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Patented Nov. 13, 1951 2,574,903 

UNITED STATES PATENT OFFICE 
TRANSLATOR FOR SHIFTEDLINES AND 

PARTIES 
John I. Bellamy, Antioch, Ill., assignor to Kellogg 

Switchboard and Supply Company, Chicago, 
Ill., a corporation of Illinois. 
Application April 8, 1948, serial No. 19,766 

This invention relates to automatic telephone 
Systems. The general object of the invention is 
the production of a new and improved line unit 
providing two-way service for a group of lines 
through tandem-related switching devices com 
prising primary and secondary subgroups inter 
connected by links spread among them. 
A Specific object is to provide a translator ar 

rangement enabling any Substantial traffic uns 
balance among the several primary subgroups to 
be corrected by an interchange among the pris. 
mary Subgroups of heavy-traffic and light-traf 
fic lines, Without requiring the respective, call, 
numbers of the interchanged lines to be changed. 
Another Specific object is to adapt the trans 

lator arrangement to handle intercept service 
for disconnected individual lines and for discon 
nected individual Stations, on party lines, and to 
control the handling of calls. to, P. B. X groups, 

GENERAL DESCRIPTION 
It has been chosen to illustrate, the invention. 

as applied to a line unit serving one hundred sub 
scriber: lines, including, individual lines ; and: tenir. 
party lines, generally, as disclosed in my co-pend 
ing application for Automatic Telephone Sys 
tems, Serial No. 564,293, filed November 20, 1944, 
inow Patent No. 2,485,351, granted October 18, 
1949. Such a line unit employs primary, second. 
aly, and distributor groups of Switching appara 
tus of the type disclosed in my: coºperading, ap-, 
plication for Automatic Telephone Switches, Se 
rial No. 524,816, filed March 1, 1944, now Patent, 
No. 2,490,665, granted:December 6, 1949. 

The drawings. 
Of the accompanying drawings, Figs. 1 to 9 

are circuit diagrams showing sufficient of the 
circuit arrangement of the improved 100-line. 
unit to enable them to be understood; 

Fig. 10 is a trunking diagram; and 
Fig. 11 is a layout showing the way in which 

the sheets on which Figs. it to 9 are drawn should 
be assembled for a ready understanding thereof. 

Figure. 1 
Fig.1 shows one of the one hundred lines (it if) 

served by the unit, together with the individual 
line circuit of such line and Switching appara 
tus which may be employed as line-finding ap 
paratus to extend such line, when calling, to an 
idle finder trunk (Fif). Such finder trunk ex 
tends directly to a selector aparatus Si, which 
may be operated in the usual manner to select a 
numerical group of trunks, and an idle trunk 
therein, such as the connector trunk, CT, 
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6 Claims. (Cl. 179-18) 
The individual line: circuit of the illustrated 

line ikf includes line relay til, lockout relay 102,. 
and cutoff relay: 93. 
Primary switch A is one of fifty line primary 

Switches (see Fig. 10) comprising a group served 
by commaon Selectnagnets and select shaftS. It 
is one of a subgroup of five switches Serving the 
first 10-line. subgroup, lines. to 0. Primary 
Switch A includes a hold magnet 96, and ten. 
Selective stackups of contacts, of which Stackup. 

(through which the associated line it is 
reached)- is one. The nine remaining Selective 
Stackups of the switch are onaitted for simplicity. 
Primary switch A is accessible to. line-second 

ary switch A2, and the others in the same. Sec 
Ondary subgroup, by Way of the two-way line link 
f.A. Such link is reached through the illus 
trated stackup of secondary A2, which has nine. 
other selective stackups (not shown), each of 
which gives access to a line: link extending to. 
the corresponding one of the primary subgroups 
2 to 0. . . 

Fig. 1 shows also the-first and last of tem sub-. 
groups of common equipment, TG4 and TGe. 
Subgroup: TGS serves the first ten-line subgroup 
(including the illustrated line it f), while sub 
group TGG) serves the tenth subgroup. of lines, 
including line #09; Fig. 3... 
The equipment in subgroup TG includes sub 

group lockout relay -fi, which is operable as 
hereinafter explained to lock the associated ten 
lines temporarily-out of finder service under ceri: 
tain conditions; connecting relay 2, operable 
only during-line-finder action; for connecting the 
ten local units leads f. to 0 of the first ten-line 
Subgroup to the common units leads US to US); 
teins-preference relay 3i, which is operable both 
during line-finder action and during connector 
action to aSSociate the five primary Switches serv 
ing the - aiSSociated' ten-linev. Subgroup with the : 
line controller of Fig. 5, which controls: the oper 
ation of the concerned switches during line finder 
action and during connector action. , ,- 

Fig. 1 also shows the units-select: magnets, 
Which, control the primary: select shafts: serving: 
the line primary group of switches. Only the 
first two and the last, two. (UM. and UM2, UM9 
and UMD) of the ten units-select, magnets, are: 
illustrated in Fig. 1. These ten magnets are con 
trolled overten units leads-U to U0, by ten units preference relays UP to UP0, respectively. 

Fig. 1 also shows the first two and the last two. 
of the tens-Select magnets. TM? to TM, which 
control the Select shafts of the secondary group. 
of SWitches. They are controlled respectively by tens-preference relays 3 f to-40. 
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Figure 2 

Fig. 2, parts 1 and 2, shows the connector C, 
to which the connector trunk CT extends, and 
from which the distributor trunk DT extends 
to the distributor DR of Fig. 3. Connector C 
is one of the thirteen connectors (Cf. to Cl3) of 
Fig. 10. 
Connector C includes equipment for Supply 

ing transmitter current to the calling line, equip 
ment for recording the tens, units, and party 
digits in the number of the called line, and equip 
ment for supplying ringing current and trans 
mitter current to the called line. 
The portion of connector C, shown in part 1 

of Fig. 2, includes control relays 20 to 2 and 
the so-called talking condensers 2 f2 and 213, 
while the portion of the connector C, shown in 

2,574,903 
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?5 

part 2 of Fig. 2, inculides the tens, units, and party. 
registers TR, UR, PR, and PR2. 
Of the control relays of connector Ci, relay 

20 is termed a timer relay, in that it cooperates 
with the common timer 200 to release the con 
nector C at any time when such connector has 
been held for a predetermined interval (15 Sec 
onds, for example) during which no effective use 
is made thereof, such as dialing or conversation; 

Relay 202 is a supervisory relay whose principal 
function is to reverse the direction of current flow 
over the incoming talking conductors when the 
callis anSWered; 

Relay 203 is the line relay, being directly con 
trolled over the calling line in the manner con 
mon to connectors; 
Relay 204 is the slow-restoring release relay, 

controlled by line relay 203 to prepare the Con 
nector for operation and to maintain the con 
nection; 

Relay 205 is the so-called back-bridge relay, 
being controlled directly over the called line When 
the callis answered; 

Relay 206 is the so-called ringing relay, which 
is operated under control of a ringing interrupter 
(which is part of the ringing equipment 24, Fig. 
2, part 2) at the beginning of a ringing cycle to 
place the connector in ringing condition, and 
which is restored during the so-called silent in 
terval to permit back-bridge relay 205 to respond 
when the call is anSWered; 

Relay 207 is the so-called Switching relay, being 
controlled from the line controller of Fig. 5 to 
effectuate the completion of the connection and 
to prepare for the ringing of the called line, in 
the event that the called line has been found to 
be idle and an idle connection path thereto exists; 

. Relay 208 is the So-Called busy relay, being con 
trolled from the line controller of Fig. 5 to place 
the connector in busy condition and return a 
busy-tone signal to the calling line if the called 
line is busy or if, for any reason, a connection 
thereto must be denied; 

Relay 209 is the So-called tens-transfer relay, 
being arranged to operate following the trans 
mission and termination of the impulses, Consti 
tuting the tens digit to prepare for the reception 
Of the units digit; 

Relay 20 is the so-called units-transfer relay, 
in that it is arranged to operate upon the termi 
nation of the units digit to transfer the circuits 
into condition for the reception of the party digit; 

Relay 2 f is a so-called chain relay, being in 
cluded in the preference chain passing through 
contacts of similar relays of the other connec 
tors. It is arranged to operate at the termina 
tion of the party digit to temporarily individu 
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alize the connector Ci with the line controller 
of Fig. 5. 

Digit registers TR, UR, and PR and PR2 (part 
2, Fig. 2) are controlled over impulse conduc 
tors 223, 224, 225 to record the tens, units, and 
party digits in the called number. Each of these 
registers is preferably an electromagnetic count 
ing device of the type disclosed in my co-pending 
application for Electromagnetic Counting De 
vices, Serial No. 493,312, filed July 2, 1943, being 
illustrated as of the type shown in Figs. 21 to 25 
thereof, wherein a single control magnet is pro 
vided With a hold winding (H), and With an im 
pulse winding (I) effective to cause the counting 
contacts to close Successively in a wave-like Op 
eration responsive to the successive impulses of 
a series. Obviously, the true party registers PR, 
and PR2 may be replaced by a single register of 
the above type having two independent sets of 
contacts. 

Figure 3 

Fig. 3 shows switching apparatus which may 
be employed to extend a connection, by connector 
action, from connector C? of Fig. 2 over a certain 
One of Several paths to one of the one hundred 
lines (Such as #00) as a called line. 
The distributor DR of Fig. 3 is one of the thir 

teen distributors of Fig. 10 (DRA to DR3). Each 
Such distributor is a three-wire, twenty-point 
Switch of the type disclosed in my previously noted 
application for Automatic Telephone Switches. 
Each Such switch has eleven selectively operable 
stackups of contacts, of which stackups 2 and 
are shown in Fig. 3. For selecting any one of the 
first ten Outlets of the distributor DR, the cor 
responding one of its stackups to 0 is oper 
ated Without operation of stackup II . When 
any one of the eleventh to twentieth outlets of 
distributor DR Í is to be selected, the concerned 
One of the stackups to 0 is actuated, along 
With stackup . 
The distributor DR has access to secondary 

Switch B by Way of terminating trunk TT2. 
Through its illustrated stackup 0, secondary 
Switch B has access to primary switch OB, by 
Way of the aSSociated line-link LOB. Through 
itS illustrated stackup 0, primary switch OB has 
access to line if:00. 

Line, lockout, and cutoff relays 30, 302, and 
303 of the line circuit associated with line #00 
Correspond respectively to relays 0 to 103 of 
line if f l (Fig. 1). 

Figure 4 

Fig. 4 Shows the twelve distributor select mag 
nets DM to DM2 comprising six pairs which 
respectively control the six select shafts (not 
shown) of the group distributors of Fig. 10. 
Magnets DM to DM f0 correspond respectively 
to the Stackups to 10 of any of the distributors, 
Such as DR, f ; magnet DM corresponds to the 
eleventh or SWitching stackup of any one of the 
distributors; and magnet DM? 2 is an additional 
magnet employed to rotate the sixth selecting 
Shaft of the distributor group in the opposite 
direction to that in which it is rotated by mag 
met DM. Magnet DM2 is a magnet not dis 
closed in my previously noted application for 
Automatic Telephone Switches. It may be 
located immediately to the right of magnet 
DM in Fig. 1 of such application, to cause the 
sixth selecting shaft to be rotated in the oppo 
site direction at any time when selection of 
the eleventh Stackup is not to occur. The util 
ity of this arrangement is to secure invariably 
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the closure of the distributor off-normal con: 
tacts DON 1, f2 associated with the sixth 
shaft of the mechanism. Off-normal contacts 
EON , 2.; DON 3, 4; DON 5, 6; DON , 8; 
and DON 9, 0 are associated respectively with 
the first five. Selecting shafts of the distributor 
group. The off-normal contacts of Fig. 4 are 
interconnected with conductors f and 2 in dis 
tributor pair DON to cause such conductors to 
be joined only when one or another of the first 
five shafts has been moved off-normal, along 
with the sixth shaft of the distributor group. 
This provision is utilized in the control of the 
circuit operations in a manner to be , pointed 
out. Subsequently. 

Fig. 4 further shows the circuit arrangement 
of the units-sleeve connector USC and of the 
tens-sleeve.connector TSC of Fig. 10. These two 
sleeve connectors cooperate, during the setting 
up of a connection frona any connector to the 
called line, to connect incoming conductor CLS 
in cable 552 to the sleeve conductor of the called 
line, such as conductor S or ; SO the sleeve 
conductor of lines it and it, respectively. 
The hold magnet of USC is shown at 401, while 
the hold magnet of TSC is shown at 402. These 
magnets are operated over conductor S0 in cable 
552 only when the connection being handled by 
the line controller of Fig. 5 is one involving con 
nector action, as distinguished from one involv 
ing line-finder action. 
: The selective action of sleeve connectors USC 
and TSC is automatically controlled in accord 
ance, with the designation of the called line, for 
sleeve connector USC is an additional switch in 
the line-primary group, and sleeve connector 
TSC is an additional switch in the line-secondary 
group, as indicated in Fig. 10. 

Figure 5 
Fig. 5, consisting of parts 1, 2 and 3, shows 

the line controller previously referred to. ihe 
line controller is temporarily called in for finder 
action by any ten-line subgroup containing a 
calling line. It makes, the necessary testS, and 
determines which SWitches are to be operated to 
extend the calling line to an idle finder trunk. 
It is also temporarily called in for connector 
action by any connector at which the called 
number has been completely... dialed. It then 
makes the necessary tests, and directs the ex 
tension of a connection to the called line. It does 
this, either with or without assistance from the 
translator T of Figs. 6 and 10 and related 
equipment, depending upon whether or not there 
are translator. jumpers in place for the called 
number. 
Through conductors in cables 55 to 554, the 

line controller is connected as required with the 
other equipment. Certain other conductors con 
nect the line controller with certain. of the items 
of other equipment as shown. 
: The line controller of Fig. 5 consists principally 
of-fifty relays, 50 to 559. Of these, relays 549, 
550, 50, and 502. comprise the translator group, 
employed to control translation service; relays 
503 to 50 comprise the connector group, being 
operative during each connector action handled 
by the line controller, but not during finder 
action; relay 508 is the common start relay for 
finder action and for connector action; relays 
509 to 5 comprise-acycle timer, which is oper 
ated each time start relay .508 operates; relays 
512 and 5? 3-are the clearout and operate relays 
used during finder action and connector action; 
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6 
relays 54 to 59 comprise the choice, allotter, 
which responds to each operation of start relay 
568 to shift. the choice to the next succeeding 
One of the Secondacy. Subgroups A to E; relays 
526 to 525.comprise the matching group, of which 
relays 520 to 524 control the matching in Second 
ary Subgroups A to E respectively, and reserve 
control relay. 525. Operates... to reserve. One idle 
Secondary SWitch of each category in a Sub 
group. until required for a connection; relays 
526 to:53t are primary test relays, corresponding 
respectively to Switches A to E in any primary 
Subgroup; relayS. 53 f to 533 are test-control 
relays, which act to control the Secondary-switch 
test leads; relays. 534 to 548 are the secondary 
test relays, comprising five groups of three re 
lays, one for each secondary subgroup A to E. 

Figures 6 and 7 
Figs. 6 and 7 show the translator T and the 

reset bus bars respectively. Translator Tí comr 
prises a single units. translator switch UT, and 
two tens translator switches, TTA and TTB. 

Units translator switch UT (Fig.6) is an addi 
tional switch in the line-primary group, as shown 
in Fig.10, which also shows that the tens trans 
lator switches TTA and TTB of Fig. 6 are addie 
tional Switches in the line-secondary group. 
Magnets 60i, 602, and 603 are the hold magnets 
of translator switches TTA, TTB, and UT, respec tively. 
The reset bus bars of Fig. 7 comprise tentens 

bus bars 70 to 70, and ten units bus bars 7 
to 720, connected respectively to tens conducts 
tors. Ti to TO and units conductors. UE to U0. 
the SWitches of the translator act to extenda 
two swire connection to any one of one hundred 
pairs of terminals, one. Such pair for each of the 
one hundred line numbers, 

Figure 8 
Fig. 8 shows the equipment for providing group 

service of the type commonly referred to as 
P.B.Xservice. This equipment includes a separ 
rate group-connect such as, 80 and 802 relays, 
and an associated pin-terminal block, such as 
840 and 8t, for each group of lines, such as 
P. B. X lines. The equipment includes allotter 
relays 803 to 897 common to all the groups of 

Figure 9 
Fig. 9 shows the equipment used to provide 

individual station intercept service for party lines. 
It includes ten station bus bars 9 li to 920 con 
nected to the party register PR2 (Fig. 2, part 2), 
and a separate relay, such as 90 and 902 for each 
party line requiring station intercept service. 

Figure 10 
As shown in Fig. 10, a combined trunking and 

cabling diagram of the disclosed line unit in 
cludes a group of fifty line-primary switches 
divided into ten primary subgroups designated 

to 0; a group of twenty-eight secondary 
switches divided into five subgroups' designated 
A to E; thirteen connectors C? to Cl3 (of which 
the connector Ci is shown in Fig. 2); and a group 
of thirteen distributor switches DRi to DR.13. 
The fifty primary switches are served in common 
by selectmagnets. UM to UMO, Fig. 1, through 
five select shafts (not shown) extending across 
the group; the twenty-eight secondary switches 
are similarly served by select magnets TM to 
TMO, Fig. 1; and the distributors DR to DR3 
areserved by. Select magnetsDM to DM12, Fig.4. 
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As indicated by their location in Fig. 10, the 
Switches USC and UT of Figs. 4 and 6, respec 
tively, lie physically in the primary group of 
SWitches, and they are controlled in the manner 
of any primary switch by the common select 
shafts and Select magnets of the primary group. 
Fig. 10 further shows that Switch TSC of Fig. 4 
and Switches TTA and TTB of Fig. 6 lie physi 
cally in the Secondary group, and are controlled 
in the manner of any secondary switch by the 
Common Select Shafts and Select magnets of the 
Secondary group. 

Each primary Subgroup contains five primary 
Switches A to E, and serves a separate ten-line 
Subgroup of the 100-line group served by the dis 
closed improved line unit. For example, lines 

to 0 are served by primary subgroup (; lines 
2 to 20 are served by primary subgroup 2; and 
SO forth. The ten vertical lines shown extend 
ing acroSS the five Switches A to E of any primary 
Subgroup represent the ten subscriber lines in 
the corresponding ten-line subgroup. 
AS shown in Fig. 1 and in Fig. 3 (for primary 

Subgroups and 0, respectively) the conductor 
pair representing any line may be attached to 
the appropriate contact terminals of the first 
primary Switch in a subgroup, being connected 
through the vertically extending, bare-wire bank 
multiple to the corresponding contact terminals 
of the other primary switches in the same sub 
?TO??, 

Line-link cable 60 carries fifty, two-way line 
links between the respective primary switches 
and the bank multiples of the subgroups A to E 
into which the twenty-eight line secondary 
Switches are divided. There are five line links 
for each primary Subgroup of Switches, one such 
line link for each Switch... These line links are 
designated LA to LE for primary subgroup ; 
L2A to L2E for primary subgroup 2; and so forth, 
to LOA to LOE for primary subgroup 0. The usual 
primary-Secondary spread is employed between 
the primary and Secondary switches. Accord 
ingly, the ten links LA to LOA, extending to the 
'A' primary switches in the ten primary sub 
groups, are reached through Secondary subgroup 
A; the ten line links LB to LOB, extending to the 
'B' SWitches in the ten primary subgroups, are 
reached from secondary subgroup B; and so 
forth, to the ten line links I, E-LOE, extending 
to the 'E' switches in the ten primary subgroups, 
which are reached from the switches comprising 
secondary subgroup E. 
... Any primary Switch, together with its asso 
ciated line link, is employed both for finder action 
and for connector action. On the other hand, 
each Secondary Switch is definitely assigned to 
either finder action or connector action. The 
assignment arrangement Selected is such that 
the Odd-numbered secondary SWitches in any 
subgroup are employed for connector action, 
while the even-numbered secondary switches are 
employed for finder action. The first five finder 
trunks F"Ti to FT5 extend from secondary switch 
2 in the respective Subgroups A to E; the second 
five finder trunks FT6 to FTIO extend respec 
tively from secondary switch 4 in the respective 
Secondary SubgroupSA to E; while the final three 
finder trunks FT to FT3 extend respectively 
from Secondary SWitch 6 in Subgroups A to C. 
". Since the unit disclosed is merely one of a num 
ber of similar units of the exchange, one or 
more stages of Selectors are employed through 
which originated calls are routed to One or an 
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8 
tion of the call. Cable 602 carries the thirteen 
finder trunks FT to FT3 to a corresponding 
number of Selectors, while cable 603 carries thir 
teen connector trunks (CT to CT 3) incoming 
from the Selectors to the connectors. The unit 
herein disclosed is particularly adapted to coop 
erate with an installation employing One or more 
Selector Switching stages of the type disclosed 
in my patent for Selector Switching Systems, 
No. 2,400,530, issued May 21, 1946. 
From the connectors C to C3, thirteen dis 

tributor trunks DT to DT3 extend, by Way of 
cable 604, to distributors DR to DR 3, respec 
tively. As previously noted in connection with 
Fig. 3, each of the distributors is a three-wire 
twenty-point Switch, having access to twenty 
three-Wire outlets. Of the twenty outlets of the 
distributor group, numbers 1 to 15 are employed, 
numbers 16 to 20 being unused. 
The distributors have access in common to 

fifteen terminating trunks TT to TT 5, extend 
ing by way of cable 605 to the respective odd 
numbered Secondary Switches in sub-groups A 
to E. The assignment of the terminating trunks 
is such that terminating trunks TT to TT5 ex 
tend respectively to secondary switches in sub 
groups A to E; terminating trunks TT6 to TTO 
extend respectively to secondary Switches 3 in 
Subgroups A to E; and terminating trunks TT 
to TT 5 extend respectively to secondary 
SWitches 5 in Subgroups A to E. 

Calls extended to the terminating trunks are 
completed, through the operation of the sec 
Ondary Switches to which such terminating 
trunks extended, and thence to the respective 
called lines, by way of line links in cable 60t, 
and primary switches in the concerned sub 
grOUDS. 

Detailed description, 
A detailed description will now be given of 

the Operation of the illustrated apparatus in es 
tablishing and clearing out connections. 

A. Line if 11 calls line if:00 

Operations involved in a call from line if , as 
shown in Fig. 1, to line #00, as shown in Fig. 3, 
will now be described. Each of the illustrated 
lines F and #00 is shown as a party line by the 
conventionally indicated common connections 
extending from the conductors thereof. One of 
a possible ten Substations on line if f is shown 
at 5, and one substation on line #00 is shown 
at 00. To make a call, a subscriber at a sub 
station, Such as f5 on line # f, removes his 
receiver; waits for dial tone; and then dials the 
desired three-digit member such as number 7001. 

Ai. Marking the calling line 
When the receiver (not shown) is removed at 

calling Substation 5, the usual direct-current 
bridge is closed across the conductors of the 
calling line, operating line relay 0 through 
contacts of cutoff relay O3. Line relay Of 
grounds the associated start conductor ST, com 
mon to the ten lines of the first subgroup, and 
it also grounds the associated units conductor 
U individual to the calling line. 

A2. Tens Selection, 
Assuming that the line controller of Fig. 5 is 

idle, the grounding of start conductor ST as 
Sociated with tens subgroup TG of Fig. 1, closes 
a circuit for tens subgroup relays f2 and 3 
and start relay 508 in series, as follows; from 

other of the line units according to the destina 75 ground on start conductor ST in tens subgroup 
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100-line unit, the selector mechanism S operates 
in the usual manner to select the corresponding 
group of trunks, and to select an idle trunk there 
in, such as trunk CT, extending to connector C 
of Fig. 2. Trunk. CT is normally marked idle 
by the resistance battery connection to the sleeve 
conductor S thereof through make-busy contacts 
24 and the back contact of armature 4 of relay 
204. 

A7. Preparing connector C1 for operation. 
When the connection is extended to connector 

C, line relay 203 (connected to the incoming tip 
and ring conductors, through normally closed 
contacts of busy relay 208 and of supervisory 
relay 202) operates over the called line and closes 
an operating circuit for release relay 204. 
At its contacts 8, release relay 204 prepares an 

impulse circuit for the digit registers, while at 
its contacts 7, release relay 204 applies ground 
potential to local conductor 26, thereby prepar 
ing locking circuit for relays 207 to 20, closing 
a holding circuit for registers TR, and UR. At 
armature 4, relay 204 disconnects the aSSociated 
idle-indicating battery-supply resistor and ap 
plies the holding ground potential to the incom 
ing sleeve conductor S in trunk CT, such poten 
tial being obtained through normally closed con 
tacts of chain relay 2 and of timer relay 20. 
The holding potential replaces the one removed 
a moment later by selector St in the usual course 
of its operation, and serves to maintain the con 
nection intact. 

A8. Setting tens register TR 
When the calling Subscriber dials the Second 

digit of the desired number (tens digit 0) line 
relay 203 is restored ten times momentarily. Re 
lease relay 204, being slow-restoring, remains 
operated during dialing. 
Each time it restores incidental to the dialing 

of a digit, line relay 203 applies ground poten 
tial, through contacts of release relay 204, to 
impulse conductor 27. During the dialing of 
the tens digit 0, conductor 2T extends, through 
contacts 9 of relay 207, and contacts 8 and 7 of 
relays 20 and 209, to branch conductor 223, ex 
tending to the impulse winding I of magnet 25, 
of tens register TR, which receives ten impulses. 
Recording contacts to 0 of register TR close 
Successively as the impulses arrive, each preced 
ing contact pair opening on receipt of the next 
Succeeding impulse. Accordingly, contacts 0 of 
register, TR are closed at the end of the tens 
digit 0, contacts to 9 having reopened succes 
sively. 
Off-normal contacts ON of register TR close 

upon the delivery of the first impulse and re 
main closed until the register is cleared out. The 
closure of contacts ON of register TR, occurs with 
line relay 203 in restored condition during the 
delivery of the first impulse of the series. Each 
time line relay 203 reoperates thereafter during 
the dialing of the tens digit, a circuit is momen 
tarily closed as follows for tens-transfer relay 
209; from ground through left-hand front con 
tact of line relay 203, conductor 22, off-normal 
contacts ON of register TR, conductor 227, nor 
mally closed contacts controlled by armature 6 
of relay 209, contacts 6 of relay 20, and thence 
to battery through the winding of relay 209. 
Relay 209 is preferably slow-operating by virtue 
of the comparatively heavy spring load carried 
thereby, and by virtue of a comparatively induc 
tive winding. As a result, relay 209 cannot oper 
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12 
ate during the delivery of a series of impulses, 
for line relay 203 remains operated only mOmen 
tarily between impulses of a series. 
When line relay 203 comes to rest in an Oper 

ated condition at the conclusion of the dialing of 
the tens digit, tens-transfer relay 209 operates 
over its above-traced circuit. Upon so doing, it 
closes a local locking circuit for itself at its con 
tacts 6, at the same time opening its initial cir 
cuit. At its armature 7, relay 209 disconnects 
impulse conductor 27 from branch conductor 223 
of register TR and transfers it to the similar con 
ductor 224 extending to register UR. 

A9. Setting units register UR 
When the units digit is dialed, the impulses 

delivered to impulse conductor 27 pass over 
branch conductor 224 (through armature of 
relay 209 and its front contact), wherefore units 
register UR responds as noted in connection with 
tens register TR, to record the units digit 0. 
When line relay 203 comes to rest in an oper 

ated condition at the termination of the dialing 
of the units digit, units transfer relay 20 (simi 
lar to relay 209) operates over the following cir 
cuit: from ground on conductor 22, off-normal 
contacts ON of units transfer UR; conductor 228, 
normally closed contacts controlled by armature 
7 of relay 20, and thence to battery through 
the winding of relay 20. Upon operating, relay 
2f ), at its armature 7 and associated contacts, 
locks itself to local conductor 26 independent 
of conductor 228; at armature 8, it disconnects 
impulse conductor 2fT from units branch 224 
and transfers it to party conductor 225, extends 
ing to party registers PR and PR2. At its con 
tacts 9, relay 20 applies ground potential to 
holding conductor 226 local to party registers 
PR and PR2, registers TR, and UR being held 
over branch 222 of grounded conductor 26. At 
its contacts 6, units-transfer relay 20 open-cir 
cuits and restores the locked tens-transfer relay 
209, so as to enable the latter relay to be reop 
erated as a party-transfer relay. 

A10. Setting party registers PR1 and PR2 
When the final digit, party digit 1, of number 

7001 is dialed, the single impulse thereof is de 
livered over branch conductor 225 to the magnets 
Of party registers PR, and PR2 in Series. Con 
tactS ON and close at each such register. 
At the termination of the party digit, tens 

transfer relay 209 is reoperated as a party-trans 
fer relay over the following circuit: from ground 
On Conductor 22, Off-normal contacts ON of 
party transfer PR, conductor 229, and thence 
to battery through the winding of relay 209. 
Upon reoperating, relay 209 does not lock oper 
ated, as its locking circuit through armature 6 
and aSSociated contacts has been interrupted at 
contacts 6 of relay 210. 

A11. Calling in the line controller 
The line controller of Fig. 5 is now called in 

responsive to the closing of a circuit for chain 
relay 2 f of the connector through contacts 5 
of transfer relays 209 and 2 0, subject to the 
line controller being currently in idle condition. 
This circuit is as follows: from ground through 
contacts 5 and 8 of relays 207 and 208, contacts 
5 of relays 209 and 20, winding of chain relay 
2?, normally closed contacts controlled by arma 
ture 5 thereof, chain-end conductor 28 (common 
to all connectors), chain contacts on the chain 
relays of all connectors, including contacts 6 of 
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relay. 2ff, chain-in conductor CH-IN of cable 
554, Winding of transfer relay: 507 of line con 
troller, normally closed contacts, controlled by 
armature. 4 of relay 507, conductor FCH-END 
of cable 55, chain contacts of relays, such as 40 
and 3, conductor F.-CH-N in cable 55, con 
tacts 3 of transfer relay 50, contacts: 2 of clear 
out relay. 52, and thence to batterythrough the 
winding of start relay, 508. Relays 2,507, and 
508 operate in series over the above- circuit. 
At its armature. 4 and associated contacts, relay 

50T locks itself to the origin point of the chain 
(through contacts 2 of relay. 52-and-winding of 
relay 508), independent of conductors F-CH-END 
and F-CH-IN in cable. 55f, while at its contacts 
3, it disconnects conductor F-CH-IN to preclude 
the operation of anys of the finder, control relays 
3i and 121 (Fig. 1) for the time being. 
At its contacts f, relay 507 adapts the line con 

troller for connector action, while start relay 508 
initiates the required cycle of operations. 

In the connector Cl, chain relay 2, on op 
erating, locks itself to the associated chain-in 
conductor CH-IN at armature 5 and its front 
contacts, at the same time isolating its winding 
and chain-in conductor CH-IN from local chain 
end conductor 218 to preclude the operation for 
the time being of the chain relay in any other 
connector. At its contacts 2, relay 2 locks 
ground on its upper winding terminal independ 
ent of contacts of relays 209 and 20 to insure 
that relay 2 i? remains operated until restored 
by the line controller; at its armature f and asso 
ciated contacts, it disconnects the normally ap 
plied source of holding ground potential from 
the incoming sleeve conductor and substitutes 
ground potential over sleeve lead SL in cable 554, 
having to do with reverting-call busy test; at its 
contacts 3 and 4, it connects switching and busy 
relays 207 and 208 respectively to switching and 
busy lead SW and BU in cable 554; at contacts 
T, it connects conductor PI-IC and branch con 
ductor 234, having to do with party-line, inter 
cept service; and at contacts. 8 and 9, it connects 
grounded conductor T and U in cable. 554 to 
branch conductors. 23? and 232 of the tens and 
units register TR and UR, and thereby grounds 
the selected one of the tens conductors, in cable 
247 and the selected one of the units conductors 
in cable 248. 

A12. Tens and units selection 
In the assurned example, the grounded potential 

applied to conductors, 23 and 232 (through con 
tacts 8 and 9 of relay 2, conductors. T and Jin. 
cable 554, thence to ground through contacts. 
and 2 of relay 59-) is extenged through, the close 
contacts 6 of tens and units registers. TR a 
to tens conductor T0, in cable 247, a series-rr, 
conductor UG in, cable. 248. Units-preference re 
lay UP0 operates over conductor UC: to cause, the 
tenth units-select magnet UMO, te, operate. The 
upper winding of the tens-preference-relay. 40, i 
operated without the accompanying operation 
relay 30. Relay 40 connects common primaay 
contrel conductor's PA, to PE t? gotol coaduc 
tors. A to E of the tenth primary. Subgroup TG.; 
and at its lower contacts, it closes an operating circuit for tens-selectmagnet TMQ, 

A13. The called line is busy 
If the called line #09 of Fig. 3. is busy, when 

called, such fact, is determined by the line con: 
troller of Fig. 5, which thereupon grounds: goals. 
ductor BU:in çabile 554, closi a circuit though 
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contacts 4 of relay. 2 for busy relay. 208. There 
upon, relay 28, at its armature 9, removes 
ground from holding conductor 222 to permit 
registers TR, and UR, to clear. Out, and closes a 
Self-locking circuit to conductor 26, and at 8, it 
opens the initial energizing ground connection 
to chain relay 2, leaving such relay locked 
through its contacts 2. 
A moment later, when the line controller opens, 

conductor CH-N in cable 554 incidental to its 
clearing out operation, chain relay 2 is open 
circuited and restored. With contacts of busy re 
lay 283: now open, relay 2 cannot reoperate 
When conductor CE:-Nis reclosed at the line. Con 
troller. Since switching relay 297 has not oper 
atted, no. operating ground potential has been ex 
tede di t0, te Sleevre. Conductor S of the distribu 
tor trunk DTE, wherefore there has been no for 
Ward extension of the connection from the COn 
Hector: CitoWa1: the ca?? line. 
At its contacts 2, busy relay 28 connects, the 

common busy-torae lead BT through back con 
tacts of relay 28, condenser 25 and contacts 3 
of relay-26 to tha tip talking conductor, thereby 
transitting a busy signal back to the calling line. 
The calling subscriber is now expected to replace 
his receiver to permit the established connection 
to clea:-out. 

A14. The called line is idle. 
If the line #90 of Fig. 3 is idle when called, the 

line controller of Fig. 5 proceeds to match a path 
thereto from any of the terminating trunks such 
as "2 and TT 2 of Fig. 3, and to set the distribu 
to select magnets shown in Fig. 4 in accordance 
with which of the paths has been matched. As 
suming that the matched path is by way of ter 
minating trunk TT2 and line link LGB, the dis 
tributor selection is such as to cause the illus 
trated stackup 2 of DR, (Fig. 3) to be selected. 

Ai5. Connector switching operation. 
When the necessary connections have been ef 

fected by the line controller, control conductors 
CB and B of the switches. Bt. and GB (Fig. 3) are 
grounded along with switching conductor SW in 
çabile 554. 
The grounding of conductor. B associated with 

primaary switch GB closes, a circuit, through make 
busy contacts. 398, for holding magnet 307, where 
upon the illustrated Stackup e of such switch is 
closed, having been selected by magnet UMG (Fig. 1). 

Responsive to the placing of ground potential 
on control conductor CB, a circuit is closed, 
through contacts 396, for hold magnet 305, where 
by the illustrated stackup G of switch. B is closed, 
having been selected by magnet M8 (Fig. 1). 
Responsive to the grounding of conductor SW 

in cable 554, Switching relay 20 operates, through 
contacts 3 of relay, 2 -i. It closes a self-locking 
circuit to, cQnductor 26 at its contacts, 7; it un 
grounds conductor 222 at its contacts 8 to permit 
registers TR and UR, to clear out; it prepares a 
circuit for ringing relay 26 at its contacts 6; it 
opens a point in the initial circuit of chain relay 
2, at its back contact 5; and at its contacts 4, it 
extends the grounded incoming sleeve conduc 
tor, through contacts, 5 of busy relay258, to sleeve 
conductor. S in distributor trunk DT, thereby 
closing a circuit for hold magnet 364. Hold mag 
net 39, now closes: the Selected stackup 2 of the 
distributor. DRA, thereby extending conductors.T., 

S. of trunk, DTE, through the back con 
stackup it, and through the three upper 
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pairs of stackup 2 of the distributor, to the se 
lected terminating trunk TT2, Whence the con 
nection extends, as illustrated, to the called line. 
The ground potential on sleeve conductor S of 
distributor trunk DT is now effective to hold 
magnets 304, 305, and 307 operated, as well as to 
hold operated cutoff and lockout relays 303 and 
302 of the called line circuit, such relays having 
previously been operated over the associated 
sleeve conductor S99 by the line controller. 
A moment later, chain relay 2 restores re 

Sponsive to the temporary removal of energiz 
ing potential from conductor CH-IN in cable 554, 
incidental to the clearing out of the line con 
troller. With back contact 5 of relay 297 main 
tained open, relay 2 cannot reoperate when 
conductor CH-IN subsequently recloses. 

A6. Ringing the called substation 
Following the described operation of switching 

relay 207, as soon as common pick-up lead PU 
is momentarily grounded (by the usual ringing 
interrupter in Common ringing equipment 24), 
at the beginning of the ringing cycle, a circuit 
is closed for ringing relay 206 from lead PU, 
through contacts 3 of units-transfer relay 20, 
contacts 6 of busy relay 208, normally closed 
contacts controlled by armature 4 of relay 206, 
and contacts 6 of switching relay 207. Upon 
Operating, ringing relay 206 locks itself to the 
normally grounded locking conductor L in Sub 
stitution for pick-up lead PU, remaining locked 
over conductor I, through the remaining portion 
of the ringing cycle, at the end of which con 
ductor L is temporarily ungrounded to permit : 
ringing relay 206 to restore temporarily before 
the next ringing cycle starts. If no response is 
obtained before the next Succeeding ringing cycle 
begins, ringing relay 206 is operated again when 
pick-up lead PU next becomes grounded. 
As the principal result of its operation, ring 

ing relay 206 disconnects conductors T and R in 
distributor trunk DTí from talking condensers 
22 and 23, and from the windings of back 
bridge relay 205, and connects them to the ring 
ing circuit. The tip conductor T is thereby con 
nected directly to ground, while the ring con 
ductor R is connected, over conductor 233, and 
the closed contacts of party register PRI, to 
the selected coded generator leads G of the ring 
ing equipment 24 f. After each ringing cycle, 
battery potential is impressed on the Selected 
generator lead (by ringing equipment 24), con 
sequently on ringing lead 233, and thence to the 
ring conductor R of distributor trunk DT and 
the called line. Any potential difference, due to 
the condenser, in the ringing circuit (not shown) 
at the substations of the called is dissipated. 
When ringing relay 206 is restored at the end 

of any ringing cycle, it transfers the tip and 
ring conductors of the called line back from the 
ringing circuit to talking condensers 22 and 23, 
and to the windings of back-bridge relay 205 to 
permit the ringing operation to be tripped re 
sponsive to the call being answered. 

A17. Ansuvering 
When the call is answered, the resulting clo 

sure of the usual direct-current bridge across the 
conductors of the called line permits back-bridge 
relay 205 to energize over the called line, through 
the back contacts of armatures 2 and 3 of the re 
stored ringing relay 206. At its back contacts , 
relay 205 open-circuits and restores unitS-trans 
fer relay 20. At its contacts 3, units-transfer 
relay disconnects pick-up lead PU to prevent 
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16 
subsequent reoperation of ringing relay 206, and 
at its contacts 9, it ungrounds hold conductor 
226 permitting party registers PRI and PR2 to 
clear out. The opening of off-normal contacts 
ON of party register PR open-circuits and re 
storestens-transfer relay 209. 
As a further result of its operation, back-bridge 

relay 205, at its contacts 2, Operates Supervisory 
relay 202, through contacts 9 of busy relay 208 
and contacts 7 of release relay 204. Upon oper 
ating, relay 202, at its armatures I and 2 and 
associated contacts, reverses the direction of flow 
Over the talking conductors of trunk CT for 
whatever purpose may be desired. This opera 
tion is utilized in many systems to operate call 
meters, to give Supervision at the SWitchboard of 
a calling operator, and the like. - 
A18. Clearing out the established connection. 
When the conversation is terminated, and the 

subscribers have replaced their receivers, the 
established connection is cleared out as will now 
be described. 

It may be assumed that the called Subscriber 
replaces his receiver first, whereupon back 
bridge relay 205 restores and permits super 
visory relay 202 to restore. 
When the receiver is replaced on the calling 

line, line relay 203 restores, followed a moment 
later by the restoration of release relay 204. Re 
lease relay 24 is adjusted to restore reliably in 
spite of the self-locking circuit through 27 and 
contacts 7 of Such relay, as previously discussed. 
At its armature 7, relay 204 removes ground po 
tential from the local holding conductor 26, 
thereby permitting switching relay 207 to restore. 
At the front contact of its armature 4, relay 204 
disconnects ground potential from the sleeve con 
ductor S of the established connection, thereby 
clearing out selector apparatus S in the usual 
manner, and deemergizing the cutoff relays (fo3 
and 303) and lockout relays (02 and 302) of the 
calling and called lines, and hold magnets 04, 
06, 304, 305, and 307. By these operations, the 

entire connection is broken down. The connector 
C is again marked as idle by battery potential 
applied to the incoming sleeve conductor thereof 
through make-busy contacts 24, and back con 
tacts 4 of the release relay 204. 

B. Reverting call on party line #11 
The Way in which reverting calls are made on 

party lines will now be described. It will be as 
Sumed that the Subscriber at Substation 5 (Sub 
station 5 on line if f) desires to call another 
Substation. On the same line, SubStation 0, for ex 
ample. For this purpose, the Subscriber at Sub 
station 5 removes his receiver; waits for dial 
tone; and dials the directory number (71.10) as 
signed to the desired substation; replaces his re 
ceiver upon hearing the busy tone which is re 
turned by the connector Cl; waits a sufficient 
interval to permit the called substation on the 
Same line to be signalled; and then removes his 
receiver for conversation with the called sub 
scriber. 

It may be assumed that, responsive to the re 
moval of the receiver to initiate the call, a con 
nection is extended as previously described from 
the calling line # through primary and sec 
ondary Switches A and A2 of Fig. 1 selector ap 
paratus S, and that the connection is extended 
(on dialing hundreds 7) to the connector C (Fig. 
2), in which connector, relays 203 and 204 operate 
as previously described. 
When the tens, units, and party digits (1, 1, 
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tacts , whereupon connector C1 clears out com 
pletely and immediately. 

B3. Reverting-call lockout 
Upon the described removal of ground poten 

tial from the sleeve conductor of the connection 
previously established from line # i? to connector 
C, cutoff relay 03 associated with the calling 
line restores immediately, but slow-restoring lock 
out relay O2 remains operated momentarily. 
With a direct-current bridge now across the con 
ductors of line #1, line relay of immediately 
reoperates, through contacts of the restored cut 
off relay (03, and closes a locking circuit for lock 
out relay 102. Relay 102 is accordingly held op 
erated so long as line relay of remains operated. 
With relay O2 operated, no ground potential is 
extended to the associated conductors ST and 
in TG, wherefore no finder action is initiated. 
The calling and called subscribers may now con- ; 
verse over the line if f as desired, transmitter 
current being supplied through the windings of 
line relay 0. 
When the receiver is subsequently replaced at 

both substations, line relay foll restores, permit 
ting relay 02 to restore, returning the line cir 
cuit to normal condition. 

C. Subgroup line-finder lockout 
In Fig. 1, arrangements are provided for lock 

ing a subgroup of ten lines temporarily out of 
line-finder service, responsive to the encounter 
ing of a busy condition of the finder paths with 
respect to such subgroup. These provisions in 
clude the ten relays fill to 20, a separate such 
lockout relay for each ten-line subgroup. When 
line-finder action is initiated at any such sub 
group, the concerned one of the ten connecting 
relays 2 to 30 is operated to connect lead F-BU 
in cable 55 to the right-hand terminal of the 
concerned one of the relays if f to 20. If lead 
F-BU is then grounded by the line controller, re 
sponsive to a finder-busy condition, the con 
cerned one of the relays i? to 20 operates and 
locks, through contacts of the fifteen-second timer 
42, disconnecting the associated lead ST from 
the associated one of the connecting relays f2l to 
f30. By this arrangement, the concerned ten 
line subgroup is locked out of finder service un 
til the contacts of timer 42 next open, freeing 
the line controller for other finder calls, and for 
Connector calls. 

D. Permanent timing 
So-called permanent timing is employed at 

each of the connectors, being controlled by timer 
200 (Fig. 2). Each connector has a timer relay 
such as relay 20 of connector C. The timer 200 
is more or less arbitrarily indicated as a fifteen 
second timer. 
Whenever the connector C? is taken for use, 

the closing of contacts 5 of release relay 204 as 
(Sociates the upper winding of timer relay 20 with 
pick-up lead P1 of the timer 200. Such lead is 
arranged to be momentarily grounded, through 
contacts 25t and 252 of timer 200, at the begin 
ning of each fifteen-second cycle thereof, while 
Cutoff lead C0 is arranged to be ungrounded 
momentarily at the termination of Such cycle. 
With relay 204 operated, the next grounding 

of pick-up lead Pf results in the energization of 
the upper winding of timer relay 20 f. Relay 20t 
thereupon operates and locks itself, at its con 
tacts 2, through contacts 4 of relay 202, to the 
left-hand front contact of the operated line relay 
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203. At its armature and associated contacts, 
timer relay 20 disconnects the holding ground 
locally supplied to the front contact of armature 
4 of release relay 204 and substitutes ground on 
cutoff lead CO through contact 252. If nothing 
occurs to restore timer relay 20 before the end 
of the current cycle of timer 200 is reached, the 
opening of contacts 252 removes holding ground 
from the incoming sleeve conductor S of Con 
nector trunk CT, clearing out the connection 
from the calling line to the connector. This clear 
ing out causes the associated line circuit to as 
sume a lockout condition, as described herein 
before for line ill, Fig. 1, in connection with re 
verting calls. At this point, it may be noted 
that permanent alarm device 4 may be pro 
vided common to all the lines of the unit, to give 
a suitable alarm signal provided it is energized 
continuously, for a period of an hour or more, 
for example. 

Ordinarily, the calling Subscriber begins to dial 
the number promptly following the extension of 
the connection to the connector. In the Con 
nector C, when line relay 203 restores, responsive 
to the beginning of dialing, if relay 20 is op 
erated, the locking circuit thereof is opened, 
whereupon the relay restores. Relay 20 there 
after remains restored until the beginning of the 
next ensuing cycle of timer 200, whereupon it 
again operates, provided supervisory relay 202 is 
not in operated condition. The disclosed arrange 
ment provides for a similar delay following the 
dialing of each of the digits of the number. 
The tinner arrangement remains effective until 

the call is answered, whereupon the windings of 
relay 20 are disconnected at contacts 3 and 4 
of supervisory relay 202, remaining disconnected 
during conversation, 

If the called subscriber replaces his receiver at 
the end of conversation, before the calling Sub 
scriber replaces his receiver, the timing arrange 
ment again becomes effective responsive to the 
restoration of supervisory relay 202. Then, if 
the calling subscriber does not cause the connec 
tion to clear out before the timer 200 has finished 
its next complete cycle of operations, contacts 
252 separate with relay 20? operated, causing the 
connection to be cleared out as previously noted. 

E. Miscellaneous connector provisioS 
Certain miscellaneous provisions of the con 

nectors will now be described. 
E1. Start ledds 

Start leads GEN-ST, TN-ST, and TI-ST are 
provided in Common to all the connectors. 
Throughout the time connector C is in use, re 
lease relay 204 maintains lead T-ST grounded 
to maintain timer 200 in operation. 
At its contacts f, release relay 203 grounds lead 

TN-ST, so as to start the tone-supply apparatus 
into operation to deliver appropriate tone cur 
rent to common lead BT. This start lead remains 
grounded until Switching relay 207 operates to 
open its contacts 2, at which time it becomes un 
grounded unless busy relay 208 is operated to 
close its contacts , which condition obtains, as 
described, when a reverting call is made. 
Upon the operation of switching relay 207, its 

contacts ground lead GEN-ST, through con 
70 

5 

tacts f of the then operated units-transfer relay 
20. This lead is employed to startringing equip 
ment 24 i into operation. When unitS-transfer 
relay 2f 0 is restored, by back-bridge relay 205, 
? GEN-ST is ungrounded at contacts of relay 

?? 
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E2. Tone leads 
As previously noted, at its contacts 2, busy 

relay 208 applies busy-tone current to the call 
ing line from common lead BT. During a revert 
ing call, busy relay 208 remains in operated con 
dition until after the call has been answered, and 
continuously applies busy-tone current to the 
calling line throughout the ringing operation, 
except that back contact of ringing relay 206 
opens the busy-tone circuit during each ringing 
cycle to prevent the joining together of common 
leads BT and RT. It may be noted that the 
presence or absence of a tone on the calling line 
during reverting-call ringing is immaterial, since 
no one is listening on the line at that time. . " 
At its front contact 1, ringing relay 206 con 

nects ringing-tone lead RT to the calling line as 
an indication that the called substation is be 
ing signalled. The current applied to ringing 
tone lead RT may be obtained from the ringing 
equipment 24. 

F. Line controller-Finder calls 

The operation of the line controller of Fig. 5 
in handling finder calls will now be described. 
It has been previously described that start relay 
508 operates on the initiation of each call within 
the 100-line unit, whether such call be a finder 
call Or a connector call. If the call is a finder 
call, transfer relay 507 is not operated, the latter 
relay operating only on connector calls, 

F1. Starting the cycle timer 
At its contacts. 1, start relay 508 grounds con 

ductor 559 to prepare a circuit for clearout relay 
52 and to control the choice allotter. Relays 
50 and 5 immediately operates through the 
right-hand front contact of relay .508. At the 
left-hand contact of the same armature, relay 
508 operates relay 509. The operation of relay 
509 is delayed slightly by its normally short 
circuited upper winding, to give relays 50 and 
5 time to operate first. 
Upon operating, relay 509 removes the short 

tact 3, to render the relay fast-releasing. At its 
front contact 3, a short-circuiting ground po 
...tential is applied to the left-hand terminal of 
relay 50, so as to cause the relay to restore as 

50 upon restoring, extends short-circuiting 
ground potential to the left-hand terminal of 
relay 5ft, causing the latter to restore as a slow 
acting relay. The restoration of relay 5 com 
pletes this timing cycle and operates the clear 
out relay 52 (through contacts 2 of relay 509 
and contacts f of relay 5) to clear out the 
line controller by opening its contacts 2. This 
clearing-out operation is sufficiently delayed by 
"the slow action of relays 50 and 5 to permit 
the completion of the regular operation of the 
line controller, as will be described. 

F2. Setting the secondary test relays 
At its contacts f, the relay 599 of the cycle 

timer applies ground potential to conductor. 55 
through the back contacts of transfer relay 
507, to operate finder call connecting relay 53. 

* Upon operating, relay 53 grounds conductor 
576, and connects the even conductors 2, 4, and 
6 in the associated conductor Subgroups A, B, 
and C, and conductors 2 and 4 in Subgroups D 
and E respectively, to the high-resistance lower 
'windings of secondary test relays 534 to 544, 
'546, ... and .547. Each . of the above-mentioned 

22 
leads is the control from a separate one of the 
thirteen finder-action secondary switches. Of 
these leads, secondary control lead CA2 is shown 
in Fig. 1, being the control lead of secondary 
Switch A2. For example, if the secondary 
Switch A2 (Fig. 1) and associated trunk FT are 
idle, Secondary test relay 534 operates over the 
following circuit: from ground, through contacts 
of relay 533, high-resistance lower winding of 

10 relay 534, contacts of relay 53, secondary con 
trol lead CA2, make-busy contacts for, left-hand 
winding of hold magnet 06 of secondary A2, 
sleeve conductor Sintrunk FT, illustrated con 
tacts of equipment S, and through the associ 

5 :ated resistor to battery. 
Since relay 534 has a high-resistance lower 

winding (as has each of the relays 535 to 548), 
the flow of test current through the left-hand 
Winding of hold magnet 06 in the above-traced 

2?) circuit is insufficient to effectively energize such 
hold magnet. 
At its armature 2, each operated one of the 

Secondary test relays 534 to 548 prepares to place 
ground on the associated Secondary control lead, 

25 in shunt of its own high-resistance lower wind 
ing, to operate its associated secondary switch, 
preparatory to the matching operation to be de 
scribed. 

F3. Setting the primary test relays 
As previously described, the energization of 

any of the tem relays 3 to 140 (Fig. 1), con 
nects the five primary leads PA to PE respectively 
to the local control leads A to E of the concerned 

35 one of the tens subgroup TG to TGO. Leads 
PA. to PE are connected to ground respectively 
through the high-resistance lower windings of 
primary test relays 526 to 530 in the line con 
troller. Accordingly, each of the relays 526 to 

40 530 now operates, subject to the primary switch 
with which it is currently associated being idle. 
For example, if the finder call being handled in 
volves a line in the first ten-line Subgroup, line 

, Fig. 1, for example, relay 3 is energized, 
circuit around its upper winding at back con- 45 wherefore, if primary switch A and associated 

link LiA are idle, relay 526 is energized over the 
following circuit: from ground, through the high 
resistance lower winding of relay 526, conductor 
PA in cable 55, contacts of relay 3 in tens 

a slow-acting relay. It will be noted that relay 50 subgroup TG, local conductor A of this tens 
subgroup, make-busy contacts 05, and thence 
to battery through the Winding of hold-magnet 
04. Hold-magnet G4 is not effectively ener 

gized over this circuit because of the high resist 
55 ance of the lower winding of relay 526. 

Each operated one of the primary test relays 
526 to 530, at its contacts 2, prepares an operating 
ground potential to the associated one of the 
primary control conductors PA to PE in Shunt 

60 of its own lower winding, preparatory to the 
matching operation to be described. 

F4. The matching operation ? ? 

The matching operation is performed by mar 
65ginal matching relays 520 to 524, which control 

matching in secondary subgroups A to E, re 
.. spectively. 

Matching relay 520 to 524 being marginal, the 
operation of any one of them is subject to ground 

70 potential being applied to the concerned one of 
the conductors 57 to 574 through the upper 
winding of at least two secondary test relays. 
Considering secondary Subgroup A, for example, 
if all three secondary test relays 534 to 536 are 

as operated, indicating that all three finder-action 
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switches are idle, ground potential fronti con 
‘ductor 576, grounded by relay 53, is applied to 
conductor 57 through all three upper windings 
of relays 534 to 536, through contacts of such 
relays. Then, if primary test relay 526 is op 
erated, indicating that the "A" primary switch 
in the calling primary subgroup is idle, relay 
‘520 operates through contacts of primary test 
relay 526, in series with the upper winding there 
of. Relay 52 operates if two or three of the 
test relays 534 to 536 are operated. "On the other 
hand, if only one of the relays 534 to 536 is cop 
erated, relay 529, being marginally adjusted, will 
not operate. 

For the present example, it may be assumed 
that all of the finder-action Secondaries in all 
subgroups are idle, in which case each of the 
secondary test relays employed for finder action 
operates. In this event, ground potential is ap 
plied to each of the conductors 57 to 53 through 
three windings, while ground potential is applied 
to conductor's 574 and 55 through two Wiradings 
teach. Assuming further that each of the primary 
test relays 526 to 530 operates, each of the match 
ing relays 520 to 524 operates, indicating a match 2: 
in each Secondary Subgroup. 
At its contacts 2, each of the relays 520 to 524 

disconnects reserve-control relay 525 from 
grounded conductor 576, wherefore relay 525 is 
prevented from operating. At its contacts 3, each 
"of the matching relays 520 to 524 extends a 
partial connection to the associated one of the 
operating conductors 58 to 585, in preparation 
for the operation of a primary Switch and a 
secondary switch over one of the matched paths. 
At its contacts 5, each of the relays 520 to 524.joins 
conductors 562 with conductor 563, as an indica 
tion that the matching has been completed. 

F4d. Locking the matched condition 
At its contacts , each matching relay 520 to 

524 grounds conductor 569, thereby operating 
ground-control relay 533 to disconnect test po 
tential (ground potential) from the lower wind 
ing of each secondary test relays 534 to 548. "This 
operation is performed on each matching oper 
ation, regardless of how many of the matching. 
relays, 520 to 524, operate. From this point, no 
further secondary test relays can operate, and the 
continued operated condition of any one of the 
secondary test relays. 534 to 548 is dependent on 
the flow of locking current through the upper 
winding of such relay, and locking contacts 
thereof, which current flow obtains only if con 
tacts of the corresponding one of the primary 
test relays 526 to 53 are closed. 
In the assumed example (wherein all primary 

test relay and all secondary test relays concerned 
with finder action were operated) all operated 
secondary test relays remain locked operated 
notwithstanding operation of relay 533. For ex 
ample, relays 534 to 536 remain locked operated 
in the following circuit: from ground placed. On 
conductor 576 by relay 53, upper windings of 
relays 534 to 536, contacts of such relays, con 
ductor 57 f, contacts and upper winding of 
primary-test relay 526, and thence to battery 
through the winding of matching relay:520. The 
upper winding of any primary or secondary test 
relay is effective to hold such 'relay operated in 
dependent of other current flow through the lower 
Winding thereof. 

F5. Choice allotter 
Assuming that, on seizure of the line controller 

5 

35 
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is in the illustrated condition, with all relays re 
stored, as it normally is on seizure in five, the 
above described grounding of conductor 559 by 
start relay 508 closes a circuit through the back 

5 contact of the armature of driver relay 514, for 
the first counting relay 515, by way of chained 
contacts of counting relays 56 to 59, and bat 
"tery-supply resistor 564. Relay 55 thereupon 
ioperates. At its upper contacts, it locks itself 
in series with the lower winding of driver relay 
5f. Such winding does not energize immedi 
ately, being short circuited by ground potential 
maintained on conductor 559. At its inner upper 
contacts, relay 55 prepares a circuit for the 
Second counting relay 56, which cannot be closed 
until driver relay 5f 4 operates. At its inner lower 
contacts, relay 55 connects operate conductor 
560 to armature 3 of the first matching relay 520, 
whereby secondary subgroup A, which matching 
relay 520 represents, is given first choice at this 
time by the choice allotter. If this occurs at a 
time when matching relay 52) does not operate, 
the ground potential extended to armature 3 of 
relay 520 passes through the back contact thereof 
to the armature 3 of the second match relay 52, 
‘and so on down the chain to the armature 3 of 
the first operated match relay encountered. 

As fully described in my previously cited appli 
cation for Automatic Telephone Systems, the 

O 

3 choice allotter is so arranged that the grounding 
of conductor 559, incidental to a finder call or to 
a connector call, causes the next Succeeding one 
of the relays 55 to 59 (considered as endless 
chain) to operate and extend first choice to the 
concerned one of the match relays 520 to 524, 
Whose armatures 3 and back contacts are con 
nected in an endless chain. 

F6. Closing the operating circuits 

From the preceding description, it will be re 
-called that, when the primary and Secondary 
Selectrmagnet action has occurred, ground po 
tential is extended, through one or another of the 
five:Secondary off-normal contact pairs of Fig. 1, 
in Series with one or another of the five primary 
(off-normal contact pairs, to conductor PS-ON in 
cable '55. With this having occurred, as soon 
thereafter as the described matching operation 
has occurred, if it has not already done. So, oper 

150 ate relay 53 of the line controller is operated 
Over the following circuit: from ground on con 
ductor PS-ON in cable 55, conductor 562, con 
tacts 5 of one or another of the matching relays 
-520 to 524, conductor 563, back contact-6-of trans 

55 fer relay 50, contacts 3 of operated cycle time 
'relay 5, f, contacts 5 of clearout relay 542, and 
thence to battery through the winding of operate 
relay 53. Upon operating, relay 53, at.its con 
tacts 4, applies ground potential to operate con 

60 ductor 560, through back contact 3 of busy relay 
'505. 

In the aSSumed example, the choice allotter is 
now in its 'A' position (relay 55 operated, and 
relays 56 to 59 restored); each of the matching 

165 relays.520 to 524 is operated; each of the primary 
test relays 526 to 530 is operated; and each of 
the secondary test relays associated with finder 
actionis operated. Accordingly, the grounding of 
conductor 550 operates the 'A' Switch in the 

"70 calling primary subgroup, and the first finder 
action, Switch (A2) in the secondary.subgroup A. 
The operating circuit for SWitch A2 is as foll 

lows: from ground on operate conductor 560, 
contacts 3 of the operated choice-allotter relay 

the choice allotter, comprising relays 5F4 to:59, 75:545, iarmature 3 of matching relay 520 and its 
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front contact, conductor 58, armature 2 of sec 
ondary test relay 534 and its front contacts, con 
tacts of the operated finder-control relay 53, 
secondary conductor CA2, and thence to battery 
as previously traced, through the left-hand wind 
ing of hold magnet O6 of the secondary switch 
A2. Such secondary Switch is operated over this 
circuit to the exclusion of all other Secondary 
Switches. 
Assuming the call to be from a line in the first 

ten-line Subgroups, the operating circuit of the 

5 

10 

'A' primary switch is as follows: from ground, as 
previously traced, to conductor. 58, and thence 
through contacts 2 of the operated primary-test 
relay 526, primary conductor PA in cable 55, con 
tacts of relay 3, conductor A in TG, and thence 
to battery through the winding of hold magnet 
04 of primary switch A. 

F7. Clearing out the line controller 

15 

20 
In addition to closing the operate circuits as 

previously described, relay 5f 3 initiates the clear 
ing-out operation by closing a circuit, at its con 
tacts 2, for clearout relay 52, from grounded 
conductor 559. Upon operating, relay 52 locks 
itself to conductor 559 at its contacts f ; opens 
its contacts 2, without immediate effect because 
contacts 3 of operated relay 53 are closed; opens 
its contacts 3 to prevent application of ground 
potential to finder-busy conductor F-BU in cable 
55, in case cycle-timer relay 5 restores prior 
to the restoration of operate relay 53; at its con 
tacts 4, it further locks itself to conductor PS-ON 
in cable 55; at its contacts 5, it open-circuts re 
lay 53. Relay 53 remains operated for a mo 
mentary interval, being a slow-restoring relay. 
It therefore maintains operate conductor 560 
grounded at its contacts 4, to maintain closed the 
operating circuits of the matched primary and 
secondary switches, long enough to permit hold 
ing ground to be applied to the established con 
nection, as hereinbefore described. 
When operate relay 5 3 subsequently restores, 

it disconnects ground from operate conductor 
560, at its contacts 4; and at its contacts 3, it 
disconnects start relay 568 (clearout relay 52 
being in an operated condition), causing the op 
erated tens subgroup relays such as 3 and 2 
(Fig. 1) to restore. 
In the line controller, the disconnected start 

relay 508 now restores, whereupon the cycle 
timer, comprising relays 509 to 5, immediately 
clears out. The removal of ground potential from 
conductor 559, in addition to permitting the op 
eration (restoration or release, as the case may : 
be) of driver relay 5 4 of the choice allotter, 
open-circuits the operated clearout relay 52. As 
is indicated by the shaded upper portion there 
of, relay 52 is slightly slow-operating, and is 
somewhat slow-releasing. The slow-releasing 
characteristic keeps relay 52 operated long 
enough to insure that the concerned tens Sub 
group of Fig. 1 is cleared out before clearout re 
lay 52 restores, to reclose the control chain at its 
contacts 2. Additionally, with its contacts 4 
closed, clearout relay 52 cannot restore until 
restoration of the primary and secondary off 
normal contacts (Fig. 1) has occurred to un 
ground conductors PS-ON in cable 55. 
The restoration of the operated tens Subgroup 

relay 3 disconnects the primary control con 
ductors PA to PE in cable 55 from the control 
conductors of the associated primary Switches, 
rendering primary test relays. A to E dependent 
on current flow through their upper locked wind 
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ings. The opening of contacts, of cycle timer 
relay 509, permits the operated connector relay 
53 to restore. Ground is thereby removed from 
conductor 576, unlocking and restoring relays 520 
to 524, 526 to 530, and all operated ones of the 
relays 534 to 548. 
Upon restoration of relay 52, the line con 

troller is entirely cleared out, and its start chain 
is reclosed at contacts 2 of relay 52, to permit 
another call (either a finder call or a connector 
cal) to be received. 

F8. Alternative matching 
With further reference to the matching oper 

ation previously described, it will be apparent 
that when matching has occurred in Secondary 
subgroup A (involving secondary test relays 534 
to 536), if the first-choice secondary switch in 
the group is busy, secondary test relay 534 re 
mains in a restored condition. Then, the de 
scribed placing of an operating ground potential 
on conductor 58 extends ground potential 
through the back contact 2 of relay 534, to arma 
ture 2 of the second-choice relay 535. If such 
relay is in operated condition, the corresponding 
secondary Switch is chosen. On the other hand, 
if relay 535 then is in restored condition, the 
ground potential is further extended through 
back contact 2 thereof, to armature 2 of the then 
necessarily operated relay 536, causing the third 
choice secondary switch within the subgroup to be 
operated. 

F9. Reserve matching 
As previously noted, each of the match relays 

A to E is a marginal relay, so adjusted as to oper 
ate only when the current supplied thereto is 
equal to that obtainable through the upper wind 
ings of at least two secondary test relays, 
Matching relay 520, for example, cannot operate, 
even though primary test relay 526 is operated, 
if none of the associated secondary test relays 
534 to 536 is operated, nor if only One of Such 
relays is operated. If one or another of these 
conditions obtains with respect to each of the 
secondary subgroups, none of the relays 520 to 
524 operates initially, wherefore the circuit of 
slow-operating reserve-control relay 525 remains 
intact. Under this-condition, relay 525 soon op 
erates responsive to the grounding of conductor 
576. At its contacts 6, reserve-control relay 525 
locks itself directly to conductor 576, and, at its 
contacts to 5, it applies ground potential to 
each of the conductors 57 to 575. Each Such 
application of ground potential is by way of a 
resistor having a reistance similar to that of the 
upper winding of any secondary test relay, each 
such resistor being associated with a separate Sec 
ondary subgroup. Considering secondary Sub 
group A, for example, if there is no idle secondary 
switch in such subgroup, none of the relays 534 to 
536 is operated, and the ground-supply resistor 
connected to conductor 57 by relay 525 is the only 
circuit path effective to supply current to mar 
ginal matching relay 520, wherefore relay 520 still 
fails to operate. On the other hand, if any one 
of the relays 534 to 536 is operated, ground po 
tential is now supplied to conductor 57 through 
two similar resistance paths, permitting match 
ing relay 520 to operate, to render available the 
final, reserve secondary (in the concerned cate 
gory, finder or connector action) in the group: 

F10. All-finders-busy operation. ? 

In the preceding description, it was noted that 
5 the operation of relay 53 during finder action. 
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to extend ground potential to operate conductor 
560 is dependent, among other things, upon, the 
energization of one- or another of the-matching 
relays: 520 to 524 to join conductors 562, and 563. 
If no idle path can be matched between a calling 
line in the concerned tens subgroup and an idle 
finder trunk, none of the matching relays. 520. to 
524; can operate, either during the time: allotted 
to, thies regular matching operation or to the re 
serve: matching operation. In this event, the 
previously traced circuit for relay. 53: remains 
open, whereforesuch relay: does not operate pur 
Suant to the normal disposition of the call. In 
this event, the previously described operation of 
the cycle timer (comprising relays 599 to 5) 
proceeds to completion with relay 53 still unop 
erated. It will be recalled that the final step in 
the operation of the cycle-timer is the restora 
tion of relay 51, responsive to being short 
circuited upon the restoration of relay 5f 0. Up 
on restoring under the condition noted, relay 
SEE. disconnects the unoperated relay 53 at its 
contacts: 3, while at its contacts: f, it closes a 
circuit: for clearout relay 5i 2, through contacts 
2' and li of relays 559; and 598. Clearout relay 
52 is a slow-operating relay, as previously 
noted. During the interval required for relay 
5f2 to operate after its circuit is. closed, ground 
potential is momentarily applied to finder-busy 
conductor E-BU through contacts. 3, 2, and 4 
of relays: 52, 5, and 509, respectively. This 
application of ground potential suffices to Oper 
ate the concerned one of the subgroup-lockout 
relays to 20, for the previously described 
purpose. 
With operate relay 53 not in. Operated, condi 

tion, relay 52, on operating, immediately initi 
ates, the clearing-out operation by opening its 
contacts 2, such clearing-out operation then pro 
ceeding, as previously described. 

G: Line controller-Connector calls 
The operation of the line controller shown in 

Fig. 5 in handling connector calls will now be 
described. 

G1. Seiautre 
As previously" described, when the line con 

troller is seized, or called in, for a connector call, 
the operation in a connector of a chain relay 
(such as 2 of connector C) is accompanied by 
the previously described operation of transfer 
and start relays 507 and 508 of the line con 
troller. At its arnatures 3 and 4 and their as 
sociated contacts, transfer relay 507 locks itself 
to the control chain independent of the finder 
branch thereof, and isolates the end of the finder 
chain conductor F-CH-END in cable 55t. At 
its remaining contacts, transfer relay 507 makes 
the necessary circuit alterations to adapt the 
line controller for handling connector calls as 
distinct from handling finder calls. 

G2. Secondary test 
With transfer relay operated, the grounding 

of conductor 556 at contact of relay 509 results 
in the closure of a circuit, through the front con 
tact f of relay 507, and over conductor 558, for 
the connector-call connecting relay 532. Relay 
532 connects the odd-numbered secondary-switch 
control leads to secondary test relays 534 to 548 
respectively, all fifteen such relays being em 
ployed for connector calls, for there are fif 
teen connector-action (terminating) secondary 
SWitches: The Secondary test relays accordingly 
now set themselves in accordance with the busy 
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Or idle condition of the connector-action Sec 
ondary switches and associated terminating 
trunks. For example; if secondary switch B 
(Fig. 3)' to which terminating trunk TT2 ex 
tends, is idle, secondary test relay 537 now en 
ergizes over the following circuit: from ground 
through the contacts of ground-control relay 533, 
lower winding of relay 537, contacts of connect 
ing relay 532, winding of relay 537, contacts of 
connecting relay 532, control conductor CB, 
make-busy contacts 306, and thence to battery 
through the winding of hold magnet 305: Mag 
net 35 is not effectively energized-over the above 
traced circuit, because of the high resistance of 
the lower Winding of relay-537, but relay 537, op 
erates as described in connection with finder calls; 

G3. Primary test 
AS previously noted, the operation of a chain 

relay Such as 2 of connector C is followed in 
mediately by the operation of one or another of 
the tens relays 3 to 40, depending upon the 
value of the tens digit which has been dialed. 
Such relay connects the common primary con 
trol lead IPA to PE respectively to the control 
conductors of the associated subgroup of primary 
Switches, causing the primary test relays 526 to 
538 to set themselves according to the idle or 
busy condition of such primary switches. 

G4. Matching - 
The primary and secondary testing operations 

result in the operation of one or more of the 
matching relays 520 to 524, as, described in con 
nection with handling of finder calls. Thereupon, 
ground-control relay 533 is Operated to termi 
nate the secondary-testing operation as described; 

G5. Testing the called line 
AS soon as the tens and units, selection have 

been accomplished, by the described operation. 
of one or another of the tens-select magnets 
TM to TMO (Fig. 1), and the operation of one 
Or the other of the unitS-select magnets. UMI, to 
UMO, an operating circuit is completed: from 
ground on conductor PS-ON in cable 55?, through 
contacts 5 of transfer relay 597 and over sleeve 
operate conductor S in cable 552 for hold mag 
nets 40 and 402 of sleeve connectors. USC and 
TSC (Fig. 4). As shown in Fig. 10, USC is, a 
Switch in the primary group, and TSC is a switch. 
in the Secondary group. As a result, one or an 
other of the stackups of contacts is closed in each 
sleeve connector, connecting called-line-sleeve 
conductor CLS in cable 552 to the sleeve con 
ductor of the currently called line, such as sleeve 
Conductor S (Fig. 1) or sleeve conductor SOO. 
(Fig. 3). 
By this operation, the sleeve conductor of the 

called line is connected, through contacts 2 of 
test-cutoff relay 506, to the winding of ground 
connected test relay 593 in the connector group 
of the line controller. With hold magnets. 40 f. 
and 402 both in an operated condition, a series 
ground connection is made through contacts 
controlled by Such magnets, to test-start con 
ductor ST in cable 552, thereby closing a circuit 
for lower winding of busy relay 505 through back 
contacts 2 of idle relay 504. The testing of the 
called line is thereby started, the result, of the 
test being determined by whether or not test re 
lay 503 operates during either of the two suc 
cessive operating intervals. hereinafter discussed. 
The first interval is the one following the opera 
tion of the sleeve connectors, but preceding the 
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operation of busy relay 505, while the second 
interval is the One following the Operation of busy 
relay 505 (if it occurs), but preceding the opera 
tion of test-cutoff relay 506. Each of the relays 
505 and 506 is arranged to be slow-operating, by 
virtue of its normally short-circuited upper wind 
ing, but to be fast-restoring because each such 
relay opens the short-circuit upon operating. 

G6. The called line is idile 

If the called line is idle, test relay 503 now op 
erates over the sleeve conductor thereof, in series 
with the attached relays, such as 303 and 302. 
Upon operating, relay 503 closes an operating 
circuit for idle relay 504, from ground on the as 
sociated conductor ST. In this event, relay. 504, 
at its back contacts 2, disconnects busy relay 505 
before the latter relay has had time to operate. 
At its contacts 2, relay 594 locks itself to the asso 
ciated conductor ST; prepares, at its contacts f, 
to ground Switching conductor SW in cable 554; 
and, at its front contacts 3, prepares a circuit 
Over distributor-select conductor 56 to operate 
the distributor-select magnets of Fig. 4 in ac 
Cordance with which terminating trunk is to be 
selected by the distributor group. 

G7. Called line tests busy initially 
Assume now that the called line tests busy in 

itially; that is, that test relay 503 fails initially 
to Operate because the sleeve conductor of the 
called line is grounded. In this event, idle relay 
504 does not initially operate, permitting busy 
relay 505 to operate after a short interval. At 
the front contacts of its armature , busy relay 
505 grounds lead BU in cable 554, thereby im 
mediately operating the busy relay 208 of the 
connector C. 

G8. Reverting-call test 
At its back contacts 2, busy relay 505 removes 

the shunt from around sleeve resistor 555, and 
closes a circuit for the operate winding of slow 
operating test-cutoff relay 506, thereby initiat 
ing the reverting-call test. In explanation of 
this test, it may be assumed that the calling line 
is line if it, and that it has been extended by way 
of Switches A and A2 and selector apparatus Sl 
(Fig. 1) to the connector C (Fig. 2). In this 
event, the sleeve conductor being tested by relay 
503 is conductor Si f (Fig. 1), to which ground 
potential is applied (over the sleeve conductor S 
of the established connection) through front con 
tacts 4 of release relay 264. With chain relay 2 
operated in the connector C, the front contact 4 
of relay 204 connected, through front contact 
of chain relay 2, to sleeve conductor SL in cable 
554, which is then the sole supply of sleeve ground 
potential for the established connection. Prior 
to the operation of busy relay 505, ground po 
tential is connected directly to sleeve conductor 
SL in cable 554, through back contact 2 of relay 
505. Following the operation of relay 505, the 
sole supply of ground potential to the sleeve con 
ductor of the established connection is through 
resistor 555. The potential drop through resis 
tor 555 is insufficient to cause the release of oper 
ated relays such as i 02 and i 03, or of hold mag 
nets such as 04 and fos, but is sufficient to cause 
an idle-indicating battery potential to appear on 
sleeve conductor S of the calling line. Since 
test relay 503 is now connected to such sleeve 
conductor (through USC and TSC, Fig. 4), test 
relay 503 operates in parallel with resistor 555, 
subject to the called line being also the calling 
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line; that is, subject to the currently handled 
connector call being a reverting call. If it oper 
ates at this time, relay 503 brings about the 
operation of idle relay 504, and the latter relay 
locks operated. Relay 596 operates shortly foll 
lowing the operation of relay 595, disconnecting 
test relay 503 to terminate the testing operation. 

It will be understood, of course, that the de 
scribed line testing-operations proceed while the 
described Switch-testing and matching operations 
are occurring. 

G9. Distributor selection. 
If the call being handled is not a reverting call, 

and is directed to an idle line to which an idle 
Switching path can be matched, distributor selec 
tion is effected Over the following circuit: from 
ground on conductor PS-ON in cable 55 
(grounded only after tens and units selection have 
been effected), conductor 562, contacts 5 of one 
or more of the matching relays 52 to 524, con 
ductor 563, front contact 6 of transfer relay 507, 
front contacts 3 of idle relay 5 e4, back contacts 5 
of busy relay 505, distributor-select conductor 56, 
contacts of one or another of relays 55 to 59 
and of 520 to 524, one or another of conductors 
59 to 595, contacts of one or another of relays 
534 to 548, and thence to battery over one or an 
other of the distributor Select leads DS-1 to 
DS-5 in cable 55 and the associated magnet 
windings shown in Fig. 4. For example, if the 
B-choice relay 56 in the choice allotter is cur 
rently operated, and if B-match relay 52 and 
secondary-test relay 537 are operated, the dis 
tributor select ground on conductor 56 extends 
through the contacts 5 of relay 56, front con 
tacts 4 of matching relay 52, conductor 592, 
front contacts 3 of secondary-test relay 537, to 
distributor lead DS-2, closing a circuit for the 
upper winding of distributor-magnet DM2 (Fig. 
4) in series with distributor-magnet DM2. Mag 
nets DMI2 and DM2 are thereby energized to per 
form their respective functions. As explained in 
my previously noted application for Automatic 
Telephone Systems, select magnet DM Selects 
the eleventh (switching) stackup in the distribu 
tors, while magnet DM 2 performs no direct Se 
lective function, but Secures the closure of dis 
tributor-offnormal contacts DON i 1, 2. Mag 
net DM2 effects selection of the Second Stackup 
in the several distributors, also causing distribu 
tor-offnormal contacts DON 1, 2 to close. 

G10. Closing the Operating circuits 
During a connector call, the closing (over op 

erate conductor 560) of the operating circuits is 
effected, if at all, only after the distributor select 
magnets have been operated, whereupon the 
ground potential on distributor-select lead 56, 
to which conductor of pair DON in cable 55 is 
connected, is extended through distributor-off 
normal contacts DONI l ll, l 2 (Fig. 4), One or an 
other of the remaining off-normal contacts of 
the distributor, conductor 2 in pair DON, con 
tacts 3 of cycle timer relay 5f , back contacts 5 
of clearout relay 52, and thence to battery 
through the winding of operate relay 53. With 
busy relay 505 not operated, relay 53, at its con 
tacts 4, applies ground potential to operate con 
ductor 560. With relays 56, 52?, and 537 in op 
erated condition as previously aSSumed, the 
ground potential on conductor 560 is extended 
through contacts of relays 56, armature 3 and 
front contact of relay 52, to conductor 582. 
One branch circuit extends through contacts 2 
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of relay 527, to primary control conductor PB, 
to operate the 'B' switch in the concerned pri 
mary subgroup, while another branch extends 
through front contact 2 of relay 537, and con 
tacts of connecting relay 532 to Secondary-Con 
trol lead CB, to operate secondary Switch. Bl 
(Fig. 3). 
At its contacts , relay 53 applies ground po 

tential to conductor SW in cable 554, by Way of 
contacts of idle relay 54. If the calling con 
nection is in connector C, switching relay 207 
now operates, and closes the previously described 
operating circuit for magnet 304 of distributor 
DR, completing connection through the uppel' 
three pairs in stackup 2 of such distributor and 
by Way of terminating trunk TT2 to the operated 
Secondary SWitch B. 

G1. Clearing Out 
Additionally, relay 53 operates relay 52 to : 

cause the line controller to clear out as described 
in connection with the handling of finder calls, 
relays 5 3 and 52 restoring successively for this 
purpose. At its contacts 5, transfer relay 50 re 
moves ground from conductor S0 in cable 552, 
permitting sleeve connectors USC and TSC (Fig. 
4) to clear out. Any operated ones of relays 593 
to 586 responsively restore, as conductor CLS in 
cable 552 is disconnected and conductor ST in 
such cable is ungrounded. - - 

Gld. Regular-balSay clear"Out 
As described, if the called line is regularly 

busy (not busy merely because it is the calling 
line), busy relay 595 operates, and idle relay 504 
remains restored. With busy relay 595 operated, 
ground potential cannot be extended to dis 
tributor-select conductor 56, whereby distributor 
selection is not effected. With idle relay 564 not 
operated, operate relay 5f 3 cannot be operated 
to ground conductor SW in cable 554. 
When test-cutoff relay 586 operates, following 

operation of busy relay 535, a circuit is closed: 
from ground through front contact 4 of relay 505, 
back contact 3 of idle relay 504, contacts 3 of 
test-cutoff relay 506, to battery through the 
winding of clearout relay 5i 2. Operate relay 53 
being in restored condition, the opening of con 
tacts 2 of clearout relay 52 immediately re 
stores relays se8 and 507, and the concerned con 
nector chain relay, such as 2í í. 
When ground potential is removed, as de 

scribed, from conductor ST in cable 552, relays 
585 and 56 restore successively. The initial 
circuit of clearout relay 52 is thereby opened, 
permitting such relay to restore along with the 
other relays in the line controller. * ? 

G11b. Reverting-call clearout 
If the previously described testing operation 

determines that the call being handled is a re 
verting call, the operation of busy relay 565 is 
followed by the operation of idle relay 504. The 
opening of contacts 4 of busy relay 505 precludes 
grounding of operate conductor 560 by operate 
relay 5 3, while the operation of armature 5 of 
busy relay 5f3 (preceding the operation of relay 
594) precludes the application of ground potem 
tial to distributor-select conductor 56 . Op 
erate relay 513, under these conditions, is op 
erated over the following circuit path: from 
ground, through front contacts 4 of relay 55, 
front contacts 3 of relay 504, front contacts 5 of 
relay 595, front contacts 3 of relay 5, back con 
tacts 5 of relay 52, and thence to battery through 
the winding of relay 53. Relay 53, besides 
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initiating the clear-out operation as previously 
described, ground conductor SW in cable 554. So 
as to bring about the operation of a SWitching 
relay such as 207 in the calling connector, the 
busy relay 298 in Such connector having been 
previously operated by busy relay 505. 

G11c. Lost-connector-call clearout 
As previously noted, When the called line tests 

regularly idle (relay 504 operating and relay 505 
remaining restored), the closure of a circuit for 
operating relay 53 is dependent upon the clo 
sure of contacts 5 of one or another of match 
ing relays 520 to 524. If nome of these relays 
is able to operate by the time the cycle timer 
(comprising relays 509 to 5) completes its 
cycle of operations, relays 512 and 53 are still 
in restored condition. When cycle-timer relay 
5 restores. Under this condition, ground po 
tential is applied to conductor 565, through con 
tacts 3 of relay 5f 2, contacts 2 of relay 5f and 
contacts 4 of relay 509. Under the assumed 
conditions, the grounding of conductor 565 ap 
plies ground potential to lead BU in cable 554 
through contacts 2 of relay 507, and back con 
tact of relay 505, to operate busy relay 208 of 
the calling connector, to cause the return of 
a busy signal to the calling line as a notification 
that the desired connection cannot be completed. 
The line controller then clears out responsive 
to the operation of clearout relay 5 (2 by cycle 
timer relay 5. 

H. Translator arrangement 
The translator arrangement, in its simplest 

illustrated aspect, includes the translator group 
of relays (549, 550, 50, and 502 in the line 
controller, Fig. 5, part 1), the translator Ti 
of FigS. 6 and 10, and the reset bus bars 70 
to 720, Fig. 7. This apparatus suffices to supply 
what is herein termed number-transfer service, 
through which (a) a call for a disconnected line 
is transferred to a predetermined line of the 
group assigned to the intercept operator, and 
(b) calls are transferred to compensate for 
shifts in line locations which may be made from 
time to time to balance the traffic through the 
Several primary subgroups. Such rerouting 
(or call-transfers) eliminates the necessity, which 
Would otherwise arise, of a SSigning a new num 
bei to any line shifted from one primary sub 
group to another. 
The apparatus of Fig. 8, operating in conjunc 

tion with the above-noted translator group of 
relays in the line controller, and in conjunction 
With the apparatus of Figs. 6 and 7, provides 
for the economical handling of calls to groups 
of lines, Such as P. B. X groups. The appa 
ratus of Fig. 8 further provides for the routing 
of intercepted calls to the intercept operator 
Over one or another of a group of lines assigned 
to Such Service. 
The apparatus of Fig. 9, operating in conjunc 

tion with the translator apparatus of Figs. 5, 
6, and 7, as well as with the party registers such 
as PR.2 (Fig. 2, part 2) of connector C f, pro 
Wides intercept service with respect to any dis 
connected station on a party line. 

Referring now to FigS. 6 and 10, it will be 
observed that the Units translator Switch UT 
of translator Tí is an additional switch irh the 
primary group. Stackups f to 0 of switch UT, 
therefore, correspond respectively to units-se 
lect magnets UMi to UM0 of Fig. 1. 

Each of the translator Switches TTA and TB 



2,574,908 
33 

(Figs. 6 and 10) is an additional switch in the 
Secondary group. The ten Stackups I to 0 in 
either of the Switches TTA and TTB, therefore, 
correspond respectively to the units-select mag 
nets TM1 to TMO of Fig. 1. 
Any stackup I to 0 of translator switch TTA 

contains ten pairs of contact elements arranged 
to extend the five pairs of conductors X to X5 
(controlled respectively by stackups to 5 of 
switch UT) to five pairs of translator terminals. 
Each of the stackups to of the similar trans 
lator SWitch TTB is arranged to extend the five 
pair of conductors X6 to X (corresponding re 
spectively to stackups 6 to 0 of units translator 
switch UT) to five pairs of terminals. Accord 
ingly, the upper contact terminals of the contact 
pairs of Switches TTA and TTB comprise one 
hundred pairs of translator terminals correspond 
ing respectively to the one-hundred line numbers 
of the unit. For example, considering stackup 
of the Switches TTA and TTB, reading from 

top to bottom, the ten terminal pairs represented 
by the upper elements, elements of the contact 
pairs, reading from top to bottom, correspond 
respectively to line numbers to , normally 
assigned to the lines served by the first primary 
subgroup of Fig. 10. Stackups 2 to 0 in the two 
switches TTA and TTB correspond respectively 
to number groups of ten normally assigned re 
spectively to primary subgroups 2 to 0 of Fig. 
10, and each such stackup of the translator 
switch provides ten pairs of translator terminals 
corresponding respectively to the tem line num 
bers within the group of ten. 

H1. Number-transfer service 
When the unit is initially installed, the illus 

trated translator terminals (the terminal ends 
of the upper contact members of the respective 
contact pairs of switches TTA and TTB) are 
Ordinarily left unconnected, except for jumper 
connections such as those installed for a group 
of lines (such as a P. B. X group) having a 
common call number. 

It may frequently happen that the five line 
links serving a primary subgroup are overloaded 
because the primary subgroup contains more 
than its share of high-traffic lines, while the line 
links of other primary subgroups within the Unit 
are underloaded. The unbalanced traffic condi 
tion among the several primary Subgroups can 
be substantially eliminated by interchanging 
high-traffic lines of one Subgroup With low-traffic 
lines of another subgroup. The required inter 
changing of lines may be made conveniently at 
the usual main distributing frame (M. D. F.), not 
shown herein. When Such an interchange in 
line locations has been made, jumper pairs can 
be installed between the translator T of Fig. 6 
and the reset bus bars of Fig. 7 to correspondingly 
reroute calls for the shifted lines, to the end that 
calling the original number of any such shifted 
line results in the rerouting (or transfer) of the 
connection to the line at its shifted location. 

H1a. Translating line No. 21 to line No. 10 
it will now be assumed that One or more lines 

have been interchanged between the first and 
Second Subgroups, and that these shifted lines 
are to retain their original numbers. By way of 
example, it Will be a SSumed that the line bearing 
the initially assigned line number 2 has been 
Shifted from the Second primary Subgroup to the 
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which the line number it was initially assigned. 
Calling the original number 2 of this shifted 
line results in the establishment of a connection 
thereto provided a two-conductor jumper is at 
tached to the terminal pair 2 of the translator 
which corresponds to the initial number of the 
shifted line, and is extended to the reset, buS barS 
(70 and 72C) which correspond to the tens and 
units designation of the line in its shifted loca 
tion. Such a jumper is shown at 64, Figs. 6 and 
7, comprising a tens conductor T and a units con 
ductor U. With conductor 604 in place, calling 
a telephone number (such as 7211) containing 
line number 2 results in rerouting (or transfer) 
operations now to be described. 

It maay be assumed that the dialing of the hun 
direds digit 7 results in the extension of a con 
nection as hereinbefore described to the connec 
tor C of Fig. 2. In this event, the dialing of the 
line number (the tens and units digits 2 and 1 in 
the aSSurned telephone number) causes the tens 
and unitS registers TR, and UR, Fig. 1, part 2, of 
the connector C to be positioned according to 
the digits 2 and 1, respectively. The dialing of 
the station Suffix digit causes the party registers 
PR and PR2 to be positioned accordingly, foll 
lowing which chain relay 2 of the connector 
C operates, and the line controller of Fig. 5 is 
called in for connector action as hereinbefore de 
Scribed. 
With registers TR, and UR, positioned respec 

tively in accordance with tens digit 2 and units 
digit 1, the grounding of conductors 23 and 232 
by chain relay 2 fl energizes tens conductor T2 
in cable 242 and units conductor U in cable 248 
to cause the second tens select magnet, TM2 and 
the first units select magnet UN of Fig. 1 to be 
operated as hereinbefore described. The second 
tens group (the second primary subgroup) is re 
Sponsively selected in the secondary switch group 
shown in Fig. 10, and the first line in any primary 
Subgroup is selected in the group of primary 
SWitches. Except for the presence of the con 
ductors T and U comprising jumper 64 of Figs. 
6 and 7, the resultant action of the line con 
troller of Fig. 5, and of the sleeve connectors USC 
and TSC of FigS. 4 and 10 Would cause the con 
nection to be extended to the line now connected 
to the Switchboard terminals to which line #2 
was originally assigned (the first line position in 
the Second primary subgroup of lines), if idle. 
This, however, is prevented by translator action, 
now to be described, which causes the line num 
ber 2 received by the connector Ci to be erased, 
and causes the translated line number 8 to be 
Substituted. 
The Operation of the above-noted primary and 

Secondary Select magnets of Fig. 1 results in the 
previously-described application of ground po 
tential to conductor PS-ON in cable 55. The 
grounding of this conductor closes the previously 
described circuit, through contacts 5 of transfer 
relay 597 and conductor SO in cable 552, for 
Operating hold magnets 40 f and 402 of sleeve 
connectorS USC and TSC of Fig. 4. At the same 
time, the ground potential on conductor PS-ON 
is further extended, through normally closed con 
tacts controlled by armature 5 of cut-off relay 
50? in the translator group, to operate lead OP, 
extending to hold magnets 66 to 603 of trans 
lator switches TTA, TTB, and UT. 
Since the selecting apparatus of the secondary 

group of Switches is set in accordance With the 
dialed tens digit 2 (tens magnets TM2 of Fig. 1 

first, and that it replaces the line therein to 75 being energized), and since the selecting appara 
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H2. Single-trunk intercept service 
The Service through which a call for a dis 

connected line or station reaches an operator, to 
enable the calling Subscriber to be informed that 
the called line or station has been disconnected, 
is termed intercept service. Intercept service 
may be provided for the disclosed 100-line unit 
Over a Single line or trunk, connected in place 
of one of the Subscriber lines, or such service 
may be provided over a group of such lines or 
trunks, as the necessity may arise. It may be 
aSSumed that intercept service is provided for 
the disclosed unit over a single line, termed an 
intercept trunk. 

H2d. Line intercept 
Under the aSSumed conditions, if a line over 

Which Service has been given is disconnected 
(as When the Subscriber moves to another lo 
cality) a jumper similar to 604 may be extended 
from the corresponding terminals of one or 
another of the translator Switches TTA and TTB 
of Fig. 6 to the concerned ones of the tens and 
units reset bus bars to 720. With this jumper 
in place, the calling of the number of the dis 
connected line causes reset operations to be con 
trolled thereover as described hereinbefore for 
jumper 604 to transfer the call to the line used as 
an intercept trunk. This causes the described 
cancellation of the original setting of the pri 
mary and Secondary Select magnets after the 
record of Such Setting is locked in on the trans 
lator apparatus of Fig. 6, and causes the select 
magnet apparatus of the primary and Secondary 
groups to be reset in accordance with the above 
noted intercept jumper connections. The con 
inection is extended in accordance With the re 
Setting, all as hereinbefore described. 

H2b, Individual station intercept 
if One or more individual stations on a party 

line are disconnected, leaving the line in use for 
other Stations still connected thereto, calls to 
the line in question are to be intercepted subject 
to being also for a station Which has been dis 
connected therefron. The distinction between a 
call for a disconnected Station. On a line and 
for Some other station thereon is made through 
the use of a Second party register for each con 
nector (such as register PR2, Fig. 2, part 2, for 
the connector C), in conjunction with the ap 
paratus of Fig. 9. 

Referring to Fig. 9, a suitable number of party 
line relays, such as 96 and 902, is provided ac 
cording to the maximum number of party lines 
likely to require individual station intercept Serv 
ice at any one time. When any party line re 
quires individual station-intercept Service, a 
jumper such as 6 is extended from the corre 
sponding units terminal in one or another of 
the translator SWitches TTA and TTB to block 
93, and is connected to the terminal therein of 
the concerned party-line relay, such as 98 or 
962. An associated terminal in block 903 is 
jumper-connected (as by one of the jumpers 
94) to the station bus bar 9 to 92 which 
corresponds to the station digit assigned to the 
station which has been disconnected from the 
line. For example, if line F2 is a party line 
from which station has been disconnected, 
jumper 6 and the first jumper in group 94 
are installed. The installation of the illustrated 
jumper 6 results in the closure of the following 
circuit path when the tens and units digitS (0 
and 2) designating the party line in question have 
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been dialed, and the select-magnet and trans 
lator apparatus have been positioned in accord 
ance thereWith: from ground through back con 
tact 4 of intercept relay 549, units conductor 
U in group 6 fi, the lower contact pair in stackup 
2 of units translator UT, conductor U of group 
X2, a closed contact pair in stackup O of tens 
translator SWitch TTA, jumper 697, to battery 
through the Winding of relay 90. Relay 90 now 
Operates to ground each associated jumper ter 
minal in block 903, but without effect unless a 
Station bus bar (9 to 920) to which one such 
jumper extends has been rendered effective by 
the Second party register of the connector 
through which the line controller of Fig. 5 has 
been called in. 
ASSuming that the connector of Fig. 2 is the 

One aSSOciated With the line controller, and that 
the disconnected Station on the called line #02 
has been called, the Operation of relay 99 closes 
an Operating circuit for the upper Winding of 
intercept relay 549 from ground over the first 
jumper 904, station bus bar 9, conductor. If 
in cable 246, the closed first contact pair of party 
register PR2, conductor 234, contacts 7 of the 
operated chain relay 2 ?, conductor PI-IC in 
cable 554, to the upper Winding of relay 549. 
Upon operating, relay 549 closes a locking cir 
cuit for its lower Winding, through its own con 
tacts and contacts 3 of start relay 508 SO as 
to remain operated after its initial circuit has 
been opened. At its contacts 2 and 4, relay 543 
disconnects conductors T and U in group 6, 
thereby rendering ineffective the translator ap 
paratus of Fig. 6, open-circuiting and restoring 
the operated intercept relay 90. This operation 
opens the initial circuit of relay 549, but leaves 
it locked operated through its lower Winding. 
At its front contact 4, relay 549 grounds con 

ductor 832, but this conductor is a jumper which 
is installed only when intercept Service is pro 
vided over more than one line, a case to be here 
inafter considered. 
At its contacts 5 and 6, relay 549 prepares to 

extend a connection to terminals 500, but this 
connection remains open at the contacts of relay 
550 for the time being. 
At its contacts 3, intercept relay 549 closes a 

local circuit for test relay 562 which thereupon 
operates with results as hereinbefore described. 
These results include the operation of cutoff re 
lay 59 to cancel the initial primary and second 
ary select-magnet setting. Following this, the 
sleeve connectors of Fig. 4 clear out, and reset 
relay 550 operates in the self-locking circuit of 
relay 50, followed by the restoration of test 
relay 502 to reactivate the testing apparatus of 
the associated connector group of relays. When 
the selecting apparatus has been reset. 
With relay 549 operated, the operation of re 

set relay 550 applies ground potential to each 
of the terminals of pair 500. A two-wire jumper 
(not shown) similar to jumpers 64 and 606 is 
extended from terminal 500 to the reset bus bars 
of Fig. 7 corresponding to the line used as an 
intercept trunk. The consequent grounding of 
such bus bars causes reset operations as here 
inbefore described to occur to complete the call 
to the line assigned to the intercept operator. 

It Will be evident that calls to any one of sev 
eral stations that have been disconnected from 
the same party line may be independently inter 
cepted, one for each jumper Such as 904. 

Referring again to Figs. 6 and 7, it will be ob 
served that the translator pair of terminals of 
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-Operation with respect to the associated one of 
the reset conductor pairs RS2 to RS5 in cable 553. 
When reset relay 550 operates as hereinbefore 

described, it grounds reset conductors 564 and 
565 to thereby ground one or another of the five 
pairs of reset conductors RS to RS5 in cable 
553, depending upon the current setting of the 
choice allotter (relays 54 to 5f 9). In the present 
example, it may be assumed that the choice al 
lotter is in its first position (relay 55 operated 
and relays 5.6 to 519 restored), in which case 
conductors RS in cable 553 are grounded, giving 
first choice to the line with which the first test 
relay 803 is currently associated. In this event, 
with test relay 803 operated as described, the 
ground potential on conductors RS is further ex 
tended, through contacts of relay 89, to the 
conductors in jumper 830, thereby applying reset 
potential to bus bars and 7 ft. The ground 
ing of these bus bars causes the secondary and 
primary Selecting apparatus to be reset for the 
corresponding line selection, Whereupon the con 
nection is extended to the line corresponding to 
the reset Selection. 
From an inspection of Fig. 8, it will be apparent 

that (under the assumed conditions) if the first 
line is busy (relay 803 not onerating) the reset 
ting ground potential on conductors RS is ex 
tended to the contacts of the second test relay 
8)4. If the associated line is idle, relay 34 is 
onerated and the grond potential on conductors 
RS is extended to terminas T2 and U2 in block 
89, by way of contacts of relay R0. The reset 
jumner (not shown) extending from these ter 
minals to the reset bus bars of Fig. 7 is thus 
rendered effective to direct the connection ac 
cording to the tens and units location of the Sec 
ond line of the group. 

in a similar manner, if the group contains ad 
ditional lines, the ronnection may be completed 
to anv S7cceeding line of the grono. For exarn 
ple. it maw be completed to the fifth line of the 
gron restronsive to the ground potential on con 
durºtors RS. heing extended through hack con 
tacts of relavs 83 to 8G and front contacts of 
relay 87 to terminals T5 and U5. If no line of 
the group is idile. nome of the relavs R3 to 890T 
Onerates. Wherefore no reset connection is es 
tahlished. In this event. relavs 599, 5 , and 52 
of the cvre timer cooperate to gro11nd busy lead 
BTT in cahle 554 to calise a buisv signal to be re 
turned to the calling line as described. 

It is to he inderstood that, by the action of the 
choice allotter of Fig. 5, part 2, the preference 
nav stand at any one of the five test relays 83 
to 89, when a call is made to a group of lines, 
and that therefore, the line associated with any 
one of the five test relays may have the prefer 
ence to receive the call if it is idle. In this re 
gard, it will be observed that the armatures and 
back contacts of relays 803 to 80 are intercon 
nected in an endless chain. 
One advantage of the illustrated and described 

arrangement for shifting the preference from 
line to line of a group is that the traffic load of a 
group is thereby distributed more evenly over 
the lines thereof, and consequently more evenly 
to the concerned primary subgroups. A resultant 
advantage over the usual fixed-choice arrange 
inent is that a defect in no single line can block 
the eventual effective extension of a connection 
to a line of the group. For example, if a, call is 
made to the group and the line first reached is 
defective, the likelihood is great that a replace 
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ment of the call Will result in an extension of 
the connection to a different line of the group. 

It, Will be understood that the calling of another 
group of lines will result in the operation of 
another connecting relay similar to 80 or 802 to 
connect the test relays 803 to 86 with the sleeve 
jumpers and reset jumpers of the lines of such 
other group, wherefore the test relays 833 to 807 
are used in common by all Such groupS. 

H4. Plural-trunk intercept service 
It is sometimes highly desirable to extend two 

or more lines (usually termed intercept trunks) 
from the disclosed line unit to the station of the 
intercept operator, and to make arrangements 
for the extension of a connection to the intercept 
operator over any idle one of such lines. In Fig. 
8, connecting relay 802 is illustrated as allotted 
to a group of lines extending from the disclosed 
line unit to the station of the intercept operator. 
When relay 892 and its associated terminal block 
8 are used for this purpose, the previously de 
scribed jumpers (not shown) connected to termi 
nails 500 are removed; jumper 832 is installed to 
associate station-intercept relay 549 with group 
relay 802, and jumpers such as 83 are installed 
for calling in relay 892 in response to a call to a 
disconnected line. Additionally, the sleeve and 
reset terminals in block 8 are jumper-Con 
nected to the concerned sleeve conductors and 
reset bus bars as described in connection. With 
relay 80 and terminal block 89. 
With jumper 832 in place, the previously de 

scribed operation of intercept relay 549, respon 
sive to the calling of a disconnected station on a 
party line, results in the grounding of jumper 832 
at front contact 4 of relay 549 to operate con 
necting relay 892. This relay makes appropriate 
connections to the windings and contacts of test 
relays 893 to 87 to cause the lines of the intercept 
group to be tested and to cause the selecting ap 
paratus to be reset to direct the connection to an 
idle one of them. 
When a call is made to a disconnected line, a 

jumper such as 83 f is thereby connected up 
through the translator apparatus of Fig. 6 to 
operate connecting relay 82, along with test re 
lay 502 in the translator group, thereby directing 
the connection to an idle line leading to the sta 
tion of the intercept operator rather than to the 
terminals of the disconnected line. 

I claim: 
1. In an automatic telephone system, a switch 

board including a group of sets of line terminals 
divided into similar subgroups, a group of line 
links for serving lines connected respectively to 
said sets of terminals, said line links being divided 
into corresponding subgroups each containing 
Sufficient links to Serve the lines connected to the 
corresponding subgroup of terminals provided the 
subgroups connected lines are generally in bal 
ance from the standpoint of the traffic thereover, 
trunks serving said lines through the medium of 
said links, switching apparatus for interconnect 
ing any set of line terminals and connected line 
with any idle line link in the corresponding Sub 
group and for interconnecting the line links with 
said trunks, the sets of line terminals having tele 
phone numbers assigned respectively thereto, 
normal means responsive to the extension of a 
connection to an idle one of Said trunks and to 
the transmission thereover of SetS of digit, im 
pulses in accordance with the telephone number 
of any said set of line terminals for operating said 
Switching apparatus to extend the connection to 
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such line terminals and connected line by way of 
an idle line link in the concerned subgroup, said 
lines, being connectable to. Said sets of terminals 
and being thereafter capable of being shifted 
from subgroup to subgroup to balance the traffic 
among subgroups, and overriding means re 
sponsive to the extension of a connection to an 
idle: one of said trunks and to the transmission 
thereover of sets of digit impulses in accordance 
with the telephone number of any said set of line 
terminals from which the line has been shifted 
for disabling said normal means. and for in 
diwidually translating the called telephone num 
ber into the telephone number aSSigned to any 
one of said Sets of line terminals to which Such 
line may have been shifted, said automatic 
SWitching apparatus being thereupon responsive 
to the translated number, rather than to the dis 
abled said normal means, to extend the connec 
tion to the shifted line in its new location. 

2. In an automatic telephone system as set 
forth in claim 1, with the Overriding means re 
cited therein being hereintermed first overriding 
means, Second overriding means effective when a 
Station has been disconnected from a called party 
line for translating the number of the discon 
nected Station into a number for routing the call 
to a line of the group assigned to serve as an 
intercept trunk, and means giving said second 
Overriding means preference over said first over- ; 
riding means when both apply to the same called 
telephone number. 

3. In a Switching system, a group of selective 
primary SWitches and a group of selective sec 
Ondary Switches serially related for the extension 
of connections, separate multi-position selecting 
apparatus for each group, any switch in either 
group being operable to complete any one of a 
number of connections, depending upon the posi 
tion currently occupied by the associated select 
ing apparatus, sets of translator terminals, each 
Said group including at least one switch common 
to the remaining switches thereof, means effective. 
When a desired connection is to be completed for 
correspondingly Setting the selecting apparatus 
of each group and for operating a common switch. 
of each group to complete a series connection 
through a common Switch of the other group to 
a set of translator terminals determined jointly 
by the setting of the selecting apparatus of the 
two groups, sets of reset bus bars associated with. 
the two groups of Switches respectively, said reset 
bus bars and Said translator terminals being 
adapted to terminate conductors comprising rela 
tively temporary connections between them, 
means for energizing a bus bar in each set over 
the Said connection dependent on concerned ones 
of said relatively temporary connections having 
been previously extended respectively thereto 
from the connected translator terminals, and 
means responsive to Such energization for cancel 
ing the initial setting of the selective apparatus 
of the two groups of switches and for resetting 
Such Selective apparatus in accordance with the 
energized bus bars. - 

4. In a Switching System, (a) a group of sepa 
rately numbered Sets of line terminals, lines bear 
ing similar respective call numbers and LlOrminally 
connected respectively to said terminal sets, sets 
of translator terminals also bearing similar re 
Spective call numbers, reset conductors connect 
able to any set of translator terminals in accord 
ance With the shifted location of any line which 
has been shifted from one terminal set to another, 
(b) a group of primary switches and a group of 
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44 
secondary switches serially related for the ex 
tension of connections to said sets of line termi 
nals, each Switch group further including a 
sleeve-connector Switch, the sleeve-connector 
switch of either group, being serially related with 
the one in the other group for the extension of 
preliminary test connections to the sets of line 
terminals, each switch group further including a 
translator switch, the translator Switch of either 
group being serially related with the One in the 
other group for extending connections to the sets 
of translator terminals, (c) separate multi-posi 
tion selecting apparatus for each Switch group, 
any switch in either group being operable to make 
any one of a number of connections depending 
upon the position currently occupied by the aSSO 
ciated selecting apparatus, (d) means responsive 
to the calling of the number assigned to a desired 
line for setting the selecting apparatus of the said 
groups in accordance. With Such number, (e) 
means for thereupon operating the sleeve-con 
nector Switches to make a test connection to the 
set of line terminals bearing the called number, 
means normally controlled over such test con 
nection for Operating a SWitch of each group to 
complete a connection to the called line by Way of 
the last-named set of line terminals subject to 
Such line being idle and to the sleeve-connector 
switches remaining operated, (f) means for oper 
ating the translator switches along with the said 
operation of the sleeve-connector switches to ex 
tend a connection to the set of translator termi 
nals bearing the called number, (g). means con 
trolled over the reset conductors, through the 
Connected Set of translator terminals when the 
number called is that of a shifted line for restor 
ing Said Selecting apparatus and for resetting it. 
in accordance with the number assigned to the 
set of line terminals. to which the called line has 
been shifted, (h) and means for restoring the 
Sleeve-connector SWitches and for reoperating 
them in accordance with the reset condition of 
the selecting apparatus. while maintaining the 
translator SWitches operated, the said switch 
Operating means then becoming effective to oper 
ate a switch of each group to complete a connec 
tion to the called line in its shifted location. 

5. In a Switching System, (a) a group of sepa 
rately numbered sets of line terminals, lines bear 
ing. Similar respective, call numbers and normally 
Connected respectively to said sets, translator ter 
minals also- bearing similar. respective call num 
bers, reset conductors selectively connectable to 
the translator terminals in accordance, with the 
shifted location of any line which has been shifted 
from one terminal set to another, (b) a group 
of SWitches for extending connections to said sets 
of line terminals, said switch group further in 
cluding a sleeve-connector switch for extending 
preliminary test connections to the sets of line 
terminals, Said switch group further including a 
translator Switch for extending connections to the 
Sets of translator terminals, (c) multi-position 
Selecting apparatus common to all the switches 
of the group, (d) means responsive to the calling 
of the number assigned to a desired line for set 
ting the Selecting apparatus in accordance there 
With, (e) means for thereupon operating the 
sleeve-connector Switch to make a test connection 
to the set of line terminals bearing the called 
number, means normally controlled over such test 
connection for operating a switch of the group 
to complete a connection to the called line by 
Way of the last-named set of line terminals sub 
ject to Such line, being idle and to the sleeve 
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connector switch remaining operated, (f) means 
for operating the translator switch along With the 
said operation of the sleeve-connector switch to 
extend a connection to its set of terminals bearing 
the called number, (g) means controlled over a 
reset conductor through the connected translator 
terminal when the number called is that of a 
shifted line for restoring said selecting apparatus 
and for resetting it in accordance With the num 
ber assigned to the set of line terminals to which 
the called line has been shifted, (ii) and means 
for restoring the sleeve-connector Switch and for 
reoperating it in accordance with the reset con 
dition of the selecting apparatus while maintain 
ing the translator switch operated, the said 
switch-operating means then becoming initially 
effective to operate a switch of the group to com 
plete a connection to the called line in its shifted 
location. 

6. In a Switching Systein, a group of Separately 
numbered sets of line terminals, lines bearing 
similar respective call numbers and normally 
connected respectively to said sets, a translator 
having sets of terminals also bearing similar re 
spective call numbers, reset conductors connect 
able to any set of translator terminals in accord 
ance with the shifted location of any line which 
has been shifted from one terminal set to another, 
SWitching apparatus for extending connections to 
Said Sets of line terminals, a sleeve connector for 
extending a preliminary test connection to any 
Set of line terminals, Selecting apparatus, means 
responsive to the calling of the number assigned 
to a desired line for setting the selecting appara 
tus according to the called number, means con 
trolled by the selecting apparatus for operating 
the sleeve connector to make a test connection 
to the set of line terminals bearing the called 
number, means normally controlled over such test 
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connection for operating said Switching appara 
tus under the control of the selecting apparatus 
to complete a connection to the called line by Way 
of the last-named set of line terminals subject to 
Such line being idle and to the sleeve connector 
remaining operated, means effective along With 
the Said Operation of the sleeve connector for 
operating the translator to extend a connection to 
its set of terminals bearing the called number, 
means controlled over the reset conductors 
through the connected set of translator terminals 
When the number called is that of a shifted line 
for restoring said Selecting apparatus and for re 
Setting it in accordance With the number assigned 
to the set of line terminals to which the called 
line has been shifted, and means for restoring the 
Sleeve Connector and for reoperating it in ac 
Cordance With the reset condition of the selecting 
apparatus while maintaining the translator oper 
ated, the Said Switch-or-erating means then be 
coming initially effective to operate the switching 
apparatus to complete a connection to the called 
line in its shifted location. 

JOHN BE LAWIY. 
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