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This invention relates to multi-exchange com 
munity automatic telephone systems. Its main 
object is the production of a new and improved 
multi-Office community automatic telephone ex 
change System capable of giving more efficiently 
and Satisfactorily the services ordinarily found 
necessary in Such systems. 

GENERAL DESCRIPTION 
The tern community automatic telephone sys 

ten as used herein refers to an automatic tele 
phone System arranged to provide telephone serv 
ice in a Small community, usually a town or 
village and its environs. A network of such 
eXchanges may be provided by interconnecting 
two or more of them by trunk lines to enable sub 
Scribers of any such exchange to call those of 
the other exchanges. 
Many problems are encountered in connection 

With community automatic exchanges which are 
not commonly met with in the larger automatic 
eXchanges provided in cities. For example, the 
lines interconnecting a community automatic 
eXchange with another exchange are usually so 
Small in number that their efficient use requires 
each of them to be equipped for two-way oper 
ation, and to be equipped to furnish toll as well 
as local service. Moreover, the number of lines 
served by Such an exchange is ordinarily so Small 
(from a few dozen to two hundred, for example), 
and the offered traffic is consequently so small, 
that the efficient use of the connecting links re 
guires that each of then be arranged to handle 
all classes of calls, including local subscriber-to 
SubScriber calls, interexchange subscriber-to 
subscriber calls, originated and received toll calls, 
calls to single-party and multi-party lines, revert 
ing calls, calls from pay-station lines, and calls 
to a P. B. X (private branch exchange). 
The invention is disclosed as embodied in a 

multi-exchange network of community automatic 
eXchanges, including at least two community 
automatic exchanges interconnected with each 
Other by tWO-Way trunk lines, one of the com 
munity automatic exchanges (termed the tandem 
exchange) being interconnected by two-way 
trunk lines with each of two manual exchanges. 
The invention is further illustrated as applied 

to a SWitching arrangement wherein the con 
nections are set up in a community automatic 
eXchange through the medium of any one of a 
number of finder-connector links, each such link 
including relay SWitching mechanism comprising 
a finder having access to all the lines of the ex 
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comprising a connector having access to all the 
lines of the exchange. 
The disclosed system includes the following fea 

tUlreS: 
1. The finders and connectors have a full capac 

ity of two hundred line multiples, each such mul 
tiple comprising three conductors, commonly re 
ferred to as tip, ring, and sleeve conductors. 
Each line multiple is provided with a line cir 
cuit for controlling the operation of the finders. 

2. Connections involving interexchange trunk 
lines are made through the finder-connector links 
by assigning certain of the line multiples to such 
trunk lines instead of to Subscriber lines. The 
full capacity of an exchange in the illustrated 
example is therefore two hundred lines of all 
kinds, including Subscribe lines and trunk lines. 
Connections incoming from any subscriber line 
or trunk line are made through the finder por 
tion of the calling line multiple, While connec 
tions to any Subscribed line or trunk line are 
made through the connector portion of the called 
line multiple. 

3. In the illustrated example, the two hundred 
line nultiples comprise two hundreds groups. 
The first hundreds group comprises line multiples 
#211 to #200, while the second hundreds group 
comprises line multiples #411 to #400. The first 
hundreds group is commonly called by the hun 
dreds digit 2, but is also reached when the hun 
dreds digit 3 is called, While the second hundreds 
group is commonly called by the hundreds digit 
4, but is also reached when the hundreds digit 5 
is called. When a party line is being called, the 
hundreds digit used to obtain access to the con 
Cerned hundreds group of line multiples deter 
mines whether the call is for a first group of ten 
stations on the called party line or is for a sec 
Ond group of ten stations thereon. The party 
digit, which follows the tens and units digits in 
the number, then Selects one of the ten stations 
in the selected group, enabling any party line 
to have as many as twenty stations connected 
theretO. 

4. Each connector is so arranged that it makes 
connection. With an idle one of a called group 
of interexchange trunk lines responsive to the 
dialing of a single digit assigned to such group. 
The basic wiring of the connectors is such that 
the initial digits 0, 9, 8, and 7 are associated 
respectively with the tens subgroups 1, 2, 3, and 4 
in the first hundreds group of line multiples. 
This arrangement has the special advantage that 
connectors with the same basic wiring can be 

change, and other relay switching mechanism 55 installed in small community automatic ex 
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changes, where only a Small number of line mul 
tiples are initially installed, as Well as in larger 
community automatic exchanges, where all line 
multiples may be initially installed; for, when 
only a small number of line multiples are ini 
tially installed, such line multiples are those in 
the first few tens. Subgroups of the first hundreds 
group of line multiples. 

5. Each connector is arranged to switch through 
(disconnect its bridges and connect its incom 
ing tip, ring, and sleeve conductors respectively 
With the corresponding conductors of the called 
multiple) when an interexchange trunk-line 
group is called. In order to avoid the necessity 
of providing each connector with individual ar 
rangements for hunting over the trunk lines of a 
called group for an idle one, each trunk-line group 
is provided with an allotter, and arrangements are 
associated with the allotter for marking the iden 
tity of the next idle trunk line of a group to be 
taken for use by a connector. Any connector 
involved in calling a trunk-line group makes con 
nection with the marked idle trunk line. Ar 
rangements are further provided for giving call 
ing COnnectors acceSS to the allotters, only one 
at a time, in the event that two or more calls 
are being made contemporaneously to the trunk 
line groups. 

6. In the illustrated example, each of the com 
munity automatic exchanges is arranged to be 
normally unattended. For this purpose, each of 
the line circuits is provided with circuit arrange 
ments operating to lock the associated line out, 
Of normal Service at any time When a connection 
With Such line is broken during the existence of 
a grounded or bridged condition on the associ 
ated line. Such lockout condition is maintained 
until the associated line is subsequently returned 
to normal, or noncalling, condition. None of the 
common finder-connector links can be taken for 
use by a line during the time its individual line 
circuit is in lockout condition. 

7. Each connector is provided with a release 
timer arrangement operableto clear out the con 
nector and the aSSociated finder within two to four 
minutes following the taking of the link for use, 
provided the complete number has not been dialed 
during this time, or the called Subscriber has 
not answered. This same timer arrangement op 
erates to clear out any finder-connector link with 
in two to four minutes after the called subscriber 
has replaced his receiver, provided the receiver is 
still unreplaced on the calling line. The lockout, 
line circuits cooperate With the release-timer ar 
rangement Of the connectors to maintain the find 
er-connector links free for the handling of cur. 
rent calls by locking out of service the lines in 
inactive, unnormal condition when connection 
thereWith is broken by the clearing out of a finder 
or connector. 

8. Overloading of the finder-connector links by 
prolonged local conversations thereover is avoided 
by releasing any local connection over which con 
versation has been proceeding for from six to eight 
minutes, for example, which result is accom 
plished by additional release-timer arrangements 
associated with each connector. The concerned 
lines do not thereupon come into the finders as 
calling lines because the concerned line circuits 
are brought into lockout condition as above men 
tioned responsive to the connection being cleared 
Out, and So remain until the concerned lines are 
returned to normal condition, as by the replace 
ment of the receivers thereon. 

9. Each connector is a combined toll and local 
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4 
connector normally conditioned for giving toll 
service (with the conversation-tinning arrange 
ment ineffective, and with a busy-verification ar 
rangement effective), and has a detector relay 
asSociated with its sleeve conductor and operable 
thereover following the last digit to change the 
connector over to local operation unless the call 
being handled is from one of the manual ex 
changes. 

10. Each connector is arranged to reverse the 
current flow over its incoming tip and ring con 
ductors when the called subscriber answers, so 
as to give answered supervision to a calling man 
ual-exchange or P. B. X operator, as well as to 
require a calling post-payment pay-station sub 
Scriber to deposit a coin before conversing. 

11. Each manual-to-automatic trunk line is 
provided with a repeater in the automatic ex 
change, interposed between the two-conductor 
interexchange portion of the trunk line and the 
asSociated three-conductor switchboard multiple. 
Each Such repeater is arranged to identify any 
callincoming therethrough as a manual-exchange 
call, by applying an identifying ground potential 
to the sleeve conductor of the associated multiple. 
A Special feature of this arrangement is that such 
grounding of the sleeve conductor by the repeater 
is rendered initially responsive to the grounding 
of the sleeve conductor of the multiple by a 
Seized connector, whereby the cutoff relay of the 
associated line circuit is not prematurely oper 
ated to disconnect the line relay before the re 
quired finder operation has occurred. 

12. On calls incoming to the automatic ex 
change from a manual exchange, the manual 
to-all tomatic repeater is arranged to repeat super 
Vision (answering, recall, and disconnect) from 
the called line to the manual exchange. 

13. Each of the said manual-to-automatic re 
peaters is arranged, when seized in the automatic 
exchange, to apply a holding ground potential to 
the associated sleeve lead to hold the preceding 
portion of the connection under the control of the 
calling line. The repeater is further so arranged 
that, from the time the operator answers until 
she disconnects, the maintenance of holding 
ground potential on the sleeve lead associated with 
the repeater is removed from under the control 
of the calling line, enabling the calling subscriber 
to transmit recall signals to the operator by hook 
SWitch Operation without causing the connection 
to be released, such signals being relayed by the 
repeater. 

14. Each of the manual-to-automatic repeaters 
is So arranged that, when it is employed as an out 
going repeater on a manual-to-manual call 
through the tandem automatic exchange, it relays 
Supervision from the called manual exchange back 
to the incoming manual-to-automatic repeater, 
Whereby such incoming repeater operates to re 
peat Supervision to the calling manual-exchange 
Operator. 

15. When the manual exchange is called from 
any of the automatic lines, the concerned called 
manual-to-automatic repeater does not reverse 
battery to the calling line, whereby calling auto 
natic pay-station subscribers may converse with 
the Operator without depositing a coin. Whether 
or not a manual-to-automatic repeater reverses 
battery when the manual exchange operator an 
SWerS a call from or through the automatic ex 
change is controlled by a detector relay in the 
repeater. This detector relay determines wheth 
er or not ground potential is being received by 
the repeater over the sleeve conductor, as it is 
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Only in case the call is from the other manual 
exchange. 

16. Each manual-to-automatic repeater is ar 
ranged to momentarily couple the associated 
sleeve conductor inductively with the associated 
talking conductors when the operator answers a 
Call extended to her Switchboard from the auto 
matic exchange, whereby the operator is able to 
hear and identify any class-tone signal which 
may be applied to the sleeve conductor of the 
currently calling line. 

17. In order to enable calls to be made be 
tWeen the automatic exchanges with the same 
operational effect as though the called line were 
One terminating in the calling exchange, each of 
the two-way trunk lines interconnecting the tan 
dem automatic exchange With a terminating au 
tomatic exchange is provided at each end with a 
two-way repeater. 

18. On a call from the tandem exchange to a 
terminating exchange, the repeater in the tan 
dem eXchange momentarily unbalances the cur 
rent flow in the interexchange trunk line follow 
ing the dialing of each digit in the number of 
the terminating-exchange line, provided the call 
is from a manual eXchange. This operation is 
controlled by a detector relay in the repeater, 
connected in the incoming sleeve lead. 

19. A differential detector relay in the re 
peater in the terminating exchange responds to 
the above unbalancing operation, if it occurs, to 
condition such repeater to extend ground po 
tential ahead over the Sleeve conductor to re 
produce in the terminating exchange the ground 
ed-sleeve condition produced in the tanden ex 
change by a call from a manual exchange. 

20. The repeater in the terminating exchange 
relays Supervision to the repeater in the tandem 
exchange, which in turn relays it to the calling 
line. 

21. On calls from the terminating exchange, to 
or through the tandem exchange, the repeater 
in the tandem exchange places ground potential 
on the associated sleeve lead, whereby, in case the 
call is for One of the manual eXchanges, the 
manual-to-automatic repeater is conditioned to 
send back reverse-battery supervision when the 
manual operator answers. Such reverse-battery 
supervision is relayed back by the repeater in the 
tandem exchange to the repeater in the termi 
nating exchange, and is there used to cause class 
tone, if present on the sleeve lead, to be momen 
tarily transmitted to the talking circuit to in 
form the operator of the classification of the 
calling line. 

22. The reverse-battery Supervision received 
by the repeater in the tandem exchange pursu 
ant to the above class-tone application, is not re 
layed back to the calling line, as is done When 
answered supervision is received at such re 
peater when a subscriber line is called, whereby 
pay-station subscribers of the terminating ex 
change do not have to deposit a coin before con 
versing with the operator. The relaying back of 
answered supervision by the repeater in the 
terminating exchange is controlled by a digit 
counter, and is thereby prevented when only a 
single digit required to reach a manual eXchange 
has been dialed after seizure of the terminating 
to-tandem repeater. 

23. The reverse-battery SuperVision received 
by the repeater in the terminating exchange pur 
suant to class-tone identification also conditions 
the latter repeater for the holding of the con 
nection in the terminating exchange until it is 
cleared out in the called manual exchange, per 
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6 
mitting hookswitch signals and disconnect su 
pervision to be transmitted from the calling ter 
minating-exchange line, through the tandem ex 
change, to the called manual exchange. 

24. On the interexchange calls from the ter 
minating exchange, the ground potential sent 
ahead over the sleeve conductor by the repeater 
in the tanden exchange for the purpose above 
noted is temporarily removed during (and for a 
short time following) the dialing of each digit, 
Whereby Such ground potential is absent. When 
the connector tests for it by its detector relay, im 
mediately following the receipt of the final digit 
in the number. The normal changeover of the 
connector from toll operation to local operation 
is thus not interfered with. 

The dratings 

The accompanying drawings, comprising Figs. 
1 to 16, show a sufficient amount of equipment in 
a telephone system embodying the features of 
the in Vention tO enable the in Vention to be Un 
derStOOd: 

Fig. 1 shows the paths taken by the trunk lines 
interconnecting exchanges of the system; 

Fig. 2 is a diagram showing the scheme of the 
arrangement in the exchanges of Fig. 1: 

Figs. 3 to 13 are drawings showing the circuit 
arrangements of the apparatus of Fig. 2; 

Fig. 14 shows the intended arrangement of the 
sheets on which the three parts of Fig. 2 are 
drawn; 

Fig. 15 shows the intended arrangement of the 
sheets on which Figs. 3 to 10 are drawn; and 

Fig. 16 shows the intended arrangement of the 
sheets on which Figs. 1 and 11 to 13 are drawn. 

The System, 

As shown in Fig. 1, the system includes a pair 
of manual exchanges A and B and a pair of auto 
matic exchanges C and D. The exchanges C 
and D are community automatic exchanges, each 
arranged to serve a separate community. 
As indicated in Fig. 1, the community auto 

matic exchanges C and D are interconnected by 
a group of two-way trunk lines. The digit 6 
placed within the circle adjacent the line repre 
Senting the group of two-way trunk lines is in 
tended to indicate that there are six such trunk 
lines in the illustrated example. “ita' adjacent 
exchange C indicates that the C to D interex 
change trunk-line group is reached in exchange 
C by the dialing of the digit 8, while “#0' adja 
cent exchange D indicates that the C to D inter 
exchange trunk-line group is reached in exchange 
D in the illustrated example responsive to th 
dialing of the digit 0. - 

Similarly, it is indicated that there are seven 
two-Way trunk lines interconnecting exchanges A 
and C, reached in exchange C responsive to the 
dialing of the digit 0, and that there are five two 
Way trunk lines interconnecting exchanges B and 
C, reached in the exchange C responsive to the 
dialing of the digit 9. 
The arrangement illustrated in Fig. 1 is fur 

ther intended to indicate that an operator at ex 
change A can extend connection to exchange B 
through the tandem automatic exchange C by 
taking an A-to-C trunk line for use and dialing 
the digit 9, While an operator at eXchange B can 
similarly extend connection to exchange Aby tak 
ing a B-to-C trunk line for use and dialing the 
digit 0. Fig. 1 is further intended to indicate 
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that a subscriber of the terminating exchange D 
can reach manual eXchange A. by dialing the dig 
itS 0 and 0 and can reach the manual exchange B 
by dialing the digits 0 and 9. 

Referring now to Fig. 2, comprising parts 1 
to 3, the manual exchanges A and B of Fig. 1 
are indicated by rectangles in the upper left-hand 
Corner of part 1; the tandem community auto 
matic exchange C is represented by the rectangle 
covering a portion of part 1 and a portion of part 
2; and the terminating community automatic ex 
change D is represented by the rectangle in part 
3 of Fig. 2. 

Manual eacchange A. 
The equipment in exchange A includes the jack 

J, illustrative of the jacks through which the 
Subscriber lines of exchange A. are reached; the 
jack J2, illustrative of the jacks through which 
toll lines connected with exchange A are reached; 
the cord circuit CC?, and the jacks J3 to J5 
which are three of the seven jacks representing 
the manual-exchange terminals of the seven as 
Sociated interexchange trunk lines, of which 
trunk lines A-T, A-T2, and A-T7 are indi 
cated in Fig. 2. 
The equipment in the manual exchange A fur 

ther includes a trunk circuit interposed between 
each of the two-Way interexchange trunk lines 
and the corresponding Switchboard jack. The 
trunk circuits for the indicated trunk lines are 
respectively A-TC, A-TC2, and A-TCT. 

Manual eacchange B 
Similarly, the equipment in exchange B in 

cludes the subscriber-line jack JS, cord circuit 
CC2, trunk jacks J7 to J9, and trunk circuits 
B-TC, B-TC2, and B-TC5. 

Tandem automatic ecchange C 
As previously noted each of the community 

automatic exchanges includes finder-connector 
links each having a full capacity of two hundred 
line multiples. Finders F, F2, and FX are indi 
cated in exchange C, linked respectively to con 
nectors C, C2, and CX by the links L., L2, and 
LX. The 'X' designation with respect to the 
last link is used because the number of links re 
quired is indefinite, in that it depends on the 
traffic requirements of any specific installation. 
The line multiples are divided into groups of 

ten multiples to the group, the tens groups being 
represented respectively by the twenty lines ex 
tending horizontally below the rectangles indi 
cating the finders and connectors. These twenty 
horizontal lines thus indicate the full number of 5 
two hundred line multiples. 
The tens subgroups of line multiples are some 

times referred to as "levels.” Using this expres 
sion, each of the finders and connectors has 
twenty levels of contacts (ten sets of contacts to 
a level) and each of the short heavy horizontal 
lines below a finder or connector represents a sep 
arate one of Such levels of contacts. In the relay 
type of Switching mechanism herein illustrated, 
each such level is represented by a separate gang 
relay carrying ten sets of contacts. Certain of 
these gang relays are shown in Fig. 11 for the 
finder Fl and in Fig. 13, part 5, for the con 
nector Cí. 
The upper set of levels of the finders and con 

nectors comprises the first hundreds group and 
this hundreds group is reached as previously noted 
when either of the hundreds digits 2 and 3 is 
dialed. The lower set of levels comprises the Sec 
Ond hundreds group, which, as previously noted, 
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8 
is reached when either of the hundreds digits 4 
and 5 is dialed. The ten levels in each hundreds 
group have the tens digits 1 to 9 and 0 assigned 
respectively thereto, as is indicated below the 
finder F and below the connector C. 
Each of the line multiples has a line circuit 

connected thereto. The line circuits LC-2 , 
LC-2 Í2, and LC-2 í7, for example, are connected 
respectively with line multiples #2, #22, and 
#2fT, being line multiples , 2, and 7 in the first 
level of the uppermost hundreds group of the 
finders and connectors. Line circuit LC-2 f is 
shown in the circuit drawings in the upper right 
hand portion of Fig. 8. Other of the line circuits 
indicated in Fig. 2, part 2, are shown in Figs. 3, 
5, and 10, being line circuits LC-22, LC-23, 
LC-25, LC-202, LC-203, and LC-4 f. All of 
these line circuits are identical, as will be noted, 
and each of them has a pair of individual 'mark' 
conductors (a tens conductor and a units con 
ductor). These mark conductors are indicated 
Schematically in Fig. 2 by the short lines extend 
ing to the left from the bottom of the rectangles 
indicative of the line circuits. As indicated by 
the bracket and by the line extending therefrom 
to the distributor DR, such mark conductors ex 
tend to the distributor, and control the distributor 
so as to cause the currently allotted finder to be 
Set on the individual nultiple associated with the 
currently calling line. 
The uppermost or 0 level of the '2' hundreds 

group of line multiples (the upper one in Fig. 2) 
in exchange C has line circuits LC-0 to LC-00 
aSSOciated respectively with the ten multiples 
thereof, of which line circuits LC-20 to IC-203 
are shown. The first multiple in this tens group 
is illustrated as serving the twenty-party line 
#20 ;3f. That is, the same line is reached re 
sponsive to the calling of either 20 or 3. When 
fully equipped, this party line has ten substations 
#20 i to # 200 and ten substations #38 i f to 
#300, at total of twenty substations. For con 
venience of illustration, only the first, second, and 
last substation in each tens group on the twenty 
party line are shown. 

Line i2O2, aSSociated with the correspondingly 
numbered line multiple and with line circuit LC 
202, is illustrated as a four-party line, such as 
may be used for residential party-line service 
within the town or village. The directory num 
bers of the substations on four-party line #232 
may be #202 to #2024. 

Line multiple #203, associated with line circuit 
LC-203, is illustrated as Serving pay-station line 
#203, having pay station #203 thereon (the party 
digit i being added to the line designation of each 
individual line to make the directory numbers 
uniform in the number of contained digits). 
The other line multiples of the above tens group 

may be arranged to serve either party lines or 
individual lines, and any station may or may not 
be a pay station, as desired. The same is true of 
the line multiples in the other tens groups. 
The '5' level in the '2' hundreds group is illus 

trated as associated with ten P. B. X li?ts if 25 
to #250, extending to P. B. X #25 . The con 
Cerned multiples are aSSociated respectively with 
line circuits such as LC-25, LC-252, and LC 
250. 
As will be hereinafter described, the arrange 

ment is such that the first P. B. X line if 25 is 
taken for use, if idle, when the P. B. X directory 
number 25 is called. If the first linc is busy, 
the first idle one of the subsequent lines is taken 
for use and the call is completed thereover, the 
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connection being denied and the busy signal re 
turned only in case all P. B. X lines are in use. 
On the other hand, if the number of any line in 
the P. B. X group other than that of the first line 
is called, connection is completed to the particular 
line called, if it is idle, but the connection is denied 
anda busy Signal is returned ifthat iline is busy. 

It is to be noted that the levels , , and 3 of the 
'2' hundreds group in addition to the respective 
level designations, have the designations (0), (9), 
and (8) respectively applied thereto below the 
connectors. This is intended to indicate that, 
When the digit in parenthesis is called as a first 
digit, the connector in use operates as a single 
digit connector to make connection with the first 
idle interexchange trunk line served by the level 
to which the dialed single-digit number is a S 
Signed. For example, it was pointed out in con 
nection. With Fig. 1 that the dialing of the single 
digit number 0 in exchange C results in the ex 
tension of connection from exchange C to ex 
change A over an idle one of the seven two-way 
interexchange trunk lines between exchanges A 
and C. These seven trunk lines are served by the 
first seven line multiples in the first level of the 
"2” hundreds group in Fig. 2, these multiples hav 
ing associated therewith line circuits such as 
LC-2?, LC-22, and LC-27. The illustrated 
ones (A-T, A-T2, and A-T) of these sever 
trunk lines extend in exchange C respectively to 
the repeaters OR-, OR2, and R-7. The 
SWitchboard side of such of the repeaters BR 
to OR-7 is connected respectively with the mul 
tiples aSSOciated with line circuitS LC-2 i? to 
LC-27. 

Similarly, the dialing of the digit 9 in exchange 
C Causes the connector in use to extend connec 
tion by way of an idle one of the first five mull 
tiples in the second level of the '2' hundreds 
group, through one or another of the repeaters 
such as 9R- to 9R-5, and over a trunk line such 
as B-T to B-T5, to exchange B. 
The dialing of the digit 8 in exchange C results 

in connection being extended by the connector in 
use through an idle one of the first six multiples 
in the third level of the '2' hundreds group, 
through one or another of the repeaters such as 
8R-1 to 8R-6, and over one of the trunk lines 
C-T to C-T6, to exchange D. 
One of the lines associated with the '4' hun 

dreds group of line multiples is shown. This is 
the twenty-party line #4 ; 5 , associated with 
line circuit LC-4 and the correspondingly 
numbered line multiple. This line may have ten 
substations #4 to #40 thereon indexed by 
the calling of the hundreds digit 4, and ten other 
Substations #5 to #5 ?o thereon indexed by 
the calling of the hundreds digit 5. 

Terminating attomatic eacchange D 

The arrangement of finder connector links, line 
multiples, and line circuits in exchange D is simi 
lar to that above described in exchange C. Con 
nectors C’ to CX are illustrated as linked re 
Spectively by links Lil' to LX' with the finders F.' 
to FX', such finders being controlled by the dis 
tributor DR.' under the control of the line circuits, 
Such as LC-2), for example. 
AS is indicated by the designation (0) applied 

to the first level of the '2' hundreds group in 
exchange D, such level is used, when the single 
digit number 0 is dialed, to give access to the 
interexchange trunk lines C-Ti to C-T6, by 
Way of the repeaters Rf to R6, the first six line 
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10 
multiples in this level being used for this pur 
pOSe. - 

With respect to each of the eXchanges C and D, 
it will be understood that in any level assigned to 
interexchange trunk lines, any line multiple not 
required for the interexchange trunk line group 
may be used for a subscriber line and called by 
the regular directory number assigned according 
to the position occupied by the concerned multi 
ple. This is illustrated by line #27 of exchange 
D, serving individual-line substation #27, con 
nected to the seventh line multiple in the same 
tens subgroup serving the six interexchange trunk 
lines C-T to C-T6. 
The other illustrated Subscriber lines of ex 

change D are the twenty-party line 20?; 30 , 
and the pay-station line #202. 

The circuit drawings 
The Circuit dira, Wings shown in Figs. 3 to 13 

Will now be described generally. Fig. 3 shows the 
location of the trunk circuit B-TC in exchange 
B (a duplicate of trunk circuit A-TC, Fig. 7) 
interposed between the jack JT and the inter 
eXchange trunk line B-T. Fig. 3 also shows 
the location of the repeater 9R- in exchange C 
(a duplicate of the repeater OR-f, Fig. 8) inter 
posed between the interexchange trunkline B-T 
and the line circuit LC-22, with its associated 
line multiple #22. 

Fig. 4 shows the circuit location of the trunk 
allotters TA-8 and TA-9, associated respec 
tively with the interexchange trunk groups 
reached responsive to the dialing of the single 
digit #8 and #9. Each of these allotters may be 
Similar to the trunk allotter TA-O (Fig. 9). 

Fig. 5 shows the automatic-to-automatic re 
peater 8R- in exchange C, interposed between 
the line circuit LC-23 with its associated line 
multiple #23, and the interexchange trunk line 
C-T. - 

Fig. 6 shows the automatic-to-automatic re 
peater R, in exchange D, interposed between the 
interexchange trunk line C-T and the line cir 
cuit LC-2 with its associated line multiple 
#211? 

Fig. 7 shows the trunk circuit A-TC in man 
ual eXchange A interposed between the jack J3 
and the interexchange trunk line A-T?. Fig. 7 
ShoWS also a portion of cord circuit C, the call 
ing device (or “dial') CD, and the dial key K. 

Fig. 8 shows the manual-to-automatic repeater 
OR-f in the tandem exchange C interposed be. 
tWeen the interexchange trunk line A-T and 
line circuit LC-2 ft with its associated line mul 
tiple #2 || . 

Fig. 9 shows the P. B. X line allotter LA asso 
ciated with the ten P. B. X lines interconnecting 
the tandem exchange and P. B. X #25 (, Fig. 10. 
Fig. 9 shows also the trunk allotter TA-O asso 
ciated with the repeaters serving the interex 
change trunk lines interconnecting tandem ex 
change C and manual exchange A, including the 
repeater 0R-I (Fig. 8) : 

Figs. 4 and 9 together show the cable 300 (lead 
ing thereto from Fig. 13, part iO) which inter 
connects the connectors of the tandem exchange 
with the allotters PA-8 and PA-9 of Fig. 4, and 
IA and PA-0 of Fig. 9. Each of these allotters 
is provided with a connecting relay such as 953, a 
busy relay Such as 954, and an overflow meter 
such as 956. 

Fig. 10 shows a rectangle indicative of the 
P. B. X #25 ft, together with three of the ten 
P. B. X lines; line circuit LC-25A, connected with 
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the corresponding line multiple #25; the four 
party party line #202 and line circuit LC-202, 
connected with the associated line multiple #202; 
pay station #203 and associated line #203, to 
gether with line circuit LC-203, connected with 
the associated line multiple #203; and the tWen 
ty-party party line bearing line numbers 4 and 
5, and associated with line circuit LC--4lf, con 
nected to line multiple #4 í l. 

Fig. 11 shows the finder F, linked with the 
connector C of Fig. 13 by the tip, ring, sleeve, 
and hold conductors T, R, S, and H of link I. 
The finder Ff includes five units relays UF 

to USF, units switching relay U6F, and twenty 
tens relays of which relays T2 F to T26F, and 
T20F of the first or '2' hundreds group are 
shown, together with tens relays T4 F and T40F, 
being the first and tenth tens relays of the Sec 
ond or '4' hundreds group. Each tens relay, by 
its illustrated ten groups of contact Sets (thirty 
pairs), represents a separate one of the levels 
referred to hereinbefore in connection with Fig. 2. 
The line-multiple side of the tens-relay contacts, 
are attached to conductors in tens cables, such 
as the illustrated cables CA-2 to CA-26, 
CA-20, CA-4, and CA-40. Through these 
cables, whose conductors comprise the line mul 
tiples referred to, the said tens-relay contacts 
are connected respectively in multiple with the 
corresponding contacts of the tens relays of all 
the other finders and all of the connectorS. 

Fig. 12 shows a rectangle indicative of the 
distributor DR, to which the tens and units mark 
wires from all of the line circuits of the exchange 
extend, and which selects an idle finder when 
a call is received and positions that finder on the 
line multiple of the calling line by operating a 
tens and a units relay thereof. The distributor 
has a separate connecting relay Such as f209 for 
each of the finderS. 

Fig. 13 shows the connector C, linked with the 
finder Fl by the four-conductor link L. Con 
nector Ci includes control relays 30 to 342, 
units relays UC to U5C, and units-Switching 
relay UGC, together with twenty tens relays. Of 
the tens relays, relays T2 C to T26C and T20C 
associated with the first or '2' hundreds group 
are shown, along with relays T4C to T40C as 
sociated with the second or '4' hundreds group. 
The twenty line-multiple cables (of which CA-2 
to CA-26, CA-20, CA-4, and CA-40 are 
shown) associated respectively with the tens re 
lays of the finders and connectors (Fig. 11 and 
Fig. 13, part 5) are assumed to extend upwardly 
from Fig. 13 to the respective line circuits and 
connected lines. 

Fig. 13, part 10, shows relays CN-, PBX-?, 
and CH-f in the first connector, Cl; similar re 
lays CA-2, PBX-2, and CH-2 which are in 
the second connector, and relays CN-X, 
PBX-X, and CH-X, in the last connector. 
These relays have to do with the extension of 
calls to the interexchange trunk line groups and 
the P. B. X group, which extension is controlled 
over conductors in the cable 300 which extend 
from Fig. 13, part 10, to Fig. 9. 

Fig. 13, part 1, shows the two-minute timer 
T which controls the timed release of connec 
tion as will hereinafter appear. 

Fig. 13, part 7, shows the code ringing device 
363 including control cams A to C and code cams 

I to 0. 
DETALED DESCRIPTION 

The System to which the invention is applied 
having been described generally, a detailed de 
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12 
scription of the operation of the apparatus shoWin 
will now be given. For this purpose, the Setting 
up of a local connection within tandem eXchange 
C Will first be described. 
A. Local Call in tandem ecchange C from a pay 

Station line to a four-party line 
Let it be assumed now that a subscriber at 

pay station #203, Fig. 10, desires to converse 
with a subscriber on party line #202, Fig. 10, the 
subscriber at party-line substation #2024, for 
example. 

A1. Marking the calling-line location 
When the receiver f024 at the calling pay sta 

tions is removed, hookswitch contacts f030 close, 
connecting the receiver 024 in circuit with the 
lower winding of induction coil 92, through 
the illustrated condenser, and closing a direct 
current bridge across the conductors of line #203, 
including the upper winding of induction coil 
02, the 90-ohm operating coil of the polarized 
magnet 022 (in parallel with the 90-ohm shunt 
resistor 023, which may be removed when the 
pay-station line has a high resistance), contacts 
of hookswitch 030, transmitter f026, and the 
impulse contacts of the calling device O3. 
When the conductors of calling line #203 are 

thus bridged, line relay foo9 of line circuit 
IC-203 operates, through contacts of cutoff re 
lay 007, placing the line circuit in calling con 
dition, by grounding the associated tens and 
units mark conductors T and U, through con 
tacts of lockout relay 008. 

A2. Selecting and operating an idle finder 
It is to be observed that each of the line cir 

cuits illustrated in the drawings having indi 
vidual T and U mark conductors, as have all the 
Other line circuits. As indicated in Fig. 2, these 
conductors may all be carried over to the dis 
tributor DR, whereat they may be connected to 
the several T and U terminals, shown below the 
distributor. The grounding of a Set of and U 
conductors associated with any specific line cir 
cuit causes the usual control relays of the dis 
tributor DR (not shown) to Operate to condi 
tion the distributor for setting a finder on the 
three-conductor line multiple associated with the 
calling line. The distributor DR, thereupon 
takes an idle finder for use, the finder F. (Fig. 
11) for example. The finder F is indicated as 
idle to the distributor DR. When test conductor 
20, normally connected to the associated hold 
conductor H of the link I, , is ungrounded. The 
finder F is taken for use by the operation of 
connecting relay 200 over conductor 203. Upon 
operating, relay f200 connects up the twenty 
conductors associated with the twenty tens re 
lays, Some of Which are omitted for ease of illus 
tration, and it connects up the six conductors 
associated respectively with the units relays UF 
to U5F and units-switching relay U6F. 
In the present assumed example, the calling 

line circuit being LC-293, Fig. 10, the calling line 
multiple #203 is a multiple in the first or ''2'' 
hundreds group; it lies in the '0' level in that 
hundreds group, and it is line multiple 3 in the 

Accordingly, the marked condition of the 
T and U conductors of line circuit LC-203 causes 
the distributor DR, through the contacts of the 
operated connecting relay f209 to operate the 
'0' tens relay T20F (Fig. 11) associated with the 
'2' hundreds group. The finder is thus con 
ditioned to make connection with any one of the 
lines in the level containing the calling line. 
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Additionally, the distributor DR, through con 

tacts of relay 200, operates the third units relay 
U3F, thereby completing connection, through 
contacts of relay T20F, with the tip, ring, and 
sleeve conductors respectively of the calling line 
multiple F23. 

A3. Preparing the associated connector for 
operation. 

The tip, ring, and sleeve conductors T, R, and 
S shown at the left of line circuit LC-203 are 
thereby extended, by Way of conductors in cable 
CA-20, through contacts of relays T20F and U3F 
(Fig. 11), and through contacts of the unoper 
ated relay U6F, to conductors T, R, and S respec 
tively of the link Ll between the finder F of Fig. 
11 and the connector C of Fig. 13. When this 
occurs, line relays 305 and 306 Operate in Se 
ries with each other over the calling line, being 
connected to the tip and ring conductors T and 
R of the link L through contacts of relays 30 
and 39 , such windings being now in multiple 
respectively with the lower and upper windings 
of line relay 069. 
Upon operating, each of the relays 305 and 

306 closes an operating circuit for release relay 
397, to ground through contacts of relay 30. 
At its inner lower contacts, release relay 37 ap 
plies ground potential from normally grounded 
conductor 8 to local conductor 8, an extension 
of conductor H of the link I. 
The described application of ground potential 

to hold conductor H of the link Li results in the 
closing of a locking circuit thereover for the Wind 
ing of the operated units relay U3F, and in the 
closing of a locking circuit, through resistor 100, 
for the winding of the operated tens relay T20F. 

A4. Advancing the distributor 
The ground potential on said hold conductor H 

is extended, through contacts of the operated 
connecting relay 200 to the kick-off conductor 
22 of the distributor DR, causing the distribu 

tor to clear out from the link L, and to restore 
relay 280, in the usual manner. When thiS OC 
curs, the initial circuits of the now-operated re 
lays T20F and U3F are opened, but these relays 
remain operated in their above-mentioned lock 
ing circuits to the now grounded conductor H 
of the link L. On restoring relay 200 applies 
ground potential from the associated conductor 
H to test conductor 20, causing the finder 
connector link to test busy to the distributor DR 
until the connection now under consideration has 
been cleared out. 

In the connector Ci, at the upper armature of 
relay 30, ground potential is applied to local 
conductor 5, a local extension of sleeve conduc 
tor S of the link I, I. This ground potential is 
obtained over two paths. One path is from 
ground, through the upper Winding of detector 
relay 308, to the front contact of the upper ar 
mature of release relay 307. The upper wind 
ing of detector relay 308 is effectively shunted 
for the time being by ground potential applied to 
conductor 5 over the second path: from ground, 
through normally closed contacts of the SWitch 
ing and busy relays 39 and 1320, and over con 
ductor 5, to the said front contact of relay 30. 

A5. Clearing the calling line circuit 
As the result of the above application of ground 

potential to local conductor 5, sleeve conductor 
S of the link Ll becomes grounded, thereby ex 
tending ground potential, through contacts of 
the operated relays U3F and T20F of the finder 
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Ff, to the sleeve conductor of line multiple #203, 
being the line multiple of the calling pay-station 
line #203, Fig. 10. When this occurs, cutoff re 
lay 007 operates Over the associated grounded 
sleeve conductor S in Series With lockout relay 
008. Upon operating, relay 007 disconnects and 

restores line relay O09 thus clearing the line cir 
cuit for the dialing of the desired number. Lock 
Out relay O8 upon operating makes certain cir 
cuit preparations which are ineffective at this 
time because of the now-restored condition of 
line relay 009. 
A further result of the above-mentioned ap 

plication of ground potential to local conductor 
5, at the front contact of the upper armature 
of release relay 307, is the closing of a circuit 
for sleeve relay 309, from ground on conductor 
5, through contacts of reverting-call relay 30, 
and contacts 64. Sleeve relay 309 accordingly 
operates. At its middle lower armature (Fig. 13, 
part 6), relay 309 connects release-timer Irelay 
1303 to pickup conductor P of the common timer 
T, thereby starting the “permanent-timing' op 
eration to be described hereinafter. At its lower 
contacts, sleeve relay f309 grounds start conduc 
tor 356 So as to start the timer Tinto operation. 
At its inner lower contacts, relay 309 connects 

ground supply conductor 8 to local conductor 
it. Local conductors T and 8 are maintained 
grounded by relays 309 and 307, respectively, 
in addition to Which conductors T and 8 are 
joined together through contacts of reverting 
call relay 30 and through contacts of busy re 
lay 320. For most purposes, therefore, during 
the operation of the connector, conductors f and 
18 may be considered as one conductor held 
grounded both by release relay 307 and by sleeve 
relay 309. 

Sleeve relay f309, at its inner upper armature, 
disconnects the common all-finders-busy conduc 
tor AFB from its normal connection to ground in 
connector C, leaving this conductor grounded at 
Such of the connectors as remain idle. The dis 
tributor DR may be arranged to remain quiescent 
under a calling condition of one or more lines 
When all of the associated links are in use. 
At the front contact of its inner upper arma 

ture, sleeve relay 309 prepares an impulse cir 
cuit over conductors if and 25 in series for the 
Counting relays in Fig. 13, part 4. 
At its upper contacts, sleeve relay 309 joins 

conductor 2 to counting-relay locking conductor 
, thereby grounding conductor from ground 
On the grounded local conductor 7. 

A6. Transmitting the dial-tone signal 

The above grounding of conductor by sleeve 
relay 309 results in the closing of a circuit, 
through the inner upper contacts of relays 327 
and 323, for the upper winding of dial-tone re 
lay 324. Relay 324 thereupon operates to com 
plete the preparation of the connector C for the 
receipt of the first or hundreds digit in the desired 
number, the Operated relays of the connector now 
being 305 to 307, 309, and 324. 

Dial-tone relay 324, at its upper contacts, con 
nects the common dial-tone lead DT, through 
contacts of code ring relay 3, contacts 75 of 
busy-verification relay 3, and small-capacity 
condenser 358 to the associated tip talking Con 
ductor. As a result of this connection, a dial 
tone signal is transmitted back through the Oper 
ated finder F to the calling pay station #203 
(Fig. 10) to inform the calling Subscriber there 
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at that he may now dial the digits (2, 0, 2, and 4) 
in the desired number. 

Each time the calling device (or “dial') CD' 
at pay station #23 is operated in accordance 
With a digit of the desired number (constituting , 
a forward movement of the dial thereof, not 
shown, to the desired digit position and the usual 
Spring-driven return movement of Such dial to 
generate the selected number of impulses), off 
normal spring 932 is permitted to move to the 
left to engage its associated shunt contacts, 
thereby shunting the receiver 024 and the trans 
mitter 026, so as to avoid the production of 
clicks in the ear. of the calling subscriber and to 
improve the dialing circuit. 

A7. Dialing the hundreds digit (2) 
When the hundreds digit 2 is dialed, a series of 

two impulses (circuit interruptions) is produced 
at Springs f3f. When this occurs, the ground 
connected line relay 306 in the connector C is 
nonentarily restored twice. It is inmaterial 
whether or not the battery-connected line relay 
305 follows the received impulses, which it may 
not when the line insulation is faulty. Assuming 
that relay 305 follows the impulses, the circuit of 
relea.Se relay ?307 is interrupted twice momen 
tarily by relays 305 and 306, but relay 1307, be 
ing slow-releasing, remains Operated, having a 
Copper sleeve surrounding its core, as indicated 
by the double vertical lines. 

Each time it restores, line relay 306 delivers 
an impulse to series relay 32, so called because 
it operates responsive to the first impulse of the 
Series and, being slow-restoring, remains oper 
ated throughout the Series. The first impulse de 
livered to series relay 32 is by way of the foll 
lowing circuit path: from ground by way of 
armature 65 (of Switch-through relay 30) and 
its back contact, contacts of the momentarily re 
Stored line relay 306, inner upper armature of 
sleeve relay 309 and its front contact, conductor 

, back contacts of busy and switching relays 
320 and 39, conductor 25, back contacts of 

driver relays 332 to 330, conductor 26, and 
through the winding of series relay 32, to bat 
tery. 
At its upper armature, series relay 32 shunts 

resistor 360 around battery-connected line relay 
305 to improve the dialing circuit for line relay 
f306. At its inner lower armature, series relay 
f32 disconnects grounded conductor 7 from 
conductor 2 and transfers it to the winding of 
series auxiliary relay 326 thereby operating the 
latter relay. 

Series auxiliary relay 326, upon operating re 
Sponsive to the operation of series relay 32, pre 
pares at its lower contacts a locking circuit for 
the #1 counting relay 333, and it makes certain 
other circuit changes which are of no effect at 
this time. 
The impulses delivered over conductor 25 to 

Series relay 32 by line relay 3C 6 are also passed 
over conductor 25 to the counting relays of Fig. 
13, part 4. Resistor 359 its connected between 
battery and conductor 25 to reduce any tendency 
to Sparking at the back contacts of Iine relay 
36. ?? 

The first impulse delivered over conductor 25 
passes through contacts of driver relays 332 to 
f330 to the #1 counting relay 333. Relay 333 
thereupon Operates and prepares an operating 
circuit for the #2 counting relayat itsupper con 
tacts, while at its contacts 96 it completes a lock 
ing circuit for itself in series: With the first driver 
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relay 330. Driver relay 330 does not operate 
immediately in this locking circuit for it is sup 
plied with ground potential at both terminals 
until the impulse is terminated. 
When line relay 306 reoperates at the end of 

its first momentary restoration of the series and 
thereby removes ground potential from impulse 
conductor 25, it opens the initial circuit of slow 
acting series relay 32 and also opens the initial 
circuit of the F1 counting relay 333. Relay 
f32f remains operated because it is a slow-restor 
ilg relay, and relay 333 remains operated in the 
following locking circuit: from ground on the 
I10W-grou'Nded conductor í, through the inner 
tlpper C0Îltac?S Of the SeCOnd driVer l'elay I'33f, 
the Winding of the first driver relay 330, locking 
contacts 36 of counting relay 333, inner lower 
contacts of the operated series auxiliary relay 
325, and through the winding of counting relay 
i3S3, to battery. Relay 333 remains operated, 
and relay 330 now operates over the above 
traced locking circuit. 
At its lower contacts, relay 33) joins con 

ductors 2 and 3 for a purpose to appear here 
iii after; at its inner upper contacts, it discon 
nectS tile third driver relay 332 from locking 
Cinductor f; at its middle upper armature it dis 
Colinects impulse conductor 25 from the now 
Operated and locked #1 counting relay 333, and 
pep3.res an Operating circuit over conductor a 
for the second counting relay 334; while at its 
upper contacts driver relay 330 disconnects im 
pulse conductor 25 from conductor 26, thereby 
including resistor 36 in circuit with series re 
lay 32. The arrangement is such that relay 
£32 receives a strong impulse over a direct cir 
cuit path, excluding resistor 361, to operate it 
initialiy, but is energized thereafter by reduced 
Current through resistor 36 as the succeeding 
in pulses arrive, whereby slow-restoring relay 
82 Cperates promptly upon the receipt of the 

first impulse of the series, and restores rather 
promptly following the termination of the last 
impulse in the Series. 
When the second and last momentary impulse 

in the series comprising the hundreds digit 2 is 
received over conductor 25, this impulse is de 
livered, through back contacts of the unoperated 
driver relays 33 and 332, and through the 
Iniddle upper armature and front contact of the 

- Operated driver relay 339, to conductor a, whence 
it is delivered, through the upper contacts of the 
Operated F1 counting relay 333, to the F2 count 
ing relay 334. Counting relay 334 thereupon 

| Operates and locks itself in series with the Sec 
Ond driver relay 33 to the grounded counting 
-relay-locking conductor , relay 33 remaining 
unoperated for the time being as noted in con 
nection with relay 330. 

3) - 
dreds digit 2 is terminated, the initial circuit of 
When the Second and final impulse in the hun 

counting relay 334 is thereby opened, whereupon 
relay 33 operates in the locking circuit of relay 
334. At its middle upper armature, relay 33 

transfers impulse conductor 25 from conductor 
( to conductor t, while, at its inner upper arma 
ture, it open-circuits and restores the first driver 
relay 333, along with the #1 counting relay 333 
Which Was previously locked in circuit therewith. 
Each driver relay has a spark-quenching resistor 
SSSGciated theleWith, as shown. 

‘Couriting relay 333 and driver relay 330 have 
been. Operated and restored as described, and 
-counting relay 4334 is held-operated in its locking 
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circuit in series with the now-operated driver 
relay 33f. 

A8. The counting-relay arrangement 
The counting-relay circuit herein disclosed is 

the well-known arrangement for counting up to 
ten impulses in a series. The three driver relayS 
(330 to 332) operate successively in regular 
rotation as the impulses of a series arrive. When 
a received series contains the full number (ten) 
of impulses, the first counting relay 333 is op 
erated as previously noted through normally 
closed contacts of all three driver relays, While 
the second, fifth, and eighth counting relays are 
operated over conductor d, through contacts of 
the driver relay 330 and with relays 33i and 
i332 in restored condition; the third, sixth, and 
ninth counting relays are operated OVer Con 
ductor b, through the front contact of the mid 
die upper armature of relay 33, relays 33 and 
2332 being in restored condition at such times; 
and the fourth, seventh, and tenth counting re 
lays are operated over conductor C, through the 
front contact of the middle upper armature of 
relay 332, relays 335) and 33 being in restored 
condition at such times. The arrangement is 
such that any of the three driver relays 330 to 
332 on operating open-circuits and restores the 
previously operated driver relay along With the 
counting relay last operated and locked in Series 
thereWith. The counting relays are thus Oper 
ated and restored progressively, the action be 
ing Wave-like. Generally speaking, therefore, 
only one counting relay at a time is in effective 
operated condition, but there is a slight Overlap, 
following the operation of a new Counting relay, 
before the newly received impulse is terminated, 
and the preceding counting relay is restored by 
the operation of the concerned driver relay. Be 
cause of this slight overlap in time, When tWO 
adjacent counting relays may be operated, Sepa 
rate hundreds-digit relay-Operating conductors 
38 and 39 are provided, and are connected to al 
ternate contacts in the hundreds levels of COn 
tacts of the counting relays. Hundreds con 
ductors 38 and 39 are arranged to be separated 
from each other by the disclosed circuit arrange 
ments after the hundreds digit operation has 
been carried out, thereby preventing a relay 
locked as a result of the hundreds digit from ef 
fecting another hundreds-digit relay When the 
counting relays operate responsive to the Slic 
ceeding digits in the number. For a similar pur 
pose, separate conductors it and are associ 
ated with alternate counting-relay contacts in 
the tens level thereof associated with the '2' 
hundreds group; separate conductors 42 and 43 
are associated with the '4' hundreds group; Sep 
arate conductors 44 and 45 are associated With 
alternate contacts in the units level of COunting 
relay contacts; and separate party conductors 3 
and 32 are connected to alternate contacts in the 
party level of counting-relay contacts to avoid 
the momentary joining together (during a dial 
ing operation) of adjacent ones of the common 
code conductors in cable 34. 

A9. The hundreds Selection 
Slow-restoring series relay 32 restores short 

ly following the receipt of the second and last 
impulse in the hundreds digit 2. When it does 
so, it open-circuits and restores series auxiliary 
relay 326 at the front contact of its inner lower 
armature. At the back contact of the inner 
lower armature of series relay 32i, ground po 
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tential (from the grounded local conductor IT) 
is transmitted over conductor 27, and through 
contacts of any operated one of the driver relays 
330 to 332 (in this case driver relay 33), 

conductor 37, armatures 86 and 87 of transfer 
auxiliary relay 322 and their back contacts, mid 
dle lower and lower armatures of dial-tone relay 
1324 and their front contacts, and armatures 92 
and 93 and their back contacts, to the hundreds 
operating conductors 38 and 39 connected respec 
tively to alternate ones of the contacts in the 
hundreds level of counting-relay contacts. At 
this time, only the second counting relay 334 is 
in operated condition. As a result, the only cir 
cuit closed through the hundreds level of count 
ing relay contacts at this time is: from ground 
potential on conductor 38, through the hundreds 
contacts of counting relay 334, and Over conduc 
tor 2 in cable 365, to battery through the lower 
Winding of hundreds-transfer relay 1327. Hun 
dreds transfer relay 32 thereupon Operates. 
At its inner upper contacts, relay 327 Open 

circuits the upper winding of dial-tone relay 324, 
but dial-tone relay 324 does not restore as a re 
sult of this, for it is held operated in a locking 
circuit including its lower winding and the left 
hand front contact of its now-grounded middle 
lower armature. 
At its middle upper armature, hundreds-trans 

fer relay 327 prepares a circuit for locking se 
ries-auxiliary relay 326 on the next operation 
thereof. 
At its upper armature, relay 32 grounds 

branch locking conductor 49, by Connecting it 
with the grounded conductor , thereby closing 
a locking circuit, through back contacts of relays 
328 and 329, for the lower winding of hundreds 

transfer relay 327. 
A10. Preparing for the receipt of the tens digit 
At the normally closed contacts controlled by 

the upper armature of hundreds-transfer relay 
32, the grounded conductor T is disconnected 
from conductor 2, thereby depriving counting 
relay-locking conductor of ground potential. 
When this occurs, the counting and driver relays 
in Fig. 13, part 4, clear out, the operated ones 
of these relays ( 33 and 334) restoring. The 
restoration of relay 334 disconnects conductor 
2 of cable 365 from its Source of ground poten 
tial by Way of hundreds conductor 38, but hun 
dreds-transfer relay 32 remains operated over 
its above-noted locking circuit including con 
ductor A9. The restoration of driver relay 33 
also disconnectS Conductors 2 and 3 from each 
other thereby depriving conductor 3 (and con 
sequently hundreds Conductors 38 and 39) of 
ground potential. The locking circuit of dial 
tone relay 324 (including the lower Winding 
thereof) is thereby opened, whereupon dial-tone 
relay 324 restores. Upon restoring, dial-tone re 
lay 324 opens the dial-tone signaling circuit at 
its upper contacts, while at its middle lower ar 
mature and its lower armature, it disconnects the 
hundreds conductors 38 and 39 and substitutes 
the tens conductors A and 4 of the '2' hun 
dreds group, hundreds-Selection relay 328 not 
having been operated. 

A11. Dialing the tens digit (0) 
When the tens digit 0 in the desired number is 

dialed, line relay 306 is thereby restored ten 
times momentarily to deliver a series of ten in 
pulses over conductor to conductor 25, and 
thence to the counting relays of Fig. 13, part 4. 
Series relay 32 is operated as before and re 
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mains operated throughout the series of impulses. 
Series-auxiliary relay 326 again responds to the 
operation of relay 32. At this time, it connects 
conductor 2 (and consequently the counting-re 
lay locking conductor f) to ground on conductor 
7 at its upper contacts, through the upper Con 

tacts of units transferrelay 323. 
With hundreds transfer relay 327 having been 

operated and locked as described, and with dial 
tone relay 324 now in restored condition, series 
auxiliary relay 326 closes a locking circuit for 
itself at the front contact of its inner upper 
arnature as follows: from ground on conductor 

7, through the back contact of the inner upper 
armature of tens-transfer relay 325 and the 
said armature, middle upper contacts of hun 
dreds-transfer relay 327, inner upper armature 
of relay 326 and its front contact, inner lower 
contacts of the restored dial-tone relay 324, and 
thence to battery through the Winding of series 
auxiliary relay 326. 

A12. The tens selection 

The Counting relays 333 to 342 operate suc 
Cessively as previously noted, the operation being 
accompanied and controlled by the successive op 
eration, in a recurring cycle, of the driver relays 
330 to 332. Upon the delivery of the tenth 
and final impulse of the series (which occurs 
with the #9 counting relay 34 operated, and 
all the preceding counting relays restored, and 
With driver relay 332 operated and driver relays 
f330 and 33 restored, the #0 counting relay 
f342 operates and locks itself in series with the 
driver relay 330 to the locking conductor . 
Consequently, when the tenth and final impulse 
in the series is terminated, opening the initial 
circuit of counting relay 342, this counting re 
lay remains operated, and driver relay 330 oper 
ates, in a locking circuit including the inner lower 
Contacts of relay 342, the winding of relay 330, 
and conductor . 
When driver relay i330 operates, it open-cir 

cuits and restores driver relay 332 along with 
the #9 counting relay 34. The only counting 
and driver relays now in operated condition are 
driver relay 330 and counting relay 342. 
When series relay 32 restores at the end of 

the tens digit, it opens the initial circuit of re 
lay 326, but relay 326 remains operated for 
the time being over its previously described lock 
ing circuit. Relay 32 also applies ground to 
conductor 27, extending ground through contacts 
of driver relay 339, over conductor 31, arma 
tures 86 and 87 and their back contacts, the mid 
dle lower and lower arnatures of the restored 
dial-tone relay 324 and their back contacts, and 
armatures 94 and 95 and their back contacts, to 
the tens conductor 48 and 4 associated with the 
'2' group of line multiples. With the #9 count 
ing relay 342 in operated condition, the ground 
potential on conductor 40 extends, through con 
tacts of relay 342, and over conductor 2 in 
cable 366, to the tenth tens relay T20C, in the 
'2' hundreds group. 
Tens relay T20C now operates, and connects 

the ten line multiples represented by the thirty 
conductors in cable CA-20 respectively to the ten 
sets of units conductors controlled by units re 
lays UC to U5C and units switching relay U6C. 
Relay T20C also prepares a locking circuit for 
itself by connecting its winding with the asso 
ciated locking conductor 36, thereby extending 
ground potential over locking conductor 36, 
through resistor 36, normally closed contacts 
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controlled by the inner lower armature of units 
transfer relay 323, lower armature of the oper 
ated hundreds-transfer relay 327 and its front 
Contact, to the free terminal of the Winding Of 
tens-transfer relay 325. Tens transfer relay 
325 thereupon operates. At armatures 92 and 

93, it connects the units conductors 44 and 45 to 
the now-open front contacts of the restored dial 
tone relay 324. At its middle upper armature, 
relay 325 closes a locking circuit for itself to 
the grounded conductor f7, thereby locking the 
tens relay T20C operated through the current 
reducing resistor 367. 
A13. Prepairing for the receipt of the units digit 
At its inner upper armature, tens-transfer 

relay 325 breaks the locking circuit of series 
auxiliary relay 326 and prepares a new oper 
ating circuit for dial-tone relay 324. When this 
occurs, series-auxiliary relay f326 restores and 
ungrounds the counting-relay locking conductor 

at its upper Contacts, thereby again clearing 
out the counting chain. 

Dial-tone relay 324 is now reoperated in a 
circuit from ground on conductor T, through the 
back contact of the inner upper al'mature of re 
lay 326 and said armature, middle upper con 
tacts of the operated hundreds-transfer relay 
327, inner upper armature of tens-transfer re 

lay 325 and its right-hand front contact, the 
inner upper armature of units-transfer relay 323 
and its back contact, to the upper winding of dial 
tone relay 324. At the left-hand front contact 
of its middle lower armature, relay 324 again 
prepares a locking circuit for its lower winding, 
While at the right-hand front contact of its mid 
dle lower armature and at the front cOntact of 
its lower armature, it again makes connection 
with armatures 92 and 93, this time preparatory 
to the exercising of units control over units con 
ductors 44 and 45, at the end of the units digit. 

A14. Dialing the units digit (2) 
When the units digit 2 is dialed, two momen 

tary impulses are delivered by line relay 306 
over conductors and 25 to the counting relays 
of Fig. 13, part 4, causing the #2 counting relay 
334 to operate and lock. Series relay 32 re 
sponds again at the beginning of the first im 
pulse of the Series and again operates Series 
auxiliary relay 326. At its upper contacts, relay 
326 again extends ground potential to count 

ing-relay-locking conductor to enable the count 
ing operation to proceed. With relays i 324, 325, 
and 32 in operated condition, Series-auxiliary 
relay 326 is again locked operated, this time 
over a circuit path from ground on conductor 
7, through contacts 90 of relay 324, left-hand 

front contact of the inner upper arnature of re 
lay 325 and said armature, middle upper con 
tacts of relay 32, inner upper armature and 
front contact of relay 1326, inner lower contacts 
of relay 325, and through the winding of relay 
326, to battery. 

A15. The units Selection. 

When series relay 32 restores at the end of 
the impulse series constituting the units digit 2, 
and reapplies ground potential to conductor 27, 
conductor 37 consequently becomes grounded 
(through contacts of the then operated driver re 
lay 33), extending ground potential through 
contacts 86 and 87, the middle lower and lower 
armatures of the reoperated dial-tone relay 324 
and their front contacts, and armatures 92 and 
93 and their front contacts, to the units conduc 
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tors 44 and 45 associated with the units level of 
contacts of the counting relayS. 
With the i2 counting relay 334 now operated, 

the ground potential on conductor 44 is extended, 
by way of units conductor U2, to the #2 units 
relay U2C (Fig. 13, part 5). Relay U2C now 
operates to complete the extension of the tip, 
ring, and sleeve conductors of the out links OL, 
through contacts of the operated tens relay T2C 
to the conductors in cable CA-20 constituting 
the line multiple i282, being the multiple of the 
desired called line. 
The conductors of the out link O. are open at 

this time in the connector; the tip and ring con 
ductors are open at contacts 843 and 85 of switch 
ing relay 3 9, and the sleeve conductor is open 
at the front contact of the IOWer arrnature of 
Series relay 32. 
When the units relay U2C is operated by ground 

potential on conductor U2 as previously described, 
it prepares a locking circuit for itself and cloSeS 
an operating circuit at its lower armature for 
units-transfer relay 323. This circuit includes 
back contacts of units relays U3C to U5C, and 
conductor 35. Units-transfer relay 323 now 
closes a locking circuit, for itself and completes 
the prepared locking circuit of units relay U2C 
by connecting the grounded conductor 7 to con 
ductor 65 at its upper armature and fl'Ont cOn 
tact. As its inner upper armature, unitS-trans 
fer reiay 323 open-circuits the upper winding 
of dial-tone relay 324, and prepares a circuit 
for auxiliary-transfer relay f322, through contacts 
of dial-tone relay 324, but dial-tone relay 324 
remains operated temporarily in its previously 
described locking circuit including its lower Wind 
irhg. 
A16. Preparing for the receipt of the party digit 
At its inner lower armature, units-transfer re 

lay 323 transfers the tens-relay locking conduc 
tor 36 from its previous connection to ground 
On conductor (through the lower armature and 
front contact of relay 327 and the Upper con 
tacts of units-transfer relay i 325) to a new con 
nection with conductor , by Way of conductor 
49 and the upper armature and front contact 
of hundreds-transfer relay 32. 
contact of its upper armature, units-transfer re 
lay 323 disconnects ground from conductor 2, 
and consequently from the counting-relay-lock 
ing conductor , thereby restoring the operated 
driver relay 33 and the operated counting relay 
338. The initial circuit of units relay U2C is 

thus broken, but relay U2C remains operated over 
its above-described locking circuit. Upon the 
Separation of conductors 2 and 3 at the lower 
contacts of driver relay 33, the locking circuit 
of dial-tone relay 324 is broken. Dial-tone re 
lay 324 thereupon restores and disconnects con 
ductors 4 and 35 from each other and from 
conductor 3, at the same time opening another 
point in the previously existing locking circuit 
of its lower winding. At arnature 9), dial-tone 
relay 324 opens the currently existing locking 
circuit of series-auxiliary relay 326, whereupon 
relay 326 again restores. 
Upon restoring at this time, relay 326, at 

its inner upper armature and back contact, com 
pletes a circuit for the upper Winding of auxiliary 
transfer relay 322, as follows: from ground on 
conductor , through the back contact and inner 
upper armature of relay 326, middle upper con 
tacts of relay 327, inner upper armature and 
right-hand front contact of relay 325, inner up 
per armature and front contact of units-trans 
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fer relay 323, contacts 9 of the restored dial 
tone relay, conductor 9, contacts of Supervisory 
relay 304, conductor f0, and through the upper 
winding of auxiliary relay 322, to battery. Re 
lay 322 thereupon operates, and locks itself to 
conductor 7 at its inner upper contacts, over a 
circuit path including conductors 9 and 0 and 
contacts of relay 304; and at armatures 86 
and 87, it disconnects conductor 3 from each of 
the tens conductors 40 and 4 to which such con 
ductor was connected upon the last-described 
restoration of dial-tone relay 324. So as to avoid 
the possibility of any further and unintended 
tenS-relay Operation during the dialing of the 
party digit which is to follow. 

A17. Dialing the party digit (4) 
When the party digit 4 is dialed, the four im 

pulses constituting Such digit are delivered to the 
counting relays with results as hereinbefore de 
Scribed. When the last impulse has been deliv 
ered and terminated, the #4 counting relay 336 
is in operated condition with all the other count 
ing relays in restored condition, and driver relay 
i33) is operated in the locking of counting relay 
336, driver relays 33i and 332 being in re 

Stored condition. 
At the beginning of the delivery of the party 

digit series of impulses, series relay 32 again 
Operates and brings about the operation of series 
auxiliary relay 326. Upon operating, relay 326 
extends ground potential to the counting-relay 
locking conductor as above to enable the count 
ing operation to proceed. At this time, the ground 
potential is extended to conductor from con 
ductor it, through the inner upper contacts of 
the operated relay 322, conductor 9, contacts 
of Irelay 304, conductor 0, middle upper con 
tacts of relay 322, upper contacts of relay 326, 
conductor 2, and the upper contacts of relay 
A399 to conductor . Series-auxiliary relay 326 
locks itself at this time over the following cir 
cuit path: from ground on conductor i7, through 
the inner upper contacts of relay 322, contacts 
3, front contact and inner upper armature of 
relay 323, right-hand front contact and inner 
upper armature of relay i 325, middle upper con 
tacts of relay 32, inner upper armature and 
front contact of relay 326, inner lower contacts 
of relays 324 and 325 in parallel, and thence to 
battery through the winding of relay 326. 

A18. Testing the called line 
During the receipt of the party digit of the 

number, the called line is tested to determine 
Whether or not it is in idle condition. This test 
is made by test relay 348, through its upper or 
test winding. 
When series relay 32f responds at the begin 

ning of the receipt of the series of party-digit 
impulses, at its loWer armature and front con 
tact, it extends ground over conductor 23, con 
tacts of release relay 30, and conductor 22, to 
the lower terminal of the upper Winding of test 
relay 38. The other terminal of this winding 
is connected to the sleeve conductor S of the out 
link Oi and this sleeve conductor is now con 
nected to the sleeve conductor of the line nuI 
tiple #202 of the called line, as previously ex 
plained (through contacts of relays U6C, U2C, 
and T2C. If called line i2O2 is idle, there is a 
battery potential on the sleeve conductor of the 
called multiple #202, by way of the windings of 
cutoff and lockout relays 094 and 005 of line 
circuit LC-202 (Fig. 10), with the result that 
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relays 005, 04, and 38 all operate in series 
With each other. 

A18d. The called line is busy 
If the called line is idle and test relay 38 is 

consequently operated in the explained manner, 
busy relay 320 is prevented from operating at 
the end of the party digit because its then-pre 
pared circuit is opened at the lower contacts of 
test relay 38. Let it be assumed, however, that 
the called line is busy, in which case the called 
sleeve conductor is grounded, and relay 3 8 fails 
to operate. In this event, when slow-restoring 
series relay 32 restores at the end of the party 
digit, it terminates the testing operation by re 
moving the testing ground connection from the 
sleeve conductor of the called multiple. 
With relay 322 operated and locked; with re 

lay 326 having been reoperated and locked; and 
With test relay f38 having failed to operate; 
When relay 32 restores, it completes a circuit 
at its lower contacts, from ground on conductor 

l, through the lower contacts of test relay 38, 
contacts 89 of auxiliary relay 322, the lower 
contacts of the series-auxiliary relay f326, con 
ductor 2, and thence to battery through the 
winding of busy relay 320, Busy relay 320 
thereupon operates. 
At its inner upper armature, busy relay 320 

opens the counting-relay impulse circuit by dis 
connecting conductor from conductor 25, 
Whereby the setting of the counting relays can 
not be disturbed, nor can series relay 32 be sub 
Sequently operated, by any further dialing. 
A18a (1). Conditioning the commector for opera 

tio? aS di local Connector 
At the back contact of its inner lower arma 

ture, busy relay 320 removes ground potential 
from conductor 5, thereby removing the shunt 
previously existing around the upper or test wind 
ing of detector relay 1308, thereby placing such 
upper winding effectively in series with the sleeve 
lead S of the link Ll to enable it to be deter 
mined whether or not the connector is to act 
as a toll connector, or is to be conditioned to act 
as a local connector. 
In the present example, the connector C is to 

act as a local connector, for the call is not from 
a manual eXchange, and the sleeve conductor of 
the multiple of the calling line is consequently not 
now grounded outside of the connector. The up 
per winding of detector relay 309 is, therefore, 
energized over the sleeve lead of the calling line 
in series with cutoff and lockout relays 007 and 
f(08 of line circuit LC-293. Detector relay 398 
now operates and locks itself to conductor 7 at 
its lower contactS; shunts its upper winding at 
its inner upper contacts; at the back contact of 
its middle upper armature, it disconnects the 
lower winding of busy-verification relay 3? to 
remove such relay from under the control of the 
calling, non-manual line; and at its inner lower 
contacts it connects up the common lead P2 pur 
Suant to conversation timing. 

A18d, (2). Transmitting the busy signal 
As a further result of its described operation, 

busy relay 32), at its upper contacts, connects 
the common busy-tone lead BT to the upper in 
coming talking conductor, through contacts of 
relays 3 7 and f3f and condenser 358, where 
by a busy-tone signal is transmitted back to the 
calling substation to inform the calling Subscriber 
that the desired line is busy. 

. The calling subscriber is now expected to re 
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24 
place his receiver to permit the Switching ap 
paratus involved in the attempted connection to 
clear out. 

A18b. The called line is idle 
Let it be assumed now that the desired line is 

idle when called. Under this condition, With se 
ries relay 32 energized during the dialing of 
the party digit, test relay 38 is energized Over 
the sleeve conductor of the called multiple as 
previously explained. When it operates, test re 
lay 38 locks itself to conductor 5, a local ex 
tension of the now grounded incoming sleeve con 
ductor of the link Llf; it by-passes its upper wind 
ing at its inner upper contacts by applying 
ground potential directly to the sleeve conductor 
of the called multiple; and at its lower armature, 
it opens a point in the circuit of busy relay f320 
and prepares a circuit for switching relay 39. 

A18b (1). Conditioning the connector for 
Operation as a local connector 

When series relay 132í now restores at the end 
of the party digit, switching relay 319 is operated 
in a circuit from the grounded conductor ill, 
through the lower contacts of series relay 32, 
and the lower armature and front contact of the 
operated test relay 38. Upon operating, switch 
ing relay 39, at its inner upper armature, opens 
the dialing circuit over conductor 25 to prevent 
a further response of series relay f 32 and a 
change in the setting of the counting relays in 
case the calling subscriber should dial a further 
digit. At its inner lower contacts, switching relay 
f3 9 removes ground potential from conductor 
f5 thereby permitting detector relay 308 to op 
erate as hereinbefore described to change the 
connector over from toll operation to local op 
eration, which at this time consists principally 
in the closing of the lower contacts of relay 308 
to connect up the common conductor P2 to re 
lease-timer relay 302, for the purpose of con 
Versation tinning, to be described hereinafter. 
At its armatures 24 and 85, switching relay 
39 closes points in the ringing circuit and pre 
pares the talking circuit; at its lower contacts, 
it connects up pickup relay 36, preparatory to 
a starting of the ringing operation in accordance 
With the code assigned to the called party-line 
substation, While at its armature 97 it applies 
ground potential, through the lower contacts of 
auxiliary-transfer relay 322, to the start con 
ductor ST in cable f364, thereby starting the 
code generator 363 into operation in any de 
Siled manner. 

A19. The code-ringing arrangement 
Code generator 363 is illustrated as comprising 

a number of cams on a common shaft arranged 
to be l'otated in a clockwise direction. Cam A 
is arranged to control the application of locking 
ground potential to the common conductor 362; 
Cams B and C are arranged to control the mo 
mentary application of ground potential to pick 
up leads PU- and PU-2; and cams 1 to 9 and 0 
are code generating cams, each arranged to gen 
erate a separate One of ten ringing codes. Addi 
tionally, each can 1 to 0 is arranged to generate 
a preliminary impulse ahead of its code, and cir 
cuit arrangements are provided for causing the 
preliminary impulse to be effective, or not, de 
pending upon whether or not pickup lead PU-2 
is substituted for lead PU-2. The second pick 
up lead is used only when the alternative hun 
dreds digit is employed in calling a line in one 
or the other of the hundreds groups. In the 
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present example, the normally assigned hundreds 
digit has been called, as a consequence of Which 
relay 329 has not been operated, and pickup 
lead PU- remains connected. Therefore, no 
pickup impulse is received in the connector C to 
start the ringing operation until after the pre 
liminary code impulse has been transmitted by 
cams 1 to 0, whereby only the regular code of the 
selected one of these cams is effective. 

A20. Transmitting the selected ringing Code 
When lead PU- is next grounded, by can B 

of device 363, a circuit is closed through the 
lower contacts of relay 329, contacts controlled 
by the lower armature of pick-up relay 3.6, and 
the lower contacts of relays 39 and 3 E3, for 
pickup relay 3 6. Upon operating, relay 3 6 
locks itself at its lower armature to the common 
locking lead 362, normally grounded at the Con 
tacts of cam A, at the same time disconnecting 
itself from pickup lead PU-f. 
At its inner armature, pickup relay 346 joins 

party conductors 3 and 32 together and connects 
them to the winding of code-ring relay 3. As 
a result, the code generated by the selected code 
cam of device 363 is transmitted to the Wind 
ing of code ring relay 37 over the following 
circuit: from ground, through the contacts Con 
trolled by code cam ? of the device 363, con 
ductor ?ig in cable 364, the lower contacts of the 
operated it4 counting relay 336, party conductor 
31, contacts of pickup relay 3 f6, and thence to 
battery through the winding of code-ring relay 
3. Relay 3 accordingly follows the impulses 
generated by the selected code can and imparts 
a corresponding code of ringing current to the 
called line at its upper armature. This upper 
arnature disconnects the tip conductor Of the 
called line from ground and transfers it to the 
common generator lead 80, whereby ringing cur 
rent from this lead is transmitted Over the tip 
conductor to the called line through the upper 
contacts of relays 34, 33, and S9. A return 
path for ringing current is provided over the 
ring conductor of the called line and aSSociated 
multiple through contacts. 85 of relay 39, arma 
ture TT and its back contact, contacts of relay 
i34, the winding of ring-trip relay 315, and 
through the exchange battery, to ground. 
The ringers at all of the Substations on the 

called four-party line #292 (Fig. 10) are thereby 
operated in accordance With the selected it 
code. 

Ring-trip relay 35, being of the indicated 
retarded construction (a conducting sleeve Sur 
rounding the core beneath the Winding and a 
conducting collar over the core between the end 
of the Winding and the armature proper of the 
relay), is non-responsive to alternating current, 
and the flow of direct Current OVer the circuit, 
above traced is prevented by the condensers in 
circuit respectively with the ringers on the called 
line. 
At its inner upper armature, code-ring relay 

3 transmits the ringing code back to the 
calling line, through contacts 75 and current 
limiting condenser 358, giving a mild ring-back 
Signal in the receiver at the calling Substation. 
At the end of the first code period, the illus 

trated notch in can A of device 363 permits the 
associated contacts to open momentarily, thereby 
nonentarily removing ground potential from 
locking conductor 362, whereupon pick-up re 
lay 36 restores and disconnects code-ring relay 
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from locking conductor 362 to pickup lead 
PU-. As a result of this arrangement, all Code 
ringing operations are started under conditions 
above explained in connection with the starting 
of the first code-ringing operation. 

A2I. The amsupering operation, 

When the Subscriber at called substation 
#2024 (Fig. 10) on called line it 22 answers, by 
removing his receiver (not shown), the resulting 
closure of the usual direct-current bridge acroSS 
the conductors of the called line permitS ring 
trip relay 3:5 to operate. The return circuit 
of relay 35 to ground includes the common 
ringing lead 8 and the exchange generator if 
the receiver is removed during an application of 
ringing current, While it is directly to ground 
through the upper contacts of relay 37 if the 
receiver is renoved during a silent period. 
Upon operating, relay 35 operates ring-cut 

off relay 33 over conductors 8 and 3. At 
its inner lower contacts, relay 33 locks itself 
to the grounded conductor so as to maintain 
its circuit intact after relay 35 has been dis 
connected and has restored; it disconnects pick 
up relay 36 at its lower contacts, Whereupon 
pickup relay f3f6 restores, if operated at the 
nonent When anSWering occurs, and disconnects 
code-ring relay 31; at . arnatures 8 and 9, 
relay 33 makes certain circuit changes which 
have no particular effect on the type of call be 
ing considered; and at armatures i 6 and 77, it 
disconnects the tip and ring conductors of the 
called line fron the ringing circuit and com 
pletes the talking circuit. When this occurs, 
ring-trip relay 35 restores, and back-bridge 
relay 3 2 operates over the called line. 
Supervisory relay 34 now operates over con 

ductor 6, through contacts of relay 32. At its 
inner upper contacts, Supervisory relay 304 
Separates conductors 9 and 0, thereby open-cir 
cuiting relay 322 and depriving counting-relay 
locking conductor of ground potential. The 
operated driver and counting relays of Fig. 13, 
part 4, clear out immediately, and the slow-re 
Storing auxiliary-transfer relay 322 falls back 
a moment later. When it does so, it opens a 
further point in its previously established lock 
ing circuit at itS inner upper contacts. 
At its inner lower, middle lower, and lower 

arnatures, relay f304 makes certain circuit 
changes having to do with changing over from 
"permanent' timing to conversation timing, to 
be hereinafter explained. 

A22. Giling anSUered Supervision. 

At armatures and 2, supervisory relay 34 
reverses the connections between the incoming 
tip and ring conductors and the windings of line 
relayS 365 and 36, thereby reversing the cur 
rent foW in the calling line, which is pay station 
iF253 (Fig. 10) in the present example. 
A23. Disabig the calling pay-station instrument 
At the calling pay station i2O3f, Fig. 10, when 

the current flow is reversed in the calling line, 
incident to the call having been answered as 
previously described, the polarity of the 90-ohm 
Series coil of the polarized pay-station magnet 

22 is thereby reversed. When this occurs, the 
polarized armature of the pay-station magnet is 
Operated in the usual manner to cause (A) con 
tactS 529 and (C) contacts O2 to close. The 
(C) Contacts connect up the 3,000-ohm shunt 

f3 as well as transferring its own winding back 75 winding of the coil, but without any particular 
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effect so long as the hookswitch contacts 030 are 
closed. Contacts 029 place a direct shunt around 
transmitter 026 to render such transmitter in 
operative, and it places the 8-ohm resistor 025 
in Shunt of the receiver 924 to reduce the effi 
ciency of the receiver sufficiently that it cannot 
be used as a transmitter, while leaving the re 
ceiver Sufficiently operative to enable the calling 
pay-station Subscriber to hear that the call has 
been answered. 
A24. Coin deposit to render pay-station instru 

ment agaim operative 
The calling pay-station subscriber is now ex 

pected to drop a coin in the usual coin mech 
anism (not shown). 
contacts 029 are thereby again opened, and the 
(B) contacts f O28 are thereby closed to shunt 
the Series 90-ohm coil of magnet 022, leaving 
the 3,000-ohm shunt coil connected across the 
line through the C contacts 027. 
Upon the opening of the (A) contacts 029, the 

transmitter f026 is again unshunted and ren 
dered Operative, and the partial shunt is removed 
from around the receiver 024. 
The two subscribers may now converse with 

each other as desired. 

A25. Disconnect supervision. 
Let it be aSSumed now that the called sub 

scriber at Substation #2024 is the first to replace 
his receiver When the conversation is terminated. 
When this occurs, the resulting restoration of 
back-bridge relay 32 permits supervisory relay 
304 to restore. Relay 304 again changes over 
from conversation timing to “permanent' tim 
ing, With results to be pointed out hereinafter. 
At armatures 7 and 72, it reverses the current 
flow in the calling line back to normal direction. 
This is of no particular effect at the calling pay 
station #203 (Fig. 10) because the 90-ohm series 
winding has been shunted out at contacts fo28, 
and the 3,000-ohm shunt winding is of practi- . 
cally no effect as long as the hookswitch con 
tacts 030 are closed. 
A26. Restoring the pay-station instrument to 

mormal conditionz 

When the receiver is Subsequently replaced at 
the calling pay station #203, the opening of 
hookSwitch contacts fo30 leaves the associated 
line bridged only through the upper Winding of 
induction coil fo2, the 3,000-ohm shunt winding 
of polarized magnet f O22, (C) contacts 027, 
transmitter 026, and calling-device contacts 
03. The 3,000-ohm shunt Winding of magnet 

f022 is thereupon effectively energized to restore 
any operated ones of the associated contacts 027 
to 029 to their illustrated normal condition, 
whereupon contacts 027 open the restoring-mag 
net circuit. 

A27. Clearing out the connection 
In the connector Ci, Fig. 13, line relays 305 

and 306 now restore and open the circuit of 
release relay 307. Release relay 307 restores 
after a slight interval. When it does so, it re 
moves ground potential from conductor 5, a local 
extension of the incoming sleeve conductor S of 
link L, whereupon sleeve relay 309 restores, 
along with test relay 3.8 and switching relay 
39. With relays 30 and 309 restored, the 

previously grounded local conductors 7 and 8 
are both ungrounded, whereupon the locked-up 
relays 308, 313, 323, 325 to 327, U2C, and 

When he does so, the (A) 
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T20C restore. The connector of Fig. 13 is thus 
returned to normal condition. 

In the finder F, the previously operated tens 
and units relays T29F and U3F are unlocked and 
restored when conductor H of the link Llf be 
comes ungrounded as a result of the unground 
ing of the local extension thereof (conductor 8) 
in the associated connector. Test conductor 
20 aSSociated With finder Fº also beconnes un 

grounded to terminate the indicated busy Con 
dition of the finder in the distributor DR. 
The clearing out of the connection ungrounds 

the sleeve conductors of the calling and called 
multiples, whereupon cutoff and lockout relays 
007 and 0.08 of the line circuit LC-293 and 004 

and 005 of the line circuit LC-202 restore, re 
turning such line circuits to their illustrated 
normal condition. 

B. Permanent’ timing at the connectors 
As previously mentioned, arrangements are as 

Sociated With each finder-connector link for clear 
ing out any connection established thereto within 
two to four minutes, provided the complete num 
ber has not been dialed and the called subscriber 
has answered during this interval. Such ar 
rangements in the connector C are controlled 
by release-timer relay f303, in conjunction with 
the common two-minute timer T, as Will be de 
scribed. 

It may be pointed out that a somewhat Com 
mon cause of the failure of a call to be com 
pleted and answered within a reasonable time, 
following the taking of a link circuit for use re 
sponsive to an indicated calling condition. On a 
line, is trouble on the line or at a Substation 
thereon, such as the accidental upsetting of a 
desk telephone instrument, a shorted condition of 
a line, or a grounded condition of one of the Con 
ductors of the line. Such a condition is often 
referred to as a "permanent' condition to distin 
guish it from the ordinary calling condition, in 
which the call goes through as intended. 

B1. Starting the timer 
When the finder Ff operates as hereinbefore 

described to extend a calling line to the connector 
Ci, line relays 305 and 306 of the connector Cl 
operate over the calling line, followed by the de 
scribed operation in succession of release and 
sleeve relays 307 and f309. At its lower con 
tacts, sleeve relay 309 grounds common start 
conductor 356 so as to start the timer T into 
operation. The arrangement in the timer T is 
such that cams 35? to 355 are slowly rotated 
in unison to make a complete revolution in about 
two minutes. 

B2. Placing the connector under control 
of the timer 

At its middle lower contacts, relay 309 pre 
pares a circuit for release-timer relay 303 over 
pickup conductor P, thereby placing the con 
nector under the control of the timer. 
Keeping in mind that the device T is common 

to all of the finder-connector links in the ex 
change and may be in operation at any given 
time because of the grounding of start conductor 
f 356 at any other link, it will be seen that the 
cams of the timer may be in any position What 
ever at the time sleeve relay 399 operates to 
connect up conductor P?. Conductor P, for 
example, may have been momentarily grounded 
just previously, by the passage of the illustrated 
notch in cam 304 under the associated contact 
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spring, in which case conductor P will not again 
be grounded for approximately two minutes. On 
the other hand, the timer T may be about to 
ground conductor P. momentarily when sleeve 
relay 399 operates. 

B3. Starting the two-minute time period 
At the end of a preliminary time period which 

cannot exceed the two-minute interval required 
for a complete cycle of operations of the timer 
T, pickup conductor Pi is momentarily grounded 
by the action of cam 34, thereby closing a cir 
cuit through contacts of relays 1304, 1363, 1399, 
and 304, for release-timer relay 303. Release 
timer relay 33 thereupon operates and lockSit 
self to ground at armature 70, through contacts 
of relays 309 and 394. At armature 69, hold 
conductor H is substituted for the ground con 
nection normally applied to conductor 8. Noth 
ing occurs immediately as a result of this trans 
fer, because conductor H is maintained grounded 
normally, being ungrounded momentarily only 
once during each cycle of operations of the timer 
T. By noting the relative position of the notches 
om cams i 3543 and 352, it will be seen that the 
notch on cam 352 has passed beyond the aS 
Sociated contact, spring when conductor P is 
grounded to cause relay 393 to energize. Hold 
conductor H, therefore, remains grounded for 
approximately the full two-minute period after 
relay f393 is operated as described. 

If, during this interval the number is dialed: 
the call is answered; and supervisory relay 34 
consequently operates, the locked release-timer 
relay 33 is restored by the Opening of itS Cir 
cuit at the inner lower contacts of Supervisory 
relay 364 (conductors 9 and 20 being separated 
at such time at contacts 88 of auxiliary-transfer 
relay 322), and release-timer relay 303 again 
applies ground potential directly to conductor 8 
at the normally closed contacts controlled by 
armature 69, without the release of the connec 
tion having been forced. 
ASSume that, for Some reasOn, a complete num 

ber has not been dialed, or the call has not been 
answered, during the two-minute time period. In 
this event Supervisory relay 364 has not op 
erated; release-timer relay 303 has not restored; 
and conductor 8 is still dependent on the com 
mon hold lead H for its ground supply. Then, 
When the notch in can 352 comes under the as 
sociated contact spring, at the end of the two 
minute interval following the Operation of re 
lay 333, ground potential is removed from con 
ductor Hf , and consequently ground potential 
from conductor 8. 

B4. Forced release at the end 
of the two-minute period 

Upon the above removal of ground potential 
from conductor 8A, ground potential is conse 
quently removed from conductors and 8. The 
renoval of ground potential from these conduc 
tors causes any relays in the connector Ci, which 
derive holding current therefrom, to restore. At 
the same time, hold conductor H of the link L. 
is deprived Of current causing the finder F to 
clear out, disconnecting the link L. from the 
calling line. Line relays 35 and 396 conse 
quently restore, followed by the restoration of re. 
lease relay 337 to remove ground potential from 
conductor 5 and sleeve conductor S of link I, , 
With the result that sleeve relay 309 restores. 
Sleeve relay 393 unlocks and restores release 
timer relay 393 at its middle lower contacts, thus 
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completing the clearing out of the finder-connec 
tOr link. 

B5. Locking out the “permanent' line 
ASSume that the calling line involved in the 

connection just described as having been cleared 
out by "permanent' timer action is the pay-sta 
tion line #203 (Fig. 10) whose associated line 
circuit is LC-293. The consequent unground 
ing of the sleeve lead of the calling multiple open 
circuits the operated relays 97 and f(08. Cut 
off relay (7 thereupon restores and reconnects 
line relay 85. Before the slow-restoring lockout 
relay (98 has had time to restore, line relay 399 
reoperates over the associated line (still in call 
ing condition). With relay i 38 in operated con 
dition, the inner contacts of line relay 009 close 
a locking circuit for lockout relay 008. The 
lower contacts of relay 8 extend ground, 
through the lower armature and front Contact of 
lockout relay i? 8, to the associated alarm con 
ductor A, to which any desired form of allarm 
Signal (usually a delayed Signal) may be con 
nected. The alarm conductor A may be com 
mon to all of the line circuits of the exchange. 
With lockout relay 608 operated, no ground 

potential is extended to the associated T and U 
marking conductors, and no finder is therefore 
started. The locking ground potential applied to 
the junction of the Windings of relays 007 and 

8 appears on sleeve conductor S to guard the 
aSSociated line from being seized as a called line. 
When the "permanent' condition of line #203 

is cleared, line relay (09 restores permitting 
lockout relay 808 to restore shortly, returning 
the associated line circuit LC-23 to its illus 
trated normal condition. 

C. Conversation timing 
Conversation timing, when effected, is per 

formed in the connector C by release-timer re 
layS 302 and 303 under the control of the com 
mon timer T, pickup leads P and P2, and hold 
leads H and H2 being used for this purpose. 
ihe performance of conversation timing is de 
pendant lupOn the ConnectOr being conditioned to 
act as a local connector by the hereinbefore de 
scribed operation of detector relay 308 follow 
ing the dialing of the last digit. 

C1. Preparing for conversation timing 
When detector relay 308 operates, it connects 

up common pickup lead P2 preparatory to an op 
eration of release-timer relay 32 pursuant to 
con VerSation timing. This preparatory operation 
occurs at the Same time that the called line is 
Seized and is Of no effect if the call is not an 
SWered, for in that case relay 33 at its inner 
contacts invariably prevents relay 302 from op 
erating over lead P2. 

Until the ringing operation has been performed 
as hereinbefore described and the called sub 
Scriber has answered and caused back-bridge re 
lay 32 to operate supervisory relay 304, the 
"permanent' timing arrangement involving leads 
Hi and P and relay 303 continued uninter 
Tupted. If relay 363 is operated over lead P 
before Supervisory relay 304 operates, it prevents, 
at its inner contacts, the operation of relay 393 
over lead P2 until relay 3C4 has operated to re 
Store relay 33. This is invariably true because 
the grounding of lead P2 follows closely the 
grounding of lead Pi with a separation of less 
than a Second, for example, during which time 
the connector cannot be taken for use and the 
Complete number dialed up. 
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C2. Changing over from 'permanent' timing to 
conversation timing 

When the call is answered, and supervisory re 
lay 304 operates, auxiliary transfer relay 322 
is in operated condition as hereinbefore pointed 
out with the result that conductors 9 and 20 are 
separated at the inner lower contacts of Super 
visory relay 304, disconnecting and restoring 
release-timer relay 303 if it has been Operated. 
Relay 302 is thereby placed under the control 
of the common-timer lead P2. It Will be re 
called that Supervisory relay 34 at its inner up 
per contacts unlocks and restores auxiliary trans 
fer relay |322. At contacts 88, relay 1322 re 
joins conductors 9 and 20 to prepare for a re 
operation of relay 302 pursuant to conversation 
timing. Relay 322 is slow-restoring to give time 
for relay 303 to restore and open its locking cir 
cuit at contacts 70 before conductors 9 and 2 
are rejoined. 

Pickup lead P is disconnected at the middle 
lower contacts of supervisory relay 394 to pre 
vent a reoperation of relay f393 thereover for 
the time being. 

C3. Starting the first full two-minute period 
At the end of a variable interval of time (not 

exceeding two minutes) following the beginning 
of the conversation period, as indicated by the 
described operation of supervisory relay 304 and 
the restoration (if operated) of release-timer re 
lay 303, common lead P2 is momentarily ground 
ed by cam 1355, closing a circuit through con 
tacts of the operated detector relay 308, and 
through contacts of the restored release-timer 
relay 303 for release-timer relay 302. Relay 
302 thereupon operates and locks itself to con 

ductor 7, through armature 68 and its back con 
tact, at the same time disconnecting itself from 
the common conductor P2. At armature 67, re 
lay 302 prepares a new circuit for operating 
relay 303 over lead P. 
C4. Starting the second two-minute period 
Substantially two minutes after the described 

Operation of relay 392, lead P is again no 
mentarily grounded thereby completing a cir 
cuit through contacts 67, normally closed con 
tacts controlled by armature 70, middle lower 
contacts of sleeve relay 309, conductor 29, con 
tacts 88 of the now-restored auxiliary-transfer 
relay 322, and conductor 9, for release-timer 
relay 303. At armature T0, relay 303 closes 
a locking circuit for itself independent of lead P 
and contacts 67 of relay 302, and disconnects 
itself from lead P. Relays 303 and 302 both 
now being in operated condition, armatures 69 
and 66 maintain ground Supply conductor 8 
grounded. At armature 68, relay 303 transfers 
the locking circuit of release-timer relay 302 
from the grounded conductor 7 to the normally 
grounded common hold conductor H2. 

C5. Starting the third two-minute period. 
About two minutes later, lead H2 becomes mo 

mentarily ungrounded thereby unlocking and re 
storing relay 302. Upon restoring, relay 302, 
at its lower Contacts, prepares a warning-pulse 
circuit over conductor 2, while at armature 66 
and aSSOciated contacts, it transfers ground-sup 
ply conductor 8 to the normally grounded hold 
lead Hf. Lead H, being arranged to be un 
grounded momentarily just ahead of the momen 
tary ungrounding of the lead H2, accordingly re 
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mains grounded for substantially two minutes 
following the described restoration of relay 302. 

C6. Warning the conversing subscribers 
Providing the conversation still continues, a 

warning pulse is delivered about a minute later 
OVer COranOn Conductor WP to Warn the COn 
versing subscribers that the connection is about 
to be released. This warning pulse is transmitted 
from conductor WP, through the lower contacts 
of the restored release-timer relay 302, lower 
contacts of the operated release-timer relay 303, 
lower contacts of Supervisory relay 304, and con 
ductor 2, to busy relay 320. Busy relay 320 is 
operated for the duration (several seconds, for 
example) of this Warning pulse. At its upper 
contacts, it applies a busy-tone signal from the 
common lead BT, through contacts 75 and con 
denser 358, to the tip talking conductor. The 
conversing subscribers are thereby warned that 
the connection will be automatically cleared out 
about a minute later if conversation is still in 
progreSS at that time. 

C7. Forced release at the end of the third two 
minutte period 

ASSuming that the conversation is not volun 
tarily terminated, the next time the timer T 
reaches its Hf position and momentarily un 
grounds hold conductor H (approximately two 
Ininutes after the described restoration of relay 
32, and approximately six minutes after the de 

Scribed operation of relay f302 over common lead 
P2), ground-supply conductor 8 f is ungrounded 
because armature 69 of relay 33 is in operated 
Condition and armature 66 of relay 302 is in re 
Stored condition. Ground potential is thereby 
removed from conductors fi and 8, causing the 
connector C and the finder F to clear out as 
previously described. Each of the concerned line 
circuits is automatically locked out as described 
hereinbefore in connection with the line circuit 
LC-202 (Fig. 10). Such operation occurs within 
Six to eight minutes after the called subscriber 
ISWerS. 

D. Timing following conversation 
'Permanent' timing is accomplished following 

a conversation provided the calling subscriber 
does not replace his receiver to cause the con 
nection to be cleared out in the normal manner 
following the termination of the conversation 
and the replacing of the receiver at the called 
Substation. 

If the calling subscriber replaces his receiver 
at the Conclusion of a conversation, the estab 
lished connection is thereupon cleared out 
Whether the receiver has been replaced at the 
called Substation or not, the line circuit associ 
ated With the called line being brought into lock 
out condition upon the clearing out of the con 
nection if the called Subscriber has not replaced 
his receiver. 

Tet it be assumed now that the calling sub 
Scriber, in a call through connector Cf. Fig. 13, 
fails to replace his receiver after the conversa 
tion has terminated, but that the calling sub 
Scriber replaces his receiver after conversation 
and before the connection is cleared out by the 
conversation-timing arrangement hereinbefore 
described. Under this condition, back-bridge re 
lay 32 restores and permits supervisory relay 
304 to restore, as before described. 
The effect upon the timing operation of the 

restoration of supervisory relay 304 depends up 
On at what period in the conversation-timing 
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operation such restoration of supervisory relay 
3O4 occurs. If it occurs in the preliminary in 

terval before release-timer relay 302 has Oper 
ated as hereinbefore described to Start the first 
full two-minute period in the conversation-tining 
operation, the consequent reconnection of re 
lease-timer relay 33 at the middle loWer con 
tacts of Supervisory relay 30 StartS a. “perma 
nent' timing operation as hereinbefore described, 
in which relay 393 is next operated over lead 
P to begin a two-minute interval, at the end of 
which lead H becomes ungrounded and the con 
nection is thereby cleared out. 
On the other hand, if the restoration of su 

pervisory relay 304 occurs at any time after 
release-timer relay 302 has operated as herein 
before described to begin the first full tWO-minute 
period in the conversation-timing operation, the 
restoration of supervisory relay 304 has no ef 
fect upon the conversation-timing operation, 
other than to open the Warning-pulse circuit to 
busy relay 32). Therefore, if the calling Sub 
scriber fails to replace his receiver under these 
conditions, the conversation-timing operation 
proceeds to its described conclusion, and the forced 
release of the connection occurs approximately 
six minutes from the time of Operation of release 
timer relay 302. 

E. Absorbing the initial digit 1 

The connectors are arranged to absorb the ini 
tial digit 1, because the dialing of the initial digit 
1 is often inadvertently simulated at a calling 
Substation during the act of removing the re 
ceiver, as by the bumping of the hookSwitch after 
its contacts have been allowed to close. This 
may occur after a finder has operated to find the 
calling line and the associated connector has been 
prepared for operation. Such bumping of the 
hookSWitch. Sometimes momentarily Opens the 
contacts. Such an operation is termed a pre 
liminary impulse, for it often produces the effect 
in the connector of the dialing of the digit 1. 
As a result, the initial digit 1 has not been as 
signed in the disclosed System, each of the con 
nectors being arranged to absorb such digit when 
received, whereby the inadvertent transmission 
of a preliminary impulse during the act of re 
moving the receiver does not prevent the calling 
Subscriber from obtaining the number which he 
Subsequently dials. 

Referring now to the connector Cf (Fig. 13), it 
will be recalled that the locking circuit of the 
it 1 counting relay 333 includes contacts 96 and 
the inner lower contacts of Series auxiliary relay 
326. When any digit of a number is dialed, se 

ries auxiliary relay 326 responds to the operation 
of slow-restoring series relay 32 by preparing 
a locking circuit for the ii.1 counting relay 333 
at its lower contacts. When the initial digit 
dialed is any digit other than 1, one or more 
additional counting relays is Operated and the F1 
counting relay 333 is restored thereby. Series 
auxiliary relay 326 invariably restores at the 
end of the initial digit of the number, as herein 
before described. Upon so doing, it open-circuits 
and restores the #1 counting relay 333 at its 
lower contacts, if this relay has not been other 
Wise restored. The associated driver relay 33 
is thereby unlocked and restored, returning the 
relays of the counting chain to their illustrated 
normal condition. Such counting relays, there 
fore, Operate in response to the following digit and 
treat such digit as the initial digit of the number, 
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34. 
no interdigit transfer operation having taken 
place. 

It will be recalled further that series-auxiliary 
relay 326 is invariably locked operated tempo 
rarily following the dialing of any digit subse 
quent to an assigned initial digit, wherefore, 
counting relay 333 is not unlocked at the inner 
lower contacts of relay 326 if such Subsequent 
digit is the digit 1. 

F. Handling units digits having a value 
greater tham 5 

The disclosed unitS-relay arrangement of the 
connectors is such that five units relays and a 
units-Switching relay are employed to make any 
desired one of ten units selections. Such relays 
in the connector C are shown in Fig. 13, part 5, 
being the units relays UC to USC and units 
switching relay U6C. Relays UFC to U5C re 
spond respectively to units digits 1 to 5. These 
Sane relays also respond respectively to the units 
digits 6 to 0, but the units-Switching relay U6C 
responds to any digit having a Value greater 
than 5. 
The dual operation of relays UC to U5C is 

secured by connecting each of the conductors U' 
and U2 to U5 (Fig. 13, part 9) to two counting 
relay armatures, as illustrated. 
The bringing about of the operation of units 

switching relay U6C when the units digit has a 
Value greater than 5 is accomplished over con 
ductor 6 of cable 365, through contacts of the 
iF6 counting relay 338, and over conductor U6'. 
Conductor 6 in cable 365 is energized by ground 
potential (through contacts of dial-tone relay 
324 and the middle upper contacts of tens-trans 

fer relay 325) only in the period including the 
dialing of the units digit. During this period, if 
the units digit has a value greater than 5, count 
ing relay 338 operates to close a circuit over 
conductor U6' for units-Switching relay U6C. 
Relay U6C thereupon operates and locks itself to 
conductor f7. At the same time, it disconnects 
the Out link OL from the upper group of contact 
sets of relays UC to U5C and transfers the out 
link to the inner upper group of contact sets of 
relays UC to U5C. The subsequent operation 
of one of the relays UC to U5C therefore makes 
connection. With One or another of the lines 6 to 0 
in the Selected tens group. 

G. Unequipped tens groups 
It will be recalled that the operation of tens 

transfer relay 325 following the dialing of the 
tens digit in the desired number is dependent 
upon one of the tens relays T2C to TAC (Fig. 
13, part 5) having operated and prepared a lock 
ing circuit for itself at its inner lower contacts. 
When an exchange is installed With less than the 
maximum number (twenty) of tens relays, tens 
transfer relay 325 is not operated when the des 
ignation of an unequipped tens group is inad 
vertently dialed; the counting chain is not re 
stored; and the normal progressive operation of 
the transfer relays is hated, preventing the giving 
of a busy signal in the normal Way, as when an 
unequipped line multiple is called and test relay 
38 is unable to operate. Special provisions are, 

therefore, desirable for giving a calling sub 
Scriber a, blLSy Signal in this event. 
The special provisions referred to consist merely 

in the provision of a pair of terminals 83 (Fig. 13, 
part 9) connected to the busy-relay conductor 2 
and aSSociated. With the contact levels of the 
counting relays through which relays T2C to 
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T40C are operated. If any tens relay is not 
equipped in a given installation, the correspond 
ing conductor in cable 366 is left open and the 
associated armature on the concerned one of the 
counting relays f333 to 342 is connected to the 
associated terminal 83. Under this condition, 
when the armature in question is energized at the 
end of the dialing of the tens digit, ground poten 
tial is thereby extended to the connected terminal 
83, and thence over conductor 2 to busy relay 
f320. Busy relay 320 thereupon operates and 
disconnects conductor from conductor 25 to 
prevent the current setting of the counting relays 
from being disturbed by any further dialing that 
may occur. At its upper contacts, busy relay 320 
applies busy-tone current to the calling line to 
inform the calling subscriber that the attempted 
connection cannot be completed. 

H. Bridged and divided ringing 

The connectors are so arranged that either 
bridged or divided ringing may be used on any 
party line. On individual lines and on party lines 
having only a Small number of party substations 
thereon, it is desirable to employ bridged ringing, 
as no ground connection need then be employed 
at the Substation. On the other hand, when many 
party substations are connected to the same party 
line, it is desirable that the so-called divided 
ringing system be used. Among other reasons, di 
vided ringing on heavily loaded party lines lessens 
the number of ringers connected to each of the 
talking conductors and thereby causes less dis 
tortion of dial impulses than is experienced When 
all of the ringers on a heavily loaded party line 
are bridged across the two conductors thereof. By 
dividing the ground-connected ringers between 
the two conductors of the line, the line is better 
balanced against foreign disturbances than if 
all the ringers were connected between one line 
conductor and ground so as to leave the other line 
conductor free for controlling the impulse-deliv 
ering line relay of a connector, line relay 306 of 
the connector C. 
Upon referring to the twenty-party line #4 l; 

5 (Fig. 10), it is to be noted that the odd-num 
bered substations such as #4 i f f and #5 l l l ) have 
their ringers connected between the ring con 
ductor of the line and ground, while the even 
numbered substations on the party line have their 
ringers connected between the tip conductor of 
the line and ground. On the other hand, the 
ringer at the individual line substation it 203 is 
a bridged ringer, and the same is true for the 
ringers at the substations on the four-party line 
#202. Accordingly, each connector must be ar 
ranged to apply ringing current SO as to Operate 
the ringers on lines equipped for bridged ringing 
as well as to operate the ringers on lines equipped 
for divided ringing. The way in which this is 
accomplished will now be pointed out. 
Code-ring relay 3f, as previously described, 

connects ringing current to one of the talking 
conductors of the called line (at its upper arma 
ture) each time it operates during the ringing op 
eration, ring-trip relay 35 being connected to 
the other conductor of the called line to actuate 
ring-cutoff relay 33 when the called subscriber 
answers, either during an application of ringing 
current or during a silent period. Normally, the 
ringing current applied from the common ring 
ing lead 80 through the upper armature of code 
ring relay 37 passes out through the upper con 
tacts of reverse-ring relay 34, through the back 
contact of armature 76 and the Said armature, 
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and through contacts 84 to the tip conductor of 
the called line, while a return path for ringing 
current is provided from the ring conductor of 
the called line, to battery and ground, through 
ringing trip relay 35, which is connected to the 
ring conductor of the called line, through the back 
contact of the inner armature of reverse-ring re 
lay 34 and the said armature, back contact of 
armature 77 and the said armature, and contacts 
85 of switching relay 319. When a call is made 
to a divided-ringing party line and the station 
called is one having its ringer connected between 
the tip conductor and ground, the above described 
connections suffice for the ringing current returns 
through ground to the ringing generator, rather 
than over the ring conductor of the called line and 
through ring-trip relay 35. Ring-trip relay 
35, however, is operated over the called line 
When the latter is bridged upon the removal of 
the receiver thereon. 
When an even-numbered Substation on a di 

Vided party line is being called, the ringer is con 
nected to the ring Side of the line, making it nec 
eSSary that ringing current be applied to the ring 
side of the called line in order to signal the called 
Substation. In this event, reverse-ring relay f3 4 
is operated as Will be Subsequently explained to 
reverse the connections between the ringing lead 
and ring-trip relay 35 on the One hand, and the 
tip and ring conductors of the called line on the 
other hand. The ringing current is thus sent out 
over the ring conductor of the called line, and 
ring-trip relay 35 is operated over the tip con 
ductor of the called line when the call is answered. 
This arrangement does not affect a line on which 
the ringers are bridged, for it is immaterial in the 
case of a bridged ringer which of the two conduc 
tors of the line is the Source of ringing current and 
which is the return path through ring-trip relay 
35. 
On a call to an odd-numbered substation on any 

party line, the party digit dialed is an odd-party 
digit and consequently an odd-numbered count 
ing relay in Fig. 13, part 4, is in Operated and 
locked condition at the end of the dialing of the 
final digit in the number. Conductors 8 and 28 
are, therefore, joined together. Consequently, 
when switch relay 39 operates, ground poten 
tial on conductor I8 is transmitted over conduc 
tor. 28 and through contacts 96 to operate re 
verse-ring relay 314, Which remains operated un 
til the connection is cleared out. Ringing cur 
rent is, therefore, transmitted in this case over 
the ring side of the called line instead of over 
the tip side of the called line. On the other hand, 
if the party digit dialed is an even digit, conduc 
tors 8 and 28 are not joined by the counting 
relay in operated condition at the end of the 
party digit, with the result that reverse-ring re 
lay 34 does not operate, and ringing current 
is sent out over the tip side of the called line. 
I. Twenty-party signaling in the '2' hundreds 

group 

It has been described hereinbefore that hun 
dreds-transfer relay 327 is energized over con 
ductor 2 in cable 365 and through its lower Wind 
ing when the hundreds digit 2 is dialed in which 
case the lower winding of relay 327 is locked 
energized to conductor 17 (through the front con 
tact and upper armature of relay 32, and 
through closed contacts of the unoperated relays 
f 328 and 329). Relay 329 is not operated un 
der this condition. Accordingly, pickup conduc 
tor PU- remains connected up at the lower 
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armature of relay 329 as previously described 
With the result that the first or preliminary-ring 
impulse has been transmitted by each of the 
code cams to C of the device 363 before pick 
up relay 36 operates to connect code-ring re 
lay 317 to the one of the code conductors to 
0 in cable 364 selected by the subsequently dialed 
party digit. Therefore, any selected one of the 
ten codes assigned to the first tens group of party 
stations on a twenty-party line in the “2' hun 
dreds group is sent out during the ringing Opera 
tion. One such group of ten substations on a 
twenty-party line may be substations #20 to 
#200 (Fig. 2, part 2) on line #20 ;30?. 
When the call is for one of the party Sub 

stations in the second group of ten on the tWen 
ty-party line (such as for one of the substations 
including it 30 to #3 of 9 on line #26;30, Fig. 
2, part 2), the hundreds digit dialed is the digit 
3. In this event, the #3 counting relay 335 is 
the one locked in operated condition at the end 
of the dialing of the hundreds digit, and a cir 
cuit is accordingly closed over conductor 3 in 
cable 365 for the lower winding of group-Selec 
tion relay 329, in multiple with the upper Wind 
ing of hundreds-transfer relay 327. Relay 329 
closes its upper contacts, but without effect, for 
conductor 5 in cable 365 is not energized at this 
time. At its inner lower armature, relay 329 
prepares a locking circuit for its lower Winding 
and for the upper winding of relay 327. This 
locking circuit is completed at the upper con 
tacts of relay 327; from ground on conductor 
IT, through the upper contacts of relay 1327, over 
conductor 49, inner lower armature and back 
contact of relay 328, inner lower armature and 
front contact of relay 329, and thence to bat 
tery through the lower winding of relay 329, and 
through the upper winding of relay 327. 

Hundreds-transfer relay 32 performs trans 
fer operations with results described hereinbe 
f?T?. 
At its lower armature, relay 329 substitutes 

pickup conductor PU-2 for conductor PU-f. 
As a result, when the complete number has been 
dialed and the ringing operation is started, pick 
up relay 36 is operated earlier in each ring 
ing cycle than when conductor PU- is used. 
Specifically, it is operated from the contacts of 
cam C of device 363 and over conductor PU-2 
to connect up code-ring relay í 317 before the 
preliminary ringing impulse has been transmit 
ted by the selected one of the associated code 
cams to 0. The consequence is that whichever 
one of the ten codes has been Selected is pre 
ceded by a distinguishing preliminary applica 
tion of ringing current, thus designating to the 
subscribers on the called twenty-party line that 
One of the substations in the Second tens group is 
being called. 

J. Calls to the “4’ hundreds group 

When the first digit dialed is the hundreds digit 
4, the #4 counting relay 336 is locked operated 
at the end of the digit. Under this condition, 
when hundreds conductors 38 and 39 are ground 
ed at the end of the hundreds digit, the ground 
potential on conductor 38 is extended over con 
ductor 4 in cable 365 to operate group-Selection 
relay 328. When relay 328 operates, the ground 
potential on conductor 4 of cable 365 is ex 
tended through the upper contacts of relay 328 
to conductor 49, and thence through the inner 
lower armature and front contact of relay 328, 

Relay 327 to the upper winding of relay 327. 
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38 
thereupon operates. Upon so doing, it connects 
49 with the grounded conductor f7, thereby clos 
ing a self-locking circuit for relay f328 through 
the upper contacts of the latter relay, and clos 
ing a locking circuit for the upper winding of re 
lay 327 through the inner lower armature of 
relay 328 and its front contact. 
At armatures 94 and 95, relay 328 disconnects 

tens conductors 40 and 4 associated with the '2' 
hundreds group and substitutes tens conductors 
42 and 43 associated with the '4' hundreds group. 
Under this condition, when the counting relays 

have been reset in accordance with the tens digit 
in the desired number, conductors 42 and 43 
become grounded in place of conductors 40 and 
4, and one or another of conductors 4 to 40 
in cable f366 becomes energized through the 
aSSociated contacts of the then operated one of 
the counting relays. Accordingly, one of the tens 
relayS (Such as T4f C to T40C) associated with 
the “4' hundreds group is energized, and con 
nection is completed to the desired line in the 
desired tens group of the “4’ hundreds group 
upon the dialing of the remaining digits in the 
desired number. 

JÍ. TUenty-party Signaling in the “4” hundreds 
group 

When a call is extended to a line in the '4' 
hundreds group by the calling of a number con 
taining the hundreds digit 4 as above discussed, 
group-Selection relay 329 is not energized and 
pickup lead PU- associated with the code-ring 
ing apparatus 363 is effective during the ensu 
ing ringing operation. Consequently, when a 
twenty-party line, such as #4ff.; 51 (Fig. 2, part 
2, and Fig. 10), is called in a number containing 
the hundreds digit 4, the resulting ringing oper 
ation Sends out one of the ten codes to signal 
One of the ten party Substations if 4 to #40 
thereon, the preliminary application of ringing 
current being Omitted in this case. 
When such a party line is called by a number 

containing the hundreds digit 5 as the first digit 
thereof, conductor 5 in cable 365 is energized at 
the end of the hundreds digit, thereby closing a 
circuit for the upper winding of relay 329. At 
its upper contacts, relay 329 extends the ener 
gized conductor 5 in cable 365 to the winding 
of relay 328, energizing the latter relay. The 
ground potential oil conductor 5 in cable f365 
is thereupon extended through the upper con 
tacts of relays 329 and 328 to conductor 49, 
energizing the upper winding of hundreds relay 
i 32, through the lower armature and front con 
tact of relay 1328. Relay .327 thereupon con 
nects conductor 49 to the grounded conductor 

to close a locking circuit for itself through the 
inner lower armature and front contact of relay 
328; closing a locking circuit for relay 328 
through the upper contacts of the latter relay; 
and closing a locking circuit for the upper wind 
ing of relay 329 through the upper contacts of 
relays 328. and 329. Hundreds-transfer relay 
2327 carries out its hereinbefore described trans 
fer operations; relay 328 disconnects the tens 
conductors 40 and 4 and substitutes tens con 
ductors 42 and 43 aSSociated With the '4' hun 
dreds group; and relay 329 disconnects pickup 
conductor PU- and Substitutes pickup conduc 
tor: PU-2. Accordingly, when the complete num 
ber has been called and the ringing operation 
ensues, each ringing operation is started Sufi 
ciently earlier that a preliminary application of 
ringing current is made preceding the selected 
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code, thereby signaling the selected one of Substa 
tions such as if 5 to #50 (Fig. 10) on the 
called party line. 

K. Reverting calls 

Calls from a party-line substation to another 
substation on the same party line are termed 
reverting calls. The way in which Such calls 
are handled Will now be described. 

Let it be assumed that the party-line Sub 
Scriber at Substation : 202 t (Fig. 10) on four 
party line #292 desires to converse with another 
subscriber on the same line, the subscriber at Sub 
Station F2324, for example. 
When the receiver (not shown) is removed 

at calling substation if 202, line relay 006 of line 
circuit LC-202 thereupon operates to ground the 
associated T and U marking conductors whereby 
an idle finder is caused to make connection with 
the associated line multiple if 202. 

It may be assumed that the finder F (Fig. 11) 
is idle at this time and is taken for use by 
the distributor DR through the operation of relay 
200 as hereinbeforedescribed. Tens and units 

relays T20F and U2F in the finder F are now 

0 
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operated from the distributor DR in accordance 
With the designation of the calling line to make 
connection with the calling multiple it 202. 
When this occurs, the connector C of Fig. 13 is 
prepared for operation in the manner herein 
before described responsive to the energization 
of its line relays 395 and 306. When this has 
occurred, the sleeve conductor S of the calling 
line multiple if 202 becomes grounded, whereupon 
relays 004 and 005 operate and line relay 006 
restOreS. 

Responsive to the dialing of the number (2024) 
of the desired substation on the calling line, oper 
-ations as previously described occur in the con 
nector C of Fig. 13 with the result that the 
conductOrs of the Out link OLu are connected to 
the line multiple of the called (and calling) line 
#202 through the operation of relays T28C and 
U2C as hereinbefore described. 
The dialing of the final digit, the party digit 4, 

results in the counting relays of Fig. 13, part 4, 
being finally reset in accordance with the called 
substation on the called party line. The testing 
operation occurring as described during the dial 
ing of the party digit results in the inability of 
test relay f38 to operate because the called mull 
tiple is the same as the calling multiple and the 
sleeve conductor thereof is consequently ground 
ed. Busy relay 320 is accordingly operated when 
series relay 32 restores at the end of the dialing 
of the final digit, applying a busy-tone signal at 
its upper contacts of the calling line. 
K1. Conditioning connector for Operation as a 

local co? ??ctor 

Upon the operation of busy relay 32, detec 
tor relay 308 operates as previously described to 
condition the connector for Operation as a lo 
cal Connector rather than as a toll COnnector. 
One result of the operation of detector relay 308 
at this time is the disconnection of conductor 4 
from conductor 3 to render busy-verification re 
lay i 3 f l ineffective, and the connection of con 
ductor 4 to the sleeve conductor S of the out 
link OL to enable reverting-call relay 1310 to 
operate when the calling subscriber replaces his 
receiver. The closing of the upper contacts of 
the detector relay 308 further prepares a cir 
cuit, through the middle upper contacts of busy 
relay 320, for reverting-call relay 3f O. 
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40 
Party-line subscribers are preferably instruct 

ed to replace the receiver When the busy-tone 
signal is heard upon the dialing of the number 
of another Substation on the same party line. 
When the calling subscriber at substation 

#202f (Fig. 10) replaces his receiver responsive 
to the busy-tone signal returned to the calling 
line as above described, operations occur in the 
connector C to cause the finder F to be re 
stored and the connector C to seize the called 
(and calling) line to signal the called Substation 
thereon, as well now be described. 

K2. IMalcing the reverting-call test 
When line relays 35 and 306 restore (when 

the receiver is replaced), they open the circuit of 
slow-acting release relay 307, but relay 307 re 
mains operated for a moment. Line relay 306 
extends ground potential, through contacts of 
the operated sleeve relay 309, over conductor , 
through the inner upper armature and front con 
tact of the operated busy relay 320, conductor 
4, and the middle upper armature and front 
contact of detector relay f308, to the sleeve con 
ductor S of the out link OL, thereby applying 
ground potential at a new point to the multiple 
of the called (and calling) line, out link OL hav 
ing been connected with Such multiple through 
the relays of Fig. 13, part 5, as previously de 
Scribed. 
A moment later, release relay 307 restores. At 

its inner lower contacts, it disconnects local con 
ductor i 8 from ground-supply conductor 8 , 
thereby ungrounding conductor í 8 (and conse 
quently hold conductor H of the link L?) except 
for the connection between conductor 8 and the 
grounded conductor through contacts of re 
verting-call relay 30. Conductor f7, it will be 
recalled, is maintained grounded, from ground 
supply conductor 8, at the inner lower contacts 
of sleeve relay f309 as long as the latter relay 
remains operated. 
At its upper armature, release relay 307 re 

moves the ground potential previously applied 
through the front contact of the Said armature 
to conductor 5, a local eXtension of sleeve con 
ductor S of the link L. f. Ordinarily, sleeve relay 
389 (which derives its operating current from 

conductor 5) restores at this point and permits 
the connection to clear out by ungrounding con 
ductOr i and consequently conductor ? 8. In the 
present example, however, this does not occur 
because of the ground connection made as pre 
viously described to the sleeve conductor S of 
the out link OL through contacts of the operated 
relays 320 and 308. This ground potential is 
extended through the connecting relays of the 
Operated connector to the concerned line multi 
ple #202, and from this line multiple it extends 
through the connecting relays of the Operated 
finder F to the Sleeve conductor S of the link 
If, to which conductor 5 is connected. Ground 
potential reaches conductor 5 at this time only 
because the finder F and the connector C have 
both been set on the same line multiple, which 
occurs only during a reverting call. 
The ground potential reaching conductor 5 of 

the connector C through the operated connector 
and the operated finder, by way of the sleeve con 
ductor of the concerned line multiple, is effective 
to hold sleeve relay f 309 operated for the time 
being (through the inner upper armature and 
back contact of relay f30 and contacts 64). 
Conductors f. and 8 are consequently held 
grounded for the time being to maintain finder 
F and the connector C? operated. 
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K3. Operating reverting-call relay 1310 
With ground potential thus maintained on lo 

cal conductor 5 of the connector C, the described 
restoration of release relay 30 closes a circuit 
through the upper armature and back contact of 
relay 307, upper contacts of detector relay 308, 
conductor 3, contacts of the operated busy, relay 
32), and conductor 4, for reverting-call relay 
3f. Reverting-call relay 30 now operates. 

K4. Clearing out finder F1 

At its lower armature, reverting-call relay 30 
locks itself to conductor (grounded through 
the inner lower contacts of sleeve relay 399); 
at its upper contacts, it makes a new ground con 
nection to local conductor 5, through the upper 
contacts of the operated relay 308 and of the 
restored relay 30; and at the normally closed 
contacts controlled by its lower armature, it dis 
connects conductor 8 from conductor , thereby 
depriving conductor 8 of ground potential, re 
lease relay 37 having been restored as described 
and busy relay 32 being in operated condition. 
When this occurs, conductor H of the link Lif 
becomes consequently ungrounded, thereby un 
locking and restoring the operated relays (U2F 
and T2F) of the finder F. The incoming con 
ductors of the connector C are thus cleared 
from the concerned line multiple to enable ring 
ing current to be transmitted thereover from 
the connector without affecting line relays 305 
and 36. Local conductor 5 is maintained 
grounded thereafter through the above described 
Substitute ground connection, closed at the lupper 
contacts of relay 30. 
At the back contact Of the inner lilipper arma 

ture of reverting-call relay 3 fo, one point in the 
circuit of sleeve relay 399 is opened, but sleeve 
relay 369 remains operated over conductors 5 
and , which are joined together at this time 
at the upper contacts of auxiliary relay 322, 
locked operated to conductor over conductors 
9 and 9. 

R5. Seiaing the called line and ringing 
At its upper armature and front contact, re 

verting-call relay 3 fo causes the connected line 
to be seized by closing a circuit from the ground 
ed conductor 5 over conductor 6 for the lower 
winding of test relay 38. Upon Operating, re 
lay - 318 makes a new ground connection to the 
sleeve conductor of the out link OL, at its inner 
upper contacts; it locks itself to conductor 5 at 
its upper contacts; and at its lower armature 
and front contact, it closes an operating circuit 
for switching relay 39, from ground on Con 
ductor i. 

Switching relay 39 now operates to seize the 
tip and ring conductors at contacts 84 and 85, 
while at its lower contacts it connects up pickup 
relay 36 to initiate the hereinbefore described 
party-line ringing Operation. 

K6. Reguarding the finder-connector link 
A further result of the operation of test relay 
318 is the open-circuiting of busy relay 320 at 

its lower contacts. Slow-restoring busy relay 320 
falls back after a slight interval and opens the 
busy-tone connection at its upper contacts; at its 
inner upper armature, it disconnects conductor 
4. thereby opening the initial circuit path. Over 

which ground was applied to the sleeve Conduc 
tor of out link OL, but a substitute path has been 
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closed as described at the inner upper" contacts 
of relay 38. 
At its middle lower armature and back con 

tact, busy relay 320 again joins conductors 
and 8 together, thereby regrounding conductor 
8 and consequently the hold conductor Hin-link 
L., whereby ground potential (which was: mo-' 
mentarily removed from the said conductor H 
to allow the finder F to clear Ott) is again ex 
tended, through contacts-of-connecting relay 200, 
to test conductor 20 li to - mark the finder Ff* als 
busy to the distributor DR. 
The ringing code now transmitted to the line 

involved in the reverting call, party line #202, 
Fig. 10, operates the ringers at all the substa 
tions on the line, whereby the calling subscriber 
at Substation it 202s is informed: that the called 
subscriber at substation #2024 is being signaled. 
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K7. Clearing out the connection when the 
reserting call is answered 

When the called Subscriber renoves his re 
ceiver to answer the reverting call, ring-trip re 
lay f 3.5 in the connector C operates as previ 
ously described, thereby operating the ring cut 
off relay 343 from ground potential on the re 
grounded conductor 8. The operation of ring 
cutoff relay 33 is followed by the operation of 
-back-bridge relay 32, followed in turn by the 
operation of supervisory relay 304, 
At its inner upper contacts, supervisory relay 
304 separates conductors 9 and 10, to clear out 

the counting relays of Fig. 13, part 4, and to uns 
lock and restore auxiliary-transfer relay 322. 
At its upper contacts, relay 322 separates con 
ductors 5 and 7 (reverting-call relay 30 being 
in operated condition), Whereupon sleeve relay 
309 restores, disconnecting ground supply con 
ductor 8 from conductor 7. Thereupon, con 
ductors 7, 8, and 5, together With the sleeve 
and hold conductors of the link Ll * become "un 
grounded, being all joined together and previously 
deriving ground potential solely through the in 
ner lower contacts of sleeve relay 309, from 
ground-supply conductor 8. All of the operated 
relays of the connector C thereupon clear out 
returning the connector to its illustrated normal 
condition. 

E8. The reverting-call line circuit is locked. Out 

In the line circuit LC-202, Fig. 10, the oper 
ated cutoff and lockout relays. 004 and 005 are 
open-circuited by the consequent removal of 
ground potential from the associated sleeve con 
ductor S when the connector C clears out. Be 
ing slow-restoring, lockout relay 005 does not re 
store immediately. Cutoff relay. OO4 immediate 
ly restores and reconnects line relay 006, where 
upon line relay 006 operates and closes a locking 
circuit for relay G05, through the inner contacts. 
of the two relays. Ground potential is applied to 
the associated common alarm conductor. A 
through the lower armatures of relays 006. and 

5. As previously stated, alarm Conductor A 
may lead to common alarm equipment. This 
alarm equipment may be arranged to sound an 
alarm only after the conductor has been ground 
ed for an extended period of time, half an hour 
for example, whereby an alarm is not sounded as 
a result of the carrying on of a reverting-call: 
conversation of ordinary length, but an alarm: 
may be sounded eventually (to, attract the at 
tention of an attendant, if present). When the 
alarm conductor A is continuously grounded as a . 
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result of a locked-out trouble condition On a line, 
as previously discussed. 
Upon noting the cessation of the operation of 

his ringer, the calling subscriber at substation 
#202? may remove his receiver and converse with 
the subscriber at called substation #2024 as de 
sired, transmitter current being supplied to the 
two substations through the Windings of line re 
lay iOO6. The line circuit LC-202 is made busy 
(guarded against seizure by the connectors) by 
the ground potential applied to sleeve conductor 
S, through the inner armatures of the operated 
relays 006 and 005, and through the winding of 
cutoff relay 004. · 
When the reWerting-call conversation has been 

completed and the Subscribers have replaced 
their receivers, line relay 006 restores, followed 
by the restoration of lockout relay í005 to return 
the line circuit LC-202 to its illustrated normal 
condition. 

Reverting calls may be made on any of the 
Other party lines in the manner described. The 
only difference to be noted is that, when the con 
cerned party line is one employing divided ring 
ing, the calling subscriber does not hear the re 
verting-call ringing operation if the called sta 
tion in the reverting call is one having its ringel' 
connected to the opposite conductor of the line. 
For example, When the Subscriber at substation 
#4 on the twenty-party line if Al;5? (Fig. 
10) makes a reverting call to substation F5110, 
the ringing current is sent back over the tip con 
ductor of the line to signal the called substation, 
whereas the ringer at the calling substation is 
connected to the ring conductor of the line and 
is therefore not operated. Under such a condi 
tion, the calling subscriber is expected to wait a 
reasonable time after replacing his receiver to 
permit the ringing operation to take place, after 
which he removes his receiver to converse with 
the called subscriber if the latter has answered. 
The reverting-call apparatus may also be used 

by any subscriber or by a service man at any 
Substation (either an individual-line substation 
or a party-line substation) to check the opera 
tiveness of the ringer thereat. For this purpose, 
the subscriber removes the receiver and dials his 
own directory number, replacing his receiver 
when he hears the busy signal, whereupon the 
hereinbefore described reverting-call operation 
occurs and ringing current is sent back to the 
calling line to operate the ringer at the calling 
substation. The ringing operation is terminated 
and the concerned connector is cleared out when 
the calling subscriber again removes his receiver. 

L. P. B. X calls 

The handling of calls to private branch ex 
changes will now be described. For this purpose, 
it may be assumed that a subscriber at pay sta 
tion if 203 (Fig. 10) desires to converse with 
someone at the private branch exchange, F25 
(Fig. 10). It is assumed by Way of illustration 
that ten lines are provided between exchange C 
and the private branch exchange. The directory 
numbers of these lines are 25 í í, 252 1, and so 
forth, to 250?. 
When the receiver is removed at the calling pay 

station #203 (Fig. 10), line circuit LC-203 op 
erates as previously described to cause a connec 
tion to be made to the associated line multiple 
L. M. #203 as described hereinbefore. It may be 
assumed that the finder F1 (Fig. 11) is idle and 
is caused to operate as previously described to 
extend connection to the connector C. When 
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this occurs, cutoff and lockout relays fool and 
f008 of the line circuit LC-203 operate over the 
associated sleeve conductor to disconnect and re 
store line relay 009 as described hereinbefore. 
The connector C is prepared for operation as 

previously described, by the operation of line re 
lays 365 and 306, release relay 30, sleeve re 
lay 309 and dial-tone relay 324, dial tone being 
applied to the calling line through the upper con 
tacts of relay 324. 

L1. Dialing the hundreds digit (2) 
When the hundreds digit (2) in the desired 

number is dialed, series and Series-auxiliary re 
lays 32 and 326 operate as previously de 
scribed during the transmission of impulses by 
line relay 306 to the counting-relay equipment 
of Fig. 13, part 4. 

Driver relay 33 and counting relay 334 are 
in energized condition at the end of the transmis 
sion of the impulse series. Then, when series re 
lay 33 restores at the end of the series of im 
pulses, it restores series-auxiliary relay 326, and 
its operates hundreds-transfer relay 321, 
through contacts of counting relay 334 and Over 
conductor 2 of cable f365. Relay 327 locks it 
self as previously described; restores dial-tone 
relay 324; and clears out the counting and 
driver relays preparatory to their operation in 
response to the tens digit in the desired number. 

L2. Dialing the tens digit (5) 
When the tens digit (5) is dialed, Series and 

series-auxiliary relays 32 and 326 Operate as 
above, relay 326 locking itself at this time 
through contacts of the operated hundreds 
transfer relay 327 to provide locking potential, 
through its upper contacts, for the counting and 
driver relayS. 
At the end of the Series of five tenS impulses, 

counting relay 337 is in operated condition, 
locked in series with driver relay f33. 
When series relay 32 restores at the end of 

the tens digit, it closes the following circuit for 
the fifth tens relay T25C in the '2' hundreds 
group: from ground on conductor ill, through the 
inner lower armature and back contact of relay 
f32, conductor 27, contacts of driver relay f33, 
conductor 37, contacts 87, lower armature and 
back contact of the restored dial-tone relay 324, 
armature 95 and its back contact, tens conductor 
4, contacts of counting relay 337, conductor 25 
of cable 336, and through the Winding of relay 
T25C, to battery. Upon operating, relay T25C 
connects up the ten associated line multiples rep 
resented by cable CA-5. At its inner lower con 
tacts, it closes a circuit over conductor 36, 
through resistor 367, contacts of relay 323, and 
the lower armature and front contact of relay 
|327, for tens-transfer relay 325. Relay 325 
thereupon locks itself and relay T25C operated at 
its middle upper contacts. 
As previously described, relay 325 unlocks and 

restores series-auxiliary relay 326 at its inner 
upper armature, and relay 326, on restoring, re 
Operates dial-tone relay 324 in preparation for 
the units digit. The counting and driver relays 
of Fig. 13, part 4, are cleared out responsive to 
the restoration of relay 326. 

L3. Dialing the units digit (1) 
When the impulses constituting the units digit 

(1) are received, series-auxiliary relay 326 is 
again Operated by series relay 32. At this time, 
relay 326 locks itself as previously described, 
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through armature 90 of the reoperated dial-tone 
relay 324, preparing the counting-relay locking 
circuit at its upper contacts. At the end of the 
units digit (1), counting relay 333 is in ener 
gized condition, locked in series With driver re 
lay 33). 
When series relay f32 falls back at the end 

of the units digit, and grounds units conductors 
64 and 3 as previously described, the ground 
potential on conductor 45 is extended, through 
contacts of the operated #1 counting relay 333, 
conductor U?', contacts of relay P. B. X-, and 
conductor UA to the first units relay, U.C. Re 
lay UC thereupon operates and connects the 
tip, ring, and sleeve conductors T, R, and S of 
the out link OL (through contacts of relay T25C) 
respectively with the corresponding conductors 
in line multiple #25, being the switchboard mul 
tiple of the first line of the called P. B. X group. 
At its lower contacts, relay UC prepares a lock 
ing circuit for itself, extending ground potential, 
through the lower contacts of the unoperated 
relays U2C to USC, to conductor 35, to units 
transfer relay || 323. Relay 1323 thereupon op 
erates with results as previously described, in 
cluding the closing of a locking circuit for itself 
and relay UFC at the front contact of its upper 
armature. The locking circuit of relay UC in 
cludes conductors U ' and UA in series, normally 
joined by contacts of relay PBX-. 
As previously described, the counting and 

driver relays clear out responsive to the operation 
of units-transfer relay 323; dial-tone relay 324 
is again restored; series-auxiliary relay 326 is 
again unlocked and restored; and auxiliary 
transfer relay 323 is energized by its upper Wind 
ing, and locks over conductors , 9, and 0. 

L4. Dialing the party digit (1) 
When the finai (party) digit (1) is dialed, Se 

ries relay A321' and auxiliary-series relay 326 
again operate, and series-auxiliary relay 326 
locks itself over a circuit path including closed 
contacts 9 of dial-tone relay 324 and the inner 
upper contacts of the locked auxiliary-transfer 
relay 322. 
Counting relay 333 is operated responsive to 

the single impulse in the final digit and locks it 
self in circuit. With driver relay 330. 
During the dialing of the final digit (the tip, 

ring, and sleeve conductors of the out link OL 
having been connected to the multiple of the 
first line in the called P. B. X group), the first 
P. B. X line (#25, Fig. 10) is tested by the upper 
winding of test relay 38. For this purpose, the 
lower armature of Series relay 32 extends 
ground, from conductor 7, over conductor 23, 
through contacts of release relay 30, and over 
conductor 22, to the upper Winding of test relay 
38. 

L5. Seieing the first P. B. X line, when idle 
The operations Which now occur depend upon 

whether the first line of the P. B. X group is idle 
or busy. If this line is idle, test relay 38 oper 
ates to prepare a circuit at its lower arnature for 
switching relay 39 with the result that the lat 
ter relay operates to seize the first line of the 
P. B. X group when series relay 32 falls back 
at the end of the final digit, such seizure and re 
Sulting operations being as hereinbefore de 
Scribed. 
L6. Operation when the first P. B. X line is batsgy 

If the first line of the P. B. X group is busy, 
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test relay 3 f8 is unable to operate and switching 
relay 39 consequently fails to operate When re 
lay 32 restores. Under this condition (auxil 
iary-transfer relay 322 having become operated 
and locked at the end of the units digit, and se 
ries-auxiliary relay 326 having reoperated and 
locked at the beginning of the final or party 
digit), busy relay 320 operates over its herein 
before traced circuit (from ground on conductor 

, through the lower contacts of relays 32 and 
318, contacts 89, lower contacts of relay 326, 
and conductor 2). Upon operating, busy relay 
f32 applies busy tone to the calling line at its 
upper Contacts and performs other operations 
hereinbefore described (including the opening of 
the impulse circuit at its inner upper armature 
and the rendering effective of the upper, or test, 
winding of detector relay 308). 

L6 (t. Seieing the common control leads 

In the call under consideration, a P. B. X call 
number (2511) having been dialed, and tens 
relay T25C having been operated to close its 
lower contacts (Fig. 13, part 10), a circuit is 
now closed at the lower contacts of busy relay 
320 for relays P. B. X- and CH-f in series 
as follows: from ground on conductor 7, through 
the upper armature and front contact of units 
transfer relay i323, units-relay-locking conduc 
tor 35, through the lower contacts of units relays 
U5C to UC (relay UAC being in operated con 
dition), the lower contacts of relay. USC, conduc 
tor 33, contacts 18, lower contacts of busy relay 
(320, conductor 29, contacts of the operated 
counting relay 1333, conductor 48, lower con 
tacts of relay T25C, the winding of relay P. B., X 
i, the Winding of relay CH-i, chain-end con 
ductor 83 (common to the CH relays of all the 
connectors), chain contacts of relay CH-X, simi 
lar contacts of other CHI relays, ? and thence . 
through the chain contacts of relays CH-2, and 
CH-4 to the exchange battery. 

Relays P. B. X- and CH-F operate in series 
over the above-traced circuit. Relay CH- con 
nects conductor SW- of cable 300 to local con 
ductor 4 ; prepares a circuit for connecting re 
lay CN-; at its inner lower armature, it locks 
itself to the originating end of the chain circuit, 
at the same time opening the chain to the suc 
ceeding CH relays; and at the normally closed 
Contacts controlled by its lower armature, it dis 
connects its winding from the chain-end con 
ductor 83, completely depriving the remaining 
relays Of the chain of Current for the time being. 
The marking conductors and other common con 
ductors in cable 3 are thus taken for the ex 
cluiSiWe use of the connector C, the other con 
nectors being locked out from such conductors. 
At its inner contacts, relay P. B. X-1 connects 

conductor B-2 of cable 3 to local conductor. 
33, at its middle armature, it closes a locking 
circuit for itself and for relay CH- by apply 
ing ground potential directly to conductor 3) 
over a circuit path which includes conductor 35 
and the lower contacts of the operated units re 
lay UC; and at the normally closed contacts con 
trolled by its upper armature, relay P. B. X 
disconnects conductor U' from conductor U , 
thereby open-circuiting and restoring relay U.C. 
At its upper group of contact sets, relay UC dis 
connects the out link Oil from the multiple of 
the first line Of the called P. B. IX, While at its 
lower contacts, it opens a point in the initial cir 
cuit of relays P. B. X- and CH-1, leaving these 
relays Operated in the above-noted locking Cir 
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cuit, including the middle contacts of relay 
P. B. X- and conductor 30. 
Connecting relay CN- is now operated to 

place the setting of the units relays UC to U5C, 
and units-SWitching relay U6C under the control 
Of the common marking conductors M to MI6 
in cable f300, being operated over the following 
circuit: from ground on conductor 5, through 
the inner upper armature and back contact of 
reverting-call relay 30, contacts 64, conductor 
8, middle upper contacts of test relay 38, con 
ductor 34, contacts of relay CH-1, and through 
the Winding of relay CN-I, to battery. Upon 
operating, relay CN- connects up the local con 
ductors Uí to U6, 2, and 22, respectively to con 
ductors MIi to M6, B— l, and SW—2 of cable 
300. 

L6b. Seiaing line allotter LA, Fig. 9 

At its inner armature, relay CN- applies 
ground potential, through the middle lower con 
tacts of the operated tens relay T25C, to conduc 
tor 25 in cable 300, extending to connecting 
relay 95 of the P. B. X line allotter LA (Fig. 9). 
Connecting relay 95 thereupon operates, but the 
effect of its operation depends upon the busy 
or idile condition of the associated P. B. X lines, 
as indicated by the operated or unoperated con 
dition of relays 90 to 90 and also upon whether 
or not busy relay 952 is in operated condition, as 
it is when all of the relays 90 to 90 are in oper 
ated condition. 

Relays 90 to 9.) are connected respectively to 
conductors 96 to 970 in cable CA-1000, con 
nected in turn to the sleeve leads of the line mul 
tiples of the lines 25 to 250 assigned to P. B. X 
#25. Accordingly, when any one of these lines 
is in use and the aSSociated sleeve lead is there 
fore grounded, the corresponding one of the re 
lays 90 to 90 is in operated condition, being 
operated over its corresponding conductor in 
cable CA-000. The relays 99 to 90 are pref 
erably each of comparatively high resistance, 
whereby a cutoff relay such as OO is not oper 
ated in series therewith when the associated line 
is locked out of service and ground potential is 
applied to the junction of the windings of the 
cutoff and lockout relays, as hereinbefore de 
scribed in connection with line circuit LC-203. 

L6b (1). All P. B. X lines busy 
Let it be assumed now that all lines of the 

called P. B. X are in use when the call being de 
scribed is made. In this event, all of the relays 
90 to 90 are in operated condition, and a chain 
circuit has been closed through the contacts of 
relays 90 to 90 and through the inner upper 
armature and back contact of connecting relay 
951 for busy relay 952. Busy relay 952 has oper 
ated, and at its middle upper arnature has closed 
a locking circuit for itself independent of the 
inner upper armature and back contact of Irelay 
95 f; at its upper armature, relay 955 has dis 
connected conductor SW-2 of cable 300, and 
Substituted the cumulative counting device or 
meter 955; and at its inner contacts it has par 
tially connected up busy lead B-2 in cable 300. 
Under this condition, when connecting relay 95 
is operated, at its upper contacts, it closes a cir 
cuit through the operated upper al'mature of 
the busy relay 952 for the meter or counting 
device 955, whereupon such device is operated 
to record the loss of a call for P. B. X 25 . At 
its inner upper armature (now grounded through 
contacts of relays 90 i to 90 in series), con 
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necting relay 95 applies ground potential, 
through the inner contacts of busy relay 952, to 
lead B-2 in cable 300, thereby closing a circuit 
through contacts of relay P. B. X-1 (Fig. 13, 
part 10), and over conductor 33 for ring-cutoff 
relay 33. Relay 33 thereupon operates to lock 
itself at its inner lower contacts, while at its con 
tacts 78 it opens the described locking circuit 
over conductor 30 for relays P. B. X- and 
CH-1 in series, whereupon relays P. B. X-1, 
CH-f, and CN- clear out, freeing the common 
leads in cable f300 and reclosing the chain aSS0 
ciated with the CH relays. Busy relay 320 re 
mains operated to maintain the busy-tone lead 
BT connected through condenser 358 to the call 
ing line to inform the calling subscriber by the 
continued busy signal that all of the lines lead 
ing to the called P. B. X are in use. 

L6b (2). All P. B. X limes not busy 
Let it be assumed now that one or more of the 

lines of the P. B. X is idle When the connection is 
attempted as previously described, the first line 
of the group being busy as hereinbefore aSSumed. 
In this event, group-busy relay 952 is not in op 
erated condition when connecting relay 951 op 
erates as described. It may be assumed that the 
first five lines of the P. B. X are busy and that 
the sixth line is idle. In this event, relays 90 to 
905 are in operated condition, while relay 906 is 
in restored condition. 
With relays 90 to 905 in operated condition, 

ground potential is maintained on conductor 936 
to bring about the operation of the units Switch 
ing relay im the connector in use. With relays 
90 to 905 in Operated condition and relay 906 in 
restored condition, ground potential is present on 
local conductor 93. 
When connecting relay 95 now operates, mark 

ing conductors Mí and MI6 in cable i 300 are 
grounded from conductors 93 and 936. The 
ground potential on marking conductor M6 of 
cable 300 closes a circuit, through contacts of 
the operated relay CN-I, and over conductor U6, 
for the lower winding of units-Switching relay 
U6C. Relay U6C thereupon operates to prepare 
a new locking circuit for relay UC at its lower 
armature and front contact; at its inner arma 
ture and front contact, relay U6C locks itself to 
the grounded conductor f7; and at its upper group 
of armatures, it disconnects the conductors of the 
out link OL from the upper group of contact sets 
of relays UC to U5C, and transfers them to the 
inner upper group of contact Sets of these relays. 
The above placing of ground potential on mark 

ing conductor Mf of cable 300 closes an oper 
atting circuit, through contacts of relay CN-, 
and over conductor U?, for units relay Uf C. Re 
lay UC, at its lower contacts, locks itself to con 
ductor 35, through the lower contacts of relays 
U5C to U2C, its own lower contacts, and the 
lower armature and front contact of relay UFC. 
At its inner upper group of contact sets, relay U6C 
being operated, relay UC connects the conductors 
Of the Out link OL, through contacts of the op 
erated connecting relay T25C, respectively to the 
Conductors of the sixth one of the ten line mul 
tiples represented by cable CA-25, being the one 
associated with the idle sixth line of the P. B. X 
gl'Oup. 

In the line allotter LA (Fig. 9), with busy re 
lay 952 not in operated condition, the upper con 
tacts of the operated connecting relay 95? apply 
ground potential to Switching conductor SW -2 
of cable 300, closing a circuit, through contacts   
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of connecting relay CN—, and over local con 
ductor 22, for the upper Winding of test relay 
38. This circuit is completed to battery over 
the sleeve lead of Out link OL, and the sleeve lead 
of the multiple to which connection has been 
extended, the battery potential being obtained 
through the Windings of the cutoff and lockout 
relays similar to 50 í and í682 of line circuit 
LC- 25 (Fig. 10). The concerned cutoff relay 
thereupon operates to clear the called line for 
ringing and talking purposes, and relay 96 (be 
ing highly inductive and stiffly adjusted) oper 
ates after a slight interval to indicate in the 
allotter LA the busy condition of the line asso 
ciated With such relay. 

IL6c. Freeing the common comitrol leaids and the 
CallOtter 

In the connector C of Fig. 13, test relay 3:3 
operates immediately when its above described cii 
cuit is closed. At its upper contacts, it locks it 
self to the grounded conductor ; at its middle 
upper contacts it open-circuits and restores con 
necting relay CN- before the marking can be 
changed in the allotter L.A (Fig. 9); it shunts its 
test winding at its inner upper contacts; and &t 
its lower armature and front contact, it closes 2, 
circuit for switching relay 13 i 3, at the same tima, 
open-circuiting and restoring busy relay 3% , 
previously operated over conductor 2A, through 
contacts of relay 326, contacts 89, and the lower 
contacts of relays 348 and 32. Busy relay 32 
accordingly restores after a slight interval. Upon 
doing so, it disconnects busy-tone lead BT at itS 
upper contacts, thereby terminating the applica 
tion of busy-signaling current to the called line. 
This operation is ordinarily effected in a Very 
short time following the described operation of 
busy relay 320, in less than a second, for ex 
ample. 
At its lower contacts, busy relay 320 opens the 

locking circuit previously existing Over conductors 
29 and 30 for relays PBX- and CH-; these 
relays restore, the common chain circuit being re 
closed by slow-restoring relay Ci-. 
In the allotter LA (Fig. 9), connecting relay 

95 restores when conductor 25 of cable 3) 
is ungrounded by the restoration of relay CN-, 
thus disassociating the allotter LA from the com 
mon conductors of cable 39 and reconnecting 
busy relay 952. 

L6d. Seiaing the idle P. B. X line 
Switching relay 39 operates when its circuit 

is closed at the lower armature of test relay 3:8; 
it makes connection with the tip and ring con 
ductors of the called line at contacts 84 and 83; 
while at its lower contacts, it closes a point in the 
circuit of pickup relay 3.6 to initiate the ringing 
operation in accordance with the selected #: 
ringing code. 
From this point, the operation proceeds as 

hereinbefore described; relay 35 operates ten 
porarily when the call is answered; ring-clitoff 
relay 33 thereupon responds to open the ring 
ing circuit and complete the talking circuit; back 
bridge relay 3:2 operates over the called line; 
and supervisory relay 384 thereupon responds to 
reverse the current flow in the tip and ring con 
ductors of the calling line, whereby the calling 
subscriber at pay station #263 (Fig. 10) is re 
quired to deposit a coin before conversing. Fol 
lowing conversation, the established connection 
is cleared out as hereinbefore described. . 
With further reference to the showing of 

5 

10 

15 

20 

25 

30 

35 

40 

85 

50 
P. B. X #25 i in Fig. 10, each of the illustrated 
lines Serving the P. B. X is shown as terminating 
at a separate Substation, each such Substation 
being indicated in the drawing by a circle. Or 
dinarily, the P. B. X lines terminate at a Switch 
board presided over by the P. B. X operator who 
has switching equipment enabling her to inter 
connect any one of the P. B. X lines with a de 
sired local extension line, but the showing of the 
SWitching arragements within the P. B. X has 
been omitted for the Sake of simplicity. 

L7. Other P. B. X calls 
The arrangement of the connectorS Such as 

C is such that any one of the P. B. X lines other 
than the first niiay be callied directly by its di 
rectory number without the connection being 
extended automatically to another idle line of the 
group if the Specific called line is busy. This 
Service is provided for by arranging that relay 
FBX-E (Fig. 13, part it)) is called into play 
(along with relays CH- and CN-) only When 
the units digit dialed in a P. S. X call is the units 
digit, l. The initial energization of relay PBX 
(in Series with relay CH-) is made dependent 
on relay UAC having operated and locked itself 
(wsi' conductors. Ui and U to thereby apply an 
eilergizing grouild potential to conductor U ' and 
C3: Seqi leatly to conductor 30. When any other 
line of the P. B. X is being called, a different units 
digi, is diaied, and ground potential is conse 
quently not applied to conductor 30 to enable re 
lay PBX- to operate thereafter as a result of 
the operation of busy relay 329. 

In View of the arrangement just described, any 
line of the P. B. X other than the first may be 
assigned for what is termed night service. That 
is, when the P. B. X operator is not on duty, as at 
nighi, any line may be interconnected with a 
Specific extension line in the P. B. X and Such ex 
tei:Sion, line may then be called by the regular di 
rectory nuimber of the connected P. B. Xline. 

Tine iliustrated EP. B. X group may, of course, in 
clude any Sinaller number of lines than ten, two 
o' three lines for example. When such is the 
case, the line allotter A of fig. 9 uses only as 
many of the relays 95 to 9 as required. The 
remaining relays are disconnected from the cor 
ductors of cable CA-5 iii. The conductor lead 
ing through contacts of connecting relay 95 to 
the winding of busy relay S32 is connected to the 
front contact of the last one of the relays 3 to 
9 associated with a P. B. X line. The remain 
ing lines in the same tens group are available 
for service to other slioscribers. 

L8. Other P. B. X groups 
Without, altering the basic wiring of the con 

nectors, the P. B. X lines in any given installa 
tion may be assigned to any other tens groups...it) 
the '2' hundred, including tens groupS 2, 3, and 
is therein, provided such tenS group is not required 
for other service, such as the extension of calls 
to another exchange. For example, if it is de 
sired that the P. B. X lines be reached from 
the fourth tens group of the '2' hundreds, in 
stead of from the fifth tens group, conductor 25 
in cable í 369 is connected to the middle lower 
arnature of tens relay T24C instead of to the 
corresponding armature of relay T25C, and con 
ductor šië is. connected to the front contact of 
the lower armature of relay 24C instead of to 
the corresponding contact of relay T25C. The 
number assigned to the P. B. X then becomes 
#24 í í. In this event, cable CA-1900 associated 

  



2,427,650 
51 

With the P. B. X line allotter TA extends to the 
tens group of lines including lines 24 to 240 in 
stead of to lines 25 to 250 as illustrated, and the 
lines 24 to 240 are extended to the P. B. X in 
stead of lines 25 to 250. 

If a second P. B. X is required to be served, 
the lines which extend to such second P. B. X 
may be equipped with a line allotter similar to 
allotter LA (Fig. 9) and an additional conductor 
similar to 25 may be provided in cable 300 ex 
tending to the relay in the second allotter simi 
lar to connecting relay 95l. This latter con 
ductor is connected to the middle lower armature 
of the one of the tens relays T22C to T25C which 
serves the Second P. B. X. AS many as four 
P. B. X groups may be served in any exchange 
using the disclosed connectors provided only a 
single interexchange trunk group is required for 
handling calls outgoing from the exchange, as in 
the case of terminating exchange D (Fig. 1 and 
2). Chain-seizure conductor 48 is in such case 
multipled of the front contact of the loWer arma 
ture of each tens relay (T22C to T25C) serving 
a P. B. X group. Y 

M. Calls from tandem eacchange C to manual 
?acchange A 

The handling of calls from lines of tandem 
exchange C to manual exchange A Will now be 
described. For this purpose, it may be aSSumed 
that a subscriber of exchange C, the subscriber 
at pay station #203 for example, desires to con 
verse with a subscriber at manual exchange A, 
or with a subscriber reached through such man 
ual exchange A. To become connected With the 
manual exchange, the Subscriber at Substation. A 
removes the receiver 024 from switchhook O30; 
waits for dial tone; and then dials the single digit 
0 assigned to the manual exchange. 

Mi. Seiang an idle connector 
Line relay foo9 operates as previously de 

scribed to ground the associated tens and units 
mark conductors T and U when the receiver is 
removed at pay station #203. It may be as 
sumed that the finder-connector link comprising 
the finder F of Fig. 1 and connector C of 
Fig. 13 is idle and is the One selected when the 
distributor DR of Fig. 12 responds as previously 
described. When the finder F is operated, the 
calling line is extended to the connector C, 
whereupon line relays 305 and 306, release relay 
1307, sleeve relay 309, and dial-tone relay 324 
operate as before described. The cutoff and lock 
out relays of the calling line circuit Operate Over 
the sleeve conductor of the calling multiple and 
the distributor DR is cleared out in the usual 
lane. 

M2. Dialing the Single digit number 0 
Upon hearing the dial-tone signal impressed 

from the common dial-tone lead DT at the upper 
contacts of the dial-tone lead 24, the calling sub 
scriber dials the digit 0 comprising the number 
designation of manual exchange A. When this 
occurs, line relay 306 transmits a series of ten 
impulses to the counting relays of Fig. 13, part 4, 
causing operations to occur as previously de 
scribed. At the end of the digit, the #0 counting 
relay 342 is in operated condition, locked in cir 
cuit with driver relay 330, and the other count 
ing and driving relays are in restored condition. 

Slow-acting series relay 32?, having been op 
erated as before described during the transmis 
sion of the series of impulses, restores at the end 
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thereof to apply ground potential to hundreds 
conductors 38 and 39. The ground potential ap 
plied to conductor 39 is extended through con 
tacts of the operated counting relay 344 to con 
ductor 2 in cable ? 366, thereby operating tens 
relay T2C to connect up the associated tens 
group of line multiples, including the line mul 
tiples (#2 to #2fT) assigned to the trunk lines 
interconnecting tandem exchange C with manual 
office A. 

M3. Seiaing trunk allotter TA-0 
At its lower contacts, relay T2C connects the 

noW-grounded conductor 2 in cable 366 to con 
ductor 36, thereby closing a circuit over conductor 
36, through resistor 367, normally closed con 
tacts controlled by the inner lower armature of 
units-transfer relay 323, the lower armature 
and back contact of hundreds-transfer relay f327 
(relay 327 not having been operated when the 
tens relay operates in a single-digit call), con 
ductor 46, through the winding of chain relay 
CH-1, chain-end conductor 83, and thence to 
battery through the chain contacts. Relay CH 
is operated over this circuit to lock itself into 
the chain circuit and to open the chain circuit to 
the other chain relays. At its inner upper arma 
ture, relay CH-1 connects up switching conduc 
tor SW-f in cable 300, while at its upper con 
tacts, it closes a circuit as previously traced over 
conductor 34 for connecting relay CN-. Con 
necting relay CN- thereupon operates to con 
nect up conductors Mi to M6, B-1, and SW-2 
of cable 300. Additionally, relay CN- at its 
inner contacts applies ground potential, through 
the lower contacts of the operated tens relay 
T2C, to conductor O in cable 300. 

It is to be noted in this case that with hun 
dreds-transfer relay f327 not having been oper 
ated, the grounded conductor 7 remains con 
nected to conductor 2, and consequently with 
counting-relay-locking conductor í, so as to 
maintain the operated counting relay 342 in op 
erated condition. 

In the trunk allotter TA-0 (Fig. 9) assigned 
to the trunk group interconnecting exchanges 
A and C, the described grounding of conductor 0 
in cable 300 results in the operation of connect 
ing relay 953. 
It may be assumed that allotter relays 9 

to 97 are each locked in energized condition as 
illustrated because each of the Seven trunks in 
the associated group is idle. Under this condi 
tion, conductor 94 is grounded at the contacts 
of relay 9 f, while conductors 942 to 946 are un 
grounded. Additionally, group relay 92 is in 
restored condition as illustrated; likewise busy 
relay 954. 
M4. Marking the location of the allotted idle 

trunk line 
When connecting relay 953 operates under the 

assumed conditions, it grounds switching conduc 
tor SW- of cable 300 through contacts of the 
unoperated group-busy relay 954. At the same 
time, marking conductor M becomes grounded 
by way of conductor 94 and the middle armature 
and front contact of relay 9. 

Responsive to the grounding of conductor M 
in cable 300, a circuit is closed through contacts 
of relay CN- and over conductor U for the #1 
units relay U.C. Relay UC thereupon operates. 
At its upper group of contact sets, relay UC con 
nects the tip, ring, and sleeve conductors of the 
out link OL, respectively with the tip, ring, and 
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sleeve conductors of line multiple #21, through 
the upper group of contact sets of the operated 
tens relay T2C. 
At its lower contacts, units relay UC makes a 

connection from the now-grounded conductor U, 
through contacts of the unoperated relay 
PBX-, over conductor U", the lower contacts of 
units relays UC to U5C, and conductor 35, to the 
winding of units-transfer relay f323. Units 
transfer relay 323 thereupon operates to close 
a locking circuit for itself at its upper armature 
and front contact, to the grounded conductor 7. 
The ground potential thus impressed on Conduc 
tor 35 passes back over the traced circuit to con 
ductor Ui to lock relay UIC in operated con 
dition independent of the continued grounded 
condition of conductor M of cable 300. 

IM5. Freeing trunk allotter TA-0 
At its lower contacts, relay 323 closes a circuit 

for switch-through relay 30, from ground on 
the now-grounded conductor SW- of cable 
390, contacts of relay CH-f, conductor 47, lower 
contacts of relay 323, and over conductor 24, to 
relay 30 f. Relay 30? thereupon operates and 
closes a self-locking circuit to ground on con 
ductor S of link L. from conductor 5, grounded 
at contacts of release relay 307. At contacts 64, 
relay 30 open-circuits and restores relay CN 
to disconnect the marking conductor of cable 
CN- from the connector before the setting of 
the allotter TA-9 (Fig. 9) is changed by the 
trunk-line seizure now being effected. Relay 953 
of the allotter consequently restores. Other re 
sults of the operation of relay 30 will be de 
scribed subsequently. 
A further result of the operation of units 

transfer relay 323 is that, at its inner lower 
armature, it closes a circuit over conductors 36 
and 49, through resistor í357 for the upper wind 
ing of hundreds-transfer relay 327, through con 
tacts of relays 328 and 329, at the same time 
opening the previously traced circuit over con 
ductor 34 for slow-restoring chain relay CH-f. 

Hundreds-transfer relay 327 now operates to 
ground conductor 49 at its upper contacts by con 
necting it to the grounded conductor 7, thereby 
closing a locking circuit for its own lower wind 
ing, and extending ground potential back over 
conductor 49, through the inner lower armature 
and front contact of units-transfer relay 323, 
resistor 36, and conductor 36, to lock tens relay 
T2AC operated after the counting chain is cleared 
out, which it does responsive to the disconnection 
of ground potential from conductor 2 and Conse 
quently from conductor f at the normally closed 
contacts controlled by the upper armature of 
relay 327. 

IM5d. Freeing the allotter-control chain. 
Shortly after the described operation of units 

transfer relay 323, and responsive thereto, slow 
restoring chain relay CH- restores, freeing the 
associated allotter-control chain. The other 
connectors now have access to the chain, Such 
access being delayed by the slow-restoring action 
of relay CH- to give time for switch-through 
relay 38 to operate as above described, and for 
the concerned allotter TA-0 (Fig. 9) to reset it 
self after trunk-line seizure has taken place by 
the operation of relay 30. 
IM6. Suitching through to the allotted trunk line 
When SWitch-through relay 30 Operates as 

described, it open-circuits and restores sleeve re 
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lay f309 at contacts 64, whereby the counting 
chain is cleared out; at armature 65, it discon 
nects ground potential from the armatures of 
line relays 305 and 306 (thereby depriving slow 
restoring release relay 307 of current) and ap 
plies ground potential at an additional point to 
hold conductor H, through which the ground po 
tential reaches the joined-together local conduc 
tors 8 and 7 to maintain both of these conduc 
tors grounded as long as switch-through relay 
30 is maintained operated. Being slow-re 

Storing, release relay 307 remains operated for 
a short interval, enabling holding current for 
Switch-through relay 30 to be obtained from 
the repeater now to be seized before relay 307 
restores. 
At armatures 6 and 62 and their back con 

tacts, relay i30 disconnects the tip and ring 
conductors of link Ll from those extending to 
line relays 305 and 306, while at armatures 6 
to 63 and their front contacts, it connects the in 
Coming tip, ring, and sleeve conductors of link 
Li directly to the corresponding conductors of 
out link OL. Relays UC and T2C having been 
energized and locked as hereinbefore described, 
the tip, ring, and sleeve conductors of link Ll 
are extended through the contacts of these relays 
to the corresponding conductors of line multiple 
#2 , extending by way of line circuit LC2 
(Fig. 8) to the manual-to-automatic repeater 
OR-, associated with the interexchange trunk 
line AT-. In the line circuit LC-2, sleeve 
relay 829 operates in series with the associated 
lockout relay 89 to disconnect line relay 88. 
The ground potential for operating relays 820 and 
849 at this time is obtained from the incoming 
sleeve conductor S of connector C and its local 
extension 5, through the upper armature and 
front contacts of the still-operated slow-releasing 
relay 307. 
M7. Preparing seiaed repeater OR-1 for outgoing 

operation 
In the seized repeater OR-1 (Fig. 8), the 

double-Wound outgoing line relay 80 operates 
Over the calling line, through the back contacts 
of armatures 823 and 824, right-hand windings 
of repeating coil 809, and contacts of outgoing 
supervisory relay 8f 6. Upon operating, line relay 
80 operates outgoing release relay 8 at its up 
per contacts. Outgoing release relay 8 operates 
auxiliary relay 32 at its middle lower contacts. 
Relay 82 applies ground potential to sleeve con 
ductor S of line multiple # 211 over the follow 
ing circuit path: from ground, through the nor 
mally closed contacts controlled by the upper 
armature of release-timer relay 8 , the low-re 
sistance lower winding of detector relay 83, up 
per contacts of relay 82 and the back contact of 
the inner upper armature of relay 808 and the 
said armature, to the associated sleeve conductor 
S. This ground potential maintains relays 829 
and 89 operated in line circuit LC-2: ; main 
tains relay 30 operated in the connector C; 
and maintains relays í 607 and í 688 operated in 
line circuit LC-202 (Fig. 10), associated with the 
calling line. 
At its lower contacts, relay 82 separates the 

normally joined conductors 93, thereby unlocking 
and restoring the associated it 1 relay 9 in trunk 
allotter TA-9, whereby the marked condition of 
the associated marking conductors 94 to 946 
is suitably changed. 

In the connector C?, line relays 395 and 306 
restore immediately responsive to being discon 
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nected at armatures 6 and 62. Release relay 
307 restores after a slight interval and breaks 

the ground connection previously made at the 
front contact of its upper armature to the aS 
sociated local conductor 5 and the incoming sleeve 
conductor S, leaving the sleeve conductor of the 
established connection grounded only at the re 
peater OR-A (Fig. 8). With sleeve relay 369 
and release relay 307 restored, the joined-to 
gether conductors f and 7 are grounded Only 
at the front contact of armature 65 of Switch 
through relay f3. 
The operated relays in the connector C are 

now switch-through relay 30, units transfer re 
lay 323, hundreds-transfer relay 32, units re 
lay UC, and tens relay T2C, and all of these 
relays are dependent, directly or indirectly, on 
the continued grounded condition of the now 
extended incoming sleeve conductor S of the con 
nector Cf. 
In the seized repeater OR-1 (Fig. 8), certain 

additional operations occur upon the described 
Seizure thereof. These operations include, caus 
ing the operator to be signalled by a “splash' 
application of ringing current; preparing for giv 
ing a class-tone signal to the operator When she 
responds; and preparing to give the operator dark 
Supervision, all of which operations will now be 
described. 
At its inner lower contacts, release relay 8 

closes a circuit for class-tone relay 84 through 
contacts of incoming line relay 84. Class-tone 
relay 84 operates the associated relay 8f 5, com 
pleting the preparation for the giving of a mo 
mentary class tone. At its lower contacts, relay 
8l 4 applies ground potential to tone-start con 
ductor 825 so as to insure that the tone-generating 
equipment of the exchange is in operation at this 
time. 
At its upper contacts, relay 86 applies ringing 

current to the associated tip conductor, obtained 
through condenser 83E, the upper armature and 
back contact of sleeve-control relay 809, and 
Small-capacity condenser 839, from the common 
interrupted-generator lead 82. The calling sub 
Scriber hears the intermittently applied ringing 
tone and is thereby informed that the operator 
is being signalled. 
At armatures 828 and 829, auxiliary relay 82 

closes points in circuits having to do with the op 
eration of release-timer relay 8f 7, to be consid 
ered subsequently. 
At armature 827 and its front contacts, aux 

iliary relay 82 prepares circuits for sleeve-con 
trol relay 809 and for outgoing supervisory relay 
86, subject to becoming closed when the operator 

SWe'S. 

M8. Disconnecting the outgoing supervisory relay 
When the release relay of the calling connector 

C (Fig. 13) falls back and removes ground po 
tential at the connector from the extended sleeve 
conductor, the low-resistance lower winding of 
detector relay 83 thereupon becomes the sole 
Supply of ground potential to the associated sleeve 
conductor, whereupon it operates as the result 
of current drawn by relays 849 and 82 of the 
line circuit LC-2ff, the corresponding relays of 
the line circuit associated with the calling line, 
and by switch-through relay 3D of the con 
nector. Upon Operating, detector relay 83 dis 
connects outgoing supervisory relay 86 so as 
to prevent a current reversal over the calling line 
When the operator answers. At this point, it may 
be mentioned that when the call to the manual 
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exchange is from an exchange other than the 
terminating eXchange detector relay 83 is pre 
Vented from Operating as Will be discussed Sub 
sequently. 
As a further result of its described operation, 

line relay 80 closes a circuit at its lower contacts 
for incoming supervisory relay 803. Relay 803 
thereupon operates to reverse the connection be 
tween the associated trunk line conductors and 
the windings of the double wound incoming line 
relay 804 So as to prepare for giving dark super 
Vision to the operator when she answers. 
M9. Signaling the manual-e3Cchange operator 
Upon the described closing of the circuit of 

auxiliary relay 82 at the middle armature and 
front contact of outgoing release relay 8, a 
branch circuit is closed, through contacts of 
relay 802, for Splash-ring relay 80?. Relay 80 
thereupon operates and closes a circuit at its 
lower contacts for the associated slow-operating 
relay 802. 
At its inner upper and upper armatures, relay 

80 applies ground potential and ringing cur 
rent respectively to the ring and tip conductors 
of the trunk line A-T, thereby projecting ring 
ing current over this trunk line to signal the 
manual Operator. A moment later, relay 802 
Operates and disconnects relay 80, at the same 
time closing a Self-locking circuit independent 
of the contacts of relay 80?. A moment later, 
Slow-restoring relay 80 falls back and termi 
nates the 'Splash' application of ringing current 
to the trunk line. 
In trunk circuit A-TC (Fig. 7) in the called 

manual exchange A, line relay 704, whose upper 
Winding is bridged across the conductors of the 
trunk line A-Tf, through contacts of cutoff 
relay 703 in Series with a condenser, operates 
responsive to the above described “splash' ap 
plication of ringing current. Upon operating, 
line relay 704 closes a self-locking circuit through 
itS loWer Winding, its own contacts, Iower con 
tacts of cutoff relay 703, and call lamp 706. 
Call lamp 706 becomes lighted in this circuit 
as a call Signal, and line relay 704 remains op 
-erated in its locking circuit after the momentary 
ringing operation has been terminated. 

M10. The Operator ansvers 
Upon noting the lighted condition of call lamp 

706, the operator inserts the answering plug of 
an idle cord circuit (the illustrated plug of cord 
circuit CC, for example) into the jack J3. When 
this occurs, jack Spring contacts 707 are closed, 
thereby closing a direct-current bridge across 
the tip and ring conductors of the trunk line 
A-T. This bridge may be traced from the tip 
trunk-line conductor, through the upper right 
hand Winding of repeating coil 700, jack con 
tacts 707, the 40-ohm right-hand Winding of 
polarized Supervisory relay 702, and the lower 
right-hand winding of repeating coil 700, to the 
ring conductor of the trunk line. Supervisory 
relay 40 operates in this bridge circuit by cur 
rent flow obtained over the trunk line through 
the Windings of line relay 804. Its Operation 
occurs at this time because incoming Supervisory 
relay 803 has been operated as described to 
reverse the trunk-line conductors. 
Supervisory relay Taf is operated responsive to 

the operation of relay 792. At its upper contacts, 
it lights busy lamp 705; at its middle contacts, 
it connects up the 30,000-ohm left-hand Winding 
of polarized relay 792 for a purpose to be dis 
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cussed subsequently; and at its inner contacts, 
it bridges the left-hand Windings of repeating 
coil 700 across the tip and ring conductors of 
the jack J3 so as to extinguish the usual Super 
visory lamp in the cord circuit C to give the 
operator what is termed dark Supervision. 

Cutoff relay 703 operates over the sleeve con 
ductor from battery potential supplied from the 
cord circuit. Upon operating, cutoff relay 793 
extinguishes call lamp O6 and restores line re 
lay 704 at its lower contacts; it disconnects the 
upper winding of line relay from in bridge of the 
trunk conductors; and at its upper contacts, it 
closes a parallel circuit for busy lamp 75. 
IZMI 1. Placing ectended connection inder Opera 

tor control 

In the automatic eXchange, incoming line re 
lay 84 of the repeater OR- now operates Over 
the conductors of the trunk line A-T respon 
sive to the bridge established at contacts 77 of 
the jack J3, through the low-resistance right 
hand winding of relay 702. Upon operating, 
relay 84 open-circuits the slow-releasing class 
tone relay 3 4 and closes a circuit for incoming 
release relay 805. Relay 805, at itS middle con 
tacts, completes a locking circuit for auxiliary 
relay 82 through the inner lower armature and 
front contact of the latter relay, whereby relay 
32 is henceforth held operated under the con 
trol of both of the release relays 865 and 8, 
enabling the connection to be held from the 
manual eXchange. 

1412. Answered supervision withheld to enable 
manual eacchange to be called free 

At its inner contacts, release relay 805 extends 
ground potential through the Operated arma 
ture 82 to the front contacts thereof. The ex 
tension of ground potential to the right-hand 
front contact of armature 82 is of no effect at 
this time, for detector relay 83 has been op 
erated as previously described to disconnect out 
going supervisory relay 8 f6, whereby the cur 
rent fow over the calling line is not noW re 
versed and the calling pay-station Subscriber 
(Fig. 10) is not required to deposit a coin before 
converSing. 
The ground potential applied to the left-hand 

front contact of the operated armature 827 is 
extended through contacts of sleeve-control re 
lay 889 to the winding of the such relay. Relay 
89 operates to close a locking circuit for itself 
and to open its initial circuit. Its locking circuit 
is to ground, through the middle contacts of 
incoming release relay 885, and to ground 
through the inner lower contacts of auxiliary 
relay 82 and the middle contacts of outgoing 
release relay 8f , whereby the sleeve-control re 
lay remains operated as long as either of the 
release relays remains operated. Relay 809 is a 
dual-purpose relay, being used as a sleeve-con 
trol relay on calls originated in the manual ex 
change as Will be subsequently described. In 
the present example, the call is originated in the 
automatic exchange and the function of relay 
899 is to disconnect the interrupted-generator 
lead 82 and prepare for the transmission of a 
class-tone Signal to the answering operator. 

M13. Momentary class-tone signal 
Slow-releasing class-tone relay 84 restores a 

short interVal after its circuit is opened as above 
pointed Out upon the Operation of incoming line 
relay 803. Upon restoring, relay 84 open-cir 
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cuits the associated relay 85 with the result that 
relay 85 restores a short interval later. Dur 
ing the interval required for relay 85 to restore 
after relay 8 4 restores, the upper winding of 
detector relay 83 is bridged across the talking 
conductors, through contacts of relays 84 and 
815, condenser 83, and the upper armature and 
front contact of the now-operated sleeve-con 
trol relay 889. This bridge circuit is opened a 
moment later When class-tone relay 85 restores. 
During the time that it is established, the Wind 
ings of detector relay 83 act as a transformer, 
the lower winding being the primary and the 
upper Winding being the Secondary. Class-tone 
Current is applied to the sleeve lead S of line 
multiple #23 associated. With calling pay-station 
line #203 (Fig. 10) from the common class-tone 
lead CT through the illustrated individual con 
denser. A portion of this class-tOne current traV 
els over the extended sleeve lead to ground 
through the lower winding of detector relay 313, 
thereby inducing a similar tone current in the 
upper winding of this relay, which tone is im 
pressed across the talking conductors during the 
described momentary class-tone interval, thereby 
informing the calling Operator that the calling 
line is a pay-station line. As previously noted, 
as many distinctively different class-tone sources 
as may be desired may be provided for classify 
ing the subscriber lines. On all calls from the 
tanden exchange C to exchange A, any class 
tone applied to the sleeve lead of the calling line 
is momentarily applied to the talking circuit a 
nonent after the operator responds. 

Mi4. Recalling the class-tone signal 
Let it be assumed now that the operator either 

failed to have her listening key thrown at the 
time she plugged in to answer or for some other 
reason desires to verify the class tone. Under 
this condition, she withdraws the plug of the 
cord circuit from the jack J3 and then reinserts 
the plug. Line and release relays 804 and 805 
restore successively, but sleeve-control relay 899 
is not restored because it is held operated through 
contacts of relays 82 and 8 I 1. Relays 84 and 
85 operate successively responsive to the restora 
tion of line relay 804. 
When the plug is reinserted in the jack, line 

and release relays 804 and 805 reoperate, and 
the line relay 804 open-circuits class-tone relay 
84. Relays 84 and 85 again restore successive 
ly, and the class-tone signal is again applied to 
the talking circuit in the interval required for 
relay 8 í 5 to restore after relay 8 í 4 restores. 
The exchange-A Operator may noW converse 

with the calling pay-station subscriber over the 
established connection and she may further ex 
tend the connection if desired, or she may give 
the calling subscriber any requested information; 
ticket a requested toll connection; and the like. 

If the connection is further extended by the 
manual operator, when the called subscriber an 
swers, the operator may require the calling pay 
station. Subscriber to deposit a coin or coins be 
fore permitting him to converse, the usual gong 
signals (not shown) being employed to notify the 
operator, through the action of the transmitter 
$26, of the number and denomination of the 

deposited coins. 
M15. Disconnect Supervision and hooksuitch re 

call Signaling 

Let it be assumed now that, when the conver 
sation has been completed, the calling pay-sta 
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tion subscriber replaces his receiver before the 
exchange-A operator withdraws the plug from 
the jack J3. Under this condition, the opera 
tor is given disconnect supervision as follows: 
When the receiver is replaced on the calling 

line, line relay 80 restores followed a moment 
later by the restoration of release relay 8. Re 
lay 82, however, remains operated through the 
middle contacts of incoming release relay 805 and 
the inner lower armature of relay 82 and its 
front contact, to maintain the aSSociated sleeve 
conductor grounded at its upper contacts, where 
by the connection in the automatic exchange re 
mains intact. This provision enables the calling 
automatic-exchange subscriber to signal the op 
erator by depressing his hookSwitch momentarily 
one or more times as a recall signal. 
The lower contacts of line relay 80 open-cir 

cuit incoming Supervisory relay 803, whereupon 
supervisory relay 803 restores after a slight in 
terval and reverses the connection between the 
windings of line relay 804 and the conductors 
of the associated trunk line back to the illustrated 
normal condition, whereupon the current flow in 
the trunk line is reversed to its normal direction. 
When this occurs, polarized relay 702 in the man 
ual trunk circuit A-TC opens its contacts, 
thereby open-circuiting and restoring supervisory 
relay 70 . At its inner contacts, relay 7 of opens 
the direct-current bridge across the tip and ring 
conductors of the jack J3, thereby causing the 
usual Supervisory lamp (not shown) in the cord 
circuit C to become lighted. 

If the hookSWitch at the calling Substation has 
been depressed pursuant to a recall operation, 
it is again released after a slight interval, Where 
upon line and release relays 80 and 8 reoper 
ate. Incoming Supervisory relay 803 thereupon 
reoperates, whereupon polarized relay 702 again 
closes its contacts to reoperate supervisory relay 
T0. When relay 70 reoperates and closes its 
inner contacts, the above-mentioned supervisory 
lamp in the operator's cord circuit is extinguished. 

M16. Maintaining trunk line guarded in manual 
eacchange after operator disconnects 

Let it be assumed now that, When the conversa 
tion has been terminated, the manual exchange 
Operator disconnects before the calling subscriber 
in the automatic exchange has replaced his re- : 
ceiver. Under this condition, supervisory relays 
702 and 7 of are in operated condition in trunk 
circuit A-TC because incoming supervisory re 
lay 803 in the automatic exchange is maintaining 
the current flow reversed over trunk line A-T. 
When the plug is withdrawn from the jack J3, 

cutoff relay 703 restores. At its upper contacts, 
it opens a point in the circuit of busy lamp 705, 
leaving this lamp lighted at the upper contacts of 
Supervisory relay 70 to inform the operator of 
the Continued busy condition of the associated 
trunk line. 
When contacts 707 of the jack J3 open, the 

low-resistance direct-current bridge (including 
the right-hand 40-ohm winding of polarized relay 
702, and the right-hand windings of repeating 
coil 700) is opened, leaving a high-resistance 
bridge closed across the trunk-line conductors. 
This high-resistance bridge may be traced from 
the tip conductor of the trunk line, through the 
upper right-hand repeating coil winding, middle 
contacts of the operated supervisory relay 7 O, 
the 30,000-ohm left-hand winding of relay 702, 
the 40-ohm right-hand winding of the relay, and 
the lower right-hand repeating-coil winding, to 
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the ring conductor of the trunk line. The sensi 
tive polarized relay 72 is able to remain oper 
ated in this high-resistance bridge circuit to 
maintain the circuit of supervisory relay TO 
closed. 
In the automatic exchange, incoming-line relay 

804 of the repeater OR-1 restores when contacts 
797 of the jack J3 open, as it is unable to remain 
operated through the high-resistance bridge now 
maintained across the trunk line conductors. 
Upon restoring, line relay 804 open-circuits and 
restores release relay 85, leaving auxiliary relay 
82 operated only by release relay 8 f, held by 
line relay 8 fo. 
AS long as the receiver remains unreplaced at 

the calling substation, the connection with the 
trunk line is held in its present condition, and 
the trunk line is unavailable for use by the man 
Uad eXchange operator, which condition is indi 
cated by the continued lighted condition of busy 
lamp 75, held lighted by the upper contacts of 
supervisory relay 7 0. 
AS will be discussed subsequently, this condi 

tion can continue for only a few minutes because 
of timing arrangements including release-timer 
relay 87. 
M17. Clearing out the established connection 
When the receiver is replaced at the calling 

Substation under the present conditions, the re 
Sulting restoration of line relay 810 permits in 
coming Supervisory relay 803 to restore, where 
upon the current flow over the interexchange 
trunk line A-T is reversed back to normal direc 
tion. Polarized relay 702 thereupon opens its 
contacts, permitting supervisory relay 7 Of to re 
Store. Supervisory relay 70 extinguishes busy 
lamp 705 at its upper contacts, while at its mid 
dle contacts it opens the high-resistance bridge. 
A further result of the restoration of line relay 

8 í i is that relays 8? i and 82 restore succes 
Sively. When relay 8 f restores, it opens the 
holding circuit for relay 809, permitting relay 
89 to restore. 
At its upper contacts, relay 82 disconnects 

ground potential from the associated sleeve con 
ductor, whereupon detector relay 83 restores. 
RelayS 84 and 85 restore responsive to the res 
toration of relay 8, completing the clearing out 
of the repeater. 
Upon the said ungrounding of the sleeve con 

ductor, cutoff and lockout relays 820 and 89 of 
line circuit LC-2?, the corresponding relays of 
the calling line circuit LC-203 (Fig. 10), and 
SWitch-through relay 30 of the connector Cl 
(Fig. 3) restore. 
In the connector C (Fig. 13) switch-through 

relay 30, upon restoring, disconnects its wind 
ing from the sleeve conductor at its inner upper 
contacts, While, at armature 65, it removes ground 
potential from the associated hold conductor H 
of the link L. This permits the finder F to 
clear out. By the same operation of relay 30i, 
ground potential is removed from conductors 
and 8, Wherepon all of the remaining operated 
relays of the connector C restore, completing 
the clearing out of the established connection. 
N. Calls from manual eacchange B to manual 

eacchange A. 
The way in which the operator at manual ex 

change B extends a connection to manual ex 
change A (by way of the tandem automatic ex 
change C) will now be explained. 

It may be assumed that the trunk line B-T 
is idle as indicated by the unlighted condition of 
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the busy lamp associated with the jack JT. Ac 
cordingly, the operator may take this trunk line 
for use by inserting the plug of a cord circuit 
into the jack J. Operations thereupon occur in 
the trunk circuit B-TC to bridge the trunk line 
B-T, thereby causing operations to Occur in 
the manual-to-automatic repeater 9R- in ex 
change C to bridge the tip and ring conductors 
of the associated line multiple #22. The opera 
tions occurring during this call in the trunk cir 
cuit BTC and in repeater 9R-f are the same 
as those to be subsequently described in a con 
nection with the similar trunk circuit and re 
peater shown in Figs. 7 and 8. 

N1. Seiating an idle CO127tector 
Line relay 20 of line circuit LC-22 operates 

through the established bridge in repeater 9R 
to ground the associated tens and units-mark 
conductors T and U to cause an idle finder to 
make connection with the now-calling line mul 
tiple F22. It may be assumed that this con 
nection is made by the finder F (Fig. 11), asso 
ciated with the connector Cl (Fig. 13). In this 
event, the connector C prepares itself for Opera 
tion, including grounding sleeve conductor in 
coming thereto, whereupon cutoff and lockout re 
lays 203 and 202 of the calling line circuit LC 
22 | operate. Line relay 20 í is thereby discon 
nected and restored, terminating the calling con 
dition of the line circuit. 
As Will be explained hereinafter in connection 

with the outgoing repeater OR-1, the above 
grounding of the sleeve conductor of the line mul 
tiple causes ground potential to be applied to such 
sleeve conductor in repeater 9R- and to dis 
tinguish the call as one coming from a manual 
exchange. 

N2. Dialing the single-digit number 0 
The operator at exchange B now dials the sin 

gle-digit number 0 assigned to manual exchange 
A, using a key such as K. (Fig. 7) and the calling 
device such as CD. When this occurs, the Seized 
connector C (Fig. 13) operates as previously de 
scribed to extend connection to an idle one of the 
trunk lines leading from exchange C to ex 
change A. 
N3. Seieing repeater OR-1 and signaling the 

Operator 
It may be assumed that the trunk line aSSo 

ciated with outgoing repeater OR- is allotted 
at this time, in which case the line multiple seized 
by the connector responsive to the dialing of the 
digit 0 is the line multiple #2 associated With 
line circuit LC-2 f (Fig. 8). Operations as 
hereinbefore described occur in the repeater 
OR to condition the repeater for Operation and 
to apply ringing current momentarily through 
the action of splash-ring relays 80i and 802 to 
the conductors of trunk line A-T to signal the 
operator at exchange A by lighting call lamp 96. 
The operations in the repeater OR- include 

the operation of relays 80, 8 , 8.2, 84, 85, and 
80 to 803. Ground potential is applied to the 
associated sleeve conductor at the upper contacts 
of auxiliary relay 812, through the lower winding 
of detector relay 83, but relay 813 does not op 
erate at this time as its lower winding is main 
tained shunted by the ground connection made to 
the sleeve conductor of the established connec 
tion at the calling repeater 9R-. As a result, 
outgoing supervisory relay 86 remains connected 
through the unopened contacts of relay 83. 
When the operator at exchange A responds to 
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the lighted condition of call lamp T06 by insert 
ing the plug of an idle cord circuit in the jack 
J3, relays T02 and 70 operate as previously de 
scribed, relay Of closing its inner contacts to 
give the answering operator dark supervision. 

N4. Giving answered supervision 
In the repeater OR-, line relay 84 now oper 

ates over trunk line A-T and brings about the 
previously described operation of incoming re 
lease relay 805 to lock auxiliary relay 82 oper 
ated. Additionally, sleeve control relay 809 oper 
ates as previously described to lock itself under 
the joint control of release relays 805 and 8, 
and class-tone relayS 8 4 and 85 restore suc 
cessively for the purpose hereinbefore explained. 
At this time, the ground potential applied to 

armature 827 of relay 82 (through contacts of 
the operated relays 804 and 805) is extended 
through the right-hand front contact of arma 
ture 827, and through contacts of the unoper 
ated detector relay 83, to the winding Of Out 
going supervisory relay 86. Relay 86 now 
operates. At its lower contacts, it locks itself 
Operated independent of the contacts of detector 
relay 8f3, while at its upper pair of armatures 
and aSSociated contacts, it reverses the connec 
tions between the windings of line relay 80 and 
the tip and ring conductors in the associated line 
multiple, thereby reversing the current flow back 
over the established connection to the calling re 
peater 9R-. The repeater 9R- responds to 
this operation (in a manner to be explained sub 
sequently in connection with the repeater OR-) 
to relay answered Supervision back over the 
trunk line B-T to the trunk circuit B-TC 
which thereupon operates to give answered Su 
pervision in the calling cord circuit in exchange B. 
The operator at exchange A may now extend 

the connection as desired. 

N5. Recalling the called operator 
The circuit arrangement is such that the oper 

ator at exchagne B may recall the operator at 
exchange A by removing the cord circuit plug 
from the jack J. and reinserting it, or she may 
remove the plug of the cord circuit in use and 
Substitute the plug of another cord circuit if she 
finds the One in use to be defective. 
As Will hereinafter appear, when plug is re 

moved from the jack JT, repeater 9R- responds 
to the the consequent control of the trunk circuit 
B-TC? to unbridge the associated tip and ring 
conductors of the Switchboard multiple and to 
remove the ground connection previously applied 
to the sleeve conductor thereof. When this oc 
curs, the lower winding of detector relay 83 be 
comes the sole Supply of ground potential to the 
sleeve conductor of the established connection, 
whereupon relay 83 operates and opens a point 
in the circuit of outgoing Supervisory relay 86, 
but relay 826 remains operated to maintain the 
reversed condition of the aSSociated tip and ring 
conductors. Line relay 80 restores responsive 
to the unbridging of the tip and ring conductors 
in the repeater 9R-, restoring incoming super 
visory relay 803, with the result that current 
flow in the interexchange conductors is reversed 
back to normal direction. Relay 762 thereupon 
opens its contacts, and relay Of consequently re 
stores to cause the supervisory lamp in the as 
sociated cord circuit to become lighted. 

Release relay 8 retores at this time, but with 
out harmful effect, as relay 82 is locked through 
contacts of relay 805. 
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When the same or another plug is subsequently 
reinserted into the jack J7 at exchange B, the 
resulting operation is that tip and ring conduc 
tors of line multiple #22 are again bridged in 
repeater 9R- and ground potential is again 
applied directly to the associated sleeve conduc 
tor. As a consequence, detector relay 83 again 
restores (being short-circuited) and line relay 80 
reoperates, followed by the reoperation of relays 
8 and 803. 

Polarized relay 7 02 in trunk circuit ATC now 
reoperates relay 70, thereby bringing about the 
extinguishment of the Supervisory lamp in the 
associated cord circuit. 
N6. Giving disconnect supervision to the calling 

operator 
When the connection is to be taken down, it 

may be assumed that the operator at exchange A. 
is the first to take down the connection. When 
this occurs, the removal of the plug from jack 
J3 and the consequent opening of the contacts 
707 causes incoming-line relay 804 to restore, 
open-circuiting and restoring outgoing Supervis 
ory relay 86, release relay 805 also restoring. 
When relay 86 restores, the current flow in the 
talking conductors of the connection through the 
automatic exchange is reversed to normal direc 
tion, whereupon repeater 9R-1 relays discon 
nect supervision to trunk circuit D-TC, which 
Operates to relay it to the aSSociated cord Circuit 
by the lighting of the usual supervisory lamp 
therein. 

N7. Clearing out the connection. 
Under the above conditions, when the opera 

tor at exchange B removes the plug from the 
jack J7 and the repeater 9R-| consequently Un 
bridges the associated talking conductors and 
ungrounds the sleeve conductor, the connection 
is cleared out responsive to operations to be now 
deScribed. 

Line relay 80 restores responsive to the un 
bridging of the associated tip and ring conduc 
tors at the repeater 9R-, whereupon incoming 
supervisory relay 803 restores, followed by the 
restoration of relays 02 and 70 and the ex 
tinguishment of busy lamp 705. 

Relay 8 restores after a slight interval. With 
incoming release relay 805 in restored condition, 
the restoration of relay 8 is followed immedi 
ately by the restoration of relay 82 to remove 
ground potential from the associated sleeve Con 
ductor, whereupon the operated relays in the con 
cerned line circuits LC-2 and LC-22 restore 
and the connection through the finder F of Fig. 
11 and the connector C of Fig. 13 is cleared out 
as hereinbefore described. 
O. Calls from manual eacchange A to manual 

eacchange B 
Let it be assumed now that the operator at 

exchange A desires to extend a connection (by 
Way of tanden exchange C) to or through man 
ual exchange B. It may be assumed that trunk 
line A-T is idle as indicated by the unlighted 
condition of busy lamp 705, and is the one used. 
When the plug of a cord circuit is inserted into 
the jack J3, cutoff relay 703 operates to discon 
nect line relay 704 and to light busy lamp 705. 
Contacts 707 of the jack J3 close a bridge across 
the tip and ring conductors of the associated 
trunk line through the 40-ohm right-hand wind 
ing of Supervisory relay 702 and the right-hand 
Windings of repeating coil 700. Polarized relay 
702 is not operated at this time because the en 
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suing current flow is in the normal direction. 
As a Consequence, supervisory relay 70 is not 
Operated, wherefore the usual supervisory lamp 
in the calling end of the operator's cord circuit 
is lighted. 

O1. Preparing repeater OR-1 for incoming 
Operation 

In the automatic exchange, line relay 304 now 
operates over the trunk line A-T through the 
right-hand winding of polarized relay 702. The 
operation of relay 804 is followed by the operation 
of incoming release relay 805 to extend ground 
potential to armature 827, but this is without 
effect at this time as auxiliary relay 82 remains 
unoperated. 
At its middle contacts, relay 8C5 closes a circuit 

through the inner lower armature of relay 82 
and its back contact for incoming transfer relay 
808. Relay 808 thereupon operates to separate 
conductor 93 at its lower contacts to thereby 
restore allotter relay 9, if operated. At its 
inner lower contacts, relay 898 prepares a circuit 
for Series relay 807; at its inner upper armature, it 
transferS the aSSociated Sleeve Conductor of line 
Inultiple it2 from in association with the lower 
winding of detector relay 83 into connection with 
the winding of sleeve-control relay 809; and at 
armatures 822 and 823, it disconnects the asso 
ciated terminals of the right-hand repeating-coil 
windings from the windings of line relay 80 and 
connects them to a low-resistance bridge to place 
the associated line circuit LC-21 in calling con 
dition. This low-resistance bridge may be traced 
from the front contact of armature 822, through 
the upper contacts of line relay 804, the 500-ohm 
resistor 825, and the 40-ohm right-hand winding 
of polarized relay 806, to the front contact of 
armature 823. Polarized relay 806 does not oper 
ate at this time, because of the normal direction 
of the current flow therethrough. 

O2. Seiating and preparing an idle connector 
Line relay 88 operates responsive to the closing 

of the described bridge across the associated tip 
and ring conductors in the repeater OR-?, there 
by energizing the associated tens and units mark 
ing conductors T and U to cause a finder to make 
connection With the associated line multiple #2 . 

50 It may be assumed that this connection is made 
by the illustrated finder F. (Fig. 11) associated 
with the connector C (Fig. 13), relay T2F and 
UF in the finder operating for this purpose. 
When the connection is made, the connector Cl 

is prepared for operation in the usual manner re 
sponsive to the energization of line relays f305 
and 306 over the tip and ring conductors of the 
calling multiple #2, now bridged in the repeater 
OR-. 
When the sleeve conductor of the calling mull 

tiple becomes grounded (at the front contact of 
the upper armature of release relay 397) inci 
dental to the preparation of the connector C for 
operation, cutoff and lockout relays 820 and 3 í 9 
of the line circuit LC-2 operate. Line relay 
88 restores responsive to the operation of cut 
off relay 820, terminating the calling condition of 
line circuit LC-2 f. 
O3. Grounding the sleeve conductor to identify 

the manual-eacchange call 
A further result of the described grounding of 

the sleeve conductor in line multiple #2 is the 
closing of a circuit through the front contact of 
the inner upper armature of relay 808 for sleeve 
control relay 809. Sleeve-control relay 809 now 
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operates and locks itself to ground at the middle 
lower contacts of the operated incoming release 
relay 895, thereby applying ground potential in 
the repeater OR-1 to the sleeve conductor of the 
associated line multiple #2 to identify the call 
as one being made from a manual exchange. This 
ground connection is through the middle contacts 
of relay 895, and through contacts of the operated 
relays 809 and 808 to the associated sleeve con 
ductor. Dial tOne from the connector C (Fig. 13) 
is now transmitted back over the calling multiple 
and through the Windings of repeating coil 8CC to 
the calling manual exchange, informing the call 
ing operator that the switching apparatus is in 
readiness to respond to the dialing operation. 

O4. Dialing the single-digit number 9 
Upon hearing the dial tone, the operator may 

actuate the key K associated With the trunk line 
A-T, thereby transferring the trunk-line con 
ductors to the calling device CD. 

Since the call is for exchange B, designated by 
the single-digit number 9, the operator may now 
actuate the calling device CD to transmit the 
digit 9 (nine momentary interruptions), after 
which she restores the key K. 

Line relay 894 in repeater OR- is thereby re 
stored momentarily nine times, the associated re 
lease relay 805 remaining operated because it is 
slow releasing. At its upper contacts, line relay 
864 momentarily interrupts the previously de 
scribed bridge across the tip and ring Conductors 
of line multiple it2f nine times, thereby repeat 
ing the dialed digit 9 to the connector C (Fig. 13). 
Upon each momentary restoration of line relay 

894, a circuit is closed for series relay 80, through 
the inner lower contacts of incoming transfer re 
lay 808, and through the lower contacts of in 
coming supervisory relay 803. Slow-releasing 
series relay 897 operates promptly in response to 
the first impulse of the series and remains oper 
ated throughout the series of impulses. Relay 
8 (7 shunts the 200-ohm resistor 826 around the 
500-ohm resistor 825 and the 40-ohm right-hand 
winding of polarized relay 86 to improve the 
impulse-repeating circuit. 

O5. Seiaing trunk allotter TA-0 
In the connector C, the results following the 

dialing of the digit 9 are similar to the herein 
before described results of the dialing of the digit 
0, except that tens relay T22C is operated (over 
conductor 22 of cable 366, from ground poten 
tial placed on hundreds conductor 39 at the end 
of the digit), in place of relay T2C. Conse 
quently, when connecting relay CN- subse 
quently responds to the ensuing Operation of 
chain relay CH-1 as hereinbefore described, con 
ductor 9 of cable 369 becomes grounded (through 
the lower contacts of relay T22C) in place of 
conductor 0 in the said cable. As a result, the 
trunk allotter called into play is the trunk al 
lotter TA-9 of Fig. 4 rather than the trunk al 
lotter TA-9 of Fig. 9. The trunk allotter TA-9 
may be a duplicate of the trunk allotter TA-0. 
In has control pairs of conductors 4ff to 45 ex 
tending therefrom and connected respectively 
with the repeaters (such as 9R-) associated 
With the five trunk lines interconnecting ex 
changes B and C. 
O6. Marking the location of the allotted idle 

trunk line 

It may be assumed that the first of these trunk 
lines is idle and is allotted, in which case con 
ductor 43 of the allotter TA-9 is in grounded 
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condition (conductors 43 to 436 corresponding 
respectively to conductors 34 to 946 of the al 
lotter TA-0). Under this condition, When con 
necting relay 443 operates (over conductor 9 in 
cable 300), mark conductor Mf in cable f300 
becomes grounded upon being connected to the 
grounded mark conductor 43, and switching lead 
SW-f is grounded at the upper contacts of re 
lay 443 through the upper contacts of the un 
operated busy relay 444. 
In the connector Cf, the described grounding 

Of conductor MI in cable 300 results in the clo 
Sure of a circuit through contacts of the oper 
ated relay CN- and over conductor Uf to op 
erate units relay UFC to connect the conductors 
of the outlink OL with line multiple if:22, through 
the upper group of contact sets of the actuated 
tens relay T22C. 
O7. Seieing the repeater OR-1 and signaling 

the Operator 
Other operations in the connector C now oc 

cur as described hereinbefore, culminating in 
the operation of Switch-through relay 30 as de 
scribed to transfer the incoming tip, ring, and 
sleeve conductors of the connector C directly 
to the corresponding conductors of out link OL 
and therefore to the corresponding conductors of 
the called line multiple #22l. 
The resulting grounding of the sleeve lead of 

line multiple #22 brings about the operation 
of Cutoff and lockout relays 33 and 302 of line 
circuit LC-22 (Fig. 3). 
In the repeater 9R-, the relays therein cor 

responding respectively to line relay 99, release 
relay 8, and auxiliary relay 82, operate pur 
Suant to the preparation of the repeater for 
operation. Additionally, the relay in repeater 
9R- corresponding to incoming supervisory re 
lay 803 operates; the described Splash ringing 
Operation is accomplished by relays correspond 
ing to relays 80 and 892; and the class-tone re 
lays in the repeater 9R- corresponding to 84 
and 85 operate in preparation for applying a 
class tone, if present on the extended sleeve con 
ductor. 

It is to be noted that the relay in repeater 
9R- corresponding to detector relay 83 of the 
repeater OR- is not Operated at this time be 
CaUSe it is Short-circuited by the ground poten 
tial placed on the sleeve conductor S of the call 
ing multiple #2 || 1 through the inner upper arma 
ture and front contact of incoming transfer re 
lay 88, lower armature of relay 899 and the mid 
dle armature of release relay 895. Consequently, 
the outgoing supervisory relay in repeater 9R 
corresponding to relay 8.6 of the repeater OR 
is not disconnected. 
The trunk circuit B-TC operates as explained 

in connection. With trunk circuit A-TC of Fig. 7 
to signal the operator by lighting the associated 
call lanp responsive to the above-mentioned 
Splash-ring operation. 

O8. Giving answered supervision 
When the operator responds, by inserting the 

plug of a cord circuit into the jack J, the as 
Sociated call lamp is extinguished and the con 
ductors of trunk line B-T are bridged, causing 
Operations in repeater 9R- as explained here 
inbefore in connection with repeater OR-. 
One of these Operations is the actuation of the 
outgoing supervisory relay in repeater 9R- cor 
responding to relay 86 (the associated detector 
relay corresponding to 8 f 3 not having been op 
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erated as described). Consequently, the current 
flow in the tip and ring conductors of the Call 
ing line multiple # 22 f is reversed, whereupon 
polarized relay 896 in repeater OR-1 is oper 
ated by its right hand 40-ohm winding to close 
its contacts 850. When this occurs, incoming su 
pervisory relay 803 operates to reverse the cur 
rent flow over the conductors of the associated 
trunk line. Relay 702 is thereupon Operated 
through its right-hand winding to operate Su 
pervisory relay 70. Relay 70 closes its inner 
contacts to give the calling operator answered 
supervision. The two operators may now con 
Verse with each other as described, and the oper 
ator at exchange B may make any desired ex 
tension of the connection. 

O9. Recalling the called Operator 
In the event that the calling operator at ex 

change A desires to recall the called Operator 
at exchange B during the continuance of the 
extended connection, she may do so by momen 
tarily withdrawing her plug from the jack J3 
one or more times to flash the supervisory light 
in the cord circuit not shown in exchange B. 
When the plug is Withdrawn from the jack J3, 
the opening of contacts 707 disconnects the as 
sociated low-resistance bridge including the low 
resistance right-hand winding of relay 102, leav 
ing the high-resistance left-hand winding of this 
relay bridged across the aSSociated tip and ring 
conductors through the middle upper contacts of 
the operated supervisory relay 70?, whereby re 
lay 702 remains operated to maintain relay 7 of 
Operated. 
When the low-resistance bridge is thus opened 

at contacts 707, line relay 804 restores. Series 
relay 801 remains unoperated at this time, hav 
ing been disconnected by incoming supervisory 
relay 803 for this purpose. 
The restoration of line relay 804 is followed 

shortly by the restoration of release relay 805. 
At its middle contacts, relay 805 removes the 
ground potential formerly maintained on the ex 
tended sleeve lead through the lower armature 
and front contact of sleeve-control relay 809, 
and the inner upper armature of the operated 
incoming transfer relay 808. The sleeve conduc 
tor, however, remains grounded at this time in 
the repeater 9R-f, through the lower Winding 5 
of the relay therein corresponding to detector re 
lay 813 of repeater OR-. The established con 
nection is, therefore, maintained, and sleeve-con 
trol relay 809 remains operated. Incoming trans 
fer relay 808 remains operated by its connection : 
With the grounded sleeve conductor through the 
inner lower contacts of auxiliary relay 8 2 and 
the lower armature and front contact of sleeve 
control relay 809. 
At its upper contacts, incoming line relay 804 

opens the low-resistance bridge including resistor 
825 and the right-hand winding of relay 806, 
leaving the front contacts of armatures 822 and 
823 bridged through the inner upper contacts of 
the operated supervisory relay 803, the 30,000 
ohm left-hand winding of polarized relay 806, 
and the low-resistance right-hand winding of 
this relay. Relay 806 is, therefore, maintained 
Operated at this time to maintain relay 803 op 
erated, and the latter relay maintains the cur 
rent flow in trunk line A-Ti reversed to main 
tain relay T02 operated in exchange A. 

Responsive to the opening of the associated 
low-resistance bridge at the upper contacts of 
line relay 804, the line relay in repeater 9R 
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(corresponding to line relay 80 of the repeater 
OR-1) restores to permit the associated incom 
ing Supervisory relay (corresponding to relay 
863) to restore and reverse the current flow over 
the trunk line BT-f back to normal direction, 
the trunk circuit B-TC? operating to bring 
about the lighting of the supervisory lamp in the 
cord circuit at exchange B. 
When the plug of the cord circuit is reinserted 

(at the end of an interval too short to permit the 
operator in exchange B to interpret the lighted 
lamp as a disconnect signal) Contacts 707 rees 
tablish the low-resistance bridge across the as 
Sociated trunk line Coinductors, Whereupon line 
relay 304 reoperates, accompanied by the reop 
eration of relay 805. Relay805, at its middle con 
tacts, reapplies ground potential to the associ 
ated sleeve conductor through contacts of the 
operated relays 809 and 80. 
At its upper contacts, line relay 804 reestab 

lishes the low-resistance bridge through the 
right-hand Winding of relay 806, whereupon the 
outgoing line relay in repeater 9R- reoperates, 
followed by the operation of the associated in 
Coming Supervisory relay to again reverse the 
current fiOW over the conductors of the aSSoci 
ated interexchange trunk line, causing the trunk 
circuit. B-TC? to bring about the extinguishment 
of the momentarily lighted Supervisory lamp in 
the operator's cord circuit. 
Upon each momentary Withdrawal operation of 

the plug from the jack J3, the supervisory lamp 
is momentarily lighted in the called manual ex 
change as above described. 

O10. Recalling the calling operator 
If the Operator in exchange B desires to recall 

the calling operator in exchange A during the 
continuance of the established connection, she 
may do So by momentarily withdrawing her plug 
from the jack J7 a desired number of times, to 
callse the USual supervisory lamp in the cord cir 
cuit in use in exchange A to flash. 
When the plug is withdrawn from jack JT, 

Operations occur as just described in connection 
with trunk circuit A-TC? and repeater OR 
to cause the incoming line relay in repeater 9R-f 
corresponding to line relay. 804 to restore. Upon 
restoring, Such line relay open-circuits and re 
Stores the associated release relay (such as 805), 
as Well as open-circuiting and restoring the as 
Sociated outgoing supervisory relay (correspond 
ing to relay 86). When this occurs, the current 
flow Over the tip and ring conductors of the as 
Sociated line multiple it 22 is reversed back to 
normal direction, thereby restoring polarized re 
lay 896 in the repeater OR-. Incoming super 
Visory relay 803 is thereupon restored, reversing 
the current flow in the associated interexchange 
trunk line to normal direction. Thereupon, relay 
02 restores, followed by the restoration of relay 
0. At its inner contacts, relay TO? unbridges 

the tip and ring conductors of the jack J3 caus 
ing the operator's supervisory lamp to become 
lighted. 
When the plug is reinserted into the jack J7 at 

the end of the momentary withdrawal, the pre 
ceding Operations are reversed causing the super 
Visory lamp in the cord circuit in use in exchange 
A to become extinguished. 

O11. 

When the conversation over the extended con 
nection has been completed and the two opera 

Clearing out the connection 

75 tors have Withdrawn their plugs from the jacks 
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J7 and J3, the result is that ground potential is 
removed at both points from the sleeve conductor 
of the connection, whereupon the connection is 
cleared out as before described. 
P. Manual-eacchange calls to tandem eacchange C. 
The Way in which connections are completed 

to local lines of tanden exchange C from either 
of the manual eXchanges A and B will now be de 
scribed. For this purpose, it will be assumed that 
the manual operator in exchange A receives a 
call which is intended for a local subscriber of 
tandem exchange C, the subscriber at Substation 
F 2024 on the four-party line #202, for example, 
P1. Taking an idle intereacchange trunk line 

for use 
It may be assumed that the trunk line A-T 

is idle at this time as indicated by the unlighted 
condition of busy lamp 95 and that the opera 
tor takes this trunk line for use by inserting the 
plug of her cord circuit into the jack J3. The 
trunk line A-T is thereby bridged in trunk 
circuit A-TC? by the closure of contacts 707. 
In exchange C, incoming line relay 804 operates 

in response to the bridging of the trunk line 
A-T in the calling manual exchange, followed 
by the hereinbefore described operation of in 
coming release relay 895 and of incoming trans 
fer relay 808. The tip and ring conductors of the 
associated line multiple #2 are thereby bridged 
at arnatures 822 and 823 through the upper con 
tacts of line relay 894 and the low-resistance 
right-hand winding of supervisory relay 896. 

P2. Seiaing an idle connector 

Line relay 88 of the associated line circuit 
LC-2 now operates to ground the associated 
T and U mark conductors to cause an idle finder 
to make connection. With the calling line multiple 
#2í í. It may be assumed that the finder Fl of 
Fig. 11 is the one thereupon operated, in which 
case the calling multiple #2 is extended to the 
connector C, Fig. 13, by way of conductors of the 
link I, i. 
The connector C is now prepared for opera 

tion responsive to the energization of line relays 
35 and 396 over the tip and ring conductors 

of multiple #2 , through the previously noted 
bridge in the calling repeater OR-. 
eration of relays 363 and 396 is followed by the 
operation of release relay 30, sleeve relay 309 
and dial-tone relay 324, completing the prepa 
ration for operation of the connector C and 
sending back a dial-tone signal to the calling 
operator. 
P3. Grounding the sleeve conductor to identify 

the mid-12toll-eaChange call 

The grounding of the sleeve conductor S of the 
link Llf at this time at the upper armature of re 
lease relay 387 results in the closure of a circuit 
over the sleeve conductor of the calling multiple 
to operate cutoff and lockout relays 820 and 89 
of line circuit LC-2, whereupon line relay 88 
restores to terminate the calling condition of 
the line circuit. A further result of the ground 
ing of the sleeve conductor of this multiple is the 
closure of a circuit through the inner upper ar 
mature and front contact of relay 808 for sleeve 
control relay 882. Relay 802 thereupon operates 
to apply ground potential in the repeater OR 
to the sleeve conductor of the multiple at the 
lower contacts of relay 809, through the middle 
contacts of incoming release relay 805. The 
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ground potential thus applied serves to identify 
the call as from a manual eXchange. 

P4. Dialing the desired number 
Upon hearing the dial-tone signal returned as 

above noted, the calling Operator actuates the 
dial key K to associate calling device CD With the 
conductors of trunk line A-T, whereupon she 
actuates the calling device CD in accordance with 
the digits 2, 0, 2, and 4 in the desired number, foll 
lowing which she again restores the key K. 

Line relay 84 restores responsive to each in 
terruption impulse of each digit, repeating Such 
interruption impulses at its upper contacts into 
the bridge across the conductors of line multiple 
#2 f, causing line relay 36 of the connector C 
to follow the calling device CD. 
As previously noted, series relay 887 operates 

at the beginning of each received series of in 
pulses and acts to improve the impulse-repeating 
circuit by partially shunting resistor 825 and the 
right-hand winding of relay 866, relay 80 re 
storing at the end of each series of impulses. 
P5. Conditioning the connector for toll operation 
With one exception, the connector C of Fig. 

13 operates as hereinbefore described in response 
to the respective impulse series constituting the 
digits 2, 0, 2, and 4 in the called number. This 
exception occurs following the final digit of the 
number, at which time either busy relay 32 or 
switching relay f39 operates as hereinbefore de 
scribed, depending on whether the called line is 
busy or is idle. The operation of either of these 
relays removes ground potential from local con 
ductor 5 to render the upper or test Winding of 
detector relay 38 effective as the sole supply of 
ground potential in the connector C to the sleeve 
lead of the connection. It will be recalled that 
detector relay 38 thereupon operates over the 
sleeve lead when the call is from a local line. In 
the present example, the call is from a manual 
exchange line and the sleeve lead of the calling 
multiple is now grounded in the repeater OR 
through contacts of relays 805, 809, and 808, as 
previously noted. The upper winding of detector 
relay 328 is thereby shunted, preventing the 
relay from operating. The failure of detector re 
lay 808 to operate responsive to the operation of 
either busy relay 320 or switching relay 39 
conditions the connector C for operation as a 
toll connector. 

P6. Busy verification 
If the called line is busy, a busy-tone signal 

is returned at the upper contacts of busy relay 
32 to inform the calling operator of the busy 

condition of the called line. 
When the operator desires to verify the busy 

condition of a busy called line, she may do so by 
again temporarily associating the calling device 
CD with the calling trunk line and dialing the 
digit 1. 
With busy relay 320 operated, and with de 

tector relay 38 not operated, the momentary 
restoration of line relay 306 in response to the 
dialing of the vertification digit 1 results in the 
closure of a circuit over conductor f, through the 
inner upper armature and front contact of busy 
relay 320, conductor 4, middle upper armature 
and back contact of detector relay 308, and over 
conductor f3, for the lower Winding of busy-veri 
fication relay 3: . Busy-verification relay f3 
thereupon Operates and prepares a holding cir 
cuit for itself at its inner contacts. 
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When line relay 306 reoperates, it opens the 
initial circuit of relay 3 at its back contact, 
while at its front contact it closes a holding 
circuit over conductor 2, through the inner con 
tacts of relay 3, the upper winding of relay 
3 , and through the winding of ring-trip re 

lay 35, to battery. Relay 3 remains oper 
ated in this holding circuit and relay 35 oper 
ates, whereupon ring-cutoff relay 33 is oper 
ated and locks itself to conductor T. 
At contacts 9 of ring-cutoff relay 33, a cir 

cuit is closed for switching relay 39, Where 
upon relay 3f 9 completes the talking circuit to 
the called line at armatures 84 and 85. No 
ringing current is applied at this time because 
of the above-described operation of ring-Cutoff 
relay 35 prior to the operation of Switching 
relay 39. 
The busy-tone signaling circuit is opened at 

contacts 5 of busy-verification relay 3, While 
at armatures 13 and 74 back-bridge relay 32 
is disconnected to prevent a disturbance of the 
supply of transmitter current to the called line, as 
well as to prevent an undesired operation of 
supervisory relay 304 at this time. 
The talking circuit having been completed to 

the called line as above noted, the operator is 
now able to determine whether or not the called 
line is really in use, as distinct from an abnormal 
condition resulting in the giving of a buSy Sig 
nal. One such abnormal condition is when the 
called line may be out of order and therefore 
locked out of service as previously discussed. If 
the operator finds the called line to be out of 
order, she may call this to the attention of the 
attendant at exchange C, if Such exchange is 
attended at the time, or she may cause an at 
tendant to be sent to exchange C, if the exchange 
is at such time unattended. 
Assuming that the called line is not out of order 

but is regularly busy in a local call (as distin 
guished from a toll call), the Operator may re 
quest the subscribers to replace their receivers 
and permit the local connection between their 
lines to clear out. The operator may take down 
the connection at her switchboard to permit the 
connection which she has set up to the called 
line to clear out whereupon she again takes an 
idle trunk line for use and calls the number over 
again to make connection With the called line in 
the usual Way. 
P7. Incoming toll conversations mot timmed in 

automatic eacchange 
Let it be assumed now that the desired line is 

idle when called as described, in Which case 
switching relay 39 operates as previously de 
scribed to complete connection thereto, and ring 
ing current is applied. The ringing operation is 
terminated when the called subscriber responds, 
relays 35, 33, 32, and 304 responding. The 
conversation is not timed at the automatic ex 
change in this case, however, because the call is 
a toll call, and conversation-timing lead P2 re 
mains disconnected at contacts of the unoperated 
detector relay 308. The operator is expected to 
time and ticket the call in the usual manner. 

P8. A72Sºvered Superºvisio72 

When Supervisory relay 304 operates and re 
verses the current flow in the associated tip and 
ring conductors, polarized Supervisory relay 806 
(Fig. 8) thereupon responds, causing incoming 
Supervisory relay 803 to reverse the current flow 
over trunk line A-Ti followed by the successive 
operation of relays 702 and 79 in trunk circuit 
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A-TC to give the operator anSWered Super 
vision as previously discussed. 

P9. Disconnect Supervision. 

When the ensuing conversation is terminated 
and the called subscriber replaces his receiver, 
the operator is given disconnect Supervision as 
follows: 

Back-bridge relay 32 of the connector re 
stores, followed by the restoration of Supervisory 
relay 304, to reverse the direction of the cur 
rent flow in the associated talking conductors to 
normal. 

In the repeater OR- polarized supervisory 
relay 80S now restores followed by the restora 
tion of incoming supervisory relay 803 to reverSe 
the current flow over trunk line A-T to nor 
mal direction, causing relays 702 and 70 to 
restore successively, the latter relay opening its 
inner contacts to give the operator disconnect 
Supervision as previously discussed. 

P10. Clearing out 

When the operator removes the plug from the 
jack J3, the established connection is cleared out 
as hereinbefore described. 

Q. Permanent timing at the repeater OR-1 
When the repeater OR- is seized in auto 

matic exchange C, timing operations occur to 
bring about a release of the established connec 
tion within from two to four minutes if the Oper 
ator has not answered during this time, as Will 
now be described. 

It will be recalled that the outgoing line and 
release relays 8 to and 8 operate successively 
upon the Seizure of the repeater OR- as an Out 
going repeater, followed by the operation of aux 
iliary relay 842 to place a holding ground poten 
tial on the associated Sleeve lead through the 
lower winding of detector relay 83, which hold 
ing ground potential is effective to maintain a 
connector such as C, Fig. 13, operated to main 
tain the connection established. 
At armature 829, relay 82 applies ground po 

tential to start conductor 356 (extending to 
timer T, Fig. 13, part 6), to start the timer into 
Operation if it is not already operating. Lead P 
of the timer T is now connected, through con 
tacts of release-timer relay 8, lower armature 
and back contact of incoming release relay 805, 
front contact of the lower armature of outgoing 
release relay 8ll and the said armature, and con 
tacts 828 of auxiliary relay 82, to relay 87. As 
a result of this connection, relay 817 operates 
when lead P is next momentarily grounded, pro 
vided the operator has not in the meantime 
answered to cause incoming release relay 85 to 
Operate. Upon operating, relay 8 í7 closes a self 
locking circuit at its lower armature disconnect 
ing itself from lead Pf. At its upper armature 
and aSSOciated contacts, release-timer relay 87 
Substitutes ground potential over hold lead H 
for the local ground connection to the lower wind 
ing of detector relay 8f3. 

If the operator has not responded and caused 
incoming release relay 885 to operate by the time 
hold conductor H next becomes ungrounded 
(approximately two minutes following the opera 
tion of Irelay 8), such next ungrounding of lead 
H results in the removal of ground potential 
from the lower winding of detector relay 8f3 and 
Consequently from the associated sleeve lead. 
The connection established in the automatic ex 

is thereupon Change to the repeater OR-f 
  



2,427,650 
73 

cleared out as previously described, and the call 
ing line circuit is brought into lockout condition. 
The repeater OR- now clears out, relays 80, 
8, and 82 restoring, with the resultant restora 
tion of the other operated relays of the repeater 
(80, 802, 814, 815, and 817). 

Q1. Permanent timing at OR-1 following 
COmerSation 

Let it be assumed now that the call through 
repeater OR- to the manual eXchange is an 
swered before the connection is cleared out by the 
previously described permanent-timing opera 
tion. In this event, when incoming release relay 
895 responds to the operation of line relay 804 
over the trunk line A-T, it open-circuits and 
restores release-timer relay 87 (if operated) at 
its lower contacts. No conversation timing is 
effected at this time in the automatic exchange, 
as the called manual-exchange operator has the 
responsibility of timing such calls as pass through 
her Switchboard. The permanent timing Oper 
ation is resumed, however, When either the man 
ual operator or the calling Subscriber discon 
nectS. 

Q1a. Permanent timing at OR-1 when the 
called operator fails to disconnect 

When the calling subscriber replaces his re 
ceiver at the end of the conversation and thereby 
brings about the restoration of line and release 
relays 89 and 8 , incoming supervisory relay 803 
restores to cause disconnect supervision to be 
given to the manual-exchange Operator, but aux 
iliary relay 8.2 remains operated in a holding 
circuit through the middle contacts of incoming 
release relay 895 and its own inner lower arma 
ture until the operator has disconnected. In 
this event, a new circuit for release-timer relay 
87 is established, through the back contact of 
the lower armature of the restored outgoing re 
lease relay 8, and the front contact of the lower 
arnature of the Operated incoming release relay 
85. The permanent-timing operation there 
upon proceeds as previously described to release 
the connection in the automatic exchange at the 
conclusion thereof, whereby the calling line is 
freed from the connection instead of being With 
held indefinitely from service while awaiting dis 
connection at the manual SWitchboard. The re 
peater OR-1, however, is not thereby rendered 
available for use in the automatic exchange, for 
auxiliary relay 8:2 at its lower contacts main 
tains the associated allotter conductors 93 sepa 
rated, whereby allotter relay 9 cannot become 
reoperated to again allot the aSSociated trunk line 
A-TE until the operator disconnects. 

Q1b. Permanent timing at OR-1 when the 
Colling Subscriber fails to disconnect 

Let it be assumed now that the calling Sub 
Scriber in the call under consideration fails to 
replace his receiver after conversation, and that 
the connection is taken down in the called man 
Ulal eXchange. 
When the connection is taken down in the 

called manual eXchange, incoming line and re 
lease relays 804 and 805 restore, relays 8 to 8 2 
remaining operated. A release-timer circuit is 
thereupon closed for relay 8 fi through the lower 
armature and back contact of incoming release 
relay 805, including the front contact of the lower 
armature of outgoing release relay 8: and the 
said armature. As a result, the previously de 
Scribed release-timer operation proceeds to its 
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conclusion, whereupon the connection is cleared 
out as previously described, and the line circuit 
associated with the calling line is brought into 
lockout condition. 

R. Operation of the trunk allotters 
Referring particularly to trunk allotters TA-8 

and TA-9 of Fig. 4 and TA-0 of Fig. 9, the op 
eration of these trunk allotters will be explained 
more fully. The three allotters are all similar 
in basic wiring, differing only in the number of 
trunk lines respectively associated therewith. 
Seven trunklines are aSSociated. With the trunk 
allotter TA-0, terminal pairs 93 f to 937 being 
wired respectively to the associated two-way man 
ual-to-automatic repeaters. Only one of these 
repeaters is shown, being the repeater OR-1, Fig. 
8. Allotter conductors 93 associated with the re 
peater OR- are maintained disconnected at the 
lower contacts of auxiliary relay 82 at all times 
When the repeater is in use pursuant to an out 
going call to the manual exchange, and they are 
maintained disconnected at the lower contacts of 
incoming-transfer relay 808 at all times during 
an incoming call through repeater OR-. On 
the other hand, when the repeater OR- (and 
the associated trunk line A-T) is idle, neither 
of the relays 808 and 82 is operated, and con 
ductors 93 are joined together in the repeater 
to indicate the idle condition to the trunk al 
lotter TA—0. 
R1. The first trunk line associated Uith TA-0 

is allotted. 

The trunk allotter TA-0 is illustrated with all 
Seven of the active allotter relays 9 to 97 in 
Operated condition, each of said allotter relays 
being held locked operated over its associated one 
of the conductor pairs 93 to 937. Under this 
Condition, the first of the associated trunk lines 
(A-T) is allotted by the allotter TA-0, because 
the local marking conductor 94 is maintained 
grounded at this time by relay 9. 

R2. Allotting the succeeding trunk lines 
With the trunk allotter TA-0 in its illustrated 

condition, When the next call is made to manual 
eXchange A, the allotter operates as previously 
described to cause a marking potential to be placed 
on conductor M of cable 300 upon the described 
operation of Connecting relay 953, causing the 
connection to be completed to the repeater OR-. 
The consequent operation of auxiliary relay 82 
separates conductors 93, whereupon relay 9 re 
stores and opens another point in its previously 
established circuit, preparing a circuit for itself 
through the lower contacts of reset relay 92. At 
its middle armature, relay 9 disconnects ground 
potential from the local marking conductor 94. 
and applies ground potential to conductor 942, 
through the corresponding armature of the Op 
erated relay 92. 
The second associated trunkline is now allotted 

and will be used for the next call to manual ex 
change A, unless in the meantime it is restored 
because the second trunk line is taken for use in 
the manual exchange to thereby cause the as 
sociated conductors 932 to be separated (at the 
Contacts of the relay in the Second repeater COr 
responding to the lower contacts of relay 808 of 
repeater OR-1). In either event, when the trunk 
line A-T is taken for use in either exchange, 
relay 92 restores, whereupon the third conductor 
943 becomes grounded to transfer the marking to 
the third trunk line of the group, provided relay 
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93 has not been restored by a seizure of the as 
Sociated trunkline in the manual eXchange. 
In a similar way, the marking is transferred 

Successively as the operated relays of the allotter 
TA-0 are restored. 
R20, Allotting trunk lines succeeding the fifth, 
When the first five relays of the allotter TA-0 

are in restored condition and at least one of the 
remaining relays is in operated condition, the 
units-switching mark conductor 946 is grounded 
through contacts of the restored relays 9ff to 95 
to prepare for the operation of the units-SWitch 
ing relay in any one of the connectors (relay 
U6C, Fig. 13, part 5, in the connector C). At 
the same time, one or another of the conductors 
94 to 945 is grounded, depending on which relay 
of the last five in the allotter is the first one op 
erated following the fifth relay 95 in the chain. 
The trunk line associated with such operated re 
lay is thereby allotted. 

R3. The allotter action is progressive 
Since each of the allotter relays, on restoring, 

opens its locking circuit, the allotter relays do not 
reoperate automatically When the associated 
trunk line again becomes idle, the allotter being 
what is termed a progressive allotter. The pro 
greSSive allotter causes the connections made to 
the trunk lines through the automatic switching 
equipment to be divided more or less evenly over 
the group. One benefit of this arrangement is 
that a Subscriber calling and obtaining connec 
tion with a defective trunk line in the group ob 
tains connection with some other trunk line when 
he discovers the defective condition of the trunk 
line in use; replaces his receiver; and calls again. 

R4. Resetting allotter TA-0 
When all of the trunk lines associated with the 

allotter TA-0 have been used once for a call in 
either direction, all of the relays of the allotter are 
then in restored condition, and all marking is re 
moved from conductors 94t to 945. At this time, 
a chain circuit is closed through contacts of all of 
the allotter relays 9 to 920 for reset relay 92 ?. 
Reset relay 92 thereupon operates, to ground the 
illustrated common reset conductor at its inner 
lower contacts, thereby reoperating each of the 
restored relays of the allotter whose associated 
trunkline is idle, as indicated by the closed con 
dition of the associated one of the conductor pairs 
93 to 937. Each reoperated relay closes a self 
locking circuit over its associated conductor pair 
and disconnects itself from the reset conductor. 
The chain circuit for reset relay 92 is opened 

upon the operation of one or more of the allotter 
relayS. Relay 92 restores after a slight interval 
(being a slow-acting relay as indicated), thereby 
ungrounding the associated reset conductor to 
permit the progressive operation of the allotter 
hereinbefore described to proceed. 
Busy relay 953 is also operated temporarily 

upon each operation of reset relay 921, but ordi 
narily restores almost immediately, when reset 
relay 92 restores upon the successful operation 
Of one or more of the associated allotter relays. 
R5. An all-trunks-busy condition at allotter 

TA-0 
If all of the trunk lines With which the trunk 

allotter TA-0 is associated are in use when re 
Set relay 92 Operates, none of the allotter relays 
responds, and relay 92 remains operated until 
at least One of the associated trunk lines becomes 
idle to permit its associated allotter relay to re 
Operate and open the chain circuit of reset re 
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lay 92 ?. Under this condition, busy relay 953 is 
maintained operated by reset relay 92 to pre 
pare for the grounding of busy lead B-? in the 
cable f300, and for the closing of a circuit. for 
the associated counting device (or meter) 956 in 
the event that connecting relay 953 operates pur 
suant to an attempt to Seize one of the trunk lines 
of the group while all of them are in use. If ex 
change A is now called, and assuming connector 
C (Fig. 13) is the calling connector, busy relay 
320 therein is operated over the following cir 

cuit: from ground through contacts of relayS 
921, 953, and 954, lead B– in cable i 300, con 
tacts of relay CN-I, conductor 2, and through 
relay 320 to battery. 
On operating, relay 321 returns busy signal 

at its upper contacts, while at the front contact 
of its middle lower armature, it Operates relay 
326 through contacts of restored relay 324 to 
prepare the local holding circuit of busy relay 
1320 at its lower contacts. At its inner lower 
contacts, relay 320 operates relay 322 to com 
plete the local holding circuit of busy relay 320 
at contacts 89. 
At its inner lower contacts, relay 322 grounds 

conductor 49, thereby operating hundreds-trans 
fer relay 327 through contacts of relays 328 and 
329. At its lower contacts, relay 327 discon 
nects conductor 46 permitting relay CH-1 to re 
store, followed by the restoration of relay CN 
to free the common allotter equipment from the 
connector C. 
S. Local calls from td.indem eacchange C to term 

imatting eacchange D 
The handling of local calls from Subscriber 

lines of tandem exchange C to lines of terminat 
ing exchange D will now be described. For this 
purpose, it may be assumed that a subscriber at 
pay station #203 (Fig. 2, part 2, and Fig. 10) 
desires to converse with the subscriber at sub 
station #20 (2 on party line #20;30 of exchange 
D (Fig. 2, part 3). 

S1. Seiaing an idle connector 
It may be assumed that when the receiver is 

removed at pay station #203 (Fig. 10), opera 
tions as hereinbefore described occur, extending 
the connection from the calling line through find 
er FI (Fig. 11) to the connector CI (Fig. 13) and 
the preparation for operation of the connector C. 
S2. Dialing the single-digit number of eacchange D 

Since the calling subscriber is calling a line of 
another exchange, he first dials the single-digit 
number assigned to such other exchange (the 
digit 8 in the assumed example), after which he 
Waits for dial-tone from the called exchange be 
fore calling the number (2012) of the desired 
Subscriber in the called exchange. 
When the digit 8 is dialed into the Seized con 

nector C as the initial digit, the F8 counting re 
lay 340 is operated to prepare a circuit over con 
ductor. 22 of cable 366, and this circuit is con 
pleted when the slow-acting series relay 32 re 
stores at the end of the digit and brings about 
the hereinbefore described grounding Of hun 
dreds conductors 38, and 39. The circuit is from 
ground on conductor 39, through contacts of re 
lay 340, conductor 23 of cable 366, and through 
the winding of tens relay T23C, to battery. Re 
lay T23C operates to connect up the associated 
tens group of line multiples represented by the 
conductors in cable CA-23, and also brings about 
the operation of relays CH-f and CN- as here 
inbefore described in connection with the calling 
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of the single-digit numbers 0 and 9 assigned to 
the manual exchanges A and B. 

S3. Selecting and seiaing repeater 8R-1 
When relay CN- operates, at its inner con 

tacts, it grounds conductor 9 in cable 380, 
through contacts of the operated tens relay T22C, 
thereby closing a circuit for connecting relay 44 
of trunk allotter TA-8 associated With the trunk 
lines interconnecting eXchanges C and D. It may 
be assumed that the first trunk line of this group 
is allotted at this time (trunk line C-T, inter 
connecting repeaters 8R-A of Fig. 5 and R. of 
Fig. 6). Under this condition, conductor 42 of 
the allotter is in grounded condition, causing 
ground potential to be applied through contacts 
of relay 44 to conductor M of cable 380. A cir 
cuit is thereby closed for operating units relay 
UC of connector C, causing the first trunk line 
of the called group to be seized over line multi 
ple #23 f, to which line circuit LC-23 (Fig. 5) 
and repeater 8R- are connected. This Seizure 
is accomplished by the hereinbefore described 
operation of Switch-through relay 30. 
When the line multiple i23 is seized, cutoff 

and lockout, relays 546 and 5f operate over the 
associated sleeve conductor from the ground po 
tential applied momentarily from the seizing con 
nector. Relay 5 6 disconnects line relay 5 3. 
S4. Preparing repeater 8R-1 for outgoing local 

Operation. 
In the seized repeater 8R-, outgoing line re 

lay 54 is connected between ground and the tip 
conductor of line multiple #23, through con 
tacts 52 f, and the upper left-hand Winding of 
repeating coil 500, while retard coil 55 is con 
nected between the free pole of the exchange bat 
tery and the ring conductor of the seized multiple, 
through contacts 522, and the lower left-hand 
winding of the repeating coil. Line relay 534 ac 
cordingly nOW Operates over the calling line. Out 
going release relay 53 next operates through 
contacts of line relay 584, and operates outgoing 
transfer relay 589. At its inner upper contacts, 
outgoing transfer relay 589 applies ground po 
tential to the associated sleeve conductor through 
the winding of detector relay 533 to maintain 
the connection established after slow-acting re 
lease relay 3: Of connector C restores. 

S4d. Operating detector relay 503 
Upon restoration of release relay 3, of the 

connector C, the connection is held by the ground 
potential supplied through the winding of de 
tector relay 593 through contacts of the operated 
outgoing transfer relay 539. Detector relay 53 
accordingly operates (the call under consideration 
being one coming from a subscriber line instead 
Of from an operator) to open its contacts to 
prevent the transmission of a signal to exchange 
D indicative of a call from a manual exchange. 

S4b. Bridging the trunk-line conductors 
At armatures 523 and 528, relay 59 discon 

nects incoming line relay 54 and substitutes a 
bridge controlled by the upper contacts of the 
now-operated outgoing line relay 584. This bridge 
may be traced from the front contact of arma 
ture 523, through the upper contacts of outgoing 
line relay 584, the low-resistance left-hand Wind 
ing of polarized relay 588, and through resistor 
533, to the front contact of armature 525. 
S5. Preparing repeater R1 for incoming operation 
In exchange D, retard coil 6 is connected be 
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tween ground and the tip conductor of trunk 
line C-T, through contacts 625 and the upper 
left-hand Winding of repeating coil 600, while 
incoming line relay 605 is connected between the 
free pole of the exchange battery and the ring 
Conductor of the trunk line, through contacts 
626 and the lower left-hand repeating-coil Wind 
ing. As a result, line relay 605 operates over the 
trunk line C-T when it is bridged as described 
in the repeater 8R-. Incoming release relay 
666 next operates through contacts of line re 
lay 665, and operates incoming transfer relay 69. 

Differential detector relay 603, whose windings 
are connected in series respectively with retard 
coil 662 and incoming line relay 605, is not op 
erated at this time because the current flow is 
balanced in its two windings. Detector relay 
603. is not operated at any time during a call 
of the class under consideration because of the 
Operated condition of detector relay 533 in repeat 
er 8R-, which naintains its contacts open to 
aVoid an unbalancing of the interexchange trunk 
line conductors at the end of each dialing opera 
tion, as Will be explained hereinafter. 
S6. Bridging the talking conductors of the line 

multiple 
At armatures 627 and 628, incoming transfer 

relay 69 disconnects retard coil 62 and out 
going line relay 63, and substitutes a bridge 
acroSS the tip and ring conductors of the associ 
ated line multiple #2 . This bridge may be 
traced from the front contact of armature 627, 
through the upper contacts of incoming line re 
lay 65, the low-resistance left-hand winding of 
polarized relay 609, and resistor 633, to the front 
contact of armature 628. 

S7. Seieing a connector in eacchange D 
In line circuit LC-24 f', line relay 622 now op 

erates over the bridge established in repeater R, , 
and applies ground potential to the associated 
T and U marking conductors so as to cause the 
distributor DR-' (Fig. 2, part 3) to operate an 
idle one of the associated finders to link a con 
nector With the associated calling line multiple 
#2 . It may be assumed that the finder FA is 
idle and is accordingly operated by the distributor 
DR' to link the connector C? with the calling 
line multiple #2f through the finder-connector 
link L. This operation is as described herein 
before in connection with the corresponding ap 
paratus of exchange C shown in Figs. 11 to 13. 
When the connector C has been taken for use 

and prepared for operation, it returns a dial 
tone signal over the established connection as ex 
plained hereinbefore for the connector C of 
Fig. 13. Upon hearing the dial-tone signal, the 
calling subscriber at pay station #203 (Fig. 10) 
in exchange C dials the digits 2, 0, 1, and 2 in the 
desired exchange-D number. 
S8. Repeating the digit impulses from eacchange 

C to eacchange D 
Each time a digit of the desired number is 

called, line relay 504 of repeater 8R-1 (Fig. 5) 
is restored momentarily a corresponding num 
ber of times. Slow-restoring series relay 5i 2 is 
Operated through contacts of the slow-restoring 
outgoing release relay 506 upon the first restora 
tion of line relay 504 and remains operated 
throughout the series of impulses. Auxiliary-se 
ries relay 5f responds to the operation of relay 
52, and restores shortly after relay 52 restores 
at the end of the series of impulses. At its upper 
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contacts, series relay 53 shunts resistor 532 
across resistor 533 and the left-hand Winding 
of polarized relay 58 So as to improve the in 
pulsing circuit to repeater R. 
Upon each momentary restoration of line re 

lay 54, the previously described bridge across the 
conductors of trunk line C-T is opened at its 
upper contacts, producing a momentary restora 
tion of incoming line relay 65 of the repeater 
R. 

In the repeater R, upon the first restoration 
of incoming line relay 695 of any series, a cir 
cuit is closed through contacts of slow-restoring 
release relay 606 for slow-restoring series relay 
69. Relay 697 accordingly Operates and remains 
operated throughout the series of impulses. At 
the upper contacts of series relay 697, resistor 
632 is shunted around resistor 633 and the left 
hand winding of relay 609 to improve the in 
pulsing circuit to the connector in use. 
Upon each monentary restoration of line re 

lay 605, the bridge across the conductors of the 
associated line multiple it2 are opened at the 
upper contacts thereof, thus effectively repeating 
the dialed impulses to the connector C (Fig. 2, 
part 3). 
S9. Completing the connection by local-connec 

tor Operation in ecchange D 
The connector C' responds (as hereinbefore 

described for the connector C, Fig. 13) to the 
digits repeated thereto at the repeater R to 
complete connection to the called Substation 
#202 on party line #29;30. Assuming that 
this line is idle, the connection is made and ring 
ing current is applied. In the call under COIn 
sideration, detector relay 603 of repeater R, not 
having operated, sleeve-control relay 602 is con 
Sequently not operated, and no ground potential 
therefore is applied by repeater R, to the sleeve 
conductor of the associated multiple F2 . As a 
result, the connector in use (connector CF, Fig. 2, 
part 3) changes over from toll operation to local 
operation as hereinbefore described for the con 
nector C, Fig. 13. 

S10. ASupered supervision 
When the called subscriber answers, connec 

tor C. Operates to cause the current fow to be 
reversed over its incoming conductors, whereby 
the current flow in the tip and ring conductors 
of line multiple it2 associated with the repeater 
R, f is reversed. When this occurs, polarized 
supervisory relay 6.9 in the repeater R oper 
ates, whereupon incoming supervisory relay 60 
is operated through contacts of incoming trans 
fer relay 6 0 to reverse the conductors of the 
trunk line C-T. 

In repeater 8R-2, polarized Supervisory relay 
550 now operates, whereupon outgoing Super 
visory relay 5 operates through contacts of out 
going transfer relay 509 to reverse the tip and 
ring conductors of the associated line multiple 
if 23. The current flow in the calling pay-sta 
tion line of Fig. 10 is thereby reversed, render 
ing the pay-station instrument inoperative as 
previously described until the subscriber de 
posits the requisite coin to thereby again render 
it operative for conversation purposes. 

S11. Disconnect supervision 
If the called subscriber replaces his receiver 

first, the current flow is reversed back to nor 
mal direction in the connector in use in exchange 
B, whereupon relays 609 and 60? in repeater R. 
restore, causing the restoration of relayS 508 

0. 

5 

20 

25 

30 

35 

40 

30 

5 5 

50 

85 

70 

75 

80 
and 50 of the repeater 8R-1, the current flow 
in the calling line being reversed to normal di 
rection by the restoration of relay 50l. 

S12. Clearing out 

When the receiver is replaced at the calling 
substation, the established connection clears out 
as will now be explained. 

S12a. Clearing Out in the Calling eCChange C 

Line relay 54 restores. When the receiver is 
replaced at the calling substation. At its upper 
contacts, it open-circuits and restores the distant 
line relay 605, while at its lower contacts it open 
circuits release relay 506. Release relay 506 
restores after a slight interval, followed by the 
restoration of outgoing-transfer relay 509. Re 
layS 52 and 5 incidentally operate at this time, 
but clear out responsive to the resortation of re 
lay 506. At the inner upper contacts of Outgo 
ing-transfer relay 509, ground potential is re 
moved from the sleeve Conductor of the aSSociated 
line multiple #23, whereupon line circuit LC 
23 returns to normal condition and the con 
nection established through the connector C and 
finder F in Figs, i3 and 11 is cleared out as 
previously described. 

S12b. Clearing Out in the called ecchange D 
In exchange D, when line relay 605 is open 

circuited at the upper contacts of line relay 504 
as above mentioned, it unbridges the tip and ring 
conductors of the associated line multiple #2 
at its upper contacts to permit the connector in 
use to clear Out, While at its lower contacts it 
open-circuits incoining release relay 606. Re 
lease relay 606 restores a moment later, permit 
ting incoming transfer relay 60 to restore. 
Series relay 68 operates incidentally at this time, 
but clears out following the restoration of relay 
66. 
The remaining portion of the connection, in 

cluding the connector in use, is cleared out as 
hereinbefore described in connection. With the 
connector C1 (Fig. 13). When this occurs, cut 
off and lockout relays 624 and 623 of line cir 
cuit LC-2" restore, returning the line circuit 
to its illustrated normal condition. 

T. Manilal-eacchange calls through tandem 
eachange C to terminating eacchange D 

The handling of manual-exchange calls 
through tandem exchange C to lines of terminat 
ing eXchange D will now be described. For this 
purpose, it may be assumed that the operator at 
eXchange A receives a, call for a subscriber of 
terminating exchange D. It may be assumed 
that the trunk line A-T (Figs. 7 and 8), as 
Sociated with trunk circuit A-TC? and repeater 
OR-, is used for this call. 

T1. Seieing and preparing a connector 
im tandem, eacchange C 

When a cord-circuit plug is inserted into the 
jack J3 (Fig. 7), Operations as hereinbefore de 
Scribed occur, causing line relay 82) of line cir 
cuit LC-2 to operate. It may be assumed that 
finder F of Fig. 11 responds at this time to ex 
tend the call over the associated link I, to the 
connector C of Fig. 13. The connector C f is 
thereupon prepared for operation as described 
and returns a dial-tone signal to the calling man 
ual eXchange. 
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T2. Dialing the single-digit 
number of eacchange D 

The calling operator now dials the digit 8 as 
Signed to the terminating exchange, causing the 
connector Ci to be operated to take an idle one 
Of the concerned trunk lines for use as herein 
before described. 

T3. Seieing repeater 8R–1 
It may be assumed that the trunk line C-T 

in FigS. 5 and 6 is idle and allotted at this time, 
in Which case the connection is extended through 
line multiple #23 to the repeater 8R-, Fig. 5, 
relays 5 3 and 5 il of line circuit LC-23 i operat 
113. 

T4. Preparing repeater 8R-i for 
Outgoing toll Operation. 

The seized repeater 8R- is now prepared for 
outgoing toll operation by the energization of line 
relay 504, release relay 506, and outgoing trans 
fer relay 599, as hereinbefore described. Detec 
tor relay 53 does not operate at this time re 
Sponsive to the closure of the inner upper con 
tacts of outgoing transfer relay 509 because the 
sleeve lead of the connection established through 
tandem exchange A. from the calling manual-to 
automatic repeater OR- (Fig. 8) is grounded 
in the repeater OR- as hereinbefore described. 
ihis ground connection to the sleeve conductor 
in repeater OR- includes the middle contacts 
of release relay 395, lower contacts of operated 
sleeve-control relay 899, and contacts of incom 
ing transfer relay 88. The repeater 8R-1 is now 
prepared to condition repeater R. Subsequently 
for toll operation, as Will be described herein 
after. 

Ti"5. Preparimlig repeater R1 for 
incoming operation 

In exchange D, the repeater R is prepared for 
incoming operation as hereinbefore described by 
the operation of line relay 605, release relay 608, 
and incoming transfer relay 6f 6. The line cir 
circuit LC-2 now operates as described to cause 
an idle connector to be linked to the associated 
line nultiple #2, whereupon dial-tone Signal is 
transmitted back over the connection to the call 
ing operator to inform her that she may dial the 
listed directory number of the desired subscriber 
in terminating eXchange D. 

T6. Repeating the digit impulses through. 
tandem eacchange C to terminating eacchange D 
The impulse series constituting the digits in the 

desired number, which are generated by the call 
ing device CD, Fig. 7, are repeated by repeater 
OR-A, Fig. 8, (at the upper contacts of line 
relay 84) to the repeater 8R-. At its upper 
contacts, line relay 54 of the repeater 8R-1 re 
peats the received impulses to line relay 605 of 
the repeater Rf, which in turn repeats them at its 
upper contacts to the connector in use in ex 
change D. 

T7. Relaying the grounded-sleeve, toll-call 
indication from eacchange C to eacChange D 
It will be recalled that series relay 52 in re 

peater 8R-A operates at the beginning of each 
series of impulses and restores at the end thereof, 
and that series-auxiliary relay 5 responds to 
each operation of relay 5, 2 and restores a short, 
interval after the restoration of relay 5 2. 
At the end of the first digit repeated by re 

peater 8R-1 in the present call (in which detec 
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tor relay. 503 is in restored condition as described 
to indicate a toll call), the current flow in the 
conductors of trunk line C—TI is unbalanced 
momentarily by a ground connection made there 
to in the interval required for relay 5f to restore 
after series relay 52 restores. With relay 512 
restored and with slow-restoring relay 5 still 
operated for a moment, a circuit connection ex 
ists from ground, through the inner armature 
and back contact of relay 52, contacts of the 
operated relay 5, contacts 525 of relay 509, 
contacts of detector relay 503, front contact of 
armature 523 and the said armature, and through 
the upper right-hand winding of repeating coil 
500, to the tip conductor of the trunk line C-T. 
By this ground connection, retard coil 604 and 
the upper Winding of detector relay 603 in the 
repeater R. are shunted, thus unbalancing the 
current flow in the two Windings of differential 
detector relay 603. 
T7a. Conditioning repeater R1 for toll operation 
In the exchange D, detector relay 603 of re 

peater R, now operates to close a circuit for 
sleeve-control relay 602 from ground on the sleeve 
conductor of the associated line multiple #2 Í Í, 
through the inner upper contacts of the operated 
incoming transfer relay 60 and contacts of de 
tector relay 603. Sleeve-control relay 602 now 
Operates. At its upper contacts, it locks itself to 
the aSSociated sleeve conductor, independent of 
the contacts of detector relay 603. At its lower 
contacts, relay 602 completes a ground connec 
tion to the sleeve conductor of the associated 
line multiple #2 as follows: from ground 
through the inner lower contacts of the oper 
ated incoming release relay 606, through the low 
er contacts of sleeve-control relay 602, the upper 
contacts of relay 602, and through contacts of 
relay 60 to the said sleeve conductor. The 
ground potential is thus applied to the sleeve con 
ductor of line multiple #2í l to mark the call as 
One Coming from a manual exchange. 
When the above-described temporary unbal 

anced condition is terminated (by the restora 
tion of relay 5ff), detector relay 603 restores, but 
Sleeve-control relay 602 remains operated there 
after through its own contacts independent of 
the contacts of detector relay 603. 
The unbalancing operation is repeated at the 

end of each dialed digit, but is of no particular 
effect after sleeve-control relay 602 has operated 
and locked as above noted. 

It is to be particularly noted that the unbal 
ancing connection made to the trunk line C-T 
does not interfere with the impulse-repeating cir 
cuit from 8R-1 to Rí in the event that slow 
restoring Series-auxiliary relay 5 occasionally 
fails to restore between closely spaced successive 
impulse series, since the ring conductor of trunk 
line C-Ti is left free for controlling line relay 
605 of repeater RI, and line relay 605 is not di 
rectly affected by the fact that the ring conduc 
tor of the trunkline is grounded at both ends, for 
Such line relay remains under the free control of 
the upper contacts of line relay 504. 
T8. Conditioning the Connector im use in ex 

change D for toll operation. 
When the complete number has been dialed 

and the connector in use in exchange D tests the 
called line and Operates either its busy relay or 
its SWitching relay, the test winding of the detec 
tor relay therein corresponding to detector relay 
f308 of the connector Ci is cut into circuit, but 
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such detector relay is prevented from Operating 
at this time by the ground potential maintained 
on the sleeve conductor of the connection in ex 
change. D by the aboVe-ImentiOned ground COn 
nection to the sleeve conductor S of the calling 
line multiple #2 associated with the repeater 
Ri. Accordingly, the connector in use in ex 
change D is conditioned for toll operation by the 
failure of the above-mentioned detector relay 
to Operate. 

T9. Answered superision. 
ASSunning that the called line is idle and that 

the called subscriber responds, the consequent re 
versal of current flow brought about by the con 
nector in use causes Supervisory relays 609 and 
60 in the repeater Rd to respond to reverse the 
current flow over trunk line C-T, as previously 
described, whereupon supervisory relays 508 and 
50? in repeater 8R-1 respond to reverse the cur 
rent flow in the connection in exchange C. Re 
lays 806 and 863 in the repeater OR- there 
upon respond as hereinbefore described, and the 
latter relay reverses current flow to the trunk 
circuit A-TCf. When this occurs, relays 702 
and 70 respond and the latter relay causes the 
calling operator to be given answered supervision. 

T”10. DiSCOn mecit and recall Super"visiom, 
The above-mentioned Supervisory operations 

are reverSed when the called subscriber replaces 
his receiver. The called subscriber can, of course, 
signal the operator by manipulating his hook 
Switch as desired, the hookswitch signaling being 
repeated from repeater R, to repeater 8R 
(Figs. 6 and 5), and from the repeater 8R-1 to 
the repeater OR-1 (Fig. 8) and from the repeat 
er OR– to the trunk circuit A–TCI (Fig. 7). 

T11. Clearing out 
When the operator at exchange A removes her 

plug from the jack J3, the resulting open-circuit 
Condition is relayed by the repeater OR- (Fig. 
8) to the repeater 8R-1 (Fig. 5), thereby to the 
repeater R1 (Fig. 6), and thereby to connector 
in use in the terminating exchange D. The con 
nection in tanden exchange A is cleared out re 
Sponsive to the removal of ground potential from 
the sleeve conductor of line multiple #2 asso 
Ciated with repeater OR- or to the removal of 
ground potential from the sleeve conductor of 
line multiple #23 associated with the repeater 
8R-1, whichever occurs last. 

In the eXchange D, the connector in use re 
moves ground potential at one point from the 
sleeve lead of line multiple #2 f, Fig. 6, part 2, 
When it clears out. Incoming release relay 606 
of repeater Rf restores as a result of the deen 
ergization of incoming line relay 605. When it 
does So, it removes ground potential at one point 
from the sleeve conductor of the associated line 
multiple #2 . Responsive to whichever of these 
Operations occurs last, line circuit LC-2 clears 
Out, and relays 602 and 60 restore. 
U. Local call from terminating eacchange D to 

tandem eacchange C. 
The Way in which subscribers of terminating 

exchange D are given service on calls to sub 
Scriber lines of tandem exchange C will now be 
described. For this purpose, it may be assumed 
that a Subscriber at pay station #22 (Fig. 2, 
part 2) on line #202 of exchange D desires to con 
Verse with a Subscriber of tandem exchange C. 

?1. Seizing a connector in eacchange D 
When the receiver is removed at the calling 

0. 

5 

20 

25 

30 

35 

40 

45 

50 

5 5 

60 

65 

70 

75 

84. 
pay station, a finder such as F (Fig. 2, part 3) 
is caused to operate to link a connector Such as 
C" with the calling line, whereupon such con 
nector is prepared for Operation and a dial-tone 
signal is given to the calling subscriber. 
U2. Dialing the single-digit number of eacchange C. 
The calling subscriber may now dial the digit 

0 assigned to tanden exchange C from the Stand 
point of terminating exchange D, with the result 
that the connector in use is operated as herein 
before described for connector C (Fig. 13) to 
make connection. With an idle One of the trunk 
lines interconnecting exchanges C and D. It may 
be assumed that the trunk line C-T intercon 
necting the repeaters 8R- and R of FigS. 5 
and 6 is idle and allotted at this time, in which 
case it is taken for use by Way of line multiple 
L. M. #2 f (Fig. 6, part 2). 

U3. Clearing the line circuit LC-211 
When the connector in use in exchange D seizes 

line multiple it2 therein, associated. With re 
peater R, Fig. 6, it thereby extends as the con 
ductors of the calling line to the tip and ring 
conductors T and R. of the seized line multiple, 
and extends the still-grounded sleeve conductor 
of the connection to the sleeve conductor S of 
the line multiple. Cutoff and lockout relays 624 
and 623 are thereupon operated over the aSSoci 
ated sleeve conductors to clear the line circuit 
LC-2'. 
U4. Preparing repeater R1 for outgoing operation 
In the repeater R, retard coil 6?2 is normally 

connected between the free pole of the exchange 
battery and the ring conductor of the associated 
line multiple through contacts 628 of incoming 
transfer relay 60 and the lower left-hand Wind 
ing of repeating coil 600, while outgoing line re 
lay 63 is normally connected between ground 
and the tip conductor of the line multiple through 
contacts 627 and the upper right-hand winding 
of the repeating coil. Consequently, outgoing 
line relay 63 is energized over the calling line 
when the associated line multiple F2 is seized. 
Relay 613 thereupon Operates causing the Succes 
sive operation of outgoing release relay 6f f and 
outgoing transfer relay 608. Outgoing transfer 
relay 608 applies a holding ground potential to 
the sleeve conductor of the associated line mull 
tiple as follows: from ground, through normally 
closed contacts controlled by inner armature of 
release-timer relay 65, the lower winding of 
transformer 6 6, and through the inner upper 
contacts of outgoing transfer relay 608, to the 
associated sleeve conductor. 
With outgoing release relay 6 operated class 

tone relay 67 operates through contacts of out 
going supervisory-control relay 64, followed by 
the operation of class-tone relay 6f 8, to prepare 
for the giving of a class-tone signal when the call 
is answered, which signal is important only when 
a manual eXchange is being called. 
At armatures 625 and 626, outgoing transfer 

relay 608 disconnects - the conductors of trunk 
line C-T from retard coil 62 and inconing line 
relay 605 and transfers them to a bridge con 
trolled by the upper contacts of outgoing line re 
lay 63. This bridge may be traced from the 
front contact of armature 625, through the up 
per contacts of outgoing line relay 63, the low 
resistance left-hand Winding of polarized super 
Visory relay 609, and through resistor 633, to the 
front contact of armature 626, 
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U5. Preparing repeater 8R-1 for 
Operation 

In the repeater 8R- in exchange C, in COIn 
ing line relay 5ft is normally connected to the 
conductors of trunk line C-T through the re 
peating-coil Windings and back contacts of ar 
matures 523 and 524. Line relay 54, accord 
ingly, now operates over the trunk line C-T 
through the above-traced bridge across the con 
ductors thereof in the repeater R, including the 
upper contacts of outgoing line relay 63. In 
coming release relay 5:3 and incoming transfer 
relay 5 operate successively responsive to the 
operation of relay 54. Relay 5:3 prepares an 
impulse circuit to series relay 5:2, while incom 
ing transfer relay 537, at its inner upper con 
tacts, connects the lower winding of sleeve-con 
trol relay 5i to the associated sleeve Conductor, 
but without any particular effect at this time be 
cause the associated Seeve conductor is not 
grounded for the moment. 

incoming 

U6. Seiging ta connector in eCchange C 

At armatures 52 and 522, relay 57 discon 
nects the tip and ring conductors of the aSSO 
ciated line multiple #23 from line relay 5, 
and retard coil 5 G5, and transferS them to a 
bridge including the upper contacts of line relay 
5. i. This bridge may be traced from the front 
contact of armature 52, through the upper con 
tacts of line relay 534, the low-resistance left 
hand winding of polarized supervisory relay 58, 
and resistor 633, to the front contact of arma 
ture 522. Line relay 58, of line circuit C-23 
now operates through the above-traced bridge to 
ground the associated T and U mark conductors 
to cause a finder to link an idle connector With 
the associated line multiple #23. When this 
has been done (as by the operation of the finder 
Fi, Fig. 11, to link the connector C. of Fig. 13), 
ground potentia is placed on the Sleeve con 
ductor by the connector, operating cutoff and 
lockout relays 5A and 5, Whereupon line relay 
58 is disconnected and restored. 

U7. Gronding the Sleeve in ?epeater 8R–1 

In the repeater 8R-3, the grounding of the 
Sleeve conductor of the associated multiple closes 
an Operating circuit through contacts of relays 
5 and 5 for the lower Winding of sleeve-con 
trol relay 5E. Sleeve-control relay 50 is re 
tarded in operation by the normally short-cir 
cuited Upper Winding thereof. It operates after 
a slight interval to open-circuit, its upper Wind 
ing to render it fast-releasing, and it makes a 
Circuit connection: from ground at the inner 
Contact.S of release relay 5 3, through the lower 
contacts of sleeve-control relay 58, and the 
inner upper contactS of incoming transfer relay 
5, to the Sleeve conductor of the associated 
line multiple it 23:... This application of ground 
potential has no purpose except in calls from 
One or the other of the manual exchanges, its 
purpose then being to shunt out and maintain 
restored the detector relay of the concerned re 
peater Such as OR-A, Fig. 8, to permit reverse 
battery Supervision to be relayed back therefrom 
as will be described hereinafter. Special pro 
Visions are aSSociated with sleeve-control relay 
5A) to secure the removal of ground potential in 
the repeater 8R-A from the associated sleeve 
conductor at the time when the detector relay 
of the connector in use is rendered effective to 
determine whether the connector is to be con 
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ditioned as a toll connector or is to be con 
ditioned as a local connector, as will be described 
Subsequently. 
The usual dial-tone signal is sent back by the 

Seized connector in exchange C through the 
repeaters 8R- and R, of Figs. 5 and 6 to the 
calling line in terminating exchange D to in 
form the calling pay-station subscriber that he 
may nOW dial the directory number of the de 
sired Subscriber in the called tanden exchange C. 

U8. Repeating the digit impulses 
Upon the dialing of each of the four digits in 

the directory number of the called line in ex 
change C, outgoing line relay 63 of repeater 
R is momentarily restored a number of times 
corresponding to the Value of the digit. Each 
time it restores, it opens the above-traced bridge 
acroSS the conductors of trunk line C-T at its 
upper contacts, Whereby incoming line relay 54 
in repeater 8R- in exchange C is caused to 
follow the calling device in exchange D. 
Each time incoming line relay 54 momentari 

ly restores, it opens the bridge across the tip 
and ring conductors of the associated line mu 
tiple #23 at its upper contacts, whereby the 
Calling-device inpulses are repeated to the seized 
Connector, causing such connector to operate as 
hereinbefore described to set up the desired 
COnnection. 
In the repeater R, each monetary restoration 

of Outgoing line relay 63 closes a circuit for 
Series relay 607 through contacts of outgoing 
Supervisory relay 54 and contacts of the oper 
ated outgoing release relay 5 . Relay 607 ac 
COrdingly operates and remains operated 
throughout the Series of impulses. At its inner 
upper contacts, it shunts resistor 63 around the 
Winding of retard coil 6?2 to improve the re 
Sponse of line relay 63, while at its upper con 
tacts it shunts resistor 632 across resistor 633 
and the left-hand winding of relay 609, to im 
prove the response of incoming line relay 54 
of the repeater 8R-. 
U9. Counting the number of digits to determine 

destinctition of the call 
Arrangements are provided in the repeater RA 

to Count the number of digits dialed by a calling 
exchange-D Subscriber after seizure of the re 
peater to determine thereby whether the call is 
being made to one of the manual exchanges (in 
Which case Only a single digit, 9 or 0, is dialed) 
Or is for a local line of exchange C (in which case 
four digits are dialed). The purpose of the de 
termination is to enable reverse battery super 
Vision received by the repeater R, when the call 
is answered to be relayed back to the calling line 
if the call is to a subscriber line of exchange C, 
but to be withheld in the repeater R, if the call 
is to One of the manual exchanges, whereby call 
ing pay-station. Subscribers of exchange D are 
permitted to make free calls to the manual ex 
Changes, but are required to deposit a coin be 
fore being permitted to converse with called sub 
scribers of exchange C. 
U9a. Disconnecting the outgoing supervisory re 

lay then the first digit is counted 
The digit-counting operation is accomplished 

by digit-counter relays 69 and 62 under the 
control of series relay 69. 
When relay 61 operates as described in re 

Sponse to the first repeated digit, it closes a cir 
cuit for the lower Winding of digit-counter relay 
629, as follows: from ground through the inner 
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lower contacts of the operated outgoing release 
relay 6, lower armature and front contact of 
Series l'elay 607, upper armature and back con 
tact of digit-counter relay 6Í9, and thence to 
battery through the lower winding of relay 62. 
Relay 620 operates when this circuit is closed. 
At its lower contacts, it disconnects outgoing Su 
pervisory relay 62 so as to prevent the relaying 
back of reverse battery Supervision unless relay 
620 is subsequently restored. At its upper con 
tacts, relay 629 prepares a restoring circuit for its 
upper Winding, and at its inner lower contacts 
it closes a self-locking circuit, as follows: from 
ground through the lower contacts of relay 6, , 
the inner lower contacts of relay 620, the lower 
winding of relay 6 9, and through the lower wind 
ing of relay 620 to battery. The lower winding 
of relay 69 is not energized in this locking cir 
cuit for the time being, for it is short-circuited 
by the initial circuit closed for the lower winding 
of relay 628). 
When slow-restoring series relay 607 falls back 

at the end of the first digit dialed following the 
seizure of the repeater R, it opens the initial 
circuit above traced for the lower winding of re 
lay 620. Relay 620 remains operated in its above 
traced locking circuit and relay 69 operates 
therein. Upon operating, relay 629 closes a lock 
ing circuit for its upper Winding, to grOlind 
through the inner lower contacts of release re 
lay 6 ? , whereby it is maintained operated inde 
pendent of the contacts of relay 620 until the 
Connection is cleared out. 
At its upper armature, relay 6 9 opens a fur 

ther point in the previously established initial 
circuit for the lower winding of relay 620 and 
prepares a restoring circuit for the upper Wind 
ing of relay 620. 
On calls to the manual exchange, the single 

digit dialed after the seizure of the repeater R. 
suffices to fully extend the connection, and re 
lay 620 is, therefore, not restored by further 
dialing. On such calls, outgoing Supervisory re 
lay 62 í remains disconnected. In the present ex 
ample, however, the call is for a subscriber line 
of the tandem exchange and three additional 
digits are dialed, causing relay 520 to restore, as 
will be described, to again connect up outgoing 
supervisory relay 62. 
U9b. Reconnecting the supervisory relay uphem. 

more that one digit is counted 

When the second digit in the desired number 
is dialed, series relay 67 is again operated and 
remains Operated throughout the digit. At its 
lower armature and front contact, it closes a, 
circuit through the inner contacts of the Oper 
ated relays 69 and 629 for the upper winding 
of relay 620. Relay 629 is a differential relay, 
as indicated. As a result, relay 62 is deemergized 
by the current flow in its upper Winding, and it 
accordingly restores. Upon restoring, relay 623 
again connects up outgoing Supervisory relay 62 
at its lower contacts; it disconnects its upper 
Winding at its upper Contacts; and at its inner 
lower contacts, it opens the locking circuit 
through the lower windings of relays 6:9 and 
620. Relay 69, however, remains operated 
through its own lower contacts and upper Wind 
1Ing. 
With relay 69 locked operated, and with relay 

620 again restored, these relays are not affected 
by the further operations of series relay 697 dur 
ing the dialing of the remaining two-digits in the 
number. 
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In the repeater 8R- in exchange C, each time 

incoming line relay 5, 4 restores momentarily pur 
suant to the repeating of the digit impulses, it 
closes a circuit for slow-restoring series relay 52. 
Relay 52 accordingly operates at the beginning 
of each digit series of impulses and remains Op 
erated until the end thereof. At its upper con 
tacts, relay 5f 2 shunts resistor 532 around re 
sistor 533 and the left-hand winding of relay 508 
to improve the impulse-repeating circuit to the 
connector in use in exchange C. 
U10. Temporary sleeve-ground removal for local 

call identification. 
Each time a digit is dialed, relay 52 operates 

slow-restoring series-auxiliary relay 5, . Relay 
5 disconnects the lower Winding of sleeve-con 
trol relay 50 at its inner contacts, whereupon 
sleeve-control relay 53 immediately restores, re 
moving ground potential in the repeater from the 
sleeve conductor of line multiple #23, leaving the 
sleeve conductor of the connection in exchange C 
grounded only in the connector in use. 
At the end of the first Series of impulses, series 

relay 52 restores and opens the circuit of series 
auxiliary relay 5. f. Slow-restoring relay 5 falls 
back after a slight interval and reconnects sleeve 
control relay 50. Relay 56 does not reoperate 
immediately because of its normally short-cir 
cuited upper Winding, but it reoperates after a 
slight interval to reapply ground potential to the 
asSociated sleeve conductor. 
The above operations of relays 5 í 2, 5 f, and 

5) are repeated on the dialing of each subsequent 
digit in the desired number. Accordingly, at the 
end of the final digit in the desired number, relays 
52 and 5 are in Operated condition and relay 
5í6 is restored and ground potential is tem 
porarily removed at the repeater from the asso 
ciated sleeve Conductor. This ground potential is 
not replaced for a substantial interval, the time 
required for the Successive restoration of the 
slow-restoring relays 52 and 5 and the opera 
tion of the slow-operating relay 5A 3. By the time 
this has occurred, the series relay (such as 32 f) 
of the connector in use has restored at the end 
of the final digit and has brought about the oper 
ation of one or another of the associated Switch 
ing and busy relays (such as 39 and 320), to 
remove the normally existing Shunt from around 
the upper winding of the associated detector relay 
(such as 368) to allow this detector relay to oper 
ate and condition the connector in use for local 
operation. After this has been accomplished, the 
Subsequent replacing of ground potential on the 
sleeve conductor in the repeater 8R-f at the 
lower contacts of relay 5 to does no harm, for the 
detector relay (such as 308) locks itself oper 
ated at its lower contacts and shunts out its test 
Winding at its inner upper contacts, besides 
changing over the connector to local operation as 
hereinbefore described. 

U11. A72SUered Supervision. 
When the called subscriber responds, the Super 

visory relay (such as 384) in the connector in ex 
change C reverses the connection between the 
aSSOciated in conning tip and ring conductors and 
the line relays (such as 335 and 306), thereby 
Causing the current flow to be reversed in line 
multiple #231 (Fig. 5) and consequently in the 
bridge acroSS these conductors in repeater 8R-1, 
including the left-hand winding of polarized su 
pervisory relay 508. Relay 508 thereupon oper 
ates and closes a circuit, through contacts of in 
coming transfer relay 507, for incoming super 
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visory relay 5.5. Incoming supervisory relay 545 
thereupon reverses the conductors of trunk line 
C—TÍ, reversing the current flow through the 
left-hand Winding of polarized relay 609 in the 
repeater R. Relay 609 thereupon Operates its 
armature 656, clOSing a circuit, through con 
tacts of outgoing transfer relay 608, and contacts 
of the restored digit-counter relay 629, for out 
going Supervisory relay 62. Relay 62 operates 
to reverse the current flow over the tip and ring 
conductors of the associated line multiple if 2 , 
thereby reversing current fioW over the calling 
pay-station line #292 (Fig. 2, part 3). The calling 
pay-station #292 is thereupon disabled by the 
operation of the polarized pay-station magnet as 
described hereinbefore in connection with pay 
station #293. (Figs. 2 and 10). The calling pay 
station. Subscriber is thus required to deposit a 
coin to recondition the pay station for conversa 
tion. 

U12. Disconnect Supervision 
ASSuming that the called subscriber is the first 

to replace his receiver after conversation, the 
above described supervisory operations are re 
Versed, returning the current flow in the line mull 
tiple #23 associated with repeater 8R-A, in 
trunk line C T and in the calling line in ex 
change D to normal direction. 

U13. Clearing out 
When the receiver is replaced at the calling 

Substation, the resulting open-circuit condition is 
relayed by repeater R. Of Fig. 6 to repeater 8R 
of FigS. 5 and 6, and thence to the connector in use 
in exchange C, permitting such connector to clear 
out as hereinbefore described. The repeater 
8R- is cleared out by the restoration of relays 
5 í 3 and 56 in Succession, following the restora 
tion of incoming line relay 54. Relays 52 and 
5 are incidentally operated at this time and 
relay 5: disconnects and restores sleeve-control 
relay 5 immediately, relays 52 and 5 restor 
ing Successively responsive to the restoration of 
relay 53. 

In the calling exchange D, outgoing release re 
lay 6 restores a slight interval after the restora 
tion of outgoing line relay 63. At its inner con 
tacts, relay 6 | | open-circuits and restores out 
going transfer relay 633 and digit-counter relay 
S9. Outgoing transfer relay 633, at its inner con 
tacts, removes ground potential from the asso 
ciated sleeve conductor, thereby permitting the 
line circuit LC-2' to clear out along with the 
connector in use and the calling line circuit. 
Series relay St. is operated momentarily upon the 
restoration of line relay 62 but clears out respon 
sive to the restoration of release relay 6 with 
Cut producing any particular result at this time. 
V. Handling calls from terminating eacchange D 

to manual eacchanges A and B 
The handling of calls from terminating ex 

change D, through tandem exchange C, to manual 
eXchanges A and B. Will now be described. For 
this purpose, it may be assumed that a subscriber 
at pay station F22 (Fig. 2, part 3) desires to 
nake a call to or through one of the manual ex 
changes A and B, manual eXchange A, for ex 
ample. 

V1. Calling tamdem ecchiamige C 
When the receiver is removed at pay station 

it 22, an idle one of the connectors C to CX is 
linked to the calling line #202 by operation of the 
aSSOciated one of the finders F to FX' under 
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the control of the distributor DR as hereinbe 
fore described. Such connector thereupon re 
turns a dial-tone signal to the calling pay station 
line, and it responds to the digit 0, when dialed, 
to extend connection to tandem eXchange C. Over 
an idle one of the interexchange trunklines C-T 
to C-T6. It may be assumed that trunk line 
C-T is idle and allotted at this time and is 
therefore seized, by Way of repeater R, f of Figs. 
2 and 6. 
When the repeater R, f is seized in the termi 

nating eXchange D, it is prepared for Outgoing 
operation as hereinbefore described, its relays 63, 
6. , 608, 67, and 6 8 operating. 
The repeater 8R-1 (Fig. 5) in exchange C is 

now prepared for operation responsive to the 
bridging of the associated trunk line C-T in 
the repeater R, as hereinbefore described, its 
relays 514, 53, and 507 operating. 
The line circuit LC-23 now responds (by its 

line relay 58) to cause an idle connector in 
tandem exchange C to be linked to the asso 
ciated line multiple F23 by finder operation. It 
may be assumed that the finder Fi, Fig. 11, op 
erates to link the connector C to the calling 
multiple F23. The connector Ci is thereupon 
prepared for operation, and grounds the asso 
ciated sleeve conductor, and consequently the 
sleeve conductor of multiple it 23, whereupon re 
lays 56 and 5 operate and relay 518 restores. 
Vic. Sleeve grounding for supervisory identifica 

tiOn. 

In the repeater 8R-, sleeve-control relay 5 to 
nOW Operates from the grounded aSSociated sleeve 
conductor, through contacts of incoming transfer 
relay 5, and contacts of Series-auxiliary relay 
5 . At its lower contacts, relay 50 places 
ground potential, controlled by incoming release 
relay 53, on the associated sleeve conductor, 
through contacts of relay 507, to identify the call 
as One over Which SuperVision should be given 
from the called manual exchange. 

V2. Calling mantal eacchange A 
When the calling Subscriber in exchange D, 

on hearing the dial-tone signal now sent back 
from the connector CF in exchange C, dials the 
digit 0 assigned to the manual exchange A. from 
the standpoint of exchange C, the ten momentary 
interruption impulses constituting such digit are 
repeated by the repeater R of Fig. 6 to the re 
peater 8R-F of Fig. 5, and are thereat repeated 
to the connector C of Fig. 13. As a result, the 
connector CF operates as previously described to 
cause connection to be made With the called man 
ual eXchange A, by Way of the trunk line A-T 
for example, Figs. 7 and 8. This connection is 
made by Way of line multiple F2 and the re 
peater OR-t of Fig. 8, upon the hereinbefore de 
Scribed SWitching-through Operation of the Con 
nector Ci. 
When the last-named line multiple if 2 f is 

Seized by the Connector C, the ground potential 
extended to the sleeve conductor thereof by the 
Seizing Connector, brings about the operation of 
relays 820 and 89 in line circuit LC-2. The 
repeater OR- is prepared for operation as here 
inbefore described, relays 810 to 812, 814, 85 op 
erating. Detector relay 83 does not operate at 
this time because of the ground connection made 
to the sleeve conductor at repeater 8R-1 by 
sleeve-control relay 59. Splash-ring relays 80. 
and 802 Operate to project ringing current mo 
mentarily Over the trunk line A-T to signal 
the operator in eXchange A. 
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V3. Answered supervision 

When the operator in manual exchange Ai ail 
swers (having been signaled by call lamp 106), 
the consequent bridging at the trunk circuit A-T 
of the conductors of trunk line A-T causes 
incoming line relay 804 in repeater OR-1 to 
operate, followed by the operation of incoming 
release relay 895. 

Class-tone relays 8 f4 and 85 restore successive 
ly as previously described responsive to the Op 
eration of incoming line relay 834, but no class 
tone is thereby impressed on the talking circuit 
because of the absence of class-tone connections 
to the sleeve conductors of the concerned line 
multiplies F2 and it23. 
With detector relay 83 in restored condition 

as previously mentioned, a circuit is closed 
through contacts of relays 804 and 885, arma 
ture 827 and its right-hand front contact, and 
contacts of detector relay 83, for outgoing super 
visory relay 8í6. Relay 816 thereupon operates 
to reverse the current flow in the associated line 
multiple #2 and consequently in the connected 
line multiple F23 associated with repeater 
8R-, Fig. 5. 
In the repeater 8R-?, polarized relay 550 re 

sponds to the above-mentioned current-flow re 
versal, occasioned by the operation of outgoing 
supervisory relay 86 of the repeater OR-. At 
its contacts 559, relay 508 operates incoming 
supervisory relay 55. At its inner lower contacts, 
relay 55 disconnects series relay 52 to prevent 
Operation of the latter relay in response to any 
restoration of line relay 5 4 which may occur, 
While the established connection is in the state 
of answered Supervision. At its inner upper con 
tacts, relay 5f 5 closes a parallel, high-resistance 
bridge acroSS the tip and ring conductors of the 
associated line multiple #23 through the 30,000 
ohm right-hand winding of supervisory relay 
508, for a purpose to be discussed subsequently. 
Incoming Supervisory relay 515 also reverses 

the direction of current flow over the trunk line, 
to relay answered supervision to the repeater R. 
în exchange D. 
In the repeater R, polarized supervisory relay 

609 now responds and operates outgoing super 
Visory-control relay 6 f4. 
V3a. Barring cirrent reversal at repeater R1 
Outgoing Supervisory relay 62 is not operated 

at this time because it is maintained discon 
nected at the lower contacts of the operated digit 
counter relay 620, relay 620 not having been 
restored in the present call, because only a single 
digit was dialed, following the seizure of the 
repeater R, to extend connection to the called 
manual exchange. The current fow is, there 
fore, not reversed in the calling pay-station line, 
wherefore the calling pay-station subscriber is 
able to carry on a conversation with the oper 
ator in the manual exchange without first depos 
iting a coin, as he is obliged to do before con 
Versing When a subscriber of either of the auto 
natic exchanges is called. 
Upon operating as above noted, outgoing super 

visory-control relay 64 disconnects series relay 
607 at its middle lower contacts; at its upper 
Contacts, it closes a parallel bridge across the 
conductors of trunk line C-T including the 
30,000-ohm right-hand winding of polarized su 
pervisory relay 609, for a purpose to be subse 
quently brought out; and at the back contact 
of its inner lower armature, it disconnects class 
tone relay 67. 
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V3b. Class-tone signaling at repeater R1 

Class-tone relays 6f 7 and 68, both of which 
are slow-restoring relays as indicated, now re 
store successively. During the time required for 
relay 68 to restore after relay 67 restores, the 
upper winding of transformer 66 is bridged 
across the taking circuit in series With COn 
denser 639, to relay to the talking circuit any 
tone signal which may be impressed on the Sleeve 
conductor of the calling line. Such SleeVe Con 
ductor is now extended, through the finder con 
nector link in use to the sleeve conductor S of 
the associated line multiple #2 Í Í, and this con 
ductor is extended to ground through the lower 
winding of transformer 66. The sleeve con 
ductor of the line multiple associated with the 
calling pay-station line F202 (Fig. 2, part 3) may 
have a class-tone connection made thereto from 
a common class-tone lead through an individual 
condenser, as illustrated in Fig. 10 in connec 
tion with line multiple #203 associated With pay 
station #293 of tandem exchange C. The pay 
station tone is thus received at the lower Wind 
ing of transformer 6 6 and is induced in the 
upper winding thereof and impressed across the 
conductors of the talking circuit through con 
denser 630 and the contacts of relays 67 and 68 
during the short interval in which relay 68 re 
mains operated after relay 67 restores. The pay 
station tone signal is thus sent back over the 
talking circuit to the called manual eXchange to 
he heard by the answering operator. The opera 
tor is thereby informed that the call is from a 
pay station, as previously discussed in connec 
tion with a call to exchange A. from the pay Sta 
tion shown in Fig. 10. 
The calling pay-station subscriber may now 

converse With the operator as desired, not hav 
ing to first deposit a coin, as previously discussed. 

V4. Recalling the called manual-eacchange 
operator 

While the established connection is in a state 
of answered supervision (that is, after the oper 
ator answers and before she disconnects), the 
calling pay-station subscriber may recall the op 
erator by momentarily depressing his hookSwitch 
one or more times to cause operations to occur 
resulting in a flashing of the answering super 
visory lamp in the cord circuit in the manual 
exchange. The previously discussed closing of 
high-resistance holding bridges in the repeater 
R. of Fig. 6 and 8R-1 of Fig. 5 enables such 
recalling to be accomplished Without causing the 
connection to be released, as will now be de 
Scribed. 
When the hookswitch is depressed at the call 

ing Substation in terminating exchange D, out 
going line relay 63 of the repeater R, restores. 
Series relay 697 does not operate at this time as 
it is disconnected at contacts of Outgoing Super 
visory-control relay 64, whereby the setting of 
digit-counter relays 6f S and 620 is not inter 
fered. With. 
Outgoing release relay 6ff restores a short in 

terval following the restoration of outgoing line 
relay 63, but outgoing transfer relay 608 remains 
operated nevertheless, through the inner lower 
armature and front contact of outgoing super 
visory-control relay 64. As a result, outgoing 
transfer relay 608 maintains the associated sleeve 
conductor grounded at its inner upper contacts 
to maintain the connection established in the 
local eXchange. At its upper contacts, line relay 
63 opens the previously traced low-resistance 
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bridge across the conductors of trunk line C-T 
through the left-hand Winding of polarized Super 
visory relay 69, but relay 609 remains operated 
at this time in a high-resistance bridge includ 
ing both Windings of relay 69 in Series, and the 
upper contacts of outgoing SuperVisory-control 
relay 64. Contacts 650 are thereby maintained 
closed to maintain relay 64 operated. 
In tandem exchange C, line relay 54 of the 

repeater 8R- restores when the upper contacts 
of line relay 63 of the repeater R, Open, as it is 
unable to remain operated over the high-resist 
ance bridge maintained through the upper con 
tacts of relay 644. At its upper contacts, relay 
54 opens the low-resistance control bridge, leaW 
ing the high-resistance holding bridge closed 
through the upper contacts of relay 55 to main 
tain relay 508 operated. 

Relays 52, 5 , and 5 are prevented from 
responding to the restoration of relay 54 be 
cause series relay 52 has been disconnected at 
the lower contacts of incoming supervisory relay 
55. 
Inconing release relay 53 restores a slight 

interval after line relay 54 restores. When it 
does so, it removes, at its inner lower contacts, 
the ground potential applied locally to the sleeve 
conductor S of the associated line multiple it 23, 
but incoming transfer relay 50 and sleeve-control 
relay 5) are maintained Operated thereafter, 
Over the said associated sleeve conductor which 
is grounded by virtue of the connection which has 
been extended to the repeater OR- (Fig. 8). 

In the repeater OR-i, the ground connection 
to the associated sleeve conductor is through con 
tacts of the operated auxiliary relay 82 and the 
lower Winding of detector relay 83. Detector re 
lay 83 operates when it is thus made the sole 
Supply of ground connection to the sleeve con 
ductor, but the associated outgoing Supervisory 
relay 86 is not thereby restored, as it is main 
tained operated in a locking circuit including its 
lower contacts in shunt of the contacts of the 
detector relay. 
Outgoing line relay 89 restores responsive to 

the Opening of the upper contacts of incoming line 
relay 54 of the repeater 8R-i, as it is unable 
to remain Operated in the high-resistance bridge 
in the latter repeater. The restoration of relay 
80 is followed a moment later by the restoration 
of outgoing release relay 8, but auxiliary relay 
82 remains operated at this time in a circuit 
from ground, through the middle contacts of in 
corning release relay 85, and the inner armature 
and front contact of relay 82, whereby ground 
potential is maintained on the associated sleeve 
conductor through the upper contacts of relay 882 
to maintain the connection established in the 
tanden exchange. 
The lower contacts of line relay 8 open-cir 

cuit and restore incoming supervisory relay 893, 
whereby the current flow over trunk line A-T 
is reversed to normal direction to cause relays 
702 and TOS to restore successively, whereby the 
operator's cord-circuit lamp becomes lighted as 
previously described. -- 
When the calling subscriber in exchange I) 

again releases the hookSwitch and permits the 
contacts thereof to close, the above-described op 
erations are reversed, resulting in the extinguish 
ment of the Supervisory lamp in the called manual 
eXchange. The act of depressing the hookswitch 
momentarily may be repeated as many times as 
desired, causing the operator's supervisory lamp 
to flash to call her attention to the fact that the 
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calling Subscriber desires to converse with her 
again. 

V5. Clearing out 
When the calling Subscribe has replaced his 

receiver and the operator has taken down the 
connection in the manual eXchange, the entire 
connection is cleared out. The clearing Out of 
the connection occurs in either of tWO Ways, de 
pending upon Whether the operator disconnects 
first or the calling Subscriber replaces his receiver 
first. The more usual operation is for the calling 
subscriber to replace his receiver first, and the 
clearing-out operations will be described under 
this aSSumption. 
When the receiver is replaced at the calling 

substation, operations as hereinbefore described 
in connection with the temporary depression of 
the hookSWitch contacts Occur to cause the Super 
Visory lamp to become lighted in the manual ex 
change, being lighted steadily at this time as 
a disconnect signal. When the operator responds 
to the disconnect signal by removing her plug 
from the jack J3 (Fig. 7), incoming line relay 
804 of repeater OR- restores responsive to the 
opening of the jack contacts it, open-circuiting 
and restoring outgoing Supervisory relay 86. The 
current floW is thus reverSed back to normal di 
rection in the connection between repeater OR 
and the repeater 8R- of Fig. 5. 
After a slight interval, incoming release relay 

895 restores, followed by the restoration of aux 
iliary relay 82 to remove ground potential from 
the associated sleeve conductor of line multiple 
F2 , permitting the connection in tandem ex 
change C to clear Out. 
In the repeater 8R-A, Fig. 5, supervisory relay 

58 restores when the current flow through its 
tWO. Windings in series, by way of upper contacts 
of incoming supervisory relay 5:5, is reversed 
back to normal direction by the above restoration 
of outgoing supervisory relay 8 6. When this 
Occurs, incorning Supervisory relay 55 restores 
and reverses the current flow over trunk line 
C-T to normal direction. 
A moment later, when the connection in the 

tandem exchange is cleared out as above noted, 
and ground potential is consequently removed. 
from the sleeve lead of the associated line mu 
tiple, sleeve-control and incoming transfer relays 
5 and 56 restore, along with cutoff and lock 
out relays 56 and 57 of the line circuit LC-23, 
returning this repeater and line circuit to their 
illustrated normal condition. 

In the calling exchange D, polarized supervisory 
relay 69 of repeater R (which was being held 
Operated in a high-resistance bridge including 
both its windings and the upper contacts of relay 
64) restores when the current flow over trunk 
line C-T is reversed back to normal direction 
by the restoration of incoming supervisory re 
lay 55. Upon restoring, relay 699 open-circuits 
and restores outgoing supervisory-control relay 
64. At the front contact of its inner lower arma 
ture, relay 64 open-circuits and restores digit 
counter relay 59 and outgoing transfer relay 
68. Relay 508 thereupon ungrounds the asso 
ciated sleeve lead at its inner upper contacts, 
returning the repeater R and associated line 
circuit LC-2 to normal condition and clear 
ing out the portion of the connection in exchange 
D between the calling line and the repeater R. . 
W. Permanent timing at the repeater 8R-1 
Leads H, P, and 356 of the two-minute timer 

T (Fig. 13, part 6) are extended to the repeater 
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8R-f to permit so-called permanent-timing op 
erations to occur in the repeater 8R-1 during 
outgoing operation thereof, release-timer relay 
52 and associated circuit arrangements being 
provided for this purpose. 
When repeater 8R-t is seized, in exchange C, 

for Outgoing Operation, the consequent opera 
tion of outgoing release relay 506 results in the 
application of ground potential to the common 
Start conductor 356. At the same time, pickup 
lead Pf is extended through contacts of release 
timer relay 502, lower contacts of series-auxil 
iary relay 5f , contacts of outgoing release relay 
506, and contacts of outgoing supervisory relay 
50, to the winding of release-timer relay 502. 
This circuit connection is broken temporarily 
during the dialing of each digit when series-auxil 
iary relay 5 responds to the operation of series 
relay 52, and it is also broken when the call is 
answered and outgoing supervisory relay 50 
Operates. 

If, at the time lead Pf is next grounded mo 
mentarily, neither of the relays 5 and 50? is 
in operated condition, release-timer relay 502 op 
erates over lead Pl and locks itself operated 
through contacts of relays 5f f, 506, and 5), dis 
connecting its Winding from lead P?. At its inner 
armature and associated contacts, relay 592 
transfers the associated sleeve conductor to the 
normally grounded hold lead H. 

If no further dialing occurs during the next 
tWO-minute interval, and the call is not answered 
during this time to operate outgoing supervisory 
relay 5f, then release-timer relay 502 remains 
Operated and the maintenance of ground poten 
tial on the associated sleeve lead is dependent 
upon the continued grounded condition of hold 
lead H. Under this condition, when hold lead 
H is next momentarily ungrounded by the com 
mon timer, the associated sleeve lead is conse 
quently ungrounded, permitting the connection 
established to the repeater 8R-1 to clear out, 
Whereupon the line circuit associated with the 
calling line is brought into lockout condition, 

W1. Permanent timing at 8R-1 following 
COzersdition 

If, in a call through repeater 8R– to termi 
nating exchange D, the calling subscriber in tan 
den exchange C fails to replace his receiver 
after the conversation has ended, and outgoing 
supervisory relay 50? has restored as previously 
described, the pickup circuit for release-timer 
relay 592 to lead P is reëstablished at the lower 
contacts of relay 50, with the result that the 
connection is subsequently cleared out by timer 
action as previously described if the calling sub 
Scriber does not jin the meantime replace his re 
ceiver to permit the connection to clear out. 

X. Permanent timing at the repeater R1 
Repeater R. (Fig. 6) is provided with release 

timer relay 65 and has associated there with 
common start lead 356', common pickup lead 
P', and common hold lead Hi , associated with 
the tWO-minute timer in terminating exchange 
D similar to the timer T (Fig. 13, part 6) in ex 
change C. 
When the repeater R, f is seized in exchange D 

on a call outgoing to exchange C, outgoing release 
relay 6 completes a circuit connection at its 
lower armature and front contact between pickup 
lead P1 and the winding of release-timer relay 
65. 
If the call has not been answered, to thereby 
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cause outgoing supervisory relay 64 to operate, 
before lead P is next grounded, release-timer 
relay 65 operates over lead Pl and locks itself 
at its lower armature to ground through contacts 
of series relay 607 and the inner contacts of 
outgoing release relay 6. 

If no dialing occurs during the next two-minute 
interval (to operate series relay 607), and if the 
call is not answered during this interval (to op 
erate outgoing supervisory-control relay 64), 
relay 65 remains operated, and the associated 
sleeve conductor remains dependent upon the 
continued application of ground potential to the 
common hold lead HS'. Under this condition, 
When hold lead H is next ungrounded the as 
sociated sleeve lead is consequently ungrounded, 
permitting the connection to clear out and caus 
ing the calling line circuit to be placed in lockout 
condition. 
The connection is similarly released following 

conVerSation (and the consequent restoration of 
relay 66) if the calling subscriber does not re 
place his receiver in the meantime. 

Y. Allotter Control at repeaters 8R-1 amd RÍ 
The repeater 8R- controls the it allotter 

relay in the associated trunk allotter TA-8 (Fig. 
4) over the allotter conductors 40 as explained 
herein before in connection with the repeater 
OR-1 of Fig. 8 and trunk allotter TA-0 of Fig. 
9. When the repeater 8R-1 is in use as an 
incoming repeater, conductors 40 are separated 
at the lower contacts of incoming transfer relay 
507. When the repeater is in use as an out 
going repeater, conductors 49? are separated at 
the lower contacts of outgoing transfer relay 509. 
Conductors 40 are thus maintained separated 
at any time when the repeater 8R- (and con 
sequently the associated interexchange trunk 
line C-T) is in use, being joined together at 
all other times to indicate an idle condition of 
the trunk line to the associated allotter. 

Similarly, the corresponding relays (608 and 
60) of the repeater R control the associated 
allotter conductors 64 to indicate to the associ 
ated trunk allotter (not shown) in exchange D 
the busy or idle condition of trunk line C. T. 
I claim: 
1. In a telephone switching system, multi-level 

automatic Switches having access to lines, said 
lines being divided into groups corresponding to 
the levels of Said Switches, each of said Switches 
being provided with means for Selecting all the 
lines of any level, and being further provided with 
means for selecting any one line of the selected 
level, the last-named means including units relays 
each Operable to select a pair of lines and a units 
Switching relay operable to select a line of the 
pair Selected by the operation of a units relay, 
an allotter associated with the lines reached by 
Way of one level of said switches, means effective 
when any one of said switches is operated to se 
lect the last-named level for temporarily render 
ing said allotter exclusive to such switch and for 
making temporary connections between the 
switch and the allotter, said temporary connec 
tions comprising conductors corresponding re 
Spectively to said units relays and said units 
switching relay, said allotter including allotter 
relays corresponding respectively to lines reached 
through the associated level of said switches, 
said allotter relays being individually controllable 
each in accordance with the busy or idle condition 
of the associated line, said allotter relays be 
ing arranged by pairs to energize the conductors 
associated with the units relays of a switch, and 
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a chain circuit path for energizing the condic 
tor associated with said units-switching relay in 
cluding contacts controlled by One relay of each 
of said pairs. 

2. In a telephone system, a first exchange and 
a Second eXchange, a two-conductor trunk line 
extending from the first exchange to the second 
and having a three-conductor extension in each 
eXchange, each such extension including a sleeve 
conductor, a repeater in the first exchange inter 
posed between said trunk line and its local ex 
tension, means in the first exchange for extending 
Connections of two classes to said repeater over 
the aSSociated local extension, means included in 
Connections of One class but not in connections 
Of the other class for maintaining energized the 
Sleeve Conductor of said local eXtension, a detec 
tOr relay in Said repeater controlled by Said ener 
gization of the sleeve conductor, Said repeater 
being effective following seizure to repeat Series 
of digit impulses over the trunk line to the Second 
exchange by intermittent balanced current flow 
over the two conductors thereof, means con 
trolled by said detector relay in accordance with 
whether or not said energization of the aSSOci 
ated sleeve conductor is being maintained for 
temporarily establishing an unbalanced current 
flow over said trunk line following the repeating 
of a series of digit impulses, and means in the 
second exchange controlled by Such unbalanced 
current flow for energizing the said sleeve con 
ductor in the Second eXchange When the cOnlec 
tion is of one class but not when the connection 
is of the other class. 

3. In a telephone System, a first eXchange and 
a second exchange, a two-conductor trunk line 
extending from the first exchange to the Sec 
ond and having a three-conductor extension in 
each exchange, each such extension including a 
sleeve conductor, a repeater in the first exchange 
interposed between said trunk line and its local 
extension, means in the first exchange for extend 
ing connections of two classes to Said repeater 
over the associated local extension, means in 
cluded in connections of one class but not in COn 
nections of the other class for maintaining ener 
gized the sleeve conductor of said local exten 
sion, a detector relay in said repeater controlled 
by said energization of the sleeve conductor, Said 
repeater being responsive to seizure to Set up a 
balanced current flow over the trunk-line conduc 
tors, said repeater being effective following Seizure 
to repeat series of digit impulses over the trunk 
line to the second exchange by series of inter 
ruptions of said balanced current flow, means 
controlled by said detector relay in accordance 
With whether or not said energization of the aSSO 
ciated sleeve conductor is being maintained for 
temporarily unbalancing said current flow fol 
lowing the repeating of a series of digit impulses, 
means in the second exchange controlled by Such 
unbalanced current flow for energizing the Said 
sleeve conductor in the second exchange When 
the connection is of one class but not When the 
connection is of the other class. 

4. In a telephone system, a first exchange and 
a second exchange, a two-conductor trunk line 
extending from the first exchange to the Second 
and having a three-conductor extension in each 
exchange, each such extension including a sleeve 
conductor, a repeater in the first exchange inter 
posed between said trunk line and its local ex 
tension, means in the first exchange for extend 
ing connections of two classes to said repeater 
over the associated local extension, means in 
cluded in connections of one class but not in 
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connections of the other class for maintaining 
energized the sleeve conductor of said local ex 
tension, said repeater being effective following 
seizure to repeat digit information over the trunk 
line to the second exchange, said digit informa 
tion being represented by successive series of digit 
impulses repeated by said repeater, meañs con 
trolled by said repeater in accordance with the 
energized or unenergized condition of the asso 
ciated sleeve conductor for transmitting or fail 
ing to transmit other information over said trunk 
line at a time when Said digit information is not 
being repeated, and means in the Second ex 
change responsive to said Cther information for 
determining whether or not the associated sleeve 
conductor in the second exchange is to be ener 
gized, the last-named Sleeve Conductor being 
thereby energized when the connection is of the 
one class but not When the Connection is of the 
other class. S. 

5. In a telephone system, a first exchange and 
a second exchange, a two-conductor trunk line 
extending from the first exchange to the second, 
means for extending a connection to said trunk 
line in the first exchange, and for setting up a 
balanced current flow over the two Conductors 
thereof in series, contacts in the first eXchange 
for producing series of interruptions in said bal 
anced current flow to transmit digit information 
to the second eXchange, means for transmitting 
other information from the first exchange to the 
second exchange by unbalancing the said current 
fiOW, means in the Second eXchange responsive to 
the current fioW when unbalanced to signal the 
arrival of said other information, said unbalanc 
ing operation in the first eXchange consisting in 
connecting a shunt around one of the conductors 
of the trunk line, said contacts in the first ex 
change being located between said shunt con 
nection and the other trunkline conductor, and a 
digit-impulse responding relay in the second ex 
change connected in circuit with said other con 
ductor and controlled thereover independent of 
the current flow in the shunted conductor to en 
able the said transmission of digit information 
to proceed effectively while said other informa 
tion is being transmitted. 

6. In a telephone System, a manual eXchange, 
a tandem automatic exchange, and a terminating 
automatic exchange, trunk lines interconnecting 
said tandem exchange with each of the other said 
eXchanges, automatic SWitches in said tandem ex 
change effective to extend connections from any 
line thereof to Subscriber lines of the tanden ex 
change and to said trunk lines, each. Such Con 
nection including a pair of talking conductors 
and a sleeve conductor, means effective When one 
of the automatic switches is completing a con 
nection from the manual eXchange and COn 
trolled over its incoming sleeve conductor for 
conditioning the circuits associated with the au 
tomatic switch for toll operation, such condition 
ing being responsive to an energizing connection 
to the sleeve conductor of the calling line, there 
being no such energizing connection om a call 
from a subscriber line, the said trunk lines ex 
tending from the tandem exchange to the manual 
exchange being arranged to cause answered Su 
pervision to be relayed back toward the calling 
line only responsive to an energizing connection 
made to the sleeve conductor associated with the 
calling line, whereby answered superVision is not 
relayed back to calling local lines of the tanden 
exchange when calls are answered in the manual 
exchange, means associated with the sleeve Con 
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ductors in the tandem exchange of the trunk 
lines between the tandem and terminating ex 
changes for applying energizing potential thereto 
when calls are made from the terminating ex 
change to or through the tandem exchange, 
whereby answered supervision is relayed back to 
the concerned trunk line between the terminat 
ing and tandem exchanges when the call is 
through the tandem exchange to the manual 
exchange, the determination of whether one of 
the automatic switches in the tandem exchange 
is to operate as a local switch or as a toll switch 
being made immediately following the dialing of 
one of the digits in the desired number, and 
means in the tandem exchange associated with 
the trunk lines between the terminating ex 
change and the tandem exchange for temporarily 
removing the sleeve-energizing connection for a 
sufficient interval following the dialing of such 
digit to cause the automatic SWitch in use in the 
tanden exchange to be conditioned to Operate as 
a local switch rather than as a toll switch. 

7. In a telephone system, including a termi 
nating automatic exchange, a tandem automatic 
exchange, and a manual exchange, said ex 
changes being interconnected by trunk lines ex 
tending from the terminating and manual ex 
changes to said tandem exchange, automatic 
SWitching equipment in said terminating and 
tandem exchanges controllable over lines of the 
terminating exchange to extend connections 
from lines of the terminating exchange through 
said tandem exchange to the manual exchange, 
means including repeaters in the tandem and 
terminating exchanges for relaying answered su 
pervision from the manual exchange back to the 
terminating exchange, each of the connections 
through the terminating eXchange including a 
pair of talking conductors and a sleeve conductor, 
each of certain of the lines of the terminating 
exchange having a class-tone signal impressed 
on its sleeve conductors, means in the terminat 
ing exchange responsive to answered supervision 
relayed backfrom the manual exchange for tem 
porarily coupling the sleeve conductor inductive 
ly with the talking conductors to enable the op 
erator to hear any class-tone signal that may be 
impressed on the sleeve conductor of the calling 
line, the connections through the terminating 
exchange to the trunk lines between the termi 
nating and tandem exchanges being subject to 
being held by a potential applied to the sleeve 
conductor to enable recall of the manual-ex 
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change operator to be effected by hookSwitch op 
eration, and means in the terminating exchange 
for applying a holding potential to the associated 
sleeve lead responsive simply to the receipt of 
said answered supervision. 

8. In a telephone system including a terminat 
ing automatic exchange, a tandem automatic ex 
change, and a manual exchange, said exchanges 
being interconnected by trunk lines extending 
from the terminating and manual eXchanges to 
said tandem exchange, automatic Switching 
equipment in said terminating and tandem ex 
changes controllable over lines of the terminat 
ing exchange to extend connections from lines of 
the terminating exchange through said tandem 
exchange to the manual exchange, means in 
cluding repeaters in the tandem and terminat 
ing exchanges for relaying answered supervision 
from the manual exchange back to the terminat 
ing exchange, each of the connections through 
the terminating eXchange including a pair of 
talking conductors and a sleeve conductor, the 
connections through the terminating eXchange to 
the trunk lines between the terminating and 
tandem exchanges being subject to being held 
by a potential applied to the sleeve conductor to 
enable recall of the manual-exchange Operator 
to be effected by hooksWitch Operation, and 
means in the terminating eXchange for applying 
a holding potential to the associated sleeve lead 
responsive simply to the receipt of said answered 
SuperVision. 

PIEER, IBAKIKER. 
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