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UNITED STATES 

1,563,599 

PATENT OFFICE. 

JAMES N. WALTERS, OF EAST ORANGE, NEW JERSEY, -ASSIGNOR TO AMERICAN TELE- 
PHONE AND- TELEGRAPH COMPANY, A CORPORATION OF NEW. YORK. 

TELEPHONE-EXCHANGE SYSTEM. 

Application filed September 19, 1928, Serial No. 663,668. 

To alt whom tt may. concern: 
Be it known that I, James N. Waurers, 

residing at Hast Orange, in the county of 
Essex and State of New Jersey, have invent- 
ed certain Improvements in Telephone-Ex- 
change Sy stems, of which the following is a 
speci ification. 

This invention relates to telephone ex- 
change systems and more particularly to sys- 
tems in which machine switching equipment 
is employed for establishing connections ‘be- 
tween subscribers’ lines. 

- In some systems of the above. mentioned 
character, a-central office sender.is employed 
which controls the selective movements of 
the mechanical switching equipment in ac- 
cordance with the directory numbers of de- 
sired lines. The calling subscriber causes 
the numbers to be. registered on the regis- 
ters of the sender through the operation of 
an impulse sending dial. <A plurality of 
central office senders common to a large 
number of subscribers’ lines are provided 
and an idle one of these senders is selected 
for the use of a subscriber immediately fol- 
lowing. the removal of the: subscriber’s. re- 
eeiver from its switchheok upon the initia- 
tion of a call. 

Tf, after initiating a call, the calling ‘sub- 
seriber neglects to dial the number of a de- 
sired line and still maintains the receiver off 
the switchhook, apparatus in the sender is 
operated to ¢ allow a predetermined period of 
time for the subscriber to begin dialing. 
‘Upon the termination of this time period, 
the calling subseriber’s line. is automatically 
routed to. a trouble desk and the sender is 
automatically released. This same opera- 
tion would occur when the calling line or 
substation apparatus is out of order to. the 
extent that the manipulation. of the dial by 
the subscriber does not. operate the registers 
in the sender. Upon’the automatic releas 
of the sender and the association of the call. 
ing line with a monitormg position of the 
trouble desk, a signal is lighted to indicate 

‘to the monitoring operator that such a line 
has been connected to her position. .'The 
nionitoriig operator thereupon: connects .a 
talking circuit to the line to make such in- 
vestigation as is necessary. 

If after initiating a call, a calling: sub- 
scriber only partly dials the number of a 
desired line and still maintains the receiver 
off. the switchhook, .a predetermined period 

of time is allowed for the remaining numbers 
to be dialed and upon the termination of 
this time period a signal individual to the 
office sender is operated at a sender monitor’s 
position on a-trouble desk of the office 
switchboard. In response to this signal, the 
monitoring operator first challenges ¢ the call- 
ing subscriber, over a jack associated with 
the sender, to determine from the calling 
subscriber, ‘if. ‘possible, the cause for the de- 
lay in esta rblishing the connection. If no 
response is veceived from the calling sub- 
scriber or if the calling subscriber responds 
and it is apparent that the calling line is in 
trouble, it is then desirable to connect the 
calling ‘line with a trunk circuit terminating 
at the trouble desk for further observation 
and until the trouble on a line is cleared and 
to release the sender so that it may revert to 
common use. 
It is the object of this invention to pro- 

vide means to. automatically restore the of- 
fice sender and to route the calling subscrib- 
er’s line to an ‘operator for observation, 
upon a delayed setting of the registers of 
said sender after .a° subscriber initiates a 

call. 
This object is attained by special control 

circuits which are governed by a time count- 
ing. device individual to the office sender. 
After a predetermined time interval .a cir- 

65 

16 

7s 

80 

85 

cuit is automatically established in such a’ 
manner that the sender is rendered busy and 

_ the translator switch of the sender is given 
an arbitrary setting to cause the sender to 
route the connection from the calling sub- 
scriber’s line, through the subscriber's dis- 
trict selector, to a permanent signal trunk 
circuit terminating on the trouble desk. The 
sender is then automatically released and a 
sional j is lighted in the trouble desk to indi- 
cate ‘such connection to the operator. 

This and other features of the invention 
may be more readily seen by refer ence to the 
following description considered in connec- 
tion with the accompanying drawings in 
which: 

Figure 1 shows one of a group of-sub- 
seribers’ lines terminating in a. full me- 
chanical office of the exchange, a diagtam- 
matic illustration of a rotary line switeh i In- 
dividual to the subscriber’s line, .a district se- 
lector -by means of which the calling sub- 
seriber may.extend connections into. various 
districts and offices of the: exchange, a sender 
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finder individual to the link circuit in which 
the district selector terminates, a permanent 
signal trunk circuit terminating in the ter- 
minal bank of the district selector and ex- 
tending to the trouble desk of the office, and 
a diagrammatic representation .of- an “in- 
coming selector, final selector and called 
line. 

Fig. 2 shows talking and signaling ‘ap- 
paratus associated with an office sender for 
indicating to a monitoring’ operator, the 
progress ‘of the sender in controlling the-es= 
tablishment of the connection, together with 
jacks by means. of which the operator. may 
talk with the calling subscrtber,. 0x ‘set..the 
sender for. routing a. connection to. the 
trouble desk directly through the district 
selector, and a portion of an “operator” s cord 
cireuit for use with such jacks. 

Fig..8 shows’a portion of. the control ciz- 
euits of the office sender and a ciass switch 
for altering the cireults of the sénder in-ac- 
cordance with the class of the ea Wl which ‘is 
to be established: 

Fig. 4 shows ‘a. portion of the circuits of 
the sender comprising’ a stepping relay, a& 
group of counting relays. and a. sequence 
switch for controlling these circuits. 

Fig. 5 shows the code registers of the send- 
er which ave set in accordance with the first 
two code or office designation digits dialed 
by the calling subseriber and a steering 
switch which successively associates: the code 
registers and the numerical registers shown 
in Fig. 6 with the dialing circuit extend- 
ing to. ‘the subscriber’s line. 

Fig. 6 shows. the translator switch.which 
assumes a. setting in accordance. awith the 
code set.tip upon the code registers of Fig. 
and WwW hich oT controls the setting..of the iss 
switch of [ig. 8, and the vouting of the de- 
sired eonneation. The numerical registers 
which are’set by the calling subscriber in ac- 
cordance with the numerical designation .of 
the desired line are also shown in this figure. 

Fig. 7 is a diagram showing the manner 
in which the several sheets of the drawing 
should -be arranged to show. as.much of « 
complete organization of circuits as is neces- 
sary to diselose.the invention. . 

“he calling subscriber’s.line C is of the 
usual type provided with a transmitter, re- 
ceiver and call bell and since it terminates 
in an automatic exchange, it is also equipped 
with an impulse sending dial S of the usual 

type. 
‘Che subscriber’s line-C terminates in-an in- 

dividual line switch 100 of the well-known 
step-by-step type. . In order. to. simplify 
the drawing only the wipers of the switch 
have been indicated, 

The district selector 150 disclosed in Fig. 
1 is of. the.general type shown in the patent 
to EK. B. Craft and J. N. Reynolds, 1,123,696, 
issued January 5, 1915.- To simplify the 

‘nolds-and Me FB. 
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drawing, only one of the five brush sets and 
a-portion of the corresponding terminal 
bank of this switch have been disclosed. The 
incoming and’ final selectors. 185 and 190 are 
of this same type but have been disclosed 
only diagrammatically herein. The. sender 
finder SF, Fig. 1, the time measure switch 
M shown in Fi ig. 2 the register steering 
switch RS and code registers “A and B, Fig. 
5, and the numerical registers TH, Hi, TP and 
U and the translator switch shown in Fig. 
6, are of the well-known. step-by-step type. 
With the exception of the sender. finder SF 
and the translator TS, the wipers of these 
switehes are restored by being advanced by 
their respective stepping, magnets forwardly 
to normal position. F inder switch SF and 
translator switch TS have no normal posi- 
tion, the wipers. thereof resting in-contact 
with the setting’ of bank terminals last em- 
ployed: by the switches. 

For controlling the circuits associated 
with the district selector and the cirenits of 
the . office sender, auxiliary switehes: are 
employed. The switches may be of the 
type disclosed in-the patent to J. N. Rey- 

Baldwin, 1,127,808, issued 
February 9, 1915, and known in the art as 
“sequence switches”, ‘The permanent signal 
imumk shown im Fig. Land the monitoring 
operator’s cord cireuit diagrammatically 
illustrated in Fig. 2 aré’of. the. type fully 
disclosed and described in the Patent No. 
1,509,851 to Edward F. Trapp, issued Sept. 
30, 1924. The different -pieces of apparatus 
employed in illustrating “the manner in 
which the invention is to be practiced hav- 
ing now been briefly described, itis thought 
that a clearer understanding of the inven- 
tion may-be had. from a description of. the 
manner. in which a. calling ne may. be 
connected tothe trouble desk. 

Initiation of a call by the calling subscriber. 

it will first: be assumed that the calling 
ubscriber removes his receiver from its 
switchhook .and_ properly dials a desired 
number and. that the connection is complete- 
ly established in the usual manner... Upon 
the removal. of the receiver from its switeh- 
hook,-a starting circuit is established for 
the line switch 100 in the manner fully set 
forth in the Patent No. 1,505,171 to F. A. 
Stesin, issued August 19, "1924, and -switch 
100. starts hunting for an idle.link circuit. 
The test terminals of busy dink cireutts sre 
rendered busy by ground. potential. on the 
niultiples. of: the test terminals 114 of such 
link cireuits:. "This ground-potential ig con- 
nected thereto through armature . contacts 
of sleeve relays corr esponding to relay. LOL, 
or through.the contacts of-sequence switch 

cams corresponding to cam 115, As soon 
as the test: wiper of. switch 100 encounters 
the test terminal 114 of an idle link cirenit, 
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which link. circuit. will. be assumed to. be 
the one disclosed in Fig. 1, battery potential 
will be: encountered nd the line switch 100 
will stop with its wipers in engagement with 
the bank terminals connected to such idle 
trunk, Battery potential is connected to the 
test conductor 114 through the: left-hand 
armature and normal. contact of relay 101 
and the contacts of cam 118 (1). 
Upon the seizure of the link circnit ter- 

mninating in the district’ seleetor 150, a ‘cir- 
cuit is established for sleeve relay 101 of the 
link, which may be traced. from battery 
through the winding of relay 101, the nor- 
mally «closed. contacts. associated with the 
left-hand armature of relay 102, the lower 
contact of cam 103 (1 to 214), bank termi- 
nal 104 and wiper 105 of line switch 100 and 
to ground through the winding of cut-off! 
relay 106. Relay 101 energizes in this cir- 
cuit "and establishes a cixeutt for line relay 
L07 of the district selector 150, which circuit 

from battery through the. right- 
107, the lower con- 

tact of cam 108 (1), the lower contacts of 
cam 109 and to ground through the, right- 
hand armature and alternate contact of re- 
lay 101 andthe lower contact of cam 181 
(17 to 15). Atthe alternate contact of its left- 
hand armature, relay 101. connects: ground 
potential to the multiples of test ter minal 114 
to mark the link circuit as “busy” to other 
line switches and-at the normal contact of 
this armature disconnects the source of bat- 
tery potential which up to the time the link 
circuit is seized marked the link. as “idle”. 

Relay 107, upon energizing, closes a cir- 
cuit for driving sequence switch 100 out of 
its normal position 1, into position 2,. this 
clreuit. extending from battery through the 
magnet winding of the switch, the upper 
left-hond contact of cam 111 (1), the inner 
right-hand armature and alternate contact 
of relay 107 and to ground at the. right- 
hand contact of cam 112 (1 to 6). Under 
the control of master cam 180, the sequence 
‘switch is driven into position 2,. in. which 
“position a circuit is closed from battery 
through the left-hand winding of differen- 
tial relay 102 and thence to ground at the 
upper lett. hand contact of cam 115 (2 to 
11). Relay 102, upon-energizing, closes a 
locking circuit for sleeve relay > 101 extend- 
ing through the. winding of welay 101, the 
make contact of the left-hand armature of 
relay 10°. the upper contact: of cam’ 108 
(18%, to 16), and thence as previously traced 
from. ground through the winding of cut-. 
off velay 106, this civeuit being maintained 
through - position 16. of the sequence switch 
or until relay 

test terminal 114, through the upper right- 
hand contact of eam 115. (2 to,181y4). 

102 becomes deenergized. 
Upon reaching position 2, the. sequence. ¢ 
switch connects a new ‘holding ground to 

As soon. as the sequence switch reaches 
position 134, a circuit is closed for the step- 

3 . 

ping magnet- 116. of the sender finder SF 
xtending from battery | through the inter- 

rupter contacts and winding of magnet 116, . 
conductor 117 the lower left-hand contact 
of cam 118 (134 to 2), the inner right-hand 
armature and alternate contact of relay y 107 
and thence to ground at the right- hand con- 
tact of cam 112, A circuit is ‘also closed at 
this time through the winding of stepping 
magnet -116, the winding of relay 123 ‘and 
thence to gr ‘ound at the lower left-hand con- 
tact of cam 115 (2 to 11).. Relay 193 does 
not energze at this time, however, since its 
winding is shunted by” ground connected 
through the armature and contact of relay 
107. As soon as the sequence switch 110 
leaves position 1, the initial energizing cir- 
cuit of relay 107 is opened. at ‘the. lower * 
contact: of cam 108, but this relay remains 
locked over a circuit extending from battery 
through its left-hand winding, left-hand 
armature and alternate contact, the. upper. 
left-hand contact of: cam 119 Gi ta 6), the 
lower contact of cam 120. (1 to 214), con- 
ductor 121, test wiper 122 and to ground 
on. busy terminals of the bank over which 
this Wiper moves. As soon, however, as an 
idle sender mechanism is found, the. wiper 
122 will: find. no ground potential on the 
terminal ‘corresponding to such idle sender 
and line relay 107 will thereupon cleener- 
gize, opening at its inner right- hand arma 
ture and alternate contact the circuit, ex- 
tending through the stepping magnet. 116 
and closing at the normal contact. of this 
armature, a circuit for driving sequence 
switch 110 out of position 2 and into posi- 
tion 3. This cireuit- may be. traced from 
battery through the magnet winding of se- 
quence switeh 110, the. upper vight- hand 
contact of cam 111 (2), the inner right- 
he md armature and normal contact of re- 
lay 107 and thence:to ground at the right- 
hand contact of cam 112. 

‘As soon as line relay 107 deenergizes, the 
shunt around the winding of relary 193 is 
removed at the inner right-hand armature 
and alternate contact of relay 107 and relay. 
128 energizes in sevies with stepping magnet 
116, the current. flowing through this -cir- 
oni, however, not being sufficient to cause 
the energization of mea onet 116. Atthe nor- 
mal contact of its left-hand armature, relay 
107 connects busy ground potential to the 
wiper 122, over conductor 121, the lower 
cont act of. cam 120, the upper left-hand con- 
tact of cam 119, the armature. and contact 
of relay 107 and. to ground through the 
lower contacts of cam 119, which busy 
round potential is maintained until the se- 

quence. switch passes out of position 214 or: 
until relay 123 hes time to energize and 
connect busy ground potential to the wiper 
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122 over its inner left-hand arihnature and 
alternate contact. 

Relay 123, upon enevgizing, in addition to 
connecting ground potential to the wiper i22, 
establishes a circuit extending over wiper 
122, conducter 300, the low er rt-hand and 
upper left-hand contacts of cain 801 and to 
battery through the winding of relay 302. 

upon energizing, closes a locking 
cirettit for itself extending ‘through its inner 
ight-hand armature and alternate contact 
to conductor 300 independent of the con: 
tacts of cam 801 and at its left-hand « 
tnre and alternate contact es ablishes aciT- 
cuit for advancing cluss sequence switch + 

20 Infitience of 
master cany 324, ito position 3. Phis ci 
cuit may be traced from battery through the 
magnet. winding of switch 806. the upper 
right- hand contact of cam 805 (1), eonduc- 
tore § 3804 and 805 and to ground 2 at ti he vight- 

et 

r me 

BUG 

hand armature end nornial contact of relay 
325. 

Relay 128, upon. energizing, also estah- 

shes an smpulsing circuit extending from 
the calling subscriber's line to the controlling 
relays of the register stecting awiteh RS 
which may be traced from battery through 
the winding of relay 307, concdu ctor 200, con- 
ductor 308, wiper 163 of switch SF, con- 
ductor 164, “condnet tor 165, the left- hand con- 
tact of cam 166, bank terminal 181 and 
wiper 182 of the line switch 100, thence over 
the calling subscribex’s line loop and through 
the impulse mechanism: §, .wiper. 188. and 
bank terminal 184 of switch 100, the left- 
hand contact of cam 160 (2 to 1014), con- 
ductor 161, wiper 162 of the switch SF, 
conductors 309. and 202 and. to grou 
through the left-hand winding of coil 8 
Relay. 307 energizes in this circuit and. es- 
tablishes a circuit for the slow-to-release 
lay 312 extending from battery through the 
winding of relay 812, conductor 311 and to 
evound | at the armature contact of relay 307 
and relay 312, upon energizing, establishes 
an obvious circuit for relay 3818. With re- 
lay 318. energized, the source of dialing tone 
314 is inductively associated through the 
right-hand winding of coil 310 with the im- 
pulsing circuit pr -eviously traced for trans- 
mitting a dialing tone to the calling sub- 
seriber to indicate to the subscriber that a 
sender has been associated with his line and 
is in readiness to-receivée.impulses- corie= 
sponding to:the number of the line desired. 
This tone circuit may be.traced from groun d 
through the secondary winding of the tone 
coil 956, the right -hand winding of coil 310, 
conductors 315 and 316 wiper 500: and the 
normal terininal of bank At of code register 
A, conductors 501 and. 502. and thence to 

- ground at the left-hand armature and nor- 

68 
mal contact of relay 503. 

As soon.as the office sénder is seized: and 
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the class sequence switch 806 moves out of 
position 1-and into position 8, a ciremit: is 
established for starting the time measure 
mechanism-at the monitoring position of 
the trouble desk to measure off a time period 
sufficient to allow the calling ‘subseriber to 
complete dialing. This starting circuit may 
be traced pen “ground through the contact 
of cam 82 1 (1341 to. 18), conductors 320, 319, 
318, 817, 213 and 219, the armature and nor- 
mal contact of relay 215, conductors 211, 
210 and 209, wiper 208 and the normal ter- 
minal of bank MP?.of switch M,. conductor 
207, the slow speed interrupter: 206. condue- 
tors 205 and 204, and thence to battery 
through the winding of relay 203. Relay 
203 energizes. in this circuit: as soon as im- 
terrupter 206 reaches a circuit closing posi- 
tion and closes. a locking circuit for itselt 
extending from battery “through its wind- 
ing, over conductor 914, through the wind- 
ing of relay 215, conductor 216, the. arma- 
ture.and contact of relay 203 and thence to 
conductor 212 and ground. at the contact of 
cam, 321i as previously traced. Relay 215 
does not energize in this circuit until the 
interrupter 206. reaches an open position. 
When. relay 215 does energize. a circuit is 
prepared for relay 217 which is effective as 
soon as interrupter 206. again reaches a cir- 
cenit closing position. This circuit for ‘re- 
lay 217 may be traced from battery through 
the winding of. relay 203, conductors 204 
and 205, interrupter 206, conductor 207, the 
normal terminal of bank M° and wiper 208 
of switch M, conductors 209, 210 and 211, 
the armature and alternate contact of: relay 
215, conductor 218, the winding of relay. 217, 
conductor 216 and thence:to. ground on.con- 
ductor 212 through the armature contact of 

- yelay 208. Relay 217, upon. energizing, 
closes a locking circuit. for itself extending 
from battery through the winding of. relay 
203, conductors. 214 and 219, the left-hand 
armature. and contact of relay 217, conduc- 
tor 211, the armature and alternate contact 
of relay 215,-conductor 218, the winding 02 
relay 217, conductor. 216, the armature and 
contact of relay 208 and thence to ground 
on conductor 212. 

At its right-hand armature contact, relay 
217 establishes a.circuit for-relay 222 which 
may be traced from-battery through the 
winding of relay 222, conductor O81, the 
inner right- hand armature and normal con- 
tact of relay 932, conductor 220, the right- 
hand armature and contact.of relay O17 and 
to ground on conductor 212. “Relay 222 now 
establishes a stepping cireuit for advancing 
the switch M under the influence of the slow 
interrupter 206 which may be traced from 
battery through the winding of stepping 
magnet 223, conductors 224 and 225, the left- 
hand armature and alternate.contact of relay 
992, conductor 205, interrupter. 206, conduc- 
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tor 207,:the strapped terminals 1-to 6 of 
bank M? wiper. 208, conductor 209 and 
thence:to: ground. at. the alternate contact. of 
the outer right-hand armature.of relay 229. 

During.the successive operation of relays 
208, 215, 217 and 220 and the advance of 
the switch M: from its normal position. to 
position 4 sufficient time. is measured .te en- 
able the calling subscriber to dial a part of 
the desired. number. Tf at the time switch 
M reaches position 4, the number has’ not 
been partly dialed a cireuit is automati- 
cally established to route the calling line to 
a trunk connected .to w« monitoring operator’s 
‘position and to release the sender so that it 
may return to its normal position for use.in 
making other: service connections. - Signal 
lamp'.167, in the monitoring operator’s posi- 
tion,.is,now. lighted from a circuit estab- 
lished: by connection. of the calling line to 
the trunk circuit. Upon the lighting of 
lamp: 167 the monitoring operator challenges 
the calling subscriber to obtain information 
regarding any trouble that might exist.in the 
“dialing subscriber’s station and to give: in- 
formation if necessary. The quick release 
of senders is a considerable saving in their 
use. -The cdeteil operation. will. be herein- 
after. described. : 
“When the number has been partly dialed 

at. thetime switch M has advanced to -posi- 
tion 4, no circuit will be established for re-. 
leasing the sender and switch M advances to 
position. 7. Sufficient: time. has now~ been 

measured to-enable the calling subscriber to : 
have conrpletely dialed: the desired number. 
If at the time the switch M reaches position 
7 the number has not been completely dialed, 
the switch M stops in position 7 since its cir- 
cuit is interrupted at the wiper 208 anda 
cireuit is established for the sender lamp 
226 which may be traced from battery 
through the lamp 226, conductor 227, the 
Ne. 7 terminal, 228 of the bank M*, wiper 
229, conductors 230 and 281, conductor 508 
and: thence to ‘ground at the armature and 
alternate contact of relay 504. Relay 504- 
is energized at this time since a circuit. was 
established through its winding upon the 
energization of relay 318, which circuit.ex-~ 
tends from battery through the winding of 
rélay 504, conductor 505; the normal ‘bank 
terminal of bank RS*, wiper 506, conductor” 
507 and thence to ground at the alternate’ 
contact of the inner vight-hand armature of 
relay 3138. 

If at the time switch M reaches position 
7 the steering switch RS has left normal po: 
sition, that is, a part of the desired line num- 
‘ber has been registered and’ the sender se- 
quence switch 400 has not left normal posi- 
tion, or is waiting for the completion of reg- 
istration in either positions 9 and 17, the 
lamp 226 will be lighted dimly through the 
winding of relay.563 and the connection. to 

3 

interrupter 518 or direct ground at relay 504 
will be interrupted at the armature contact 
of relay 568. If sequence switch 400 is in: 
position 1, the-cirevit for relay 563 may be 
traced frem ground at the inner right-hand 
armature of relay 818, conductor 507, wiper. 
506, the No. 1 terminal of bank RS}, conduc-. 
tor 472, the upper contact of cam 470, con- 
ductor 471, the left-hand winding of relay 
568, conductor 231. and thence to battery 
through the lamp 226 as previously traced. 
With sequence switch 400 in either position. 
9 or IT the circuit of relay 563 may be traced 
from ground at the inner left-hand arma- 
ture of relay. 318, over conductor “565, the 
‘lower contact..of cam 470 and thence to bat-- 
tery through lamp 226 as previously traced. 
‘If the register steering switch RS has 

moved off normal and the sender sequence 
switch is in. any position other than. posi-. 
tions: 9'and 17, the lamp 296 will be flashed 
over the circuit previously traced to the ar- 
mature and back contact of relay 568, con- 
ductor 508, the armature and normal contact 
of relay 504 and to ground through the fast 
interrupter 513. In response to. either’ a 
bright, dim or flashing signal on lamp 226, 
the operator at the monitor’s position chal- 
lenges the calling subseriber in a- manner 
to be hereinafter described. It will first be 
assumed. that the calling subscriber proceeds: 
within the required time interval to dial the 
digits of the desired number and that. the 
callmg subscriber desiring a connection with 
a line whose directory number is O A kland 
3612 proceeds first to dial the code letters 
© A to set the registers A and B: 

Setting the code registers. 

In response to the impulses transmitted by 
the sending dial §, corresponding to the code 
letter O, relay 3807 is. intermittently de- 
energized and the wipers of the code register 
A are advanced six steps over a circuit 
which may be traced from battery, through 
the winding of relay 508, conductor 512, the 
winding of stepping magnet 511 of the reg- 
ister A, conductor 510. wiper 509 and: the 
normal.terminal of the bank RS*, conduc- 
tor 323, conductor 322 and--thence to. ground - 
at the armature and back contact of stepping 
relay 307. Relay 508:is slow-to-release and. 
maintains its energization during the trans- 
mission of the series of: impulses through 
the winding .of stepping magnet 511 and 
upon its initial energization opens at its left- 
hand armature contact the circuit previously 
traced over. which dialing tone was. trans- 
mitted to:the calling subscriber’s line. Dur- 
ing the energization-of stepping magnet 511 
of the register: A, relay 514. energizes in 
parallel with the winding of relay 511 over 
a circuit which may be traced from battery - 
through the winding of relay 514, conductor. 
515, wiper 516, the normal terminal of bank 
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RS‘, lead A, the off-normal terminals of 
bank A? of the A: register as-soon as this 
register advances out of its normal position, 
conductor 518, the armature and contact of 
magnet 511, conductor 510, the normal ter- 
minal of bank RS?, wiper 509 and thence to 
ground on conductor 323 atthe armature 
and back contact of stepping relay 307. Re- 
lay 514 energizes in this circuit .and closes 
a locking circuit for itself independent. of 
the armature contact of relay. 807, which 
cireult ‘extends over the circuit previously 
traced through the winding of-relay 514, 
through the armature and. back contact of 
magnet 511, conductor - 323: and thence to 
ground atthe right-hand armature and con- 
tact of relay 514, Relay 514 and stepping. 
magnet 511 are thus maintained. energized 
over this circuit until: the stepping magnet 
511 has:moved its armature to substantially 
the full extent of its movement when the cir- 
cuit: through relay. 514.is opened atthe arma- 
ture contact of magnet .511.. Relay 514 thus 
mesures. that. the ‘stepping: magnet. 511 will 
operate. to the full extent of its. movement 
upon each energization thereof. At its left- 
hand armature.and. front contact, relay 514 
closes a. circuit: over conductor 519 for main- 
taining the slow-to-release relay 312° en- 
er oized during ‘each step. of. the register A 
“irrespective of the operation .of stepping 
velay-307. 

Upon. the. completion of the series of 
stepping impulses. through the winding of 
magnet 511 of the register Ay relay 503. de 
energizes and: at its lett- hand armature and 
normal contact establishes a circuit for re- 
lay 519, which may be traced.from ground 
at the left-hand armature and back contact 
of relay. 508; through the winding of relay 
519, conductor 328, ‘the upper left-hand and 
lower right-hand contacts. of cam ‘327, con- 
ductors 523 and. 607, wiper 606 and normal 
terminal of bank Ut-of the units register U, 
conductor 605, wiper 604 and normal ter- 
minal of bank T? of the tens register T. 
conductor 603, wiper 602 and normal: ter- 
minal of bank H* of hundred register H, 
conductor 601, wiper 600 and. normal ter- 
minal of bank TH: of the thousands regis- 
ter TH, conductor 522, wiper 521 and ‘the 
normal bank terminal of the bank Bt of the 
code. register B, conductor 520, wiper 517 
and the off-normal terminals of the bank A? 
of the code register A, lead A, wiper 516 of 
the steering switch RS. conductor 515 and 
through the winding .of. relay 514 to. bat- 
tery. At its outer left-hand armature and 
alternate contact. relay 519 closes a circuit 
from ground, over conductor 528, through 
wiper "597 in contact with the normal ter- 
minal of bank RS‘, conductor 526, the right- 
hand armature and back contact of relay 
508, conductor 525 and thence to. battery 
through the armature contact and winding 
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of stepping magnet 524 of the steering 
switch RS. Magnet 524: energizes: in this 
cireuit and advances the wipers of the steer- 
ing switch into. contact with. the No. 1 ter- 
minals of: the banks with which they. are 
associated, the circuit of magnet 524 being 
opened at the normal terminal of bank RS* 
as.soon as.the steering switch leaves normal 
position. 

With the.steering switch RS in position 1, 
a circuit is established for the -stepping 
magnet 530 of the code register B which 
may be. traced: from battery through. the 
winding. of ‘relay 503, conductor 512, wind- 
ing of magnet. 580; conductor 529, the No.1 
terminal of bank RS?, wiper 509, conductor 
828, the. outer-left-hand armature and. front 
contact of relay 318, conductor 329 and to 
ground at the armature and back contact: of 
relay 307, and magnet 530 in response to the 
successive deenergizations of stepping relay 
307 in accordance with the code letter A 
dialed by the:calling subscriber advances the 
wipers of the code register B.into position 2: 
Kach.*time the.impulsing. circuit is estab- 
lished throuch the winding of magnet -530, 
a circuit is established for relay 514-extend- 
ing from battery through the winding of 
relay 514,-conductor 515, wiper 516; the. No. 
1 terminal of bank. RS®, lead-B..the armature 
and: back contact. of magnet 530, conductor 
529, and thence. over the ‘circuit previously 
traced to ground:at the armature. and back 
contact of stepping relay 307. In the man- 
ner previously described, relay 514 insures 
that the magnet 530 will be completely oper- 
ated to cause the wipers of register B to be 
advanced a full step upon each energization 
of magnet 5380. 

Followi ting the completion of: the second 
series of code impulses, relay 503-deenergizes 
as previously described and again esti tblishes 
the circuit of relay 519 which may be traced 
over the circuit previously described to con- 
ductor 522 and thence through wiper 521, 
the off-normal terminals of bank B* of code 
register B, lead B. the No. 1 terminal of 
bank RS®, wiper 516 and thence to battery 
through the winding of relay 514. Relay 
519, upon energizing, closes.a Cirenit for ad- 
vancing the register, steering. switch RS out 
of position 1, into position 2. -The circuit of 
magnet 524 for advancing switch RS may 
be traced at this time from battery through 
the winding and armature contacts of mag- 
net. 524, conductor 525, the right-hand arma- 
ture and normal contact of relay 508, con- 
ductor 526, wiper 527, and the No. 1 bank 
terminal of the bank RS*, conductor, 581 
and thence to ground through the off-normal 
terminals of bank B? of-code register B and 
wiper 5382. 

As soon.as the steering switch RS Teaches 
position 2, a cirenit is established for relay 
583 which ‘may. be traced from batter: . 
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through both windings of relay 533, conduc- 
tor 534, the No. 2 terminal of bank RS', 
wiper 506, conductor. 507 and. thence to 
ground at the alternate contact of the inner 
right-hand armature of relay 318. Relay 
533 , upon energizing, locks through its right- 
hand armature and alternate contact to 
ground at the contact of cam 821, over con- 
ductors 319 and 820, and at the ‘contact of 
its inner left-hand armature establishes a 
circuit for advancing the translator switch 
TS, Fig. 6. 

Setting the translator switch and class 
switch. 

The circuit for advancing the translator 
switch may be traced from ‘ba uitery through 
the normally closed right-hand armature 
contacts. of relay 585, conductor 536, the 
armature contacts and winding of stepping 
magnet 608 of the translator switch TS, con- 
ductors 609 and 537 and thence to ground at 
the inner left-hand armature contact of re- 
lay 533. The translator switch under: the 
influence of stepping magnet 608 advances 
its wipers until one of the test wipers. 610 
oy 611 encounters a bank terminal: upon 
which test potential has been placed through 
bank terminals and wipers of the code reg- 
isters A and B, when a circuit is closed for 
relay 585. In the case assumed, code regis- 
ter A has been set in position 6 and the code 
register B has been set. in position 2 and, 
therefore, the circuit of relay 535 may be 
traced from battery through the normally 
closed right-hand armature contacts and low 
resistance left-hand, winding of relay 535, 
conductor 588, wiper 539 and bank terminal 
540 of bank A? of register A, conductor 541, 
wiper 542 and bank ter minal 543 of bank B? 
of register B, conductor 544, test. terminal 
613 and test wiper 610 of translator switch 
TS, the armature and normal contact of 
switching relay 614 and thence to ground at 
the armature contact of relay. 533, over ‘con- 
ductors 609 and 587... Relay 585, upon ener- 
gizing in this circuit, opens the operating 
cireuit of stepping magnet 608 at its right- 
hand armature contacts and removes the 
shunt from around its right-hand high re- 
sistance winding, so that relay 535 is main- 
tamed energized inthe circuit previously 
raced through both of its windings: 
iad the first code letter been R. instead of 
0, then the code register. A would be stand- 
ing in position 7 and the swit tching relay 614 
would therefore be energized over a-circuit 
extending from battery through its winding, 
conductor 615, terminal 564: of the bank At 
and to eround through wiper 547 and, there- 
fore, the test wiper 6lLw ould be employed 
for testing purposes rather than wiper 610. 
Banks BY B* and B* of the code register B 
are Cross connected to test terminals in the 
banks TS! and TFS? of the translator switch 

‘time by switch M 
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TS as desired to enable the translator switch 
to assume Vv arious positions corresponding -to 
combinations of positions assumed by the 
code registers A-and B. 

‘The translator switch is now get in the 
proper position fer controlling the class 
switch B06 and for controlling the district 
brush, district group, office brush and office 
group selections required to attain access to 
the office desired, which, in the case assumed 
is the O A kland offive, or 2 
office requiring the setting of the class switch 
into position 7. 
Upon the energization of relay 535, a cir- 

euit ‘is closed to advance the class switch 806 
out of position 3. which may be traced 
through the magnet winding of switch 306, 
the lower left-hand contact of cam 305 (38 to 
15), conductor 330, the left-hand armature 
and normal contact of relay 829, conductor 
3381 and thence-to ground at the alternate 
contact of the outer left-hand armature of 
relay 385. The class switch 806 continues 
to advance until class relay 329 becomes en- 
ergized.. Upon the class switch reaching a 
position corresponding to the class setting 
of the translator switch TS, if it be « assumed 
that the switch TS has been set in position 
4 for routing a call to the O A kland office, 
then when class switch 306 reaches position 
634 a circuit is established for relay 329 
which may be traced from battery through 
the winding of the relay, the upper left- 
hand and lower right-hand contacts of cam 
382, conductor 335, terminal 616 of bank 

‘'TS*%, wiper 617, conductors 618 and thence 
to ground at the alternate contact of the 
inner left-hand armature of relay 535. Re- 
lay 329, upon energizing, closes a locking 
circuit for . itself extending through its 
winding and‘the contact of: its inner ~right- 
hand armature to ground through the lower 
contact of cam 338 (4 to 17), and at the nor- 
mal contact of its right-hand. armature 
-opens the cireult previously traced over-con- 
ductor 218, wheretipon relays 215. and 217 - 
become deenergized and the counting of 

is stopped. Upon the re- 
moval of ground potential from conductor 
218, relay "93 2 becomes energized in series 

“with relay 999 over a circuit extending from 
battery through the winding of relay. 222, 
conctctor 991, the winding of relay 232, the 
trapped bank terminals of bank M! of 

sivit ch M, to ground at wiper 234, it being 
assumed that wiper 234 has been adv anced 
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through the operation of stepping magnet 
2238 to some position between its normal po- 
sition and position 7. 

Upon the energization of relay 232, a re- 
storing circuit is established for. the switch 
M. which may be traced from battery 
through the winding of stepping magnet 
293. the armature contacts of this magnet, 
“conductor 235, the inner left-hand armature 130-
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and contact. of relay 232. conductor 236, the 
inner. right-hand armature and contact of 
relay 299), conductor 237, the. strapped. bar 
terminals of bank M* of switch M and i 
ground through wiper. 234. As the wipers 
of switch AL pas ss position 7, the circuit of 
sender lamp 226 is maintained open at the 
outer right-hand ermature and contact 
relay 232.0 that the lamp 296 ig not operat- 
ed. As soon as the wipers of switch M rexeh 
position 8, the circuits previously eenced 
through the wi adings of relavs 232 and step- 
ping magnet .9 993 are opened and wiper 234 

of the switch M.is arrested with its wipers 
standing in position 8, which position is a 
normal ‘position for the switch. 

Relay 329. upon. ener sizing, also -cleses-a, 
civenit. for 4 cing the sequence: switch 
400 of the office sender out of position 1 and 
into position 2 preparatory. to controlling 

the. district selector in its. brnsh selection 
movement. This cireuit may be traced from 
battery. through the magnet winding of 
switch 400. the upper right-hand contact of 
‘am 401 (1)< conductor 402, the left-hand ar- 
mature and alternate contact of relay 829, con- 
ductor 831 and thence to ground at the outer 
left-hand armature and.contact of relay 535. 
To insure the movement-of sequence. switch 
400 from one stopping position to another, 
the circuit of the magnet of the switch is 
maintained over the master cam contact 403. 

Setting the numerical. registers, 

a
a
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Following the dialing of the code letters 
of the desired line designation, the calling 
subseriber dials the four numerical. digits. 
In response to‘the dialing of the first thou- 
sands digit 8, the thousands register TH. is 
advanced into position 8 through the opera- 
tion of the stepping magnet. 619. . The cir- 
cuit of: stepping magnet 619 may be traced 
from battery through the winding of relay 
508, conductor 512, winding of magnet 619, 
conductor 620, the No. 2 terminal of bank 
RS? and. thence over. the ‘circuit. previously 
traced to ground at the armature and back 
contact of stepping relay 807. During the 
transmission of each impulse through the 
winding of magnet 619, relay. 514 is ener- 
gized over a circuit extending through its 
windine. conductor 515. wiper 516, the No. 2 
terminal of the bank RS®. lead C, the arma- 
ture-and: back contact of stepping magnet 
619, conductor. 620: and ‘thence to eround 
over the circuit previously traced. Follow- 
ing the setting of the thousands register TH, 
the steering switch RS. advances into posi- 
tion: 8 preparatory to controlling the setting 

of the hundreds register: H. 
Ina simliar manner with steering switch 

RS in positions 3, 4 and 5, the hundreds, tens 
and units recisters BH. T and. U are set by 
their respective stepping magnets 621, 622 
and 623 over conductors 624, 625 and 626 

vespectively and the terminals of bank RS* 
of the steerlhg Sswite ‘hy and ‘during the opera 
tion of these magnets, relay 614 is ener xinod 
to Insure the pr oper oper ation of the mag- 
nets over Jeads D, & and. Ff, respectively, andl 
the Nog, 3) 4 and 5 terminals. of bank Re 
of the steering switch, 

District. brush selection. 

With sequence switch {10 of district se- 
lector 150 In- position. -8 and the sender. se- 
quence sw itch In postion 2,.a fundamental 
eivenit is establishec extending from the of: 
fice sender throu; oh ‘the windimeg of the con- 
trol relay 107 ef the distr ict selector for 
controlling the district selector in its brush 
selection-movement.-. This -hindamental cir- 
cuit may be traced from battery through the 
left-hand winding of relay 107, the upper 
right-hand contact of cam 119 (3), the lower 
left-hand contact cf.cam 119 (3 te.6), con- 
ductor .*%4, the inner right-hand armature 
and contact of relay. 128, wiper 125 of sender 
finder. switch SE. conductor 334, con- 
ductor 335, the. contact of class: ‘switch 
cam 336° (4. to 1814), conductor 337, 
the right-hand armature and-back contact 
of relay 404,:the lower right-hand’. con- 
tact of cam*405,. conductor 406, winding 
of sender stepping relay. 407, conductor. 408, 
the armature and normal contact of relay 
409, conductor 410, the inner left-hand arma- 
tuve and-back-contact-of relay 411; resistance 
element 412 and thence to ground through 
the left-hand. contact of cam 413 (2). Line 
velay 107 of the district selector and step- 
ping relay 407 of the office sender are ener- 
gized in this circuit. 

Relay 107, upon energizing, closes a cir- 
cuit for driving sequence switch 110 of the 
district seleetor.out of position 8 .and.-into 
position. 4.. his circuit extends from bat- 
tery through the magnet winding of se- 
quence switeh 110, the upper lett- hand con- 
tact. of cam 111 (3), the inner. right-hand 
armature and front contact of relay. 107 and 
thence to ground at the-right- hand contact 
of cam 112 (1 to 8). With the district se- 
lector sequence. switch 110-in position 4,-a 
circuit is now closed for the updrive magnet 
126 which extends from battery thr ough | the 
winding of magnet 126, the right-hand con- 
tact of cam 118 (4), the inner right-hand 
armature and front contact of relay. 107. and 
to sround atthe right-hand. contact of cam 
112. Magnet 126, upon energizing, presses 
the depending portion of switch shaft 127 
against. the constantly rotating updrive 
drum 196, ther eby causing the npward move- 
ment of the switch shatt. Upon the move- 
ment of sequence switch 110 out of position 
3, the initial energizing circuit of relay. 107 
which extends.thr ough i its left-hand winding 
and the. upper right- hand contact of cam 
119 is opened at the contact of cam 119, but 
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a locking circuit for rélay 107 is closed. at 
this: time through: its left-hand winding, left- 
hand armature anc: front contact. andi to: 
the fundamental circuit previously traced 
through the left-hand: contacts of eam 110. 

_ As: the switely shatt 127 approaches: its 
first bruslselection position, the shadt wiper 
128 cnvages the first coridueting’ portion of 
commutator segment 129 and a:shunt circuit 
is established around the winding of the 
sender stepping velay 407. which may be 
traceck from: battery through: the: left-hand: 
winding, left-hand. armature andi front con- 
tact of relay 107, the wpper left-hand: con: 
tact of cam 119: (1 to: 6), the upper contact of 
cann 120: (334 to 4), conductor 130, segment. 
129; wiper 128 and thence to: ground at. tle: 
right-hand contact’ of cai 134 (9 to 7%). 
Relay 10% is maintained energized over’ this 
shunt circuit, but sender stepping relay 407 
is caused to deenergize. As the switch: shiaft 
12% continues im its: wpward movement, the 
wiper 128 engages. an insulating portion off 
segment 129 and:the-shunt circuit previously. 
traced is opened; whereby the sender: step: 

ping: relay 407 again. energizes. Thus, dix- 

ea
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ing. the upaward movement of the switch: 
shaft, the sender: stepping relay 407 is: inter- 
ittently energized and deenergized. . 

Under the assumption that the translator 
switch has: been set into’ position 4, a.circult 
is established: upon the first energization of 
stepping relay 407% following the establish- 
ment of the fundamental circuit, which 
may be traced: from battery through the No. 
2 counting relay 414, the armature and: nor: 
inal contact of the No:.2’ counting’ relay. 415, 
lend 416, Fig. 6; terminal: 627 of bank TS* 
of the translator switch, wiper 628, conduc: 
tor 629, class switch: cam: 339; conductor 340, 
the upper left-hand contact of cam 417 (2), 
the lower right-hand contact of cam 418: (2), 
vonduetor 419; conductor 420; the normally 
closed contacts associated with. the. outer 
left-hand armature of relay 421,. the upper 
contact: of cam: 422 (1: to 2), the armature 
contact’ of stepping relay 407, conductor 423 
and thence to ground:through the upper con- 
tact of cam: 413° (1 to 2). Counting relay 
44, upon energizing’ in this’ circuit, closes. a 
locking: circuit for itself extending from bat- 
tery through: its. winding; the winding’ of 
counting relay 415; the armature and front 
contact: of relay 414; the upper contact: of 
cam 494: (2)° and: thence: to ground on con- 
ductor 425. Counting relay 415: does: not. en- 
ergize, however, until relay 407 deetergizes 
at the time the wiper 128 of the district 
selector engages the first conducting’ portion 
of segment 129. Upon the energization: of 
relay 415; the lead 416 is extended through 
the armature and: alternate contact of relay 
415, the armature’ and normal-contact.ot:the 
No. 1’ couxiting relay 427. and. thence to bat- 
tery throvgl the winding of the No, tT count- 

2 

ing: belay 426: Upon. the second: deenergiza- 
tion: of stepping’ relay 407,. relay 427 be- 
comes deenergized: and: connects lead: 416. to: 
the No. 0: counting relay 428. and in re- 
sponse:to the next deenergization: of stepping 
rélay 407. the Noi 0’ counting relay 499: is: 
energized, closing: a circuit. for driving: se- 
quenve: switch: 406 out of position 2 and: into 
position 4. Whis:circuit may. be: traced: from 
battery through the winding of sequence: 
switch magnet 400, the lower’ right-hand 
contact of cam 439. (2), the left-hand arma- 
ture and’ normal contact of relay 436, con~ 
duetor 440;. the. inner‘ right-hand armature: 
and. wormal contact of relay 421, conductor’ 
441! and: thence: to: ground’ at the armature: 
and contact:of: the No: 0° counting: relay 429. 

Sequenee: switch 400: upon leaving: posi- 
tion 2: opens‘the: locking: cirenits of all count- 
ingrrelays which have: been locked: up at the: 
right-hand: contacts of cam 424: (2).. At the 
time the: No. 0’ counting: relay: 429’ energized 
incvesponse’ to the last deenergization of step- 
ping: relay 407, relay 409 is: energized: mn 
parallel. therewith, opening at its armature 
and back contact the previously traced: 
fundamental cireuit extending through the 
windings of stepping relay 407 and control 
relay 107 of the district selector 150.. As 
soon thereafter as the wiper 128 engages: the 
next’ insulating: portion of segment 129; the 
circuit of relay 107 is: opened and: this re- 
lay deenergizes, closing’a circuit for driving 
the district selector’ sequence: switch. 110:.out 
of position. 4 and: into: position 5, this: cir 
cuit extending’ from: battery’ through. the 
magnet: winding of sequence switch 110, the 
upper: right-hand contact of cam 111 (4), 
the inner wight-hand armature and back 
contact: of relay: 107 and: thence:to ground at 
the: right-hand contact: of cam 112. As soon 
as relay 10% deenergizes: the circuit: previ- 
ously traced through the: updrive magnet 
496 is opened at: the inner right-hand: arma- 
ture anc: front contact: of relay 107 and the 
upward movement of the switch’ shaft is ar- 
rested. With. sequence: switch 110 in posi- 
tion 5 and the’sender sequence: switch 400 in 
position. 4, the fundamental circuit. previ- 
ously traced: is again established and relays 
107 and 407% again: energize. Relay. 107, 
upon energizing, causes the: movement. of the 
district. sequence: switch. 110° from position 5 
to: position. 6, the initial’ energizing cixeuit.of 
relay 107. being: opened: as previously de- 
seribed:at the: wpper: right-hand contact: of 

cam'119-as soon as'the-sequence switch leaves 
position 8, but relay 107 remaining energized 
over the fundamental: cireuit. through: its 
Jett-hand winding: and the. front. contact: of 
its. left-hand: armature: and the’ left-hand 
contacts: of cam’ 119: , 
* As soon’ as the-sender sequence switch 400 
reaches: position: 3,:a circuit is established 
through the right-hand: winding:of relay 102 
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at the district selector which may be traced 
from battery. through the winding of relay 
102, the upper right-hand contact of cam 
146 (1 to 10), the outer right-hand armature 
and front contact of relay 123, the lower con- 
tact. of cam. 147 (8 to 10), wiper 148 of 
switch SF, conductor 341, conductors 342 
and 348, resistance element 344, conductor 
845 and thence to ground on conductor 425 
through the upper contact of sender se- 
quence switch cam 480 (4 to 18). Relay 
102 is differentially wound, but due to the 
inclusion of resistance element 344 in the 
circuit of its right-hand winding the cur- 
rent flowing through the right-hand winding 
is not sufficient to differentially release the 
relay. As soon as sequence switch 110 
reaches position 4, relay 145 becomes ener- 
gized over a branch of the above traced cir- 
cuit extending through the upper. left-hand 

. contact of cam-146 (4 to.10) through. the 
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winding of relay 145.to battery. Relay 145, 
upon energizing, prepares a circuit for ener- 
gizing relay 107 when sequence switch 110 
reaches position 9 as will be hereinafter de- 
scribed. 

District group selection. 

As soon -as sequence switch 110 reaches 
position 6, the circuit. previously traced for 
the updrive magnet 126 of the district. selec- 
tor is again established through the right- 
hand contact of cam 118 (6) and the inner 
right-hand. armature and front contact of 
relay 107 and in the manner previously de- 
scribed switch shaft 127 is again driven up- 
wardly. Since at this time, however, the 
tripping spindle 136 has been rotated by the 
tripping magnet 135 which was energized 
in position 5 of sequence switch 110 over 
a circuit extending from battery through 
the winding of magnet 185 and the lower 
right-hand contact of cam 115 (5 to 7), the 
third set of brushes is now tripped upon the 
initial upward movement of switch shaft 
127 and during the continued upward move- 
ment of the shaft the brushes travel over 
the bank with which they are associated. 
The remaining four sets of brushes on the 
switch shaft are not tripped at this time 
and are, therefore, functionless. As the 
switch shaft approaches its first group selec- 
tion position, wiper 132 engages the first 
metallic portion of the group selection seg- 
ment 183 of the commutator and a circuit is 
closed in shunt of the winding of the sender 
stepping relay 407 which. may be traced 
from battery through the left-hand winding, 
left-hand armature and front contact of re- 
lay 107, upper left-hand and lower right- 
hand contacts of cam 119, conductor 134, 
segment 133, wiper 132 and thence to ground 
at the right-hand contact of cam 131 (9 
to 7). Relay 107 is maintained energized 
over this ctreuit and the sender stepping 
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relay 407 becomes deenergized.. As the 
switch shaft continues in its upward: move- 
ment and the wiper 182 engages the first 
insulating portion of segment 183, the shunt 
circuit is opened and sender stepping relay 
407 again energizes. In this manner during 
the further movement of the switch shaft 
in its group selection movement, the sender 
stepping relay 407 is intermittently en- 
ergized and deenergized. 

Upon the first energization of the step- 
ping relay 407 a circuit is closed for the 
No..0 counting relay 428, it being assumed 
that the calling subscriber has dialed such a 
code as to set the translator switch into po- 
sition 4, This circuit may be traced from 
battery through the winding of relay 428, 
lead 431, lead 481, Fig. 6, terminal 630 
of bank TS* of the translator switch, wiper 
681, conductor. 632, the contact- of class 
switch cam 846, conductor 847, the upper 
right-hand contact of cam 417 (3 to 4), the 
lower right-hand contact of cam 418 (4), 
conductors 419 and 420, the lower contact 
of cam 422 (3 to 4), the armature con- 
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tact of relay 407, conductor 482 and thence - 
to ground through the lower contact of cam 
413 (8 to 4). Counting relay 428, upon 
energizing, closes a locking circuit for. it- 
self extending through the winding of the 
No. 0’ counting relay 429, through the arma- 
ture and front contact. of relay 428 and 
thence to ground through the upper contact 
of cam 424 (4). Upon the first deener- 
gization of stepping relay 407, relay 429 
energizes in parallel with relay 409 and 
closes. at its armature and. front contact 2 
circuit: for advancing sequence switch 400 
out of position 4. ‘This circuit may be 
traced from battery through the magnet 
winding of sequence switch 400, the con- 
tacts of cam 442, the left-hand armature 
and normal contact of relay 486, conductor 
440, conductor 441 and thence to ground at 
the armature contact of relay 429. Upon 
leaving position 4 the locking circuit extend- 
ing through the windings of the counting 
relays 428 and 429 is opened at the contact 
of cam 424 and these relays thereupon de- 
energize. Relay 409, wpon energizing, opens 
the fundamental circuit at its armature and 
back contact thereby causing the deener- 
gization of line relay 107 of the district 
selector as soon-as wiper 182 engages the 
next insulating portion of segment 133. 

Relay 107, upon deenergizing, opens at 
its inner right-hand armature and front con- 
tact the previously traced circuit of the up- 
drive magnet 126 thereby arresting the up- 
ward movement of the switch shaft for po- 
sitioning the tripped set of brushes on the 
first set of terminals of the first group of 
terminals of the bank. At its inner right- 
hand armature and back contact relay 107 
closes the previously traced circuit for driv- 
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ing sequence switch 110 out of position 6 
and. into. position 7. In position 7,. relay 
107 energizes over a circuit extending from 
battery through its right-hand winding, the 
lower contact of cam 108 (7 to TY% ), the 
lower contacts of cam 109 and thence to 
ground through. the alternate. contact. and 
right-hand armature of relay 101 and the 
lower contact of cam 131. Relay 107, upon 
energizing, closes a. cirenit for ‘driving se- 
quence switch 110. out of position. 7 wand 
into position 8, which circuit may be traced. 
from. battery ‘through the magnet wind- 
ing of the sequence switch, the upper left- 
hand contact of cam 111 (7), the inner 
right-hand armature and alternate contact 
of relay 107, the upper. contact of cam. 112 
(7 to. 8). and thence to. ground at the right- 
hand armature and front contact of re- 
lay 102. 

Lrunk hunting at the district selector. 

A. soon as sequence switch 110 leaves: po- 
sition. 7, the initial energizing circuit of re- 
lay 107 is opened at the lower contact of 
cam 108, but relay 107 locks up over a cir- 
cult extending: from battery threugh its left- 
hand winding and, left-hand a “mature con- 
tact, the right- hand contacts. of cam 138, the 
outer right- hand armature and. front con- 
tact of relay 107. the lower contacts of cam 
139 (7 to 8) to the test brush 140 and if the 
first trunk of the second group-is. busy, to 
ground at. the test terminal of. such busy 5 
treak. U ipon reaching: pesition 8 with re- 
lay 107 energized, a civeuit. is- established 
for the updrive magnet 126 which may. be 
A aced. from battery thr ough the magnet 126, 
the lower right-hand contact of cam 118 (8 ); 
the inner right-hand: armature and. front 
contact: of relay LOT and thenee. to ground 
at the right-hand. contact of cam 112.- The 
updrive inagnet 126 upon energizing again 
dvives the switch shaft upw ardly 4 in search 
of an idle trunk in the selected. group. So 
long as the test brush 140 encounters the ter- 
minals. of busy tuunks, relay 107 remains 
locked up. When, however, an idle trunk 
is encountered which it will be assumed is 
the trunk terminating in terminals 186, 187 
and 188 extending to- an idle incoming Se- 
lector 185, the locking circuit of relay 107 is 
opened ane relay 107 deenergizes as soon as 
the brushes 152,156 and.140-have been prop- 
erly. centered: on the bank terminals of the 
selected trunk. Until the brushes are so 
centered, relay LO? vemains locked. up over 
a cit ‘cuit extending through its right-hand 
winding, the upper contact of. cam “108 (8), 
the brush eentering segment 144, shaft wiper 
148, the upper contact. ‘of cam. 118 (8), the in- 
ner right- hand armature and front contact 
of velay 107 and. thence to ground. at the 
right- hand contact.of cam.112. Upon.deen- 
ergizing, the circuit of the updrive thagnet 
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126 is opened at the inner right-hand arma- 
ture of relay 107 and the upward movement 
of the switch shaft is thereby arrested and. a 
circuit is closed at the inner right-hand ar- 
mature and back contact of relay 107 for 
driving sequence switch 110 out of position 
8 and into ‘position 9. Upon reaching posi- 
tion 814, busy er ound potential is connected 
to the mult ples of test terminal 188 of the 
selected trunk over brush 146 and the right- 
hand contacts of cam 138. 

Relay 145 being energized at this time as 
hereinbefore descy ibed, a cirewit is estab- 
shed as scon as sequence switch 110 reaches 
position 9 for again energizing relay 107, 
which circuit m: ay be traced from battery 
through the right-hand winding of relay 
107, the: lower contact of cam 108. (9 to 10), 
the. lower right-hand and upper left-hand 
contacts of cam 109 and thence to ground 
at the: armature contact. of relay 145. 
lay 107 upon energizing in this circuit closes 
xv circuit through its inner right-hand arma- 
ture and front contact for adva ancing" se- 
quence switch 110 out of position 9 and into 
position 10, in which position the funda- 
mental circuit is extended over conductors 
124 and 18 and through contacts of cams 
149: and 157 » thror ugh brushes 151 and 156, 
respectively, of the district selector sw iteh 
to the line relay (not shown) of the incom- 
ing selector switch 185. 
_ it will -be assumed that the line of the de- 
ived subscriber may be reached without em- 

ploying an office selector and that, there 
fore, the translator switch TS in positi ion 4 
establishes a civeuit for adv ancing the sender 
sequence switch.400 through positions 6 and 
8 which are or dinarily employed for con- 
trolling the selective movements of office se- 
lectors, into position 10, in which position 
a fundamenta l circuit is established for con- 
trolling the selective movements of the in- 
coming selector. When, therefore, sequence 
switch 400 leaves position 4 following the 
completion of district group selection and 
passes through positions 484 to 514, a cir- 
cenit is established for relay 483 which may 
be traced from battery through the winding 
of relay 433, conductor 434, the upper left- 
hand contact of cam 418 (4 18/ to BIA), the 
Jower right-hand contact of cam 7 43/4, 
to 6), conductor 435, wiper 633, terminal 634 
of bank 'TS® of the translator switch, con- 
ductor 635 and thence to ground at the outer 
right-hand armature and back contact of 
relay 436. Relay 483, upon energizing, 
closes a locking circuit for itself extending . 
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through the lower lett- hand contact-of cam . 
424. whieli locking circuit is maintained -en- 
ergized wnitil sequence switch 400 leaves po- 
sition.8. Act its left. hand armatiire ahd con- 
tact relay 483 closes a locking circuit for 
counting relays 498: and, 4299 which may be 
traced from battery through’ winding of xe- 180
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J ay 407, 

lay 428, the winding of relay 429, conductor 
443, the upper contact of cam 437 (5 to 8), 
the left-hand armature and contact of relay 
433, conductor 488 and thence to ground 
through the upper contact of cam 338 (3 
to 15). The No. 0’. counting relay .429 is 
thus: maintained energized until sequence 
switch 400 leaves position § and at its arma- 
ture and contact maintains the driving 
circuit of sequence switch 400 closed:so that 
sequence switch 400 is driven into position 10. 

Trunk test. 

With sender. sequence switch 400 in posi- 
tion 10 a fundamental circuit is closed 
through the winding of trunk test relay 349, 
Fig. 8, for testing the operative condition 
of the: selected inter-office trunk. This 
fundamental circuit may be traced in part 
from wiper 151 of selector 150, the right- 
hand contacts of cam 149 (10), conductor 
124, the inner right-hand armature and 
front contact of relay 123, wiper 125, con- 
ductor 3884, conductor. 335, resistance ele- 
ment 368, the contact of cam 248. (4 to 7), 
winding of relay 349, conductor 350, the 
contact of cam dad (934 to 10), the outer 
left-hand armature and. back contact of re- 
lay 411, conductor 351, conductor 352, wiper 

“159 of switch SF, conductor 158, the lower 
contacts of cam 157 and thence to brush 156. 
If the trunk tested is in proper operating 
condition, that.is, has-no open conductors, 
relay 349 energizes and at its armature-con- 
tact closes a cirenit over conductor 354. for 
energizing relay 433. Relay 433, wpon. en- 
ergizing, “closes a cixeuit for advancing ‘se- 
quence switch 400 into position 11, which 
cIrewuit may be traced from battery through 
the magnet winding of switch 400, conduic- 
tor 45, the lower contact of class switch 
cam 355 ‘(4 to T), the lower contact of cam 

(10), the left-hand. armature and .con- 
tact of relay 483. and thence to ground over 
conductor 488 andthe upper. contact of cam 
338 (8 to 15). 

With sequence switeh 400 in position 11 
a Jocal energizing circuit is established for 
relay 407 which may be traced from bat- 
tery, through the right-hand contact of cain 
456 (11), conductor. 406, windings of relay 
407, conductor 408, the armature and back 
contact: of relay. 409, the inner. left-hand 
armature and back contact of relay 411, re- 
sistance element 412 and thence to oround at 
the left-hand contact of cam 418 (11). Re- 

upon energizing, closes a circuit for 
advancing sequence switch. 400 into posi- 
tion 12 which may be traced from battery 
through the magnet winding of sequence 
switch 400, the lower left-hand contact ot 
cam 429 (14), conductor 428, the armature 
and contact. of relay 407, conductor 482 and 
thence to ground through the lower contact 
of cam 413 (11 to 12). 

1,563,599 

Incoming brush selection. 

With sequence switch 400 in position 12 
a fundamental circuit is established extend- 
ing from the office sender to the incoming 
selector switch which may be traced in part 
from brush 151 of the district selector over 
the circuit previously traced to conductor 
385, the contact of cam 836, conductor 337, 
the left-hand winding of overflow relay 45, 
the left-hand armature and back contact of 
relay 404, the lower contact of cam 456. (12 
to 16), conductor 406, the windings of step- 
ping relay .407, conductor 408, “conductor 
410, the inner. left-hand armature and back 
contact. of relay 411, the left-hand contacts 
of cam 458, conductor 351. and thence as 
oreviously traced to brush 156 of the dis: 
trict selector... The current flowing in this 
cireuit is notin the proper direction to oper- 
ate the polarized relay 457, but sender step- 
ping relay 407, however, energizes in this 
circuit. Under the assumption “that the nu- 
merical designation of the desired line is 
8612 and. that the callmg subseriber has 
therefore.set the thousands register TH into 
position 8, a circuit is now established for 
the No. 1 counting relay 426 extending from 
battery. through ‘the winding: of relay 426, 
the armature and back contact of relay 497, 
lead 475, lead 475, Fig. 6, terminal 636 of 
bank THE, wiper 637, conductor 6388, the 
upper contact of cam’ 446 (11 to 12), the 
lower. right-hand contact of cam 418 (12), 
conductor 419 and thence over the circuit 
previously traced through the armature con- 
tact of relay 407 and to ground at the lower 
contact of cam 418 (11 to 12). 

In the well-known manner the counting 
relays are operated and locked up in succes- 
sion. during the brush selection. movement 
of the incoming selector 185 until the No. 0’ 
counting relay 429 is energized in parallel 
with. relay 409, when the fundamental -cir- 
cuit is opened and a circuit is closed as pre- 
viously traced for advancing sequence 
switch 400 into position 14. When siviteh 
400 leaves position 12, the locking circuits 
of the energized counting relays are opened 
at the contact of cam 424 (12). 

Incoming group selection. 

With sequence switch 400 in position L4. 
the fundamental cireuit previously traced 
through the windings of sender. stepping 
relay “LOT is again closed. Relay 407, upon 
energizing, establishes a cirenit for the No. 
8 counting relay 447, it being assumed that 
the calling subscriber has set the hundreds 
register into: position 6. The circuit of relay 
447 may be traced from battery through the 
winding of relay 447, the armature and back 
contact of the No. 8’ counting relay 449, 
lead 448, lead 448, Fig. 6, the outer armature 
and front contact of “relay 639, which relay 
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Jiskiea for. the No. ‘counting 
which may be traced from battery through 

497, lead 475, lead 645, Fig. 
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is energized .at this time over terminal 640. 
of bank H* and wiper .641, terminal 642 of 
bank TH! of the thousands register TH, 
wiper 643, conductor 644, the lower lett. 
hend contact of cam 446 3 to 14), the 
lower right-hand contact of eam 418 (14), 
and thence over the circuit previously - traced 
through the contact of :relay 407 to ground 
at the upper contact of cam 43 (18 to 14). 
Counting relay 447, upon energizing, locks 
wp through the winding of No.8’ .counting 
relay 449, the armature “and contact of relay 
4A7 “and to ground through the..contact of 
cam 494. In the well-known manner during 
the BLOUuD., selection movement of the incom- 

ing selector 185, the counting relays operate 
and lock up in sliecession . until the No. .0’ 
counting relay 429. energizes in parallel with 
relay 409, when the fundamental circult, 1s 
opened : to arrest the selective movement of 
the incoming selector and Sequence .switch 
400 is; advanced i in a manner previously de- 
scribed into position 16. 

Final brush selection. 

With sequence switch 400 im position 46, 
the fundamental cireuit above traced - 
again established through the windings of 
sender stepping relay 407 and the winding 
of the control relay (not shown) of the 
final selector 190. ‘Upon the energization of 
relay 407 in this circuit, a circuit. is estab- 

relay 426 

the winding of relay 426, the armature.and 
back contact. of the No. -1’ .counting relay 

6, terminal. 646 
of the bank H® of the Mandredls register A, 
wiper 647, conductor 648, the- lower right- 
hand contacts of cams 446 and”..418 ‘and 
thence through the armature contact, of: re- 
lay 407 to groind at the: lower. contact. of 
cam 413. (15 to 16). “Relay 496 locks up in 
the. well-known. manner through the. winding 
of the upper No.1’ counting: relay 427 and 
during: the brush selection movement. of. the 
‘fmal selector 190 the counting relays operate 
im succession until the No. 0” counting relay 
42) energizes in parallel with relay 409, 
when the fundamental circuit is opened to 
arrest the selective movement of. selector 190 
and the circuit previously traced is estab- 
lished for advancing sequence switch 400 out 
of position 16.into position 17. 

T£ at the time sequence-switch 400 reaches - 
position 17 the calling subscriber has. com- 
pleted dialing and ‘the register steering 
‘Ewiteh RS has advanced into ‘position 9, a 
-clreuit is. established :for advancing sender 
-sequence switch 400 out of. position. 17 into 
position 18, preparatory to: controlling final 
tens selection. This circuit may be ‘traced 
from ground at the inner, right- hand arma- 
ture of, relay 313, conductor- “BOT, awwiper..506, 
terminal 548 of bank -RS' of switch RS, 

Rs: 

cirevit of relay 4 

any relays 44 1-and.4 

18 

conductor 549, the lower contact of class 
switch cam 359 (4 to 7), conductor 360, the 
Jower left-hand contact of cam .401 (17) 
and through the magnet winding of sequence 
switch 400 sto battery. 

Iti 1s to. be noted in this connection that as 
soon as the calling subscriber completed the 
‘dialing of the units digit of the desired 
number, ‘the steering Switch RS Was ‘ad- 
vanced into ‘position. 6, ‘whereupon a circuit 
was established for advancing it into -posi- 
tion 7, which may be traced from battery 
through the winding and armature contact 
of stepping magnet 524, conductors 525 and 
b26.. wiper 527, bank terminal 550 of bank 

of class switch cam 361, conductor 362, the 
contact of cam 450, conductor 402, the ‘left- 
hand armature and front contact of relay 
229, conductor 831 and thence to ground at 
the. armature contact of relay 535. Upon 
reaching position 7 switch RS is ‘advanced 
into _position.8 over a siinilar circuit extend- 
ing through .the winding of magnet 524, 
through wiper 527, bank ‘terminal "552, con 
ductor 558, the lower left-hand and upper 
right- hand’ contacts of cam 861.and thence 
over. the circuit.previously traced to ground 
at the contact of Telay 535 and the switch i is 
further, advanced into position 9 over wiper 
527, terminal. BBA, ‘conductor 555, the upper 
contacts of cam 361 and “thence to ground 
over the circuit previously traced. 

ff inal tens selection. 

With ‘sequence switch 400 in position 18, 
the fundamental circuit previously traced is 
established through the winding of the con- 
trol relay (not shown) ‘of final selector 190 
-and:the windings of sender stepping -relay 
407. “Relay ‘407, upon energizing, prepares 
a circuit for the No. 1 counting relay 426, 
it being assumed that the. calling subscriber 
has. set “the tens register Tin position 1. The 

36 may be traced. from ‘bat- 
tery through the winding of relay 426, the 
armature ‘and back: ‘contact of the No. V’ 
counting relay.427, lead 475, lead’ 649, Fig, 

6, terminal. 650.of bank T°, wiper 651, con- 
ductor 652, the right- hand. contacts of cam 
418 and. thence to. eround through the arma- 
ture contact. of stepping, relay “407 and. the 
upper contact of cam 413 (17 to 18). Relay 
426, upon energizing, locks up in the well: 
known ammanner “through the avinding of the 
No. 1’ counting relay. 497 and during the 
tens selection movement of the final selector 
150, the counting relays operate in succes- 
sion until the No. 0’ counting relay 429 
energizes in- parallel with, relay 409, when - 
the fundamen tal circuit is opened to arrest 
the selective movement. of the: final. selector 
and relay.429 establishes a eireuit. for ener- 

36, 
The circuit of relays 411 and 436 may be 

‘. conductor 551, the right-hand contacts 
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‘last numerical .digit. 

traced from battery through the windings 
of these relays, conductor 459, the upper lett- 
hand and lower right-hand contacts of cam 
451 (18), conductor 440, the inner right- 
hand armature and back contact of relay 
421, conductor 441 and thence to ground 
at the armature contact of No. 0’ counting 
relay 429. Relay 436, upon energizing, closes 
a locking cirenit for itself and for relay y ALL 
which may be traced through the windings 
of these relays, the inner right- hand arma- 
ture and. front contact. of “relay 436 and 
thence over conductor 438 to eround at the 
upper contact of cam 388 (3 to 15). Relay 
436, upon energizing, connects ground to 

conductor 345 for maintaining relay 145 -at 
the district selector energized after sequence 
switch 400 feay es position 18 and ‘opens cani 
contact 430. Relay 411 at its outer right- 
hand arma ‘ibe and front contact establishes 
a circuit which may. be traced over conduc- 
tor 453 and through the windings of relays 
454 and 404 to battery. A. cireuit-is now 
established for advancing sequence. switch 
£00 out of position 18 and. into position 2 
the energization of relays 411, 4386, 454 and 
404 being thus effective to change the circuits 
of the sender to operate with sequence switch 
400 in its second revolution. The circuit 
for advancing sequence switch 400 may now 
be traced from battery through the magnet 
winding of switch 400, the upper left- hand 
contact of cam 439 (18 to 1), conductor 453, 
the outer left-hand armature and front con- 
tact of relay 454, conductor 455, the right- 
hand contact of cam 430 (18 to 1), ‘and 
thence to’ ground on conductor 425. 

Final units selection. 

With sequence switch 400 in position 2, 
the fundamental circuit extending from the 
control relay of the final selector 190 through 
the. winding. of the sender stepping relay 
407 may be traced in part from brush 151 
‘over the circuit previously traced. to con- 
ductor 887. the left-hand winding of rélay 
457, the left-hand armature and ‘front con- 
tact of relay 404, the upper left-hand con- 
tact of cam 456 (2), conductor. 406, the 
windings of sender stepping relay 407, con- 
ductor “408, the armature and back contact 
of relay 409, conductor 410, the inner Jeft- 
hand aymature and. front contact of relay 
411, the upper right-hand: and lower lett. 
hand contacts of cam.458 and thence over 
the -cireuit’ previously traced to brush 156 
of the distriet selector 150. 

Relay 407 energizes in this circuit and 
establishes a circuit for the No. 2 counting 

velay 414, it being assumed that the calling 
subscriber has set the units register. U- into 
position 2 in response to’ the dialing of the 

414 may be traced from battery through the 
winding of relay 414, the avmatiire and back 

The circuit of relay. 
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contact of the No.2’ counting relay 415, lead 
416, lead. 653, Fig. 6 bank terminal 654 of 
bank US, wiper 655, conductor 656, the right- 
hand armature and back contact of wipe- out 
relay 864, conductor 865, the:.contacts otf 
cam 458, conductor 459, the inner right-hand 
armature and front contact of relay 411, 
conductor 420..and thence as previously 
traced through the armature contact of step- 
ping relay 407, to ground.at the upper con: 
tact of cam 413 (r to 2). Counting relay 
414 in the well-known manner locks up 
through the winding of the No. 2’ counting 
relay “415 and durk ing the units selection 
movement of the final selector 190, the count- 
ing relays operate and lock up in succession 
until the No. 0’ counting relay 429 energizes 
in parallel with relay 409, when the funda- 
mental circuit is opened to-arrest the selec- 
tive movement of selector. 190 and the: se- 
quence switch 400 is advanced into position 
4, The circuit of sequence switch 400 may 
be traced from battery through the magnet 
winding of switch 400, the upper right- hand 
contact of cam 439 (2), the left-hand arma- 
ture and front contact of relay 436, conduc- 
tor 440, conductor 441, thence to ground at 
the armature contact of the-No. 0’ counting 
relay 429. 

Since no: stations digits have been dialed 
by the*calling subscriber the No..0’ counting 
relay 429 remains locked to cause sequence 
switch 400 to advance directly from poSition 
2 into position 10. The locking circuit of 
relay:.429--may be traced from battery 
through the windings of relay 428 and 429, 
the contact of cam 460 (3 to 8), the outer 
left-hand armature and front contact of 
relay 454, conductor 455, the upper. right- 
hand and lower left-hand contacts of cam 451 
3-to 8), conductor 461, conductor 551, the 

right-hand contacts of class switch cam 361, 
conductor. 362, the upper contact of cam 450 
(2.to 10),-conductor 402, the left-hand ar- 
mature and front contact of relay 329, con- 
ductor 381.and thence to ground at the outer 
left-hand armature and front contact of relay 
535. 

Talking. selection. 

Following units selection the sequence 
switch of the incoming selector is advanced 
to reverse the direction of current flow over 
the-fundamental circuit in the manner fully 
described in the Patent No. 1,505,171. to 
F. A. Stearn, issued Aug. 19, 1924, herein- 
before referred to and with the sender se- 
quence switch 400-in position 10,. both the 
sender. stepping relay 407 and polarized 
overflow relay 457 energize. Relay 457 ener- 
gizes at this time since its two. windings 
operate cumulatively, its right-hand wind- 
ing being energized over_a cireuit extending 
over conductor 463, to ground ori conductor 
425 through-the lower left-hand contact of 
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vam 430 (9 to 10) and upon energizing, close 
a circuit fot relay 421 which may. be trace ‘d 
from battery through the Winding of relay’ 
421, the inner left- hand armature and con- ~# 
tact of yelay 454 and thence to ground at 
the armature contact of relay ABT Relay 
421, upon energizing, closes a locking cirewit 
for ‘itselt extending “fiom batt tery through its 
winding, condiactor 468, the lower left- “hand 
vomntact of cam 480 (9 to 10) to ground on 
conductor 425. ~ 
Relay 407, upon energizing over the funda- 

mental circuit, establishes 2 circuit for the 
No. 0 counting velay which may be traced 
from parte through the winding of relay 
428, lead 431, lead “462, the outer left-hand 
‘armature and front contact of telay 421, 
the upper contact of cam-422, the armature 
and front contact of relay 407 , conducter 
423 and ‘thénce to ground at the upper ‘con- 
tact of cam 418 (9 to 10). The No. 0 
‘counting Yelay 4 
winding of the No. 0’ ‘counting relay 429, 
which latter relay becomes energized as soon 
as the sequence switch of the incoming 
sélector advances to open ‘the fundamental 
circuit. When the fundamental cireuit is 
opened the current flowing through the lett-: 
hand winding of relay 457 is cut off and its 
encreizetion 1s no longer maintained. by its 
right- hand winding only. Upon the ‘encr- 
gization of relay 499, a cirenit is closed: for 
ener giving advance relays 353 and-366 which 
nay “be traced from battery through ‘the 
‘windings of these relays in parallel, ‘con- 
ductor “367, ‘the inner righthand -armature 
and alternate contact. ofr lay 421, conductor 
444 and thence to ground ‘at the armature 
contact of relay 499. Advance relay 366, 
‘upon ‘energizing, closes a locking cieuit for 
itself and for advance relay © 353 ‘extending 
through the inner right-hand armature of 
‘relay 366 and to ground at the upper ‘contact 
‘of.class switch cam 338 (3 to 15). 

Advance relay 366, tipon energizing, opéns 
the -cirewit previously traced extending 
through the winding of relay 145, %vhich in 
turn, opens the locking ‘elreutt of control 
relay 107 thereby advancing sequence switch 
110 out of position 10 and into’ position 11. 
The circuit for sequence ‘switch 110 may be 
“traced “from battery through ‘the magnet 
winding of the sequence switch, the upper 
right- hand contact of cam 111 (10), the in- 
ner right-hand -aimature and back contact 
of relay 107 and to ‘ground ‘at: the: right- 
hand contact of cam ‘112. As soon as’ se- 

“quence ‘switch 110 leaves’ position 1014, ‘the 
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‘dialing circuit ‘previously traced over the 
Jeft-hand -contacts of cams 160 and 166 is 
opened, thereby causing the deenerpization‘of 
relays 807, 312 ‘and 313. A circuit is now 
closed: ‘for ‘Wipe: -out ‘relay 864 which may -be 
“traced from ‘batteiy through the winding 
of this relay, conductor’ 368, the contacts 

428 Jocks wp ‘through the. 
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class switch cam 869 (8 to 15), conductor 
370, conductor 822 and thence to eround at 
the armature and back contact of relay B07. 
’elay 364, upon energizing, closes a locking 
civeuit for itselt extending thi 
ner Jeft-hand armature and contact and 
then ce to ground at the upper contact of cam 

(8 to "15), and ‘at its intermediate left- 
hand armature established a circuit for ad- 
wancing the sender : 
of ‘position 10 and into position 11. This 
circult may be traced from battery through 
the magnet winding of sequence switch 400, 
the upper right-hand contact of cam 4 39 
10), the left- “hand armature and front con- 

tact of relay 436, conductor 440, the outer 
right-hand armature and front contact of 
relay 421, conductor 871, the left-hand ar- 
mature and front contact of rela y 853 ‘and 
thence to ground it the intermediate ieft- 
hand armature and contact of relay 364. 

With sequence switch 400 in position it 
the locking cirewit of relay 421 is opened 
and relay ‘407 is connected into ‘a local -cir- 
cuit for removing the effect of the polariz- 
ing current which previously flowed through 
its winding and the winding of relay 457 
and for the purpose of advancing the Se- 
quence switch 400 into position 12. Phe 
eircuit of relay 407 may be traced. from pat- 
tery through the right-hand contact of can 
456 (11), “conductor 406, ‘the windings ot 
stepping relay 407, conductor 408, condue- 
ter 410, the imner ‘left-hand armature and 
front contact of relay 411, the wpper -con- 
tacts of cam 458, resistance element 412 ahd 
thence to ground at the left-hand :contact of 
eam, 413 (1). Upon the energization of re- 
lay 40T, a cirowit is established for advanc- 
ing sequence switch 400 into position 12 
which may ‘be traced’ from, battery through 
the magnet. winding of switch 400, the lower 
left-hand contact of cam 439 (11), ‘eonduc- 
tor 423, the armature and front contact. of 
stepping relay 407, conductor 482, and thence 
to-ground ‘at the ‘lower contact ot. cain 418 
(iv to 12). The civeuits of the sender are 
now in condition for controlling talking: se- 
lection ‘at ‘the district selector 150. 

A fundamental circuit is now established 
between the control relay 107 of the district 
sélector ‘and ‘the office sonder which may be 
traced from battery through the left-hand 
avinding of relay 107, the upper right-hand 
contact of cam 119 (11), the lower left-hand 
‘contact of cam 119 (11 to 14), conductor 124, 
the inner right-hand armature and front 
contact of relay 123, wiper: 125 -of ‘switch 

384, the’ outer right- hand ar- 
mature and Front, ‘contact of advance relay 
866, ‘conductor 879, the ‘left-hand contact ‘of 
am 405 (12), conductor 406; the winding of 

stepping relay’ 407, conductor. 408, the arma- 
tiive-and ‘back-contact of relay 409, conduc- 
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front contact of relay 411, the upper .con- 
tacts of cam 458, resistance element 412, con- 
ductor 464, the left-hand contacts of cam 
465 (12), the right-hand armature.and alter- 
nate contact: of ‘telay 454, conductor 486, ter- 
minal 556:0f bank RS*, wiper 557, condue- 

~tor 558 and-thence to eround at the inner 
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right-hand armature. and. back contact of 
relay 313.. Relays 107 and 407 energize in 
this circuit, relay 107 closing a circuit as 
previously traced for dvi iving sequence switch 
110 out. of position 11 and ‘into position 15, 
unless this cireuit is interr upted at the arma- 
ture contacts of relay 107 prior to-the se- 
quence switch reaching position 15. As soon 
as sequence switch 110 leaves position 11, 
the initial energizing circuit of relay 128 is 
opened at the lower left-hand contact of cam 
115 (2 to 11), but. relay 123 is maintained 
energized over the civeuit oxtendin g through 
the winding of magnet 116, the w inding of 
relay 123 , the lower contact of cam 146 “CL 
to 14), the outer right-hand: armature and 
front contact of velay y 128, the upper con- 
tact of cam 147 (11 to 16), the outer rignt- 
hand. armature ‘and front contact. of relay 
107 and thence to ground through the lower 
contacts of cam.112. -As soon as.sequence 
switch 110 leaves position 11, the initial en- 
ergizing circuit of relay 107 is opened at 
the upper right-hand contact. of cam 119, 
but relay 107° remains locked to the funda- 
mental circuit through its left-hand wind- 
ing, left-hand armature and front contact 
and through the left-hand contacts of.cam 
119. 

During the rotation of sequence switch 
110 from position: 11 toward position 15, an 
intermittent ground. is connected to the fun- 
damental circuit in shunt of the windings 
of sender stepping relay 407 which may be 
traced from battery through the left-hand 
winding, left-hand armature-and. front:con- 
tact. of relay 107 and-thence to -ground 
through the. upper -left-hand and lower 
right-hand contacts of eam 138, this. shunt 
circuit being closed in positions 115¢, 125 
and 1854. 

At the office sender upon the energization 
of sender stepping relay 407 in the funda- 
mental. cireuit, since the -class switch has 
been set into position 7 for a full mechani- 
cal eall, a circuit.is established for the No. 0’ 
counting relay 498 which may be traced 
from bi attery through the winding of. relay 
428, lead 431, lead 43 31, Fig. 8, the upper con- 
tact of class switch cam 373 (6 to 10), con- 
ductor. 3874, the contact of cam 467 (12 to 
13), the lower contact of cam. 458 (12), 
conductor 459, the. inner right-hand. arma- 
ture and front contact of relay 411, conduc- 
tor 420, the lower contact of cam "499, the 
armature contact. of sender stepping. relay 
407, conductor 482 and thence to ground at 
the lower contact of cam 413. Relay 4 428, 
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upon energizing, looks up through the wind- 
ing of the No. 0’ counting relay 429, upon 
the: first - deenergization of ‘relay 407. 
When sequence switch 110 is passing through 
position 1154, the No. 0% counting relay 499 
energizes in parallel with relay 409, relay 
409 ‘opening the fundamental circuit and 
ausing thereby the. release of relays 107 and 

407. Relay 107, upon deenergizing, opens 
the previously traced..-circuit extending 
through the winding of sequence switeh 
magnet 110 for arresting sequence switch 
110 jn position 12. 
With sequence switch 110 of the district 

selector in position 12, the brushes 151 and 
156 of the district selector are connected over 
the contacts of cams 149 and 157 to the right- 
hand windings. of repeating coil 189 )-and 
to the w indings of polarized relay. 174 and 
the calling subser riber’s line is connected 
through contacts of cx tins 160 and 166° to 
the winding of supervisory relay i75 and 
the lext- hand windings of repeating coil 189. 
in. the manner fully set forth in the afore- 
said patent to F. A. Stearn, the called sub- 
seriber’s line is tested and ringing current is 

i 
ie 

applied thereto. 

frelease of the office. sender. 

Following talking selection and the de- 
energization of velay 107,-the holding cir 
cuit for relay 123 is opened and relay 128, 
upon deenergizing, opens the circuit of. re- 
lay 302. A circuit as now closed for advanc- 
ing the steering switch RS into position 10 
which may be traced from ground. at the 
outer right-hand armature and back con- 
tact of relay 802, conductor 375, terminal 
559 of bank RS* of switch RS, wiper 527, 
conductor 526, the right-hand armature and 
normal contact. of relay 503,.conductor 525 
and thence through the armature contacts 
and-avinding-of stepping magnet. 524 to bat- 
tery. With steering switel: “RS in position 
10, a-cireuit is now closed for adv: aneing the 
class switch 306 cut of position 7 and into 
position .16, which circuit may be. traced 
trom battery through the magnet winding of 
switch 306, the lower left-hand cont ‘acl of 
cam 3805 (3-to 15), conductor 330, conductor 
376, terminal 560 of bank RS (5 5) of switch 
RS, wiper 557, conductor 558 and_ thence 
to ground at the inner right-hand armature 
and back contact of relay 318. 

As soon.as class switch 306 leaves position 
15, the Iccking cireuits of advance relays 
353 and 366, of wipe-out relay 364 and of 
transfer relays 411, 435, 454 and 404 are 
opened at the upper contact. of cam 338 (3 
to 15), and these relays thereupon. deen- 
ergize. 

‘With class switch 306 in position 16, the 
right-hand operating winding of relay 533 is 
shunted over conductor 561, the lower left- 
hand and upper right-hand contacts of cam 
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330, conductor 876, termi- 
nal 560 of bank RS® of switch RS, wiper 557, 
conductor 558 and thence to ground ‘at the 
armature contact of relay 318, and relay 
5383 upon deenergizing closes a circuit for 
advancing class switch 306 into position 17? 3 

Ow and opens the locking cirewit of relay hae 
The circuit for advancing class switch 3 
into position 17 may be traced from Intéteny 
through the magnet winding of switch 306, 
the lower right. hand contact of cam 305 
(18), conc ductor 377, the right-hand arma- 
ture and back contact of relay 533 and thence 
to ground on cenductor 319 at the contact 
of cl: ass switch cam 321, Relay 535, upon de- 
energizing, closes a circuit for advancing 
sender sequence switch 400 out of position 
12 into normal position 1, which may be 
traced from battery thro ugh the ‘magnet 
winding of switch 400, the lower right- hand 
contact of cam 401 (2) to 18), conductor 468 
and thence to ground at the inner left-hand 
armature and back contact of relay 535. 

With class switch 806 in position 17, a 
restoring circuit for the units register U is 
established which may be traced from 
ground at the Inner right-hand armectae 
and back contact of relay 313, over conduc- 
tor 558, wiper 557, terminal 560, conductor 
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release relay 503. 

register 

316, conductor 330, the right-hand contacts 
of cam 3827, conductor 528, conductor 607, 
wiper 606 and the off-normal terminals of 
bank U? of the units register U, the arina- 
ture contacts and magnet winding of step- 
ping meaenet 623, conductor 512 and thence 
to battery through the winding of slow-to- 

Relay 5038 and stepping 
magnet 623 energize in this circuit, the mag- 
net 623 causing the wipers of the units regis- 
ter to be restored to normal position, Assoon 
as wiper 606 reaches its normal position, the 
grounded conductor 607 is connected through 
wiper 606 and the normal terminal of bank 
U'”, over conductor 605, wiper 604 and off- 
normal terminals of bank T? of the tens 

T, the armature contacts. and mag- 
net Ww inding of stepping magnet 622, conduc 
tor 512, thence to battery through the wind- 
ing of relay 503, Through the “operation of 
magnet 622, the tens register T is restored 
to normal position. In a similar manner all 

f. the registers including the code registers 
iN and B are restored to their normal posi- 
tions. Following the restoration of register 
A and the deener gization of slow-to- release 
relay 508 which is maintained energized in 
series with the windings of the stepping 
magnets during the restoration of the regis- 
ters, a circuit is established for advancing 
steering switch RS out of position 10 into its 
normal. position, which circuit may be traced 
froni ground on conductor 607, through the 
wipers and normal bank terminais of the 
numerical and code registers, conductor 562, 
the No, 10 terminal of bank RS, wiper 527, 

L7 

conductor 526, the right-hand armature and 
back: contact of velay f 508, conductor 525 and 
thence to battery through the armature con- 
tacts and winding of stepping magnet 524. 
As soon as steering switch RS reaches nor- 
wal position, the cizeuit of ma vgnet 524 is 
opened at the wiper 527. 

With steering switch RS in normal posi- 
tion, a circuit is established for advancing 
class switch 806 into pos tion 18, which cir- 
cuit may be traced from battery through the 
magnet winding of switch 806, the upper left- 
hand contact of cam 305 (3 to 17 ), condue- 
tor 878, the normal contact of bank RSS, 
wiper BBY, conductor 558 and thence to 
ground at the inner right: hand armature 
and back contact of re lay 318. When the 
class switch leaves position 17, the locking 
circuit of class relay 329 is opened at the 
lower contact of cam 338 (4 to 17). With 
sender sequence switch 400 in position 1 and 
class switeh 806 in position 18, a circuit is 
established for advancing class switch 306 
into normal position 1 which may be traced 
from battery through the magnet winding 
of switch 306, conductor 379, class switch 
cam 880. (18), ‘conductor 469, the lower eon- 
tacts of cam 418 (1), conductor 419, the in- 
ner right-hand armature and back contact of 
relay 441, conductor 420, the normal contacts 
of the outer left- hand armature of relay 421, 
the lower contact of cam 422 (1), conductor 
423 and thence to ground at the upper con- 
tact of cam 413. The circuits of the office 
‘sender are now éntirely restored-to normal 
condition and the sender is available for tise 
in establishing other connections. 

Lvestoration. of the connection upon the ter- 
mination of the conversation. 

Upon the movement of the district se- 
quence switch into position 12 for establish- 
ing the talking circuit through the ‘repeat- 
ing coil 189 of the district link, the: cireuit 
of relay 102 was opened at the upper left- 
hand contact of cam 115 (2 to 11), but relay 
102 is held energized over the armature and 
front contact of ‘relay 175 and the right-hand 
armature and front contact of relay. 102 dur- 
ing conversation or so long as the calling | 
subscriber maintains his receiver off the 
switch-hook. Upon the termination of the 
conversation and the restoration of the call- 
ing subscriber’s receiver to -its switchhook, 
relay 175 becomes deenergized and opens the 
cirenit of relay 102, which in turn, opens the 
circuit of relay 101. Upon the deenergiza- 
tion of relay 109, a circuit is established for 
advancing sequence switch 110 out of po- 
sition 12 and into position 17 which may be 
traced from battery through the magnet 
winding of switch 110, the left-hand con- 
tacts of cam 176 and thence to ground at the 
normal contacts of the right- hand armature 
of relay 102. Upon the deenergization of 
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relay 101, sequence switch 110 is advanced 
out of position 17 into position 18 over a 
circuit which may -be.traced from battery 
through the magnet winding of switch 110, 
the upper left- hand and lower right- hand 
contacts of cam 176, at the right- hand arma- 
ture and back contact of velay 101 to ground 
at the lower contact of cam 131. (17 ‘to 15). 
With sequence switch 110 in position 18 a 

circuit is established for the downdrive mag- 
net 177. which may. be traced from battery 
through the winding of magnet i77, the 
upper right-hand and lower left-hand con- 
tacts of cam 176 and thence to ground at the 
normal contacts of the right-hand armature 
of relay 102.. Magnet 17, upon energizing, 
presses the depending portion of switch 
shaft 127 against the constantly rotating 
downdrive drum 17 8, thereby. moving the 
switch shaft downwardly into normal 4 posi- 
tion. As soon as the switch shaft reaches 

“normal position, a circuit is established for 
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advancing sequence switch 110. from. posi- 
tion 18 into normal position 1 which may be 
traced from battery through the magnet 
winding of switch 110, the lower right- hand 
contact of cam. 111 (5 to. 18), the normal 
commutator segment 179, shat wiper. 132 
and. thence. to ‘eround at the upper. right- 
hand contact of cam 181 (9 to 7). 

' Upon the opening of the circuit through 
relay 101, cut-off relay 106 of the calling 
subscriber? s line becomes. deenergized and in 
the well-known manner-the subseriber’s in- 
dividual line-switch 100 is: restored to normal 
position. When sequence switch 110 leaves 
position 1414, the holding circuit over the 
right-hand contacts of cam 138 and test 
brush 140 is opened and the release of incom- 
ing selector 185 and of final selector: 190 is 
initiated and takes place in the well-known 
manner. All-of the.apparatus employed in 
the establishment of the connection between 
the lines of the calling subscriber .C and. the 
called subseriber.D has now been restored to 
normal-condition. 

Automatic release of sender and routing of 
call to trouble desk. 

Let it be assumed that parts of the sender 
have been actuated in response.to a calling 
line as previously described and that switch 
M has moved to position 4 before any part 
of the desired number has been dialed by the 
subscriber. 

It will be remembered that at this point of 
operation switch RS is in its normal posi- 
tion and an actuating circuit has been estab- 
lished to operate relay 504. A cireuit is 
therefore established for actuating relay 566 
which may be traced from battery through 
the left winding of relay. 566, right contact 
and-armature of relay 504, brush 229 and its 
associated conéact at position 4, conductor 
280, right outer contact and armature of re- 
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lay 282, conductor 231, normal contact and 
armature of relay 563. to ground ose 
armature and’ contact. of relay 504, Rela 
566 upon energizing establishes an obviows 
energizing circuit for relay. 568, opens. the 
cireuit extending over conductor 607 and at 
its inner right-hand armature and front con- 
tact establishes a locking circuit for. itself 
which is effective as soon as relay 533. be- 
comes energized as hereinafter desexi bed. 

Relay 568 upon energizing closes a circuit 
for advancing the register “steering switch 
RS from normal position through ‘position 
1 ‘into position 9. The steering: switch is 
advanced from normal position into ‘posi- 
tion T by a-cireuit which may. be traced from 
battery through the winding.and armature 
contacts of stepping magnet “hO4 , conductors 
525 and 526, wiper 527, the normal terminal 
of: bank RS*, conductor 528 the outer left- 
hand. armature and front contact of relay 
568, conductor 569, wiper 570 and thence to 
eround at the normal terminal of bank RS 
Upon reaching position 1, switch RS is fur- 
ther advanced into position 2 over a circuit : 
which may be traced from battery through 
the winding and armature contacts of mag- 
net 524, conductors 525-and 526, wiper 5a, 
the No. 1 terminal of bank RS conductors 
581 and: 571,.the inner left-hand armature 
and front contact of relay 568, conductor 
569 and. thence to: ground through wiper 
570 and the No. 1 terminal of bank RS* 
When the switch RS reaches position 2, re- 
lay 5883. becomes energized over. a circuit ex- 
tending throvgh its windings, conductor 534, 
the No. 2 terminal of bank RS, wiper 506, 
conductor 507-and thence to ground at the 
inner right-hand. armature and front. con- 
tact of relay 318. 

At its right-hand armature and front con- 
tact relay 568 establishes a circuit. for plac- 
ing battery potential upon a bank terminal 
of the translator switch for governing the 
setting of the translator switch for routing 
a connection to a trunk circuit terminating 
in the trouble desk. ‘The cireuit over which 
battery potential is applied may be traced 
from battery through the right-hand arma- 
ture contacts. and left-hand winding of 
relay 585, the right-hand armature and 
front contact. of . relay . 568, conductor 
572 and thence to -bank terminal 657 
of bank TS* of the translator switch. | With 
relay 583 now energized the translator switch 
is started and under the influence of its 
stepping magnet. 608 rotates its wipers until 
the test: wiper 610 engages the bank terminal 
657. As soon as the wiper 610 engages ter- 
minal 657, relay 535 becomes energized to 
stop: the movement of the transl ator switch 
and ‘to initiate the.movement of -class. se- 
quence switch 306 out of position 3 as here- 
inbefore described. Under the assumption 
that the translator switch TS has stopped in 
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position 6, a circuit becomes established for 
relay 829 for arresting the class switch in 
position 8 as scon as the class switch reaches 
position 734 which may be traced from bat- 
tery through the winding of relay 329, the 
upper left-hand contact of cam 382 (734 to 
8), the lower right-hand contact of cam 
383, conductor 3884, terminal 658: of bank 
TS*® of the translator switch, wiper 617, con- 
ductor 618, thence to eround through the 
inner left-hand armature and front contact 
of relay 535, 

With, the class sequence switch 306 set in 
position 8, the office sender proceeds. to set 
the district selector in the manner previously 
described, but in this. instance upon an idle 
trunk of a group extending to the trouble 
desk of the office, in the case assumed the 
trunk shown in Fig 1. Following the set- 
ting of the district selector, the sender se- 
quence switch 400 moves into position 10, in 
which position a trunk test is made as pre- 
viously described. If the selected trunk is 
in operative condition, that is, neither tallk- 
ing conductor of the trunk is open, battery 
potential will be applied to the incoming 
ond of the trunk through the windings of 
the trunk relay 154, Fig. 1, and the trunk 
test relay 349 will become operated over a 
circuit which may be traced from battery 
through the left-hand winding of relay 154, 
the normally closed contacts associated with 
the upper armature of relay 153, bank ter- 
minal 152, brush 151, the right-hand con- 
tacts of cam 149, conductor 124, the inner 
right-hand armature and front contact of re- 
lay 128, wiper 125 of switch SF, conductor 
834, conductor 335, the contact of cam B%; 
conductor 837, the left- hand winding of re- 
lay 457, conductor 478, the lower contact of 
cam 348 (8), the winding of relay 349, con- 
ductor 850, the contact. of cam 444 (934 to 

. the outer left-hand armature and. back 
contact of relay 411, conductor 351, the 
right-hand armature and back contact of re- 
lay 358, conductor 352, wiper 159 of switch 

conductor 158, the lower contacts of 
cam. 157, brush 156, bank terminal 155, the 
normally closed contacts associated with the 
intermediate armature of relay 153 and 
thence to ground through the  pight- hand 
winding of relay 154. Rele uy 849, upon en- 
ergizing, closes a circuit over conductor 354 
and through the winding of relay 433. Re- 
lay 483, upon energizing, closes a circuit for 
advance relays 353 and 3866 which may be 
traced from battery through the windings of 
these relays in parallel, over conductor 367, 

the upper contact. of class switch cam 355 
(8), the lower contact of cam 437 (10), 
the left-hand armature and frent contact of 
relay. 483, conductor 488 and thence to 
ground at the upper contact of class switch 
cam 838 (8 to 15). Relay 366, upon, ener- 
gizing, closes a locking cireuit for itself and 
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for relay 358 extending through its inner 
right-hand armattire and front contact and 
thence to ground. at the upper contact of cam 

Upen the energization of advance relays 
358 and 366, the sequence switch 110 of the 
district selector 150 is advanced into position 
11, whereupon the previously traced funda- 
mental circuit is established between. the 
winding of control relay 107 and. the wind- 
ing of sender stepping relay 407 for control- 
line talking selection. Upon the energiza- 
tion of reln ty 407 in this circuit, a cireuit is 
established for the No. 2 counting relay 414 
which may be traced from battery through 
the winding of counting relay 414, the arma- 
ture and back contact of No. 9” counting re- 
lay 41 By lead 416, Tig. 3, the lower con- 
tact of cam 373 (8), conductor 874, con- 
ductor 474, the upper right-hand contact of 
eam 446 (9 to 10), the lower right-hand.con- 
act of cam 418 (10), conductor 419, the in- 

ner right-hand armature and back contact 
of relay 411, the normally closed contacts 
associated with the outer left-hand ar mature 
of relay 
(9 to 10), the armature and front contact. of 
relay 407 and thence to ground at the upper 
contact of cam 413 (9 to 10).. At the dis- 
trict selector the energization of relay 107 
establishes a circuit for sequence switch 110 
which in passing through positions 1154, 
1B 6 and 135 %, closes the previously traced. 
shunt circuit for shunting the windings of 
sender stepping relay 407. In response to 
the energizations. and deenergizations of 
sender st ‘fepping relay 407, the ‘counting re- 
lays operate in succession until the No. 0’ 
counting relay 429 energizes in parallel with 
relay 409, whereupon the fundamental cir- 
cuit is opened and through the deenergiza- 
tion of relay 107 at the district selector the 
sequence switch 110 is arrested. in. position 14. 

Following talking selection at the district 
selector, relays 302, 307, 312 and.313 at the 2}! 
office sender become deenergized and the. cir- 
cuits of the office sender are restored to nor- 
mal condition in the manner hereinbefore 
described, with the exception that the regis- 
ter steering switch RS is advanced out of} po- 
sition 2 and into position 9 immediately upon 
the deenergization of relay 318 over a circuit 
extending ‘from battery through the winding 
anc armature contaets of stepping relay 52d. 
the strapped terminals of bank RS of 
switch RS, wiper 557, conductor 558 and 
thence to ground at the inner right-hand 
armature and back contact of relay 813. 

With sequence switch 110 of the district 
selector in position 14 a circuit is established 
over the brushes of the selector switch, which 
many be traced from battery through the left- 
hand winding of trunk relay 15 4, the -nor- 
rally closed contacts associa ated with the 
upper armature of relay 158, bank terminal 

491, the upper contact of cam 422° 
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152, brush 151, the upper right-hand and 
lower left-hand contacts of cam 14 9, the up- 
per right-hand winding of repeating coil 
189, the winding. of polarized relay 174, the 
lower right-hand winding of repeating coil 
189, the upper left-hand and lower right- 
hand contacts of cam 157, brush 156, bank 
torsninal 155, the normal contacts associated 

with the intermediate armature of relay 153 

and thence to eround through the right-hand 
winding: of relay 154. The current flowing 
thr ough this cireu it is in the proper direc: 
tion to energize relay 154, but relay 174 is 

not effectiv ely energized, Relay 1B, upon 
cnergizing, establishes a circuit for the aux- 
ilary signal | lamp 167 which may be traced 
from battery thr ough lamp 167, the left 
hand armature:and contact of rela ny [54-and 

thence to ground at the outer left-hand ar- 
mature and normal contact of relay 168, and 
at its vight- hand armature and front contact 
establishes a civenit for slowly: flashing the 
fink lamp 171, which circuit may be traced 
from battery through the slow interrupter 
178, the normal contacts of the outer right- 

hand armature of relay 168, the right- hand 

armature and front contact of relay 154 and 

thence to ground through Jamp 171. 
The operator at the sender monitor’s posi 

tion of the trouble desk noting the flashing 

of lamp 171 inserts the plug P of one of her 
cord clreuits, such as sho wn in. Fig. 2; in the 

jack 169 indicated by the: fla shing trunk 

lamp 171. Upon the insertion of the plug in 

the jack a circuit is established from battery 

on the sleeve conductor of the cord, over the 

sleeve contacts of the plug P and jack 169 to 
eround through the winding of cut-off relay 

153. Cut-off rela vy 1538, upon energizing, dis- 
connects the windings of trunk relay 154from 
the trunk cireuit and locks the trunk relay 

154 in°e local-cireuit which may be traced 
from battery. through the left- hand winding 
of relay 154 and to evound through the make 

contacts associated with the upper armature 

of relay 153.. At its lowermost. armature 

and contact reley 153 establishes a, circuit 

for make busy relay 168, which latter relay 
cloges-a locking cireult for. itsel extending 

throngh the make contacts associated with 
its inner left-hand armature and to ground 

threugh the disco snnect key 170. Relay 168, 

upon energizing, disconnects the slow inter- 
rupter Be from the circuit previously traced 
through lamp 171 and associates a. steady 
source of enrrent with the cireuit of this 

lamp for maintaining it Uluminated and at 
its outer left-hand armature opens the cir- 
cuit of auxiliary lamp 167, At its inner left- 
hand armature and front contact relay 168 
connects eround to the'multiples of test ter- 

minal 142 for maintaining the selected trunk 
cireuit- busy to other dis strict selectors. 

Upon the connection of the operator’s 
cord. cireuit with the trunk circuit and the 
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disconnection of the windings of relay 154 
from the trunk. circuit, battery current is 
supplied for the windings of polarized. relay 
174 from battery at the right-hand windings 
of repeating coil 236, Fig. 2, and current 
now flows through the windings of relay 
174 in such a direction as to cause the ellec. 
tive energization of this relay. A circuit is 
now established for relay 107 which may be 
ba xd from battery through the right-hand 
‘inding of this-relay, the lower contact of 

cam 108 (14 to 15), the armature and con- 
tact of relay 174 and thence to ground at 
the upper ielt- hand contact. of cam 131 (12 
to 14i4). Rel: vy 107, upon energizing, closes 
a clrenit Tor advancing sequence switch 1 
out of position 14 and into ‘position 15 which 
may be traced from battery. through the 
magnet winding of sequence sw itch 110, the 
upper left-hand contact of eam 111 (1 to 

, the inner right-hand armature and front 
sontect of relay 107 and thence to ground 
at the right-hand contact of cam 112. Se- 
quence switch 110 upon leaving position 1414 
opens.the circuit of relay 107, but relay 107 
now remains locked over "ts left-hand vind. 

, left-hand ar matuy re and front contact, 
s upper. conta vets of cam 188, test brush 
) and thence to ground on test terminal 

and remains locked until. the operator 
nitiates the release of the connection, 
With sequence switch 110 in position 15, 

vtalking circuit is established between the 
alling subscriber’s line and the operator’s 
sosition, over the upper contact of cam 160 
rnd the lower right-hand contact of cam 
166, through switch brushes 151 and 156, 
bank. terminals 152 and. 155, alternate arma- 
ture contacts: of relay 153, thence over tip 
and ring contacts of jack 169 and phe P 
to the tip and ring str’ ands of the operator” 5 
cord -citeuit, the callinig subseriber’s line be- 
ing supplied with talking current from the 
battery associated with the repeating coil 
936 of the operator's s cord circuit. 

The operator at the trouble desk now. at- 
tempts to talk to the calling subscriber and 
upon receiving Ro response proceeds to take 
the necessary steps to have the trouble on 
the calling Tine cleared. Ater the. neces- 
sary steps “have been. taken plug P. is avith- 
detwn from the jack 169. Upon the with- 
drawal of the plug. the windings of relay 
154 are again associated with the eonduc- 
tors of the trunk circuit and rel ay 154 re- 
maing energized over the calling subscriber's 
line loop unti il the calling subscriber restores 

his receiver to. its switchhook or until the 
subseriber’s, line’ ig opened by the trouble 
man who is in-search of trouble on such sub- 
seriber’s line. When. relay 154 deenergizes 

since at. this time relay 168 is energized, a 
circuit is established from battery ¢ throngh 
the fast interrupter 172, the inner right- 
hand armature and front contact of -relay 
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168, the right-hand armature and back con- 
154 and to ground through 

lamp 171 and lamp 171 flickers to signal the 
trouble operator that the trouble on the 
calling line which is associated with the per- 
manent signal trunk has been cleared. 

In response to the flickering of. lamp 171, 
the operator opens the key 170 thereby ve- 
leasing relay 168 which disconnects oround 
potential from test terminal 142 and there- 
by releases relay 107 of the district selector. 
Relay 107 upon deenergizing establishes the 
circuit previously traced for advancing se- 
quence switch 110 out of position 15 and 
into position 16. Upon leaving position 
1514, the locking circuit of relay 102, which 
circuit was maintained over the upper con- 
tacts of cam 139 and to ground through the 
right-hand armature and front contact of 
relay y 102 from the time the talking circuit 
was ‘out through from the calling line to the 
operator’s position, is opened and relay 102 
deenergizes thereby opening the ciretit of 
sleeve ‘relay 101. . With relays 101 and 102 
deonergized, the relays of the district selec- 
tor and the release of the individual line 
switch 100 proceed in the manner herein- 
before described. 

Unfinished dialing. District selection only 
completed. 

If the calling subscriber does not finish 
dialing the’ complete number, sender lamp 
296 is illuminated dimly as previously de- 
scribed to signify to the monitoring operator 
that the calling subscriber has not finished 
dialing and for some reason has not released 
the connection with the sender. The op- 
erator noting the dim lamp inserts the plug 
P. of her cord cireuit in the jack J, chal- 
lenges the calling subscriber and upon re- 
ceiving no response. inserts the plug P in 
the jack J’, whereupon relays 566 and 568 
become energized. The energizing ‘circuit 
for relay 566 may be traced from erounded 
battery ‘through ‘the left winding “of relay 
566, tip spring of jack J’, tip conductor of 
plug P, right upper winding of repeating 
coil 236 to “oround, The operation of relay 
566 establishes an obvious energizing circuit 
for relay 568. Since it is assumed that the 
subscriber has dialed sufficient digits to ad- 
vance the steering switch RS beyond p osi- 
tion 1, the translator switch and class switch 
are set at this time in accordance with the 
code which the subscriber has dialed and 
the sender circuits start to function to set 
the district selector in accordance with the 
office code which the. subscriber has dialed. 
With steering switch RS im a position be- 
yond position 1 and relay 566 energized, a 
circuit is established for the wipe-out relay 
364 which may be traced from battery 
through the winding of this relay, conduc- 
tor 368, conductor 381, the outer left-hand. 

armature and front contact of relay 566, 
strapped terminals of bank RS* of switch 
RS, wiper 570, conductor 569, the inner left- 
hand armature and front contact of relay 
568, conductors 571 and 531, the off-normal 
terminals of bank B? of code register B and 
thence to ground through wiper 532, Relay 
364, upon energizing, locks to ground on con- 
ductor 438 thr ough the upper contact of cam 
338 (3 to 15), and at its intermediate left- 
hand armature and front contact connects 
direct ground to conductor 342 whereupon 
the current flowing through the right-hand 
winding of differential relay 102 of the dis- 
trict selector is increased to such an extent 
that this relay. becomes differentially bal- 
anced and deenergizes. 

. Relay 102, upon deenergizing, opens the 
circuit of relay 101 whereupon a circuit is 
established for advancing sequence switch 
110 into position 7%, this circuit extending 
from battery through the winding of se- 
quence switch magnet 110, the lower left- 
hand contact of cam 111 (2 to 6), the right- 
hand armature and back contact of relay - LOL 
and thence to ground at the lower left-hand 
contact of cam 131 (17 to 15). With se- 
quence switch 110 in position 7, a circuit is 
established for the downdrive "magnet 177 
extending from battery through the wind- 
ing of this magnet, the right- hand contacts 
of relay 176 (7 ), the right- hand armature 
and back contact of relay 101 and thence to 
ground at the lower left-hand contact of 
cam 131. Magnet 177, upon energizing 
presses the depending "portion of switch 
shaft 127 against the downdrive drum 178 
thereby driving the switch shaft down- 
wardly into normal position. When the 
switch shaft reaches normal. position a cir- 
cuit is closed over normal commutator seg- 
ment 179 for advancing sequence switch 110 
into normal position, which cireuit may be 
traced from battery through the magnet 
winding of switch 110, the lower right- hand 
contact of cam 111 (5 to 18), normal seg- 
ment 179, shaft wiper 182 and thence to 
ground at the right-hand contact of cam 131 
(9 to 7). 

When sequence switch 110 leaves position 
10%, the impulsing circuit previously traced 
through the winding of register control re- 
lay 307 is opened and relay 307 thereupon 
deenergizes, opening the circuits of relays 
312 and 318. From this point the office 
sender is restored to normal condition -as 
hereinbefore described. 

Unfinished dialing. Selection proceeded be- 
yond the district selector. 

If the calling subscriber has dialed ‘suffi- 
cient digits to advance the register steering 
switch RS to a position such that selection 
has proceeded beyond the district selector 
at the time dialing | is stopped, then when 
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the monitoring operator in response to the 
flickering of lamp 995 inserts the plug P in 
the jack “J’ and relays 566, 568. and 864 be- 
come energized. as hereinbef tore: described, 
it becomes 1 necessary in order: to release the 
sender to set the incoming. and final selector 
switches. The district selector has been con- 
trolled as previously described in  accord- 
ance with the setting which the translator 
switch TS has taken from the A and B 
code registers and following the completion 
of district group selection, and. the sender 
sequence switch 400 has advanced into posi- 
tion 9. With sender sequence switch 400 in 
position 9 and wipe- out relay 364 energized, 
a circuit is established for advancing” se- 
quence switch 400 into position, 10 for test- 
ing the trunk extending to the incoming se- 
lector 185. This cireuit may be traced from 
battery: through the magnet -winding. of 
switch 400, the lower left-hand contact of 
cam 401 (9), conductor 360, the right-hand 
contacts of cam 359 (4 to 7), conductor 885, 
the outer ‘left-hand: armature-and front con- 
tact of relay 364, conductor 3886, the lower 
contact. of cana 450. (9 to 18), conductor 402, 
the left-hand armature and front contact of 
relay. 829, eonductor 881, thence to ground 
at the cuter left-hand armature and -front 
contact of relay 535. 

Incoming brush and etoup selection. and 
final brush selection now. take place as pre- 
viously described in positions 1 12, 14 and 16, 
respectively, of sequence switch 400, such. se- 
leetions being controlled from banks TH®, 
TH! and H*, and H® of-the thousands and 
hundreds regis ters if these registers have re- 
ceived a setting by digits dialed by the call- 
ing subscriber, or if they have not been set 
by. the calling subscriber then selection is 
controiled from No.0 counting relay leads 
connected to. the normal. bank terminals of 
banks TH? and TE. 

The purpose of controlling. selection from 
the normal bank terminals of the numerical 
registers in. case the registers. have not been 
set bythe calling subscriber is to effect mini- 
mun selective movements of. the selector 
switches to bring about a quicker establish- 
ment of the connection ad: consequently a 
quicker. release of the connection and of the 
sender. 

Following 
sender sequence switch 400 moves iito posi- 
tion 17 as previously described, from which 
position it is unmediately advanced into po- 
sition 18 by reagon of. the circuit previously 
traced over-conductors 385 and 386, through 
the armature contact of wipe-out relay 364. 
In position 18 tens or final group selection is 
made. after which ‘sequence. switch .400 °ad- 
vances as hereinbefore..described into. posi-.-a 
tion. 2° for controlling.units selection, If 
neither the.tens nor units: reeisters-have been 

the final brush. selection the: 
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set by the calling. subscriber, these registers 
will control final tens and units selections 
over the No. 0 counting relay leads connected 
to the normal terminals of. their banks "f° 
and U®.» During. units ‘selection; -however, 
the circuit hereinbefore traced from. wiper 
655. of the tits register U,-over conductor 
656, through the right-hand: armatiuve. and 
contact of relay 3864, conductor 865. and 
thence to ground, is opened at the right-hand 
armature ‘contact of wipe-out relay ! 364, and 
consequent y, the final selector switch ad- 
vances to the telltale position, causes the ad- 
vance of the incoming selector and releases 
as fully set. forth in the Patent No. 1,505,171 
to F. A. Stearn, issued Aug. 19, 1924. 

At the sender since no circuit. is eslab- 
lished for counting relays during final units 
selection, relay 409 does not energize and 
there: fore upon the advance of the meoming 
selector and the reversal.of current over the 
fundamental circuit, overflow relay 457 op- 
erates as her éinbefore described and ostab- 
lishes a circuit for relay 421 which at its left- 
hand-armature and front contact establishes 
a civeuit for the Noe. 0 counting relay. . In 
the manner, previously described the No. 0 
counting rel: ay energizes and establishes a 
cirenit for adv: ance ‘relays 866.and 358 and 
since at this time wipe-out relay 364 is ener- 
gized, & circnit: is.established for advancing 
sender sequence switch 400 out of position 2 
and into position 11. This circuit may be 
traced from. battery through the m: sonet 
winding of-sequence. switch “400, the upper 
right- hand contact of cam 439, the left-hand 
armature and front.contact of relay 436, con- 
duetor, 440, the outer ‘right-hand armature 
and front. ‘contact of relay 421, con ductor 
371, the left-hand armature and front con- 
tact of relay 853 and thence to ground at the 
intermediate left-hand arma ture and contact 
of relay 864. 

Talking selection is. then made as herein- 
before doseribed, following which the: office 

sender is released... Since at the time. talking 
selection is completed relays 101 and 102 are 

-ceenerg eized, the district selector and incom- 
ing selector ave released -in. the well-known 
manner. 

Tt having been assumed that the. calling 

subscriber's. receiver. has. been imadver tently 
left. off the hook following. the incomplete 

dialing, the district selector 150 will imme- 
diately become associated through the sender 

finder SF with a new office sender and after 

x. predetermined time interval,the monitor- 

ing switch M rotates to position 4 where it is 
arrested i in its forward. movement. The call- 
ing line is now routed to the trouble desk 

and. the sender released in the same mi aanier 

ag described” under the-stib-heading “‘Aduts- 
matic release of sender and routing ‘of call 

te trouble desk.” 
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Trouble at the sender. 

If trouble is found with the sender it may 
be taken from active service by. the monitor- 
ing operator through the insertion of a plug 
hay ying ground connected to its sleeve con- 
tact in jack J’, whereupon make busy relay 
325 of the sender becomes energized ‘and a 
its right-hand armature and front contact 
connects ground to conductor 800 for mak- 
ing the sender busy to all sender finders hay- 
ing access thereto, The operator may then 
communicate with the calling subscriber over 
jack J associated with the sender and in- 
form the subscriber that the sender is out of 
order and that he should hang up the re- 
ceiver and reinitiate the desired call. 

Tf the calling subscriber partly dials a call 
number a lamp i is first lighted in the moni- 
toning operator’s position and the operator 
nay free the sender as described under “ Un- 

finished dialing,” “District. selection only 
completed” or ~« Unfinished dialing, selec- 
tion proceeded beyond district. selection.” 
What is claimed is: 
1. In a telephone exchange system, a call- 

ing subseriber’s line, a selector switch for 
extending a connection from said line, a reg- 
ister sender for controlling said switch, 

means associated with said calling line for 
setting the registers in said sender, a time 

measuring device and means controlled by 
suid time. measuring device to set up a spe- 

al registration on “said sender. 
9. Ina telephone exchange system, a call- 

ing subseriber’s line, a selector switch for 
extending a connection from said line, a reg- 
ister sender for controlling said switch, a 
sending dial associated with said calling line 
for setting the registers of said sender, and 
means automatically operated to set said 
sender upon the failure of the calling sub- 
scriber to dial the desired number. 

3. In a telephone exchange system, a call- 
ing subscriber’s line, selector switches for 
extending a connection from said line, a reg- 
ister. sender for controlling said switches, 
means associated with said calling line to set 
the registers of said sender, a trunk circuit, 
and means automatically operated, upon the 
delayed setting of said registers by the call- 
ing subscriber, to set said sender and to con- 
trol the extension of said-calling line to said 
trunk cireuit. 

4, Ina telephone exchange system, a call- 
ing subscriber’s line, selector switches for 
extending a connection from said line, a reg- 
ister sender for controlling said switches, 
means associated with said calling line for 
setting the registers of said sender, a trunk 
cireuit, an operator’s position, a signaling 
device associated with said operator’s posi- 
tion, means automatically operated upon the 
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delayed setting of said-registers to give said 
sender a ‘special setting and to control the 
extension of said. calling line te said trunk 
cireuit, and means to ‘operate said signal 
upon the extension of said calling line to 
said trunk cireuit. 

& Ina telephone exchange system,.a : call- 
t ing ‘subscriber’s line, selector switches for 

extending a connection from said line, a reg- 
ister seader for controlling said switches, 
means associated with said callmg Hne for 
setting the registers of said sender, a trunk 
Cl ireuit, an operator’s position, a signaling 
device associated with said operator’s posi- 
tion, means automatically operated upon the 
delayed setting of said registers to give said 
sender a special setting and to control the 
extension of said calling line to said trunk 
circuit, and means effective upon the re- 
sponse of said operator to said signaling de- 
vice to associate said operator’s talking cir- 
et with said calling line. 

6. Ina telephone exchange system, a call- 
ing subseriker’s line, a sending dial asso- 
ciated with sa uid calling line, a sender, means 
in said sender -to respond to an initiated 
call, means in said sender to respond to said 
sending dial, and means automatically oper- 
ated to release said sender upon the failure 
of he calhng subscriber to dial a number. 

. Ina telephone exchange system, a call- 
ing » gubseri ibex’s line, a trunk circuit, a se- 
lector switch, a register sender for control- 
ling said switch, means associated with said 
calling line for setting the registers of said 
sender, a time measuring device, means con- 
tvolled by said time measuring device to set 
up a special registration on said sender, 
means to operate said selector switch in ac- 
cordance with said special registration to 
establish connection from said calling line 
to said trunk, and means to restore said 
sender to its normal condition. 

8. In a telephone exchange system, a call- 
ing subscriber’s line, a trunk circuit, a selec- 
tor switch, a plurality of register ‘senders, 
means to extend said calling line to said se- 
lector switch, means to associate an idle reg- 
ister sender with. said selector switch, means 
associated with said calling line for’ setting 
the registers of said associated sender, a time 
measuring device, means controlled by s said 
time measuring device to set up a special 
registration on said sender, means to operate 
said selector switch in accorda nee with 'said 
special registration to establish connection 
from said “calling line to said trunk circuit, 
and means to release said sender. 

In testimony whereof, I have signed my 
name to this specification this 18th day of 
Se ptember 1993, 

JAMES N, WALTERS. 
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