay in that line circuit are op 
erated. Thus, if the private branch exchange 
trunk 400- is busy, hold magnet HOLDB (8) and 
lock-out Irelay LO2(8) will be operated. Simi 
larly, if private brainch exchange tunks 49- and 
392- are also busy, hold naagnets O (9) and 
LO2(f) will also be operated. In the event 
that this condition exists, that is, if all trunks 
are busy, a circuit is cornpleted from ground, 
Nos. 3 and 2 contacts of relay. NGCB (47), con 
ductor' 4725, baek centact of relay PX(49), con 
ductor A934 which is cabled to Fig. 11 and then 
extends to Fig. 8, Outer right-hand front contact 
of operated relay LO2(3), conductor. 86, outer 
right-hand front eontact of operated relay 
LO (), conductor 935, e outer right-hand.front 
contact of operated relay LO2( ), conductor 

89 which is cabled to Fig. 49, and to the main 
cathode of tube PX(49). It may be noted that 
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2875, No. 8 contact of operated relay DL (28), 
conductor 2876 which is cabled to Fig. 18, 
through the operated cross-point of the ori 
ginating secondary switch, assumed to be cross 
point 821, conductor (822, through operated 
cross-point || 103 of the primary switch, conduc 
tor , winding of message register MRA ( ), 
and to ground, thereby operating the calling Sub 
scriber’s message register for charging pu”poSeiS. 
It may be noted that non-message rate lines are 
not provided with message registers, that the 
energizing circuit for the message register is 
only completed when the path between the par 
ties is fully established and conversation has en 
sued, that the energizing path for the message 
register includes a back contact of relay BY( 28) 
so that the message register cannot be operated 
if the called subscriber's line is buSv, and that 
the corresponding conductor, in this case con 
ductor 2877, to the called suhscriher is opened at 
the No. 9 contact of relay DL (28) whereby the 
called subscriher's message register will not be 
operated, if that subscriber be provided with 
Such. s 

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

It may be noted that the terminating control 
electrodes, i. e., the right-hand main anode and 
the right-hand contro gap electrodes of the line 
tubes I, (9) and L2( t ) are cross-connected to 
the proper hundreds, tens, and units conductors 
in Fig. 49 in the normal fashion. Therefore, if 
either 4 - or 42- is dialed, the connection to 
the private branch exchange switchboard will be 
established as on a regular call, with the busy 
idle-vacant test being made in the normal fash 
ion, and with no successive hunting of the trunks 
occurring if the called line is busy. The addi 
tional trunks (not shown) to this private branch 
exchange may be similarly connected. By virtue 
of this provision, the trunks designated 4f 
and 402-f, and other private branch exchange 
trunks, may be set up as night listings, these 
trunks being associated at the private branch 
exchange switchboard with selected lines in the 
private branch exchange during the night or 
other period during which the private branch 
exchange Switchboard is not manned. 

Outgoing trunk call to aero operator 

Since the subject System is designated to be 
fully automatic and unattended, an operator may 
be reached only via a trunk to the district master 
office represented at the upper right in Fig. 7. 
Let it be assumed that a party at the post-pay 
ment coin station 58-3 (Fig. 7), desiring assist 
ance, desiring to place an outgoing tandern call, 
Or for Some other reason, calls the operator by 
dialing “0.’ When the calling party lifts the 
receiver 9 from its hook 72, the switchhook 
contacts 3 are closed and a circuit is com 
pleted from negative battery, winding of relay 
L4 (9), outer left-hand back contact of hold mag 
net HOLIDC (9), conductor 937, No. 8 contact of 
relay D(t), conductor 04, switchhook contacts 
793, coin contacts 795, conductor 706, No. 2 con 
tact of relay D(7), conductor TO, and through 
the middle left-hand back contact of hold mag 
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net HOLDCC9) to ground. The operation of re 
layL4(9) fires tube L4(9) and the operations pro 
ceed as hereinbefore described whereby the call 
ing party's line is connected through the primary 
and secondary switches to a junctor, assumed to 
be junctor A (28), and through the register-con 
nector to a register, assumed to be the register 
shown in detail. However, since the party is 
calling from a post-payment coin line, when the 
register is seized and thereby operates relay 
CSC (4) as before described, the center main 
anode of line tube L4(9) is connected to positive 
battery through the winding of relay CL3 (42) 
whereby tube L4(9) undergoes an additional 
transfer and relay CL3(42) is operated. Relay 
CL3(42) locks operated, extinguishes the last 
mentioned transfer in tube L4(9), and operates 
relay CN(42) which locks, all in a manner simi 
lar to that hereinbefore described. Since a, calli 
to zero operator is not restricted in any class-of 
service, relay CL3(42) performs no other func 
tion than that above described in this call. 
Upon seizure, the register causes the opera 

tion of the common release circuit which pre 
pares the line and line link circuit for handling 
other calls as hereinbefore i described. Te reg 
ister transmits dialtone to the calling Subscriber, 
and the subscriber dials the digit “O.' The reg 
ister functions as before described With relay 
RA(37) operating and the ten pulses representing 
the digit “0' being counted on the counting chain 
of Fig. 36, tubes R50(36) and RA5(36) thereof 
being discharged. Preliminary pulse absorbing 
is accomplished as above discussed, and when the 
digit "O' is received in the register, relay AD (37) 
Will be operated since more than one pulse was 
received. As previously described, relay P (35) 
is Operated at the first pulse of the first digit, 
and upon the operation of relay RA (37) dur. 
ing the delay following the receipt of this first 
digit, negative battery is connected through front 
Contacts of relays RAI (37), AD (37) and P (5) 
to conductor 3506 whereby a negative potential is 
applied to the left-hand control cathodes of the 
hundreds storing tubes His (38) to HA5 (38), and 
tubes H50(38) and HA5(38) therein are fired 
to Store the hundreds digit “O.' Since relay 
RA5(36) is operated as a result of the conduction 
through tube RA5(36), the negative potential on 
Conductor 3506 is also extended through the 
No. 11 contact of operated relay RA5(38), and 
through resistor 3654 to ground whereby a nega 
tive potential is applied through resistor 3355 to 

The negative potential on con 
ductor 3656 is applied to the left-hand contro 
Cathodes of trunk tubes TKT (39), TK9 (39) and 
other similar trunk tubes (not shown) for a pur 
pose hereinafter to be described. The negative 
potential on conductor 3656 is also applied 
through the No. 9 contact of relay OPR (42), 
through conductor 422, and through resistor 
353 to ground whereby a negative potential is 
applied to the right-hand control cathode of tube 
TKO (36). Main anode battery is supplied to tube 
TKO (36), and also to tubes TKT (39) to TKS (39) 
and to tube NT (40), through resistor 365 and 
Conductor 4002 which is supplied with positive 
135-volt battery through the contacts of relay 
SR(3) as hereinbefore described. With tube 
R58(36) conducting, the main cathode of that 
tube Will rise in potential, and this potential is 
applied through conductor 3638 and through re 
Sistor 3658 to the right-hand control anode of 
tube TKO (36). Tube TKO (36) will undergo a 
discharge across its right-hand control gap and 
































































