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PATENT OFFICE 

EDGAR H. CLARK, OF FOREST HILLS, AND WARREN W. CARPENTER, OF QUEENS 

VILLAGE, NEW YORK, ASSIGNORS 76 BELT, TELHUPHONE LABORATORIES, INCOR- 

PORATED, OF NEW YORE, N. Y., A CORPORATION OF NEW YORK 

AUTOMATIC TELEPHONE-EXCHANGE SYSTEM 

Application filed September 29, 1928. Serial No. 308,176, 

This invention ’.relates to telephone ex- 

change systems and particularly to.those sys- 

tems wherein mechanical switching appara- 

itis is employed in the establishment of con- 

nections between subscribers’ lines terminat- 

ing in manual offices of the exchange area and 

subscribers’ lines terminating in machine 

switching offices of the same area. - 
The invention has for its object the simpli- 

19 fication of apparatus necessary for the es- 

tablishment of such connections and the in- 

creased economy in the first cost:and main- 

tenance thereof. | 
In exchange areas which are being changed 

15 through the installation of machine switch- 

ing apparatus to operate on a full mechan- 

ical basis rather than on a strictly manual 

basis, it is desirable that provision be made 

for the extension of calls originating in a 

manual office of the exchange to any of the 

outlying automatic offices through the control 

of the selector switches in the called auto- 

matic office by mechanism located at the call- 

ing manual office. As the exchange area be- 

comes more nearly full mechanical through 

the changing cf a greater number of the 

manual offices to automatic offices, the need 

for such control equipment for the remaining 

manual offices becomes more essential. By 

this plan the operator who bas answered the 

call is enabled to establish the interofice con- 

nection which leads to'a distant automatic 

office without assistance, the entire operation 

of the switches at the distant automatic of- 

fice being governed by mechanism at the origi- 
nating office controlled by the answering op- 

evator therein. 
This has been accomplished satisfactorily 

in the past by circuits o 
example, in Patent 1,518,862,.issued October 
98,1924, tc L. M. Allen. The present inven- 
tion was developed to attain the same results 
as have been heretofore attained in the em- 
ployment of circuits of the type disclosed-in 
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this patent with simpler apparatus and. with 
-greater economy. 

In accordance with the present invention 
one embodiment of which has been disclosed 
herein, by way of example, each manual office 
is provided with a plurality of operators’ po- 
sitions, each of which has access to a plu- 
rality of groups of outgoing trunks, one 
group leading to each of the automatic of- 
fices of the exchange area. Hach position is 
further equipped with a sender controlling 
key board, a set of office keys and office code 
register relays, and a register switch of the 
step-by-step type which has two functions, 
first, to control the setting of trunk selecting 
switches to select a group of trunks to a de- 
sired. office, corresponding to the office code 
registerd at the position ; and second, to regis- 
ter the number of an idle trunk in the de- 
sired office group selected by the trunk select- 
ing switches for the purpose of operating in- 
dicating lamps at the position to indicate the 
number of the particular selected trunk. | 

Tn order that an idle sender common to ail 
operators’ positions may be taken for use to 
extend a call and associated with the oper- 
ator’s position concerned, each sender is pro- 
vided with a step-by-step position finder in- 
dividual thereto which hunts for a calling op- 
erator’s position. To enable the selected 
sender to become associated with an idle trunk 
outgoing to the desired automatic oflice, each 

sender is associated with a first selector switch 
individual thereto, which in turn has access 
either directly or through second selector 
switches to all of the trunks in the different 
groups extending to the desired automatic 
offices. 

Tn the operation of the system the operator 
who answers an incoming call at the originat- 
ing manual office first depresses an office key 
at her-position corresponding. to the office in 
which the desired line terminates and thereby 
eauses the position finder switch associated 
with an.idle sender:to‘hunt for her position 
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and to associate it with such sender, and 
causes the registration of the office code desig- 
nation of the desired line on the office code 
register relays of her position. She may then 
depress keys in her key board to register on 
the numerical registers of the sender the 
numerical designation of the desired line. 
When the sender becomes associated with the 
operator’s position, a control circuit is estab- 
lished from the register switch of the posi- 
tion through the sender to the first selector, 
and assuming that both first and second 
selectors are to be used, the first selector is 
operated in unison with the position register 

; until the register assumes a position directed 
by the operated tens code register relay of 
the position. The first selector then hunts 
for an idle second selector and the selected 
second selector and register switch thereafter 
operate in unison until the register assumes 

a position directed by the operated units code 
register relay. In this manner a group of 
trunks outgoing to the office in which the 
desized line terminals is selected. The posi- 
tion register is then restored and is re- 
operated. in unison with further hunting 
movements of the second selector until such 
second selector has selected an idle trunk 
from. a-sub-group of trunks in the selected 
office group. In its reoperated position, the 
position register causes trunk number indi- 
cating lamps at the position to be-lighted to 
indicate to the operator the number. of the 
selected outgoing trink. The operator then 
plugs into the jack of the indicated trunk and 
her position apparatus is freed for another 
call. The sender then proceeds to operate 
the selector switches in the selected automatic 
office in accordance with the numerical desig- 

i nation registered on the registers thereof in 
the well known manner. 

Referring to the drawings Figs. 1 to 10, in- 
clusive, arranged in accordance with the dia- 
gram of Fig. 12 disclose so much of a tele- 

“> phone system embodying the principles of 
this invention as is necessary to a compre- 
hensive understanding thereof.. — 

Fig. 1 shows one of a plurality of answer- 
ing operators’ positions of a manual office 

“/ provided with cord circuits for extending 
subscribers’ lines over interoffice trunks out- 
going to distant dial switching offices. One 
of these outgoing. trunks terminating ina 
dial switching office is illustrated in this 
figure. ; 

Fig. 2 shows a set of numerical keys, one 
office key, a portion of the office code regis- 
ters.and control relays of the operator’s posi- 
tion-shown in Fig. 1. 

Fig. 3 shows a position finder switch in- 
dividual to the sender of Figs. 5, 6, 7 and 8 
for associating the operator’s position equip- 
ment of Figs. 2.and 4 with such sender. 

Fig. 4 shows a trunk number indicating 
” equipment individual to the operator’s posi- 
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tion of Fig. 1 for indicating to the operator 
the number of the interoffice trunk over which 
a connection to the desired dial switching 
office is to be extended. 

Figs. 5, 6, 7 and 8 taken together show 
one of a plurality of register senders avail- 
able for the use of all operators’ positions of 
one manual office. . Fig. 5 shows two steering 
switches of the sender. Fig. 6 shows control 
relays. Fig. 7 shows relay registers for regis- 
tering the numerical digits of wanted line 
numbers and Fig. 8 shows counting relays 
for setting the switches of the dial switching 
office under the control of the registers of 
Fig. 7. 

Fig. 9 shows a first selector individual to 
the sender and Fig. 10 shows one of a plu- 
rality of second selectors for connecting a 
selected sender with an idle trunk extending 
to a desired dial switching office. 

Fig. 11 shows diagrammatically the ar- 
rangement of start circuits for a plurality of 
Position finders, such as the one shown in 
rio. 38. 
Fig. 12 is a diagram showing how the vari- 

‘ous figures should be arranged with relation 
to each other. 

General description of apparatus 

The selector switches 123 and 124 diagram- 
matically illustrated in Fig. 1 and-located in 
the distant dial switching office 122 are of 
the well known power driven types, such as 
are shown in the patentto HE. B. CraftandJ.N. 
Reynolds, No. 1,223,396, granted January 3, 
1915.. More particularly, they are of the 
specific type fully disclosed and described in 
the patent to F. A. Stearn and F. J. Scudder, 
No. 1,895,977, granted November 1, 1921. 

The steering switches 500 and 550 of Fig. 5 
are of the rotary single motion step-by-step 
type driven by stepping magnets from termi- 
nal set to terminal set. and so. arranged that 
the brushes are moved forward to the next 
set of terminals upon the deenergization of 
the corresponding stepping magnet. 

The selector switches of Figs, 9 and 10, the 
position switch 450 of Itig. 4 and the posi- 
tion finder switch of Fig. 3 are ofthe step-. 
by-step type having both a vertical and a : 
rotary motion. Each switch is provided with 
a pair of brush sets and corresponding banks 
of terminals. More specifically, these 
switches are of the type disclosed in Patent 
No. 1,700,466, granted to W. W. Carpenter 
Jan. 29, 1929. , ; 

The operator’s position equipment shown 
in Fig. 2 comprises a set. of ten non-locking 
digit keys 211 upon which the operator may 
write up the numerical digits of wanted line 
numbers, a plurality of office keys.only one 
of which 200 has been illustrated and two 
groups of office code relays, only one relay 
of each group having been disclosed. As 
many oilice keys are provided at each po- 
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sition as there are dial switching offices in 
the exchange area to which the manual office 
has access. Each such group of code register 
relays comprises eight relays, only the first 
of each group having been disclosed. The 

gister reluys of one group register the tens 
code letter of an office designation and the 
relays of the cther group register the units 
code letter. y suitable inter connections 
with the office. keys it.is possible by the de- 
pression of a si ingle key to } register the first 
two letters of an office de esignation.- a or 
example, as will be hereinafter more fully 
described, the depression of key 200 registers 
the cffice code CA for the office CAnal on 
the tens register felay 202 and on the units 
register relay 2 20 

Detailed description 

It is believed that the invention will be 
best understood from a detailed explanation 
of the manner in which a connection may 
be established. To this end it will be as- 
sumed. that the subscriber of line 100 in the 
manual office wishes to converse with the 
subscriber of the line 125 in a distant dial 
switching office 122. Uron removing his re- 
ceiver from the switchhook. the calling g¢.stib- 
scriber completes a circuit for the energiza- 
tion of line relay 104, which in turn, causes 
the illumination of lamp 105. The operator 
upon cbserving the illumination of lamp 105 
answers by inserting the plug 102 of one of 
her cord circuits into the jack 101. The in- 
sertion of the plug in the jack completes a 
circuit from battery through the lemp 107, 
resistance 106, sleeves of plug 192 and jack 
101, winding of relay 108 to ground. Relay 
103 operates and severs the cireuit of relay 

104. which causes the line lamp 105 to be- 
come oxtingnished. 
the switchhook, the insertion of the pivg i in 
the jack also completes a circuit from bat- 
tery through the lower left winding of re- 
peating coil 109, the winding of relay 110, 
rings of plug 102 and jack 101, over the loop 
of the line, x 
101 and plug 102, upper left winding of re- 
peating coil 109 to ground, Relay 110 oper- 
ates In this cirernit and cl oses a cirenit from 
battery through its contact, resistances 108 
and 106, thence over the path previously 
traced 
ground. This latter circuit shunts the lamp 
107 causing the same to remain extinguished. 
The operator next depresses the listening 
key 112. connecting her head set into con- 
ver sbion al relation with the calling line and 
ascertains the wishes of the calling sub- 
seriber. 
wee non learning that he wishes 4 

subscriber at a distant office 199, 
lepresses the office key 20 
key 

o talk with 
the goer 

of Fig. 2 
corresponds to such distant of- 

For the purposes of this description, 

mt
, 

208 

The receiver being off. 

returning over the ti ps of jack 

t} srough the winding of relay 103 to | 

_ from battery through such lamp, 

@ 
ard 

it will be assumed that the wanted line num- 
ber is CAnal 3981 and that, therefore, upon 
the depression of key 200, the No. 2 units 
code register relay 201 is operated over a cir- 
cuit extending from batiery through . the 
right winding “of relay 201, the right contacts 
of key 200, right contact. of relay 203, the 
left winding of relay 220 to ground at the 
left normal contacts of relay 207, and that 
the tens code register relay 202 is operated 
over circ uit from battery through the wind- 
ing of relay 204. the left back contact of 
relay 208, the right winding of relay 202 
to ground at the left contacts of key 200. 
Relay ys 201, 202, 204 and 220 energize iD 
these cireuits, relay 220 locking over its right 
winding and inner right contact, the inner 
right back contact of release relay 205, con- 
ductor 229 to ground at the back: contact of 
release magnet 400 ofthe position switch 
450. Relays 201 and 202 close a mutual lock- 
ing cireuit for each other extending from 
battery, through the left winding and left 
contact of relay 901, the left winding and 
left’ contact of relay 202, conductor 281 to 
ground at the inner let contact of relay 220. 
Relay 904 operates in the operating circuit 
of relay 202 and: locks. thro: ugh the winding 
of relay. 903 the right front contact of relay 
204 to ground on conductor 231 and closes 4 
cirevit for lamp 232 extending from battery 
through said lamp, the left contact of relay 
204, conductor 283 to ground at the outer 
rig oht back contact of relay 401, but relay 

does not operate in this locking cireuit 
until the. key "200 is released. Lamp 232 
lights and remains lighted until the trunk 
number is completely registered on the po- 
‘sition switch 450. Upon the release of key 
200, relay 208 energizes opening at its back 
contacts the initial energizing circnits of re- 
lays 201 and 202 and of all other ragister 
relays of the position .to prevent interfer- 
ence with the call should the operator de- 
press another office key before the call has 
been completed and her position equipment 
released. The code register relays prepare 
circuits for controlling the positioning of 
the position switch 450-as will be hereinafter 
described, 

Association of an idle sender with. the opera- 
tor’s position 

Relay 220, upon energizing, established. a 
circuit for relay 206 extending from batiery 
through the winding of such. relay, the:in- 
termediate right back contact of relay 207 
to ground cn ‘conductor. 931,-a circuit for re- 
lay 208 extending from batéery, through the 
winding th ereof,, ever the outer. right back 
contact of relay 207 to ground on. conductor 
231 and a circuit for ‘lamp 209 extending 

the back 
contact .of relay 210, the inner right back 
contact of relay "007. to ground on conductor 
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to Fig. 

4 

231. Lamp 209 burns steadily at this time 
and relay 208, upon energizing, connects the 
contacts of the keys of keyset 211 to battery 
through the winding of Play 210.. Should 
the operator prematurel y depress a key of 
the keyset, that is, while the lamp 209 is burn- 
ing steadily denoting that a sender has not 
yet been associated with her position equip- 
ment, relay 210 will operate locking over its 
left front contact to ground on conductor 231 
and at its right contacts transfers the lamp 
209 from steady ground to intermittent 
ground through the fast interrupter 221. The 
lamp will thereupon flicker as a signal that 

3 the operator should release her position and 
start the call.again. She may do so by de- 
pressing the release key 222 thereby operat- 
ing release relay. 205, which in turn releases 
all. operated relays of the position. Relay 
208, upon operating, also cisassociates the. 
key contacts of keyset 211 from conductors 
223 to. 225, inclusive, extending to the 
brushes of the position finder of Fig. 3. 

Relay 206, upon operating, at its left con- 
tact prepares an operating circuit for the 
cut-off relay 207, extending to conductor 227 
and at its right contact establishes an obvious 
circuit for the group relay 228. By referring 

ii, it will be noted that provision 
is made for 100 operators’ positions, said 
positions being sub-divided into ten. groups 
of ten positions each. Each subgroup of ten 
positions has common thereto a. group start 
relay 228. In Fig. 11 the individual start 
relays 206 and 206’ and cut-off relays 207 
and 207’ of the first and tenth positions of 
the first subgroup and the individual start 
relays 2067 and 206% and cut-off relays 207? 
and 207° of the 91st and 100th positions of 
the tenth subgroup of positions together with 
corresponding group relays 298 and 228" have 
been ilustrated. A position finder indi- 
vidual to a sender such as is shown in Figs. 
5 to 8, inclusive, is provided for normally 
serving each group of ten positions, but the 
start circuits are so arranged as shown in 
Fig. 11 that a finder indivdual to. any idle 
sender may be made available to serve any 
one oi the 100 positions. 

Referting to Fig. 3 in which the position 
finder individual to the sender. of Figs. 5 
to. 8 is disclosed for serving the group of 
positions in which the position of Fig, 2 is 
located, such finder is illustrated as ving 
a rotary magnet 300, a vertical magnet 301, 
release ma genet 302; off-normal contacts 803 
and 324, vertical commutator 334 and brush 
304 and six shaft brushes 305 to 310, inclusive. 
Relays 317 and 318 shown in the dotted rec- 
tangle are common to. all position finders. 
When therefore the group relay 228 of the 
“subgroup in which the position equipment of 

the. Fig. 2 is located operates, assuming that 
finder normally allotted for serving such sub- 
group Is idle, a circuit-is extended from bat- 

outer right back contact of relay 
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tery, through the winding of relay 311, the 
malke-before-break contacts of relay 312, 
transfer key 344, conductor 313, the left con- 
tacts of relay 238, conductor 314 to ground 
at the left back contact of relay 312. Relay 
228 at its outer right contact also connects 
ground over a conductor, such as 3815, to place 
a calling potential on the commutator of the 
position finder corresponding to the bank 
level thereof in which the. subgroup of posi- 
tions appear, and at its inner front. contact 
connects ground to conductor 316 for oper- 
ating the common relay 817. Relay 317 en- 
ergizes in turn operating the common relay 
318 in a circuit extending to ground at the 
back contacts of all relays similar to relay 
312 of line finders that are at the time idle. 
Relay 318, upon operating, furnishes lock- 
ing battery for the relay of each position 
finder corresponding to relay 312 for a pur- 
pose to be later explained. Relay 311, upon 
operating, establishes a circuit for relay 319 
extending from battery through - the. left 
winding ‘thereof, the back contacts of mag- 
nets 300 and 301, the front ‘contact of relay 
311 to ground at the outer right back con- 
tact of relay del... Relay 319 operates in this 
circuit and at its left: Contact establishes a 
cixcuit for vertical magnet 301 extending 
from battery through the winding of mag- 
net 3801, the back contact of relay 332° to 
eround at the left contact of relay 319. Mag- 
net 801 energizes, opening the energizing cir- 
cuit of relay 319. When, therefore, vertical 
magnet 301 is completely energized and the 
finder shaft has been advanced vertically 
one step, relay 319 releases, in turn, opening 
the operating circuit of magnet 301. 

It will be assumed that the calling opera- 
tor’s position terminates.in the first bank level 
of this finder and that therefore when the 
finder: has been stepped to this level, ground 
potential. placed upon. commutator terminal 
388 by the group relay 228 will be encountered 
by the commutator brush 304 and a circuit 
completed therefrom over conductor 335, 
through the left winding of relay 332 to bat- 
tery through the left winding of relay 3819 
before the vertical magnet 301 releases. Re- 

‘Jays 319 and 332 thereupon energize, relay 
319 locking itself energized over its left wind- 
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ing and the back contacts of magnets 300 and | - 
301 upon the release thereof and relay 332 
locking itself from battery over ‘its Tight 
winding and right contact to ground at the 

88l. With 
relays 319 and 332 both. energized a: circuit 
is now established for the rotary magnet 300 
extending from battery through the winding 
of magnet 800, the left front contact of relay 
382 to "ground at the left contact of relay 319. 
Magnet 300 energizes, advancing the brushes 
of the finder one step-in a rotary direction. 
The energization of magn 
the holding circuit of relay 319 and since its 

et 800 now opens: 
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initial energizing circuit was.opened at the 
commutator brush 304 as soon as the finder 
rotated one step, relay 319 deenergizes, open- 
ing the operating circuit of magnet 300. This 
magnet, in turn, deenergizes again closing an 
operating cirewit for relay 319 extending 
from ba attery, through its left winding, back 

- contacts of magnets 300 and 3801, the "front 
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contact of relay 311 fo ground at the outer 
right back contact of relay 331. Relay 319 
again energizes and esiabli Shes the operating 
circuit of magnet 300. In this manner mag 
net 300 and relay 319 reciprocally operate tO 
advance the brushes of the position finder in 
a rotary hunting movement. 
When the brushes have been so advanced to 

the terminals associated with the calling op- 
erator’s: equipment, a circuit becomes "estab. 

lished from: battery, winding of cut-off relay 
207, the left contact of relay 206, conductor 
907, test terminal 352, test brush 309, winding 
of relay 840, right normal contacts of relay 
381 to eround through the right winding of 
relay 319, thereby energizing relays 207 and 
340 and ‘differenti ally: releasing, relay 819. 
Relay 207, woon energizing, locks over. its 
winding and inner left front con: tact, the outer 
right back contact of relay 205, directly to 
conductor 297 independently of relay 208, 
opens at its right contacts the circuits of re- 
lays'206 and: 208 » thereby releasing said relays 
and.at its: inner right. front contact establishes 
a circuit from ground through the slow inter- 
rupter 230, over the right back contact of re- 
lay 210 to battery. through: the lamp 209. 
Larap 209: now fashes to indicate that the 
operator? 3 position has been attached to an 
idle sender and: that shé may. proceed to oper- 
ate the keys of keyboard 211 to- set the nu- 

merical registers of such senc Jer to record the 

numerical designation. of the desired. line. 
The release of relay 206. opens the circuit: of 
group relay 228 which, in turn, releases te- 
leasing relays 311, 317 ‘and 318, "the two lat- 
ter relays releasing only in case there. 1s. no 
other call initiated at the time. 

Relay 840 upon operating closes an obvious 
circuit over its front contacts for relay 831 
which, upon operating, extends control.cir- 

cuits from the operator’s position equipment 

over brushes: 305 to 308 and 810, inclusive. 

At. its right back contact relay 331 opens the 

holding circuit of relay 832, the circuit pre- 
viously traced through the left winding of 

relay 319 and at its right make-before- break 
contacts substitutes direct ground in the cir- 

euit of relays 207 and 340 in place of ground 
through the right winding of relay 319. Re- 

lay 339, thereupon, releases.. At its interme- 
diate right contact relay 331 also closes a 
cireuit extending from ground over such con- 

tact, conductor 342, winding of relay 506,.con- 
ductor 851 to battery. A circuit is-also closed 
in parallel with relay 506: from ground on 

5 

conductor 342, through the winding of relay 
700 to battery on conductor 351. 

Relay 506, upon energizing, prepares sev- 
eral cireuits. At its inner left contact it es- 
tablishes a circuit for relay 900 of the first 
selector, extending from ground over con- 
ductor 801, winding of relay 800, conductor 
902, off- normal contact 901 to bat tery through 
the ‘lett winding of relay 900. At its inner 
right contact it ‘establishes a circuit for relay 
600 ex <tending from battery through the right 
winding of relay 600, conductor 601, the jeft 
pack contact of relay 505, normal position ter- 
minal and brush 508 of steering switch 550, 
conductor 502 to ground at the inner left con- 
tact. of relay 506, at its outer right contact 
it connects holding ground to conductor 509 
for locking relays of Figs. 5, 6 and 8 and at 
its intermediate left contacts establishes a 
circuit for relay 504 extending from battery 
through the winding oF relay "504, the outer 
right back contact, of rel ay 507, the back con- 
tact of relay 565, conductor 508, conductor 
606, the inner left back contact of relay 610, 
conductor 608, the intermediate left “ront 
contact of relay 506, the normal position. ter- 
minal and brush 520 of s steering switch 550, 
conductor 591 te ground at the left back con. 
tact of relay 61%. 

Relay 700, upon energizing at its upper- 
most front contact, connects ground to con- 
ductor 701 for locking the register relays of 
Fig. 7, at its inner upper front contact con 
nects ground over conducter 718, the ot ator 
right contact of relay 506 through the wind- 
ing of relay 506 to battery on conductor 354 
for holding itself and relay 506 operas ted, 
and at its “intermediate lower contact con. 
nects ground over conductor 724, the back 
contact of relay 820, conductor 702, through 
the winding of release relay 915 of the first 
selector to ‘battery. 
this circuit, at its front contact furnishing 
locking ground for relay 900 and for other 
relays “of the first solector and at its back 
contact opening at one point the circuit of 
release magnet 917. At its inner lower front 

contact relay 700 connects ground to con- 

ductor 921 for a purpose io be later ex 
plained and at its lowermost front contact 
connects ground over conde rotor 722 to bat- 
tery through the left winding of relay 312. 

Rela ay 319 thereupon energizes locking over 
its left winding and inner left front contact 
and off-normal contact 824 to ground, re- 
moves ground at its left back contact from 

Relay “18 energizes in. 
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the start conductor 314, removes ground at ° 

its right back contact from the common con- 

ductor 8438: and at its inner right male-before- 
break contacts extends the starting conductor 
313-to the start relay corresponding to relay 
311 of the next position finder associated with 
an idle sender. 

It willbe explained at this point how 
another call initiated at a position. of the 
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same subgroup is able to associate another 
idle sender with such position. For this pur- 
pose it will be assumed that upon. the depres- 
sion of an office key at such other position, 
for example, the tenth position of such sub- 
group, relay 206’ disclosed.in Fig. 11 becomes 
energized, in turn, operating ‘the common 
group relay 228. Ib will further be assumed 
that the next idle sender is the sender nor- 
mally assigned for serving positions 91 to 
100, inclusive. Referring to Pig. 11, with re- 
lay 312 energized as just described, a cir cuit 
is now: established from ground at ‘the lower 
back contact of relay 312” associated with the 
position finder individual to such sender, over 
the common conductor 814, the lower front 
contact of group relay 228, conductor 313, 
fransfer key 844, the front contact of relay 

, thence in a chain circuit through the 
front contacts of other relays similar to relay 
312 associated with position finders of other 
busy senders, thence ‘to transfer key 344’, the 
normal contact of relay 9812’ to battery 
through the winding of start relay dil’. 
Start “yelay 311’, upon operating, starts the 

position finder associated with the idle send- 
er in the manner previously described. So 
long as there is an initiated call at any posi- 
tion and any group relay, such as 228, is en- 
ergized, relay 317 remains energized, in turn, 
maintaining relay 318 operated until all 
senders have been taken for use, since relay 
318 receives operating ground from common 
conductor 848, and a “bac Ik contact. of the re- 
lay 312 of the position finder associated with 
each idle sender. With relay 318 energized 
battery is connected to common conductor 
245. ‘Thus, upon the energization of relay 
312 an auxiliary locking « circuit is established 
for relay 312 extending from battery on con- 
ductor 345, ) through awit nding and inner froné 
contact of relay 312, key 34 , the front con- 
tact of group relay 228 ¢ to er round en common 
conductor S14. This insures that relay 312 
will-be maintained operated if a second call 
has been initiated in the first subgroup ever 
though the sender which was taken for use 
by a . previously initiated call in that sub- 
group should become idle. Since relay.312 
cannot therefore release to open the chain 
starting circuit, the second call | is not there- 
fore mutilated. 

Relay 504, upon energizing, establishes a 
circuit for relay 805 extending from battery 
through the winding of relay "805, conductor 
501, the right back contact OF rela ay 510 to 
ground at the right contact of relay 504.. At 
its outer right “contact relay 805 connects 
ground to conductor 806 for furnishing hoid- 
ing ground for.the counting relays, at its in- 
ner left contact establishes a circuit for macg- 
net 512 of steering switch 550 preparatory 
to advancing such switch into position 2, and 
at its inner right contact establishes a cir- 
cuit. for relay 601. The circuit of magnet 

‘back contact of relay 
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512 may be traced from battery through the 
winding of such magnet, conductor 513, the 
inner left contact of relay 805, conductor 808, 
to ground at the back Contact of counting 
relay 802. The circuit of relay 601 may be 
tra aced from battery through. the winding of 
relay 601, conductor 604, the inner right con- 
tact yof relay 805, conductor 804, the outer 
right back contact of relay 610, the left back 
contact of relay 614, the back contact of relay 
609 to ground on conductor 509. 

Operation of first selector in accordance with 
first code letter of office designation 

It- will first be assumed that.in order to 
reach a trunk to the desired office 122 both 
the first and the second selectors must be used. 
With relay 601 energized a pulsing circuit 
for operating the first selector vertically in 
accordance with the first or tens code letter 
registered by relay 202 of the operator’s po- 
sition is established, extending from ‘battery 
through the winding of relay 904, back ‘con- 
tacts of rotary magnet 905 and vertical mag- 
net 908, inner right back contact of relay 906, 
intermediate right back contact of relay 907, 
conductor 908, outer right back contact. of 
relay 809, back contact of counting relay 810, 

807, conductor 811, 
winding of pulsing relay 602, outer right 
front contact of relay 601, outer right front 
contact of relay 606, conductor 611, inner 
right back contact of relay 507, conductor 
348, inner right contact of velay 331, brush 
310, conductor 235, inner left contact of re- 
lay 401, conductor 402, back contact of ro- 
tary magnet 403, back contact of vertical 
magnet 404, outer left: back contact of relay 
401, off-normal contacts 430 to ground at the 
rig tht back contact of release “magnet 400. 
Relays 602 and 904 energize in this circuit, 
relay 602 upon energizing closing a circuit 
for itself over its left con act, right back con- 
tact of relay 603 to ground at the right back 
contact of relay 622 independently of ground 
at the position. switch 450 and at its right 
front contact establishing a circuit for relay 
507, extending from battery, winding of re- 
lay 507, nor ‘mal position terminal and brush 
516 of steering switch 550, conductor 511, the 
inner left back contact of relay 605 to eround 
at the right front contact of relay 602. 
Relay 507 at its outer left front contact 

establish hes a circuit for the vertical magnet 
404 of the position switch 450, extending 
from battery through the winding of magnet 
404, the outer right | back contact of relay 405, 
the left back contact of release magnet 400, 
winding of relay 406, the inner right back 
contact of relay 
308, inner left contact of relay 381, conductor 
320 to ground at the left contact of relay 507. 
Magnet 404 and slow releasing relay 406 en- 
ergize in this circuit, magnet 404 stepping 
the brush shaft of the switch 450 one step 

” 401, ’ conductor 226, brush - 

70 

75 

80 

85 

90 

95 

100 

105 

110 

‘115 

120 

‘130



qt
 

Re
 

3
 

ot
 

1,767,961 

vertically to position the brushes 407 to 412 

inclusive, opposite the first level of termi- 
nals in their respective banks and to position 

the commutator brush 413 opposite the first 
segment of the vertical commutator 414. Re- 

lay 406 being slow to release remains ener- 

gized so long as the stepping magnet 404 re- 

eeives impulses. Relay 507 at its outer right 
back contact also opens the circuit previously 

traced for relay 504, and since relay 601 is at 

the time energized no circuit exists for relay 

504 over the inner left contacts of relay 601. 

The relay 504 being slow to release does not 

do so, so long as relay 602 continues to trans- 

; mit impulses to the winding of relay 507. 
With relay 507 energized, it is held energized 

in a circuit from battery through its wind- 

ing, left front contact of relay 504, the inner 

I 
wl 

rht front contact of relay 507, conductor prcay 

-¢ 848, thence as traced through the left back 
contact of relay 401 to ground through the 

back contact of vertical magnet 404 and the 

left front contact of relay 406. Relay 507 
thus does not deenergize until the vertical 

magnet 404 has fully completed its energiza- 
tion to advance the switch 450 a full step. 

At the selector of Fig. 9 wpon the energiza- 

tion of relay 904 a circuit is closed for the 
vertical magnet 908 from battery through the 
winding of magnet 908, the outer right front 

contact of relay 900 to ground at the inner 

left front contact of relay 904. Relay 904 
also closes an obvious circuit for relay 909, 

which disconnects the tip and ring brushes of 

- the selector during its vertical selection move- 
ment. Magnet 903 energizes and at its con- 

tacts, opens the previously traced pulsing 

circuit through the winding of relay 904, 

and the winding of relay 602. The-selector 

, switch is thus stepped vertically one step, 

opening at the off-normal contacts 901 the 
initial energizing circuit of relay 900. 
Upon the opening of the pulsing circuit 

and the deenergization of relay 602 the-ini- 

- tial energizing circuit of relay 507 is opened 

and upon the completion of the first step of 
sogition switch 450 the holding circuit of re- 

lay 507 is opened, whereupon it deenergizes, 

opening the operating circuit of magnet 404. 

, At the selector upon the deenergization of 

the vertical magnet 903 following the de- 

energization of relay 904, the pulsing circuit 

previously traced is again established, to 

ground at the front contact of relay 406 and 

- relays 602 and 704 again operate both per- 

forming the same functions. previously de- 

seribed to cause the advance of the first. se- 

lector and of the position switch 450 another 
step. 

Tt has been assumed that the first code letter 

registered upon the tens code register relay 

202 was ©, having a numerical equivalent of 

2. Therefore, when the position switch 450 

has advanced two steps vertically and the 

= commutator brush 413 is raised to the second 

segment of commutator 414, a circuit will be 

closed from ground at the outer left contact 

of relay 220, over the right contact of regis- 

ter relay 202, conductor 236, brush 418, thence 

over the inner left back contact of relay 401, 

conductor 235 and as previously traced to 

battery through the winding of relay 507. 

Relay 507 is thus prevented from deener- 

gizing when vertical magnet 404 compictes its 

second energization and therefore the circuit 

of relay 504 is held open at the outer right 
contact of relay 507 fora sufficient period to 

permit relay 504 to release. Relay 694 upon 

releasing now opens the circuit of relay 507, 

which thereupon releases, in turn opening the 
circuit of vertical magnet 404 and the circuit 

of slow-to-release relay 406. Relay 504 upon 

deenergizing opens. at its right contact the 
previously traced circuit for relay 805, which 

in turn opens the previously traced circuits 

for relay 601.and magnet 512, Magnet Siz 

upon Ceenergizing advances the steering 

switch 550-into position 2. : 
As soon as the steering switch leaves nor- 

mal the previously traced circuit of relay. 600 
is opened, whereupon a circuit is established 

for relay 505, extending from battery through 

the winding of relay 505, left back contact of 

relay $10, conductor 618, outer right back con- 
tact of relay.600, conductor 611, inner right 

back contact of relay 507, conductor 848, inner 

right contact of relay 331, brush 310, conduc- 

tor 235, inner left back contact of relay.401, 

conductor 402, back contacts of. magnets 403 

and 404, outer left back contact of relay 401 
to ground at.the front contact of relay 406, 
relay 406 being: slow to release and. having 

not yet.released. Relay 505 upon energizing 

locks. over its inner right contact directly to 
4 

conductor. 618 independently of the contacts 
-of relay 510.and closes an obvious circuit for 

relay 510, which then locks over its inner left 

contact, conductor 612, the inner right back 
contact of relay 600 to. ground en conductor 

509. With the steering switch in position 2 

a circuit is established from battery through 

-the winding of relay 603, the second position 
terminal and brush 503 of steering switch 550, 

conductor 502 to ground.at the inner right 
contact of. relay 506. 

As soon as relay 406 releases following the 

opening of its cireuit by the deenergization 
of relay 507, a circuit is established for relay 
405, extending from .battery through the 
winding and right normal contacts thereof, 
-vertical off-normal contacts 415 to ground at 

the back contact. of relay 406. Relay 405 
upon energizing locks over its inner right 
front contact to ground at the right back con- 
tact of release magnet 400 and at. its outer 
right contacts substitutes. the winding of the 
rotary magnet 403 for the winding of the 
vertical magnet 404 in-the previously traced 
pulsing circuit extending to the left front 
contact of relay 507. Relay406upon releasing 
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also opensthe locking circuit of relay 505 which 
then releases. Acirevit is nowclosed for relay 
556 extending from battery winding of relay 
556, right back contact of relay 505, left front 
contact of relay 510, outer right back contact 
of relay 600, conductor 611 thence as traced 
over the outer left back contact of relay 401, 
the left contact of relay 405 to ground at the 
back contact of relay 416. 

First selector hunts for idle second selector 

When relay 805 deenergizes, a circuit is 
established for relay 609, extending from bat- 
tery through both windings thereof, the outer 
left back contact of relay 610, conductor 815, 
the outer left back contact of relay 805, con- 
ductor 812, the outer left back contact of re- 
lay 622, conductor 619, the inner right back 
contact of relay 809, conductor 910, the outer 
right back contact of relay 907, the outer right 
back contact of relay 906, the inner right 
front contact and right winding of relay 900, 
which is wound differentially to the left 
winding thereof, commutator brush. 911 to 

5 ground on terminal 912 of the commutator 
corresponding to the second level of the banks 
of the first selector, which level of terminals 
has been assumed to be connected to terminals 
of trunks extending to second selectors such 
as the one shown in Fig. 10. Relay 609 op- 
erates in this circuit and closes a circuit for 
relay 614, extending from battery, winding 
of relay 614, front contact of relay 609 to 
ground, on conductor 509. Relay 614 upon 
energizing shunts at its right contact the left 
winding of relay 609, thereby increasing the 
current flowing through the right winding 
of relay 900, whéreupon relay 900 differen- 
tially releases, removing the vertical magnet 
$03 from the control of the pulsing relay 
904. Relay 900 also connects the right wind- 
ing of relay 609 over the circuit previously 
traced to the inner right back contact of re- 
lay 900, thence to battery through resistance 
918, over the back contact of rotary magnet 
905. Relay 609 thereupon releases and at its 
front contact opens the previously traced cir- 
cuit of relay 614. Since relay 614 is slow to 
release, a circuit is momentarily closed upon 
the release of relay 609, from ground on con- 
uctor 509, over the back contact of relay 609, 

the left front contact of relay 614 to battery 
through the winding of relay 610, which 
thereupon energizes and locks to ground at 
the inner left contact of relay 603. 

Relay 610 upon energizing opens the ini- 
tial circuit of relay 609 at its left back con- 
tact and at its outer right front contact closes 
a circuit for relay 615, extending from 
ground therethrough over right back con- 
tact of relay 640, the outer left front contact 
of relay 610, conductor 815, the back contact 
of relay 805, conductor 812, thence as traced 
to battery through resistance 918 at the first 

» selector. Relay 615 operates, in turn operat- 

601, outer left front contact of relay 
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ing relay 616 over a circuit extending from 
battery through the winding of relay 616, 
outer left back contact of relay 605 to ground 
at the contact of relay 615. Relay 616 upon 
operating locks over its right contact to 
ground at the back contact of pulsing relay 
602 and at its left contact establishes an ob- 
vious circuit for relay 617, which relay in 
turn establishes a circuit for magnet 512 of 
the steering switch 550, extending from bat- 
tery through the magnet 512 over conductor 
518, the outer left back contact of relay 620 
to ground at the left front contact of relay 
617. Relay 617 also at its front contact closes 
a circuit for relay 605, extending from bat- 
tery through the winding of relay 605, the 
right front contact of relay 617 to ground 
at the intermediate left back contact of re- 
lay 622. 

A circuit is now established for the step- 
ping relay 904 of the first selector extending 
from battery through the winding of relay 
904, back contacts of rotary magnet 905 and 
vertical magnet 903, back contacts of relays 
906 and 907, conductor 908, outer right back 
contact of relay 809, back contact of count- 
ing relay 810, right back contact of relay 
807, conductor 811, winding of pulsing re- 
lay 602, outer right back contact of relay 

603, 
outer right front contact of relay 610, right 
contact of relay 605, conductor 621, second 
position terminal and brush 514 of steering 
switch 550, conductor 515 to ground at the in- 
termediate left back contact of relay 629. 
Relay 904 upon energizing closes the circuit 
of relay 909 to disconnect the tip and ring 
brushes of the selector during its rotary hunt- 
ing movement and closes the circuit of rotary 
magnet 905, which may be traced from bat- 
tery through the winding of magnet 905, the 
outer right back contact of relay 900 to 
ground at the inner left contact. of relay 
904. Magnet 905 upon energizing in turn 
opens the previously traced circuit for re- 
lays 904 and 602, relay 904 in turn opening 
the circuit of magnet 905. Thus, relay 904 
and magnet 905 cooperate with each other to 
cause the step-by-step rotation of the first se- 
lector brushes over the selected second level 
of their banks in search of an idle second 
selector. 

At the sender upon the energization of 
pulsing relay 602 the holding circuit of re- 
lay 616 is opened at the back contact of re- 
lay 602 and relay 616 deenergizes, in turn 
opening the initial energizing circuit of re- 
lay 617. Relay 617 being slow to release, 
however, does not release before a holding 
circuit is established therefor from battery 
through its winding, the inner left front con- 
tact of relay 605 to ground at the front con- 
tact of relay 602. Therefore, as long as relay 
602 continues to receive impulses of current 
due to the hunting movement of the first se- 
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lector, relay, 617 -is held energized and in 
turn maintains relay 605 operated. Relay 
615, at this time deenergizes since its operat- 
ing circuit was opened at the back contact 
of rotary magnet 905 upon the first energi- 
zation of magnet 905 and the initial operat- 
ing circuit of relay 616 is therefore opened 
at the contact of velay 615. 
When an idle second selector is found, a 

circuit is established for relay 1015, extend- 
ing from battery, winding of relay 1015, con- 
ductor 918, terminal! 919, brush 920, next to 
inner back contact of relay 909, conductor 
921 to ground at the inner lower contact of 
relay 700. Relay 1015 energizes, connecting 
locking ground for the. relays of the second 
selector and opening atone point the circuit 
of release magnet 1017. Another circuit is 
also established from battery through. the 
left winding of relay 1000, off-normal con- 
tacts 1001, “conductor 1002, terminal 922, 
brush 914, ‘the outer left back contact of re- 
lay 906, the back contact of release magnet 
917, inner right back contact and right wind- 
ing ‘of relay 907, conductor 902, winding of 
relay 800, conductor 801 to ground at the in- 
ner, left contact of relay 506. Relays 1000 
and 907 operate in this circuit, but vane to 
its small number of turns relay 300 does not 
operate. Relay 1000 upon operating locks 
over its left contact to ground at the front 
contact of relay 1015 and at its outer right 
front contact prepares the operating circuit 
of the. vertical magnet 1003. Relay 907 upon 
operating locks over its left front contact to 
ground at the front contact of relay 915, at its 
left back contact opens the energizing circuit 
for relay 906 and at its inner right back con- 
tact. opens its own initial.energizing circuit, 
and connects the trunk conductors 908 ‘and 
910 over its outer and intermediate right 

front contacts, right back contacts of relay 
909, ring and tip ‘brushes 925 and 924 to the 
sele ected “trunk conductors 1008 and 1010. At 
its inner right front contact. relay 907 ‘con- 
nects ground on conductor 902 over the back 
contact of release magnet 917, the outer left 
back contact of relay 908, brush 914, termi- 
nal 922 to conductor 1003, At its interme- 
diate right back contact relay 907 also opens 
the circuit previously traced through the 
windings of relays 904 and 602, whereupon 
these relays are released. 
.Pulsing relay 602 upon: releasing opens the 

holding. circuit of slow-to- release. relay 617, 
which in turn releases relay 605. Relay 617 

upon releasing also opens the circuit of mag- 

net $12 which advances the brushes of steer- 
ing switch 550 into contact.with their third 

position terminals: As soon as the steering 

switch leaves position 2, the circuit of-relay 

603 is, opened and that relay releases, open- 

ing the holding circuit of-relay 610, which 

also releases in. turn releasing relay 615. 

With the steering switch; 550 in position. 3, 

2 
the previously traced circuit for relay 504 
is again established. With relay 556 ener- 
cized a circuit is closed for relay %00 extend- 
ing from battery through the left winding 
of relay 600, the inner “right front contact 
of relay 558, ‘the third position terminal and 
brush 508 of steering switch 550 to ground 
on conductor 502. Relay 600 upon energiz- 
ing at its inner left contact locks directly 
over the.third position terminal and brush 
508 of switch 550 and at its inner right back 
contact opens the holding circuit. of relay 
510 which thereupon releases, in turn releas- 
ing relay 556. Relay 510 upon. releas- 
ing again closes the previously traced circuit 
for relay 805 which in turn closes the pre- 
viously traced circuits for relay 601 and step- 
ping magnet 512. 

Setting the second selector in accordance with 
. second office code letter 

It has been assumed that the second code 

letter registered on the units. code register 
relay of the operator’s position was A, hav- 
ing a numerical equivalent of 2, and that the 
units relay 201. has established a connection 
to the terminal of bank 417 of the position 
switch 450 in such a manner as to stop the 
position switch after it has rotated in syn- 
chronism with the. vertical stepping of the 
second selector to measure two vertical steps 
of stich selector. With the steering switch 
550 in position 8 a pulsing circuit may now 
be traced from battery, winding. of relay 
1004, back contacts of rotary magnet 1005 
and ‘vertical magnet 1003, inner right back 
contact of relay 1006, inter imediate right back 
contact. of relay 1007, conductor 1008, brush 
925, next to outer right back contact. of relay 

909, intermediate right { tront contact of relay 
907, conductor 908, outer. right -back contact 
‘of. relay 809, back contact of relay 810, back 
contact. of relay 807,-conductor 811, winding 
of pulsing relay 602, outer right front con- 
tact of ‘relay 601, outer right front. contact 
of relay 600. conductor 611, inner right back 
contac of relay 506, condtictor 348; inner 
right -contact of. relay 331, brush 310, con- 
duetor 935, inner left back contact of relay 
401, conductor 402, back contact of rotary 

magnet 403, back contact of vertical: magnet 

404, outer left back contact: of relay. 401, “left 

contact of relay 405 to ground ‘atthe back 

contact of relay 416. Relays. 602. and 904 

energize in this circuit. Relay: 602, .tipon 

energizing closes a circuit for itself over: its 

left contact, ‘the right back contact of ‘relay 

603. to 
relay 622, independently of ground at the 

back contact of relay 416 and at its right 

eround at the right back contact of 
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inner left back contact-of relay 605 to ground. 
t the right front contact of relay 602. 

M Relay 
establishes a circuit for rotary magnet 408 
of the position switch 450, extending from 
battery: through the winding of magnet 403, 
the outer right front contact of relay 405, 
the left back contact of release ma agnet 400, 
the winding of relay 406, the inner right back 
contact of “relay 401, conductor 208, brush 
308, the inner left. contact of relay 31, con- 
ductor 320 to ground at the lett contact of 
relay: 507. Magnet 403 and slow-to-releas 
relay 406 energize in this circuit, magnet 
403. stepping the brush shaft of switch 450 
one step in a. rotary direction. -Relay’ 507 
at its outer right back contact also opens the 
circuit previously tr raced for relay 
relay 504. being. slow to release. does not. do 
so as long as: relay 602. continues to receive 
pulses due to the advance of the second se- 
lector and retransmits pulses through the 
winding of relay 507. With relay 507 ener- 
gized a “holding Cireuit for rélay 507 is closed 
irom battery through its winding, the left 
front contact of relay 504, the inner right 
front coritact of relay’ 507, conductor 348, 
thence as traced thr ough the left. back con- 
tact of relay 401 to ground over the back con- 
tact of the votary magnet 403 and the front 
contact of relay 406... Relay. 507 therefore 
does not deenergize until the rotary magnet 

.404 bas fully completed its energization to 
advance the switch 450 one step... 

At the selector of Fig. 10 upon the ener gi 
zation of relay - 1004 a circuit is closed for the 
vertical magnet 1003 through the winding of 
magnet 1003, the right front contact of re- 
lay” 1000. to eround “at the inner left front 
contact of relay 1004. Relay 1004 also closes 
ain obvious cironit for relay 1009 which dis- 
connects the tip and ring brushes of the se- 
lector during its vertical ‘selection movement. 
Magnet 1008 energizes and. at its contacts 
opens the previously traced pulsing circuit 
through the winding of relay 1004 and the 
winding of relay 602. The selector switch is 
thus stepped vertically one step opening at 
the off-normal terminal 1001 the iitial ener- 
gizing circuit of relay 1000.. Upon the open- 
ing of the pulsing circuit and the deenergiza- 
tion of relay 602 the initial: energizing .cir- 
cuit of relay 507 is opened and upon the com- 
pletion of the first step of magnet 403 the 

5. holding circuit of relay 507 is opened, where- 
upon .it deenergizes,. opening the operating 
circuit of magnet 403, which thereupon. de- 
energizes. At the selector, upon. the.deener- 
gization of the vertical magnet 1008 the puls- 
ing circuit previously traced. is again estab- 
lished and relays 602 and 1004 again oper- 
ate both performing the same functions pre- 
viously described to cause the advance of the 

~ second selector and of. the position switch 
G5 450. another step. 

“BOT at its outer left front contact: 

504, but 
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lthas been assumed that the second code let- 
ter registered upon the units code register re- 
lay 201 was A, having a numerical equivalent 
of 2: Ther efore, when the position switch 
450 has advanced two steps i in arotary direc- 
tion and the brush 408 is resting on the second. 
terminal of the second level of bank 417, only 
the: first. two and tenth levels of. such bank 
“being disclosed, as circuit will be closed from 
ground at’ the outer left. contact of relay 220, 
the right contact of relay 201, conductor .237, 
brush” 408, thence over the inner left back 

e contact’ of relay 401, conductor 235 and. as 
previously traced to battery through the 
winding of: ‘relay 507. 
prevented from “leenergizing when rotary 
rnagnet 403 completes ‘its second step for 
such a period that the circuit of relay 504 
is held open long enough to ‘release relay 
504. Relay 504 on 1 releasing opens the circuit 
of relay 507 which thereupon releases. and 
opens the circuit of rotary magnet 403 and 
slow-to-release’ relay 406 -of ‘the position 
switch. Relay 504 upon deenergizing also 
opens at its right contact the previously 
traced. circuit tor relay 805: which deener-. 
gizes, in turn opening. the circuits of relay 
60l and magnet 512. Magnet 512, thereupon 
advances. the steering switch 550. into posi- 
tron 4. 

As soon as the steering switch leaves posi- 
tion 8 the previously traced locking circuit 
of relay. 600. is opened, whereupon a circuit 
is @s tablished for relay 505, extending from 
battery through the winding of relay 505, left 
back contact of relay 510, condvictor "618, 
outer right back contact of relay 600, con- 
ductor 611, inner right back contact of re- 
lay 507, con ductor 348, inner right contact of 
relay 331, brush 310, conductor 285, inner 
left hack contact of relay 401, conductor 402, 
back contacts of magnets 403 and 404, outer. 
left back contact of relay 401, left contacts of 
relay 405 to ground at the back contact of re- 
lay 416. Relay 505 on energizing locks over i 
its inner right contact directly to conductor 
618 and closes an obvious circuit for relay 
510, which then locks over its inner left con- 
tact, conductor 612, the inner right back 
contact of relay 600 ‘to ground on conductor 
509. With the steering “switch in position 4 
a circuit is established from battery through 
the winding of relay 504, outer Nght back 
contact of relay 507, back contact of relay 
565, conductors 508 and 606, the inner leet 
back contact of relay 610, "conductor 608, 
the intermediate left contact of relay 406, the 
fourth position terminal and brush 520 of 
steering switch 550, conductor 521 to ground 
at the “left back. contact of relay 617. A 
circuit is also established from battery 
through the winding of relay 640, the right 
back contact of relay 620, brush 518, and 3 its 
fourth position. terminal conductor 817 to 
ground at the right back contact of relay 622. 

Relay 507 is thus 
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‘Jocks over its inner 
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- As. soon as relay 406 releases a circuit is, eS- 

tablished for relay 416, extending from bat- 

tery, winding of relay 416, strapped termi- 

nals of the second level of bank 418, only the 

frst two and tenth levels of such bank being 

shown, brush 407, off-normal contacts 415 to 

ground at the back contact of slow releasing 

relay 406. Relay. 416 upon energizing at its 

front contact establishes a circuit for the re- 

lease magnet 400 of the position switch ex- 

tending from ground at the front contact of 

relay 416 over conductor 419, the outer right 

front contact of relay 220, conductor 420 to 

battery through the winding of magnet 400. 

Magnet 400 upon energizing releases the po- 

sition switch 450 to normal, in which position. 

the circuit of relay 416 is opened at brush 407, 

in turn opening the circuit of magnet: 400. 

Magnet. 400. at its right back contact also 

opens the locking circuit of relay. 405, which 

thereupon releases, and disconnects ground 

from conductor 229, releasing relay. 220. 

Relay 220 upon releasing in turn removes 

ground from conductor 231 at its inner left 

contact, but holding: ground -is.. still main- 

tained on conductor-231 for holding operated 

relays of Fig. 2 energized, over the outer left 

contacts of relay 207. As soon as relay 416 

energizes the circuit of relay 505 is opened 

and if deenergizes. =. 0 ee 

. A circuit is now established for relay 556, 

extending from battery through the winding 

of relay 556, the outer right back contact of 

relay 505, the outer left front contact of relay 

510, conductor 618, the left. back contact.of 

relay 600, conductor.611, thence as traced.over 

the back contacts of magnets 403 and 404, the 

outer left. back contact. of relay 401, off-nor- 

mal contacts 430 now closed since switch 450 

isin normal position. to. ground at the right 

back contact of release 400. Relay. 556 now 

left front contact, the 

right front contact of relay 510 to ground at 

the right contact of relay 504. With relays 

504 and 556: both energized a circuit 1s now 

established for relay 507, extending from 

battery through the winding of relay BOT, 

the left front contact of relay 504, conductor 

557, the outer left contact. of relay 556, the 

right back -contact of relay..620, the fourth 

position terminal and brush 518: of. steer- 

ing. switch 550, conductor 817 to ground 

at the right back contact of relay 622. -Re- 

lay 507 upon energizing closes a ‘cireuit 

for the vertical magnet 404 of the position 

switch. 450. in-series with relay 406, .ex- 

tending from battery through the winding of 

magnet 404, the right back contact of relay 

405, the left: back contact of release magnet 

400; winding of relay 406, inner’ right back 

contact of relay 401, conductor. 926, brush 808, | 

inner left contact of relay 331, conductor 320 

to ground at the outer left contact of relay 

507. Until the magnet 404 fully energizes, 

relay 507 is locked through its winding, the 

front contact of relay 504, the inner right 

front contact of relay 507, conductor 348, the 

inner right front contact of relay 831, brush 

310, conductor 235, the inner left back contact 

of relay 401, the back contacts of magnets 403 

and 404, the outer left contact of relay 401 to 

eround at the front contact of relay 406. A 

sipertit is also established upon the energiza- 

tion of relay 507 from ground at its left con- 

tact through the outer right contact of relay 

556, the left back contact of relay 505, con- 

ductor $01 to battery through the right wind- 

ing of relay 600. The energization of relay 

600 now opens the locking circuit of relay 510, 

which deenergizes, in turn openi
ng the circuit 

of relay 556.and closing a circuit for relay 805 

extending from battery through the winding 

of relay 805, conductor 501, the right back 

contact of relay 510 to ground at the front 

contact of relay 504. Relay 805 upon ener’ 

gizing closes the previously traced circuits of 

relays 601 and magnet 512. - Relay 600 also 

closes a locking circuit for relay 640 extend- 

ing from battery through the winding and 

inner right contact of relay 640, inner right 

front contact of relay 600 to ground on con- 

ductor 509 and establishes a locking circuit 

for itself from. battery through the right 

winding of relay 600, the left back contact of 

relay 505, the outer right front contact of re- 

lay 640, the outer left front contact of relay 

600, the fourth position terminal and brush 

503 to ground on. conductor 502. Relay 556 

upon deenergizing opens the initial energiz- 

ing circuit of relay 507 and as soon as the ver- 

tical magnet 404 of the position switch com- 

pletes. its stroke to advance the position 

switch vertically a full step the holding cir- 

eit of relay 507 is opened at the back contact 

of magnet 404 and relay 507 releases, in turn 

opening the circuit previously traced through 

the windings of magnet 404 and rélay 406. 

Although relay 507 upon energizing. opens 

the circuit of relay 504 at its outer right back 

contact, it remained energized too short a 

time to permit the slow releasing relay 504 to 

be energized. The position switch 450 has 

now been advanced to position its brushes op- 

posite the first level of terminals in the sev- 

eral banks. Relay 406 being slow to release 

does not deenergize to close the circuit of re- 

lay 405 before its circuit is again closed in a 

manner. to be later described. 

Selection of idle trunk growp a second selec- 

tor and partial registration 0 f tens digit of 

trunks number 

When the steering switch 550 in position 4 

pulsing circuits are now established between 

the second. selector and the sender and. be- 

tween the sender and the position switch 450 

for setting the position switch in. accordance 

“with the vertical stepping of the second se- 

lector to register the tens group of trunks 

which the second selector now proceeds to 
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the second level: 

12 

hunt for. It will be-assumed that the group of trunks that is selected by the second: selec- tor of Fig. 10 extending to the distant office 122 comprises 40 trunks appearing in the second and third levels 
selector and as in-response to the second code letter A, the switch shaft of the second: se- lector has positioned its brush sets opposite 

of each bank, commutator brush 1011 will now be standing: on’ commu- tator segment 1612. Should allof the trunks in the second: levelof both: banks be busy, there will be no ground potential connected to the segment 1019 and the circuit to be herein- after traced from the brush:1011 through the right winding of relay 1000 will not be effae- tive to differentially release relay 1000. Asa consequence a circuit is completed from bat- tery through the winding of relay 1004 thence as previously traced to the winding of pulsing relay 602, the outer right front con- tact’ of relay 601, the inner right: front con- tact of relay 600, conductor 611, the inner right back contact of. relay 507, conductor 348, the inner right contact of relay 331, brush:-310, conductor 235, the inner left back contact of relay 401, the back contacts of magnets 403 and-404,; the outer left back con. tact of relay 401; the left front contact of re: tay 406 to ground, relay 406 not yet having had time to release since the position switch 450 took its: previous vertical step. -Relays 602 and 1004 are. both energized, relay 602 locking to-ground over its left contact, right oack contact of relay 603, and the right back contact.of relay 629, and closing at its-right front’ contact the previously traced circuit for relay 507. Relay 507 energizes and at its left’ contact closes the previously traced circuit for the vertical-magnet 404 and relay 406 of the position switch 450; and locks over the left contact: of relay 504; its own: inner right front contact, thence to ground at the front contact. of relay 406 over the circuit previously traced. 
Magnet 404-upon energizing advances the position switch 450 another step to position its brushes opposite the second level of their respective banks. Relay 406 which was pre- viously energized when the switch 450 took its first step, and didnot have time to release, is maintained energized at this time. Relay 1004 energizes and again closes the ‘previotis- ly traced circuit for the vertical magnet 1003 which in turn. opens the pulsing circuit 

windings of relay 602 and 1004 just traced, relay. 1004 in turn opening the circuit of magnet 1003. Thus magnet 1003 is operated and released to advance the switch shaft one step vertically to position the brushes opposite the third level of terminals in its banks. When relay 602 deenergizes upon the operation of vertical magnet 1008, the initial energizing circuit of relay 507 is opened and when the vertical magnet 404 of 

of the banks of stich 

1,767,961 

the position-switch completes its stroke to ad- vance the switch 450 a: full step; the locking circuit of relay 507 is opened and relay: 507 releases, opening’ the: Operating” circuit of magnet 404 and relay 406. Magnet 404 there. upon releases. 
- It will be asstimed that when: the second selector has. stepped’ to- position its brush sets opposite the third level of its banks, the brush 1011 encounters ground potential on the terminal 1018 corresponding to the third bank levels of the selector. In Fig. 1 the terminal equipment of two trunks extending to the office 129’ both appearing’ in’ jacks-be- fore the operator has been illustrated, trunks 136, 187 being the first in the group of ten trunks appearing’ in’ the third level of the upper bank of the'second selector and: trunk 126, 127 being the'tenth in such group. Ina 

terminals -of the third level: of the lower bank of the sec: ond. selector, but with their tip and ring conductors’ reversed.» Tt will’ be’ noted: that 

to the office 122 appear in’ the 

so long as‘ any trunk in’ this group is idle, ground. will be connected’ to the commutator terminal'1018, over conductor 1019; the outer back ‘contact of cut-off relay of such trunk, for example, relay: 131, and over the outer back. contact of ‘the sleeve relay’ of such trunk, for example, relay 130. Similarly so long as any trunk in the other group of ten; one trunk of which is indicated at 1020, is idle, ground will be connected to the con- ductor 1021; also-connected to the’ commuta- tor terminal 1018, Thus’ brush 1011 upon encountering ground’ potential _@stablishes' a, circuit’ from such ground’ over brush 1011, right winding and itner right contact of re- lay 1000, the outer right back contact of relay 1006, the outer right back contact of relay 1007, conductor 1010, brish 924, outer back contact of relay 909; outer right: front: con- tact’ of relay. 907, conductor 910; inner’ right back contact of relay 809, conductor 619, the left front contact of relay 640, the outer left back contact’ of relay 610, to battery through both windings -of relay 609. Relay’ 609 energizes and establishes a‘ circuit for relay 614 from battery, winding of relay 614, front contact’ of relay 609; to ground on conductor 509. Relay 614 at its right contact: shunts the left winding of rélay 609 thereby reduc- ing the resistance of the circuit previously traced through the right winding of relay 1000'so that the right winding of this relay receives sufficient current to cause’ the dif- ferential release thereof. Relay 1000 wpon releasing. opens the operating circuit of.the vertical: magnet 1003 to prevent further vertical stepping of the selector. Relay 609 upon energizing also-opens: at; its back con- tact: the energizing circuit of relay. 601 where- upon: relay’601 deenergizes, oe 
When relay 1000 déenergizes’ the preyi- 

80 

90 

100 

105 

1lo 

115 

120 

125 

130



1,767,961 

ously traced circuit through relay 609 is 

opened at the inner right front contact of re- 

- lay 1000 and relay 609 deenergizes in turn 

opening the energizing circuit of relay 614. 

Relay 614 being slow to release momentarily 

closes a circuit for relay 610 before it re- 

leases, extending from battery through the 

winding of relay 610, the left front contact 

of relay 614, right back contact of relay 609 

to ground on conductor 509. Relay 610 upon 

energizing locks over its inner right contact, 

conductor 623, the fourth position terminal 

and brush 514 of steering switch 550, conduc- 

tor B15, to ground at the intermediate left 

back contact of relay 622, at its outer left 

back contact, opens the initial energizing 

cirenit of relay 609 and at its inner left back 

contact opens the circuit of relay 504. Relay 

504 thereupon releases opening the previ- 

ously traced circuit for relay 805. 

Relay 805 upon deenergizing opens the 

circuit of magnet 512 thus advancing steer- 

ing switch 550 into. position 5. With the 

steering switch in position 5 a ‘circuit is now 

5 closed for relay 620 extending from battery 

through the winding of relay 620, conductor 

626, the fifth position terminal and brush 

B14 of the steering switch, conductor 515, to 

‘ground at. the intermediate - left back con- 

tact of relay 622... Relay 620 energizes and 

locks to ground on conductor 509. Upon 

leaving position 4 the locking circuits of 

relays 610, 600 and 640 are opened and with 

fea
rs 
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relay 507 released, a circuit is established - 

35 from battery through the winding of relay 

504, the outer. right back contact of relay 

of relay 565, conductor 

508, conductor 

tact of relay 610, conductor 608,: the inter- 

mediate left front contact of relay 506, the 

fitth position terminal and brush 520 of 

steering switch 550, conductor 521 to ground 

at the left back contact of relay 617. With 

relays 504 and 620 energized, a_ circuit is 

established for relay 805 extending from 

battery through the winding of relay 805, 

conductor 501, outer right front. contact of 

relay 620, to ground at the right contact of 

_ relay 504. Relay 805 upon: energizing in 

50 turn establishes the previously traced cir- 

cuits of relay 601 and magnet Bio. 

With relay 600 deenergized a - circuit. is 

now established for relay 505 extending from 

battery through the. winding of relay 505, 

the outer left back contact of relay 510, con- 

ductor 618, the outer right back contact of 

relay 600, contact 611, the inner right back 

contact of relay 507, conductor 348, thence 

as traced over conductor 235, the inner left 

back contact of relay 401, conductor 402, the 

back contacts of magnets 403 and 404, the 

outer left back contact of relay 401, the front 

contact of relay 406 to ground. Relay 505 

upon energizing locks directly to conductor 

85 618 and thence over the circuit just traced 

40 

55 

60 

606, the inner left back con-. 

13 

and closes an obvious circuit for relay 510, 

which locks over conductor 612 and the 

imner right: back contact of relay 600 to 

ground on conductor 509. ; 

At the position switch 450 after an inter- 

val following the opening of the circuit of 

vertical magnet 404 and relay 406, by the de- 

energization of relay 507, measured by the 

releasing time of relay 406, the previously 

traced circuit of relay 405 is established from 

ground at the back contact of relay 406, and 

relay 405 energizes locking directly over its 

inner right front contact: to ground at the 

right back contact of release magnet 400 and 

substituting the rotary magnet 403 for. the 

vertical magnet 404 in the pulsing circuit 

extending to the left contact of relay 507. 

holding ground -from the previously traced 

circuit of relay 505, and relay 505 deenergizes. 

Selection of idle trunds in selected trunk 

group 
- With relay 601 energized and relay 505 

deenergized a circuit is established from bat- 

tery through the right winding of relay 600, 

conductor 601; outer left back contact of re- 

lay 505, the inner right front contact of ‘re- 

lay 601, the fitth position terminal and brush 

503 of steering switch 550 to ‘ground on con- 

ductor 502. Relay 600 upon energizing 

opens the holding circuit of relay 510 thereby 

releasing relay 510 and establishes a pulsing 

cirouit between the sender and the second 

selector for controlling the rotary hunting 

movement of the second selector. With re- 

lay 600 energized a circuit is now éstablished 

for relay 565 extending from battery through 

the winding of relay 565, conductor 566, the 

intermediate left contact of relay 600, con- i 
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ductor 567, brush 518 and its fifth position. . 

terminal, conductor 817 to ground at. the 

right back contact: of relay 622. The pulsing 

circuit extends from. battery through the 

winding of relay 1004, the back contacts: of 

magnets 1003: and: 1005, back contacts of re- 

lays 1006 and 1007 thence’as previously traced 

through the winding 

right front contact of relay 601, the next to 

the inner right front contact of relay 620, 

conductor 611, the inner right back contact 

‘of. relay 507, thence as préviously traced 

through the back contacts of magnets 403 

and 404 atthe position switch 450, the outer 

left back contact of relay 401, the left front 

contacts of relay 405 to ground at the back 

contact of relay 416. Relays 1004 and 602 

energize in this circuit. , 

At the selector upon the energization of 

relay 1004 with relay 1000. deenergized, a 

circuit is established for the rotary magnet 

1005 extending from. battery, ‘winding of 

magnet 1005, the outer right back contact 

of relay 1000, to ground at the inner left 

contact of relay 1004, Relay 1004 also 9s- 

‘Llu 

of relay 602, the outer — 
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tablishes .a circuit for relay 1009 to discon- 126, 127 numbered 39, appearing in the last nect the tip and ring brushes during the ro- terminal set of the third level of the upper tary. hunting movement of the selector. bank thereof, in an idle condition. , Upon the closure of this pulsing circuit, mag- At the selector upon the test brush 1014 ; het 1005 energizes opening the circuit pre- encountering the test terminal of the idle yp viously traced, through the windings of re- trunk 126, 127 a circuit is established from lays 1004 and 602, Relay 1004 upon deener- battery through the right winding of cut- gizing opens the circuit of magnet 1005, off relay 121, the inner right. back contact of which thereupon deenergizes again closing sleeve relay 120, conductor 1022, test ter- the pulsing circuit. Thus relay 1004 and minal 1023, brush 1014, the left back contact 75 magnet 1005 reciprocally control. each other, of relay 1007, the intermediate left back con- the magnet 1005 advancing the switch shaft tact and right winding of relay 1006, the con- step by step in search of an idle trunk, _ ductor 100%, terminal 922, brush 914, the outer At the sender upon the energization of re-- left. back contact of relay 906, the back con- lay 602, a circuit is established from ground tact of release magnet 917,.the inner right 9 at the right front contact of relay 602, over front contact of velay 907, conductor 909, the inner left back contact of relay 605, con- Winding of relay 800, conductor 801 to ductor O11, the: fifth position terminal and ground at the inner left contact of relay 506. brush 516 of steering switch 590, to battery Relays 1006. and 121 energize in this circuit, 
through the winding of relay 507. Relay 507 relay 121 locking over its inner right front g5 Upon energizing opens the energizing circuit contact to conductor 1022 independent of re- of slow releasing relay 504, closes a holding Jay 120 and relay 1006 locking from battery 
circuit for itself extending through its wind- through its left winding and inner left front ing, the right front contact of relay 504, the contact to ground at the front contact of relay inner right front contact of relay 507, to 1015. At its outer left back contact, relay 90 - ground over: conductor ‘348 as previously 1006 opens the operating circuit of relay 1007, traced, at_its outer right front contact es- at its intermediate left back contact opens its tablishes a holding circuit for relay 504 ex- operating cireut, and-at its intermediate left tending over the front. contact of relay 565, front contact connects conductor 1002 over conductor 508, conductor .606, the inner left the outer left back contact of relay 1007 to 9s back contact of relay 610, conductor 608, the test brush 1014. At its right front contacts intermediate left front contact of relay 506, . relay 1006 extends conductors 1010 and 1008 the fifth position terminal and brush 520, over the outer right and intermediate right conductor 521, to ground at the left’ back back contacts of relay 1007, right back con- contact of relay 617, and at its left contact. tacts of relays 1009 to the tip and ring brushes 00 establishes a pulsing circuit extending from 1024 and 1025, Also at its tuner right back battery through the ‘winding of magnet 403 contact, relay 1006 opens the cireuit previous- and winding of relay 406, thence as traced ly traced through the windings of relays over conductor 320, to ground at the left con- ‘1004 and 602. .. So tact of relay 507. Until relay 602 deener- _ Relay 602 upon remaining deenergized 105 

_ gizes upon thé completion of the first rotary holds open the initial &hergizing. circuit of step of the second selector andthe comple- relay 507, and rotary magnet 403 upon com- tion of the first rotary step of the position pletely energizing. 1n response. to the last. im- switch 450, relay 507 remains energized, pulse transmitted thereto by relay 507, opens When these steps are completed it deener- the locking curcuit of relay 50%, Whereupon 749 . Sizes opening the circuit of magnet 403, In relay 507 deenergizes, opening the pulsing response to the successive operations of relay creunt through magnet 403 and relay 406 
602, as the second selector advances in its and the holding circuit of relay 504. Relay rotary hunting movement, relay 507 oper- 804 upon deenergizing pens the circuit of ates to retransmit impulses to the position relay 805 which in turn deenergizes opening 37; switch 450, 

the circuits .of relay 601 and magnet 512, - In the present case it will be assumed that thereby advancing the steering switch 550 the trunks having an even tens number ter- Into position 6. Relay 601 in turn opens. the minate in the lowermost banks of the second holding circuit of relay 600 which deener- ~ selector and that the trunks having an odd gizes, again establishing the previously traced 120 tens number terminate in the upper bank of circuits of relays 505.and 510. ‘With the steer- the second selector and that all trunks ter- ing switch in position 6 a.circuit is now closed minating in the upper banks have their tip for relay 622 extending from battery through and ring conductors reversed, For example, the winding: of relay 622, the sixth position 9 trunks 0. to 9, 20 to 29 ete. terminate in the terminal and brush 508 of the steering switch 12: lower bank of the second selector, of Fig. 10 to ground on conductor 502, Relay 622 ener-. and trunks 10 to 19,-30 to 39, etc., terminate gizes locking to ground on conductor 509. in the upper bank. It. will further be as- Upon leaving Position 5 relay 565 releases. sumed that the selector hunts to its tenth . A fundamental circuit is now established 5 rotary step position and finds the dJast trunk from ground at. the incoming selector 193 199
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therefore first depresses 
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over trunk conductor 127, brush 1024, thence 

as previously traced to conductor 910 over the 

inner back contact of relay 809, conductor 

619, winding of polarized relay 624, the in- 

ner left front contact of relay 622, the wind- 

ing of relay 602, back contact of relay 807, 

the back contact of counting ‘¥elay 810, the 

outer back contact of relay 809, conductor 908, 

thence as traced to brush 1025, over trunk con- 

ductor 126 to battery through. the. control 

relay (not shown) at the incoming selector 

193. Tf the incoming selector is ina condition 

to be operated at this time, relay 624 and re- 

lay 602 operate, 

ceiving current in the. proper direction since 

the trunk conductors 196 and 127 have been 

assumed to be reversed. Relay 602 is with- 

out function, however, at this time. i 

cuits now remain in this condition until after 

the operator has caused the registration of the 

thousands and hundreds digit. of the wanted 

line number on the registers of the sender. 

numerical digits of wanted 
Registration of 

line number 

Allof the foregoing circuit operations have 

resulted from the depression of. an office key 

by an operator. While this has. been. trans- 

piring the operator, has proceeded to depress 

the digit keys to register the numeral desig- 

nation of the wanted line on the sender regis- 

ters shown in Fig. 7; as soon as the lamp. 302 

flashes indicating that.an idle sender has been 

attached to her position equipment. Jt has 

been assumed that the number of the desired 

line in, the. office 122. is 3981. The operator 

the No. 8 digit key 

912 to register the thousands digit 3. At its 

left contact key 212 establishes a circuit from 

ground through low resistance 238 over con- 

ductor 216, the outer right back. contact. of 

relay 208, conductor 998, brush. 305, the outer 

left contact of relay 331, condtictor 836, wind- 

ing of relay 522, brush 529-and its first. posi- 

tion terminal of the steering switch 500, con- 

ductor 533, right winding of thousands regis- 

ter 703 to battery. Relay 7038 due to the 

low resistance of its operating circuit ener- 

gizes and locks over its left winding and left 

contact to ground on conductor 701 and re- 

lay 522 also operates. A second circuit is also 

established by the depression of key 212, ex- 

tending from ground through the right wind- 

. ing of relay 702, conductor 519, the normal 

position terminal and brush 5380 of switch 

500, winding of relay 521, conductor 839, 

the. next. to outer’ left. contact of relay 331, 

brush 307, conductor 225, the left back con- 

 tactof relay 208, conductor 941, right contacts 

of key 212, high resistance 217, conductor 

913, the-inner right back contact. of relay 

208, conductor. 224, brush 306, the. next to 

inner ‘left. contact of relay 831, conductor 

337,.winding of relay 528, brush 582 and the 

normal position terminal of steering switch 

the polarized relay 624 re- - 

. the depressed key, 

15 

500, conductor 524, to battery through the 

right winding of relay 712. Due to the in- 

clusion of high resistance 217, thousands reg- 

ister relays 712 and 702 do not operate but 

relays 521 and 528. both operate. With re- 

lays 522 and 521 operated, a- circuit is estab- 

lished from ground through the contacts of 

these relays, brush 531 and its normal posi- 

tion terminal, conductor 535. to battery 

through the right winding of thousands reg- 

ister relay 705. Relay 705 energizes and 

locks over its left winding through the wind- 

ing of relay 706, to ground on conductor 701, 

operating relay 706. Thus relays 703, 705 

and 706 of the thousands register have been 

operated in response to the operation of key 

912 for the thousands digit 3. Relay 5238 

upon operating closes a circuit from ground 

through the windings of relay 525 and mag- 

net 534 in parallel. Relay 525 upon ener- 

gizing closing a circuit from ground at its 

contact through the back contact of magnet 

584, to battery through the winding of mag- 

net 534. As soon as the operator releases 

relays 521, 522 and 528 

release, relay 523 in turn opening circuits 

of relay 525 and magnet B34. Relay 525.is, 

however, held energized. over the back con- 

tact of magnet 584, until the magnet is fully 

energized when it releases opening at its front 

contact the circuit extending to battery 

through the contacts and winding of mag- 

net 534. Relay 525 thus insures that the 

magnet 534 will energize fully to advance 

the steering switch 500 one step as soon as 

the operator releases ‘the depressed key. 

The operator next depresses the No. 9 key 

215 to register the hundreds digit 9. At its 

left contact key 215 closes a circuit. extend- 

ing from ground through low resistance 238, 

the left. contacts of key 215, conductor 216, 

the right back contact of relay 208, con- 

ductor 223, brush 305, the outer left contact 

of relay 381, conductor 336, winding of relay 

592, brush 529 and the second, position .ter- 

minal of steering switch 500, conductor.536 to 

battery through the right winding of hun- 

dreds register relay 707. Due. to the low 

resistance of this operating circuit, relay 

707 operates and locks over its left winding 

and inner left contact to ground oh conductor 

401. Relay 522 also operates. ‘At its right 

contacts key 215 closes a circuit from ground 

through the low. resistance 938, the right. 

contacts of. key. 215, conductor 913, the inner 

right back contact of relay 208, conductor 

994, brush 306, the next to. the inner left. 

contact of relay 381, conductor 337, winding 

of relay 523, brush 532, and its second position 

terminal, conductor 548. to battery through | 

the right. winding of hundreds register relay 

713. Relays 523 and 713 operate in this cir- 

cuit, relay 713 locking to ground on conduc- 

tor 701 over its left. winding and inner left” 
707 and ~ 

contacts. Hundreds register relays 

70 

"5 

80 

85 

90 

95 

100 

105 

110 

115 

120 

3a



19 

16 

713 have thus been operated. Relay 522 per- forms no useful functions. at this time, but relay 523 again causes the operation of re- lay 525 and magnet 534 for advancing the brushes of steering switch 500 to position 8 upon the release of the operated key 915, In response to the depression of the No. 8 digit key 218 for registering the tens digit 8, a circuit is established from ground through the low resistance 238, the right contacts of key 218, conductor 213, the inner right back contact of relay 208, conductor 224, brush 306, the next to the inner left contact of relay 331, conductor 337, winding of relay 523, brush 582 and its third position terminal, conductor 588 to battery through the right winding of tens register relay 709. Relays 523 and 709 - energize, relay 709 locking over its left wind- So 3 
oO 

, 701. 
and left contact to ground at. conductor 
A second circuit is also established from battery through the right winding of tens register relay 717 over conductor 544, the third position terminal and brush 529 of steer- ing switch 500, winding of relay 522, con- 

ing 

s ductor 836, the outer left contact of relay 331, 
brush.305, conductor 223, the outer right back contact of relay 208, conductor 216, the left contacts of key 218, conductor 241, the left 
back contact of relay 208, conductor 225, brush 807, the next to the outer left contact of 
relay 331, conductor 339, winding of relay 
521, brush 530 and its third position terminal, - conductor 526. to ground through the right 
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winding of tens register relay 715. Due to 
the low resistance of this circuit, relays 521, 
715 and 717 operate, relays 715 and 717 lockk- ing over their left windings and inner left. front contacts to ground on conductor 701. 
Since relays 522 and 521 are both energized 
a circuit is established from ground over the contacts of these relays, brush 531 and its - third position terminal, conductor 589, to bat- tery through the right winding of relay 710. Relay 710 energizes and locks over its left winding and inner left front contact to ground on conductor 701. Teng register re- lays 709, 710, 715 and 717 are now operated. Relay 523 upon operating establishes the 
previously traced circuits for relay 525 and magnet 534 preparatory to advancing steer- ing switch 500 into position 4 upon the release 
of the depressed key 218, 

In response to the depression of the No. 1 key 219 for registering the units digit 1, a circuit is established from ground over the right contacts of key 219, through high re- sistance 217, conductor 218, the inner right back contact of relay 208, conductor 204, brush 306, the next to the inner left contact of relay 831, conductor 3387, winding of re- lay 523, brush 532 and its fourth position ter- minal, conductor 527 , to battery through the right winding of units register relay 719. Due to the inclusion of high resistance 217, - relay 719 does not operate, but relay 523 op- 

. Relay 711 is thus the only units 
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erates. A second circuit is also established from battery through the right winding of units register relay 416, conductor 528, brush 529 and its fourth position terminal, winding of relay 529, conductor 336, the outer left contact of relay 331, brush 305, conductor 223, the outer right back contact of relay 208, conductor 216, high resistance 240, the left contacts of key 219, conductor 241, the lefé back contact of 
brush 307, the next to the outer left con- tact of relay 381, conductor 339, winding of 
relay 521, brush 530 and its fourth position terminal, conductor 552, to ground through the right winding of relay 720. Due to the inclusion of high resistance 240, register re- lays 716 and 720 do not operate, but relays 521 and 522 both operate and ‘close a, clreuit trom -ground over their contacts, brush. 531 and its fourth position terminal, conductor 540 to battery through the right winding of units register relay 711, Relay 711 operates and locks over its lett winding and inner left front contact to ground at conductor 701. 

register relay operated. Relay 523 upon operating again causes the operation of relay 525 and mag- net 534 to advance steering switch 500 into position 5 upon the release of the depressed key 219. The numerical registers. of the 
sender have now been set. 

It will be recalled that the fundamental circuit between the sender and the incoming selector 123, was established with the steer- ing switch 550 in position 6 and that the further advance of gaid steering switch awaited the registration of the hundreds digit of the wanted line number. - 
registration of such digit a circuit is estab- lished for relay 635 extending from. ground 

relay 208, conductor 225, - 

rie) 

ci 

96 

108 

105 over brush 549 and the third position ter- °- minal of steering switch 500, conductor 558, winding of relay 635, resistance 627 to bat. tery. Relay 635 energizes and locks over its inner right front contact to ground on conductor 509 and at its left contact estab- : lishes a circuit -for advancing steering 

110 

switch 550 into position 7, extending from ° battery through the Winding and contacts of magnet 519, conductor 628, left. contacts of relay 685, conductor 629, sixth position « terminal and. brush 520 of steering switch 550, conductor 521, to ground at the left back : ; With steering switch 550 in position 7 and polarized relay 624 op- erated over the fundamental circuit, a cir- cuit is now established for relay 625 extend- ing from battery through the winding of relay 625, conductor 630, the seventh po: sition terminal and brush 514 of steering switch , 
left front contact of relay 624. Relay 625 upon energizing locks over its left front con- tact to ground on conductor 509. The op- eration of relay 625 at this time indicates 
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to the sender that a trunk terminating in 

the upper bank of the second selector has 

been seized. 
this time for advancing steering switch 550 

into position 8 which may be traced. from bat- 

tery through the winding and contacts of 

magnet 512, the seventh position terminal 

and brush 520, conductor 521 to ground at the 

left back contact of relay 617. 

With steering switch 550 in position 8, a 

circuit is established for relay 805 extending 

from battery through the winding of relay 

805, conductor 501, the eighth position ter- 

minal and brush 503 of steering switch 550, 

conductor 502 to ground at the inner right 

contact of relay 506, relay 805 upon energiz- 

ing closing the previously traced circuit of 

magnet. 512 preparatory to advancing steer- 

ing switch 550 into position 9. In position 

8, a circuit is established for relay 607 ex- 

tending from battery through the winding 

of relay 607, over conductor 631, the eighth 

position terminal and brush 520 of steering 

switch 550, conductor 521 to ground at the 

left back contact of relay 617. Relay 607 

upon energizing locks over. its inner left 

front contact to ground on conductor 509 and 

closes at its outer left front contact a cir- 

cuit extending from ground over conductor 

632, strapped terminals and brush 554 of 

steering switch 500 to battery through the 

contacts and winding of magnet 584, for ad- 

yancing steering switch 500 out of position 

5 if the numerical registration has been com- 

pleted, into position 9. When the steering 

switch 500 reaches position 9 a shunt is estab- 

lished around the winding of relay 6385 ex- 

tending from resistance 627, over conductor 

638, the ninth position terminal and brush 

549 to ground thereby deenergizing relay 685 

to prepare at its outer right back contact a 

circuit for later enabling the fundamental 

circuit to be established when steering switch 

550 reaches position 14. 

At the position switch upon the release of 

relay 406 the holding circuit previously 

traced for relay 505 is opened and a circuit 

is established for relay 416 extending from 

battery through the winding of relay 416, 

the bank terminal of bank 418 upon which 

brush 407 is now resting assumed to be the 

tenth terminal of the second level, brush 407, 

off-normal contacts 415 to ground at the back 

contact of relay 406. The relay 416 upon 

energizing also establishes a circuit for relay 

401 extending from battery through the 

winding of relay 401, conductor 421, the 

right back contact of relay 220, conductor 

419 to ground at the front contact of relay 

416. Relay 401 upon energizing now closes 

2 circuit for relay 422 extending from bat- 

tery through the winding of relay 422, inner 

left front contact of relay 401, conductor 235, 

brush 310, inner right front contact of relay 

331 conductor 348, the inner right back con- 

‘A circuit is also established at _ 

17 

tact of relay 507, conductor 611, to ground 

at the inner right front contact of relay 

go5. It is to be understood, however, that 

relay 422 energizes only if the second selector: 

has selected a trunk im its upper bank and 

has caused the energization of relay 625 in 

the manner previously described. It: will 

be noted that with relay 422 energized brush 

411 of the position switch 450 having access 

over its corresponding bank terminals to 

lamps indicating an odd tens number is se- 

lected, but that with relay 422 deenergized 

prush 410 having access over its correspond- 

ing bank terminals to lamps indicating an 

even tens number is selected. 

Tt has been assumed that in selecting an 

idle trunk, the second selector stepped one 

step vertically and ten steps in a rotary di- 

rection and that selection was made over the 

upper bank thereof. Correspondingly the 

position switch 450 positioned its brushes on 

the tenths set of terminals of the second level, 

of its banks. A circuit is therefore closed 

for the No. 0 hundreds lamp 434 extending 

from battery through such lamp, terminal 

4238, brush 409 to eround at the outer right 

front contact of relay 401. A circuit is also 

established for the No. 3 tens lamp 494. ex- 

tending from battery, lamp 494, terminal 425, 

brush 411, front contact of relay 422 to 

ground at the outer right front contact of re- 

lay 401. A circuit is also established for the 

No. 9 units lamp extending from battery, 

lamp 439, terminal 426, brush 412 to ground 

at the outer right front contact of relay 401. 

These lighted lamps now indicate to the op- 

erator that trunk No. 039 has been selected. 

Tt is to be noted in this connection that trunks 

numbered above 99 appear in the upper 

halves of the banks of the second selector and 

that had the second selector stepped verti- 

cally more than four steps, the brush 409 of 

the position switch would have correspond- 

ingly advanced above the center of its bank, 

and the No. 1 hundreds lamp would have 

been lighted instead of the No. 0 lamp. The 

operator noting the illumination of the trunk 

number indicating lamps may now plug into 

the indicated trunk at her leisure. 

cuit has been established and that relay 602 

has been energized thereover in series with 

the control relay of the incoming selector 123. 

With the steering switch 550 in position 8, 

relay 602 now closes a counting relay control 

circuit which may be traced from ground at 

the front contact of relay 602 over the inner 

left back contact of relay 605, conductor 511, 

brush 516, and the eighth position terminal 

of steering switch 550, 

the inner right back contact of register relay 

7192, the outer left front contact of register 
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_ of counting relay 832. 

18: 

relay 705, lead 818, the back contact of count- 
ing relay 814, to battery through the winding 

Relay 832 energizes and locks through the winding of relay 814 
over its own front contact to ground on con- B 

io 
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40 
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ductor 806, but relay 814 doesnot energize until the commutator of the incoming selec- tor ‘places a shunting ground around the winding of relay 602 as soon as the incoming selector reaches its. first brush selection po- sition. This selector switch action is. well known in the art and it is thought need not be fully described herein. When such shunt- ing ground is applied, relay 602 deenergizes 5, removing ground from lead 8138, whereupon relay 814 energizes extending the lead 813 over its front contact, the back contact of counting relay 816, conductor 817, brish 518 and its eighth position terminal, conductor 517, to battery through the winding of count- ing relay 818. Upon the further advance of the incoming selector-shaft and the removal of the shunt around the winding of relay 602 by the commutator of the selector, telay 602 again energizes completing the citeuit of re- lay 818, which energizes and locks through the windings of relays 802 and 810 in patallel over the front contact of relay 818 to ground on conductor 806, Upon the fiext deenergiza- tion of relay 602, relays 802 and 810 operate in this locking circuit. Relay 810 upon en- ergizing opens the fundamental circuit ar- resting the further movemeiit of the incoming selector and advancing the sequerice switch thereof into position for operating the brush tripping magnet. Relay 802 tpon enersiz- ing opens the circuit of magnet 512 to ad- vance steering switch 550 into position 9, thereby relay 805, Relay 805 in turn re. moves ground from conductor 806 to thereby release all operated counting relays. Ci cuit is now closed for relay 807 extending 
winding of relay 807 to ground 

of relay 802 which is 

hold the fundamental cirenit open until Fe- lay 805 has released the counting rélays. Ag soon as the steering switch advances into the position 9, relay 807 is maintained energized from battery through its winding, conductor 819, the ninth position terminal and brush 508 of steering switch 550, to ground at the inner right contact of relay 506, 
Relay 807 upon energizing now closes a circuit for reversing relay 809, over conductor 848, outer right contact of relay 625 to ground at the front contact of relay 807. Relay 809 upon energizing locks over its left’ contact directly to. ground on conductor 509, and at its right contacts reverses the conductors of the fundamental circuit with respect to the _ winding of polarized relay 624; In position 

G3 

9a circuit is established ‘for advancing the steering switch 550 into position 10 extending from battery through the winding and con- 
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tacts of magnet 512,-the ninth position ter- minal and brush. 520-of the switch 550, con- ductor 521 to ground at the left back contact of relay 617. The circuit of. relay 807 is now opened and this relay deenergizes again estab- lishing the fundamental circuit extending’ to the incoming selector 123, wheretipon relay 602 and the control relay of the selector enet- gize. The control relay of the selector cir- cuit prepares the selector for brush tripping and incoming group selection and relay 602 establishes a circuit for controlling the count- ing relays of the sender. The polarized relay 
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624 is at this time not energized since relay 809 has now reversed the connection of trunk conductors 908 and 910 with respect: to the winding of relay 624. With the: steering switch 550 in position 10 a circuit as_previous- ly traced is established for relay 805 for sup- plying locking ground to the counting relays and the previously traced circuit is closed for magnet 512 preparatory to advancing steer- ing switch 550 into position 11. - 
Incoming group selection 

With relay 602 energized a circuit is now - closed from ground at the front contact of re- lay 602 over the inner left back contact of re- lay 605, conductor 511, brush 516 and its tenth position terminal, conductor 542, the outer right back contact of the thousands register telay 712, the lower front contact of relay 

80 
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90 

05 

706, the outer left front contact of hundreds ° register relay 713, lead 849, the back con- tact of counting relay 850 to battery through the winding of counting relay 830, Relay 880 energizes and locks through the winding of relay 850 and over its own front. contact to. ground on conductor 806, but relay 850 being shunted over the contact of relay 602 cloes not operate. “At the incoming selector the brush shaft is started upon the closure of the fundamental circuit to trip the select- 

100° 

105 

ed set of brushes and to make group selec... tion, the selector commutator intermittently shunting the sender pulsing relay 602 as the tripped set of brushes approaches each group selection position, Upon: the first shunting of relay 609, it deenergizes permitting the operation of relay 850 which thereupon ex: tends.the lead 849 over its front contact and the back contact of counting relay 851 to bat- tery through the winding. of counting relay 831 upon the next energization of relay 609. In the manner. previously described the pairs of counting relays are successfully. operated until relays 818, 810 and 809 operate at which time the incoming selector shaft will have advanced in such’ a manner as .to position the second set of brushes thereof upon: the lowermost set of terminals ‘in. the fourth group to which said brush set has access. Re- lay 810 upon operating opens the funda- mental circuit thereby arresting the advance of the incoming selector and causing circuit 
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changes thereat to start the incoming selector 

hunting for an idle final selector trunk. The 

incoming selector has now selected an idle 

final selector having access to the 500 lines, 

3500 to 8999 inclusive. 
gizing opens the circuit of magnet 512 which 

deenergizes advancing steering switch 550° 

into position 11, Upon leaving position 10 

805 releases. in turn unlocking all op- 

erated counting relays. Tn the manner previ- 

ously described relay 807 is operated over the 

front contact of relay 802 until relay 802 

releases following the release of relay 805 

and is held operated over the eleventh posi- 

tion terminal and brush 503 of steering switch 

550 until it leaves position 11. In position 

11 the previously graced circuit over brush 

520 is closed to advance steering switch 550 

into position 12, thereupon reoperating relay 

805, releasing relay 807 and reestablishing 

the fundamental circuit. — 

Final brush selection 

With the fundamental circuit again estab- 

lished pulsing relay 602 and the control relay 

of the final selector are operated. The con- 

trol relay of the final selector preparing the 

circuits thereof for brush selection and the 

pulsing relay 602 closing a counting relay 

control circuit extending from ground at 

the front contact of relay 602 thence as traced 

to brush 516 and its twelfth position termi- 

nal, conductor 549, the back contact of hun- 

dreds register relay 714, the back contact of 

hundreds register relay 708, the inner right 

front contact of hundreds register relay 7 07, 

lead 822, the back contact of counting relay 

821, to battery through the winding of count- 

ing relay 829. Relay 829 energizes and locks 

through the winding of relay 821 and its own 

front contact to ground on conductor 806, 

but relay $21 being shunted at the front con- 

tact of relay 602 does not energize. As the 

brush shaft of the final selector advances in 

its brush selection movement, the commu- 

tator thereof intermittently shunts the sender 

pulsing relay 602. Upon the first shunting 

of relay 602 such relay deenergizes permit- 

ting counting relay 821 to operate to extend 

» the pulsing lead 822 over its front contact and 

back contact of counting relay 850, to bat- 

tery through the winding of relay 880. In 

the well known manner in response to the 

advance of the-final selector shaft pairs of 

counting relays are successfully operated 

until relays 818, $10 and 802 operate at which 

time the selector switch shaft will have ad- 

vanced to a position to trip the fifth set of 

brushes having. access to lines 3900 to 3999 

Relay 810 upon operating opens 

the fundamental circuit thereby arresting the 

advance of the final selector and causing cir- 

cuit changes thereat to prepare for tripping 

the selected set of brushes. Relay 802 upon 

energizing opens the circuit of magnet 512, 

Relay 802 upon ener- 

19 

which thereupon advances the steering 

switch 550 into position 13. 

Upon leaving position 12, relay 805 re- 

leases in turn unlocking all operated count- 

ing relays. 
scribed relay 807 is operated over the front 

contact of relay 802 until relay 802 releases 

following the release of relay 805, and is held 

operated over the thirteenth position termi- 

nal and brush 503 of steering switch 550 until 

it leaves position 18. In position 13 the pre- 

viously traced circuit over brush 520 is closed 

to advance the steering switch 550 into posi- 

tion 14, thereupon reoperating relay 

releasing relay 807 and reestablishing the 

fundamental circuit, providing that the tens 

‘digit has been registered. 

Tf the tens digit has not yet been regis- 

tered, the steering switch 500 will not have 

advanced beyond position 4 and relay 685 

will still be locked-up and therefore when 

the steering switch 550 advances into position 

14 the fundamental will not be closed since 

extending from battery through the winding 

of relay 807, conductor 819, the outer right 

front contact of relay 6385, the fourteenth 

position terminal and brush 520 of steering 

switch 550, conductor 521, to. ground at the 

left back contact of relay 617. As soon as 

the numerical registration is completed and 

relay 635 is shunted down as previously de- 

scribed, relay S07 deenergizes reestablishing 

the fundamental circuit. 

Final tens selection 

With the fundamental circuit again estab- 

lished pulsing relay 602 and the control relay 

of the final selector are operated. The con- 

tral relay of the final selector starting the 

final selector in its tens selection movement, 

tripping the selected set of brushes. The 

pulsing relay 602 now closes a counting relay 

contro! circuit for controlling the tens selec- 

sion movement of the final selector extending 

from ground at the front contact of relay 602 

thence as traced to brush 516 and its four- 

teenth position terminal, conductor 546, the 

outer front contact of the tens register relay 

710, the outer left front contact of tens regis- 

In the manner previously de- ° 

805, 
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ter relay 717, counting relay lead $49, the 

back contact of counting relay 850 to battery 

through the winding of relay 830. Relay 830 

energizes and locks through the winding of 

relay 850 and its own front contact to ground 

on conductor 806, but relay 850 does not en- 

ergize since it 1s at the time shunted over the 

front contact of pulsing relay 602. As the 

brush shat of the final selector advances in 

its brush selection movement the commuta- 

tor thereof intermittently shunts the gender 

pulsing relay 602. At the first shunting, re- 

lay 602 deenergizes permitting counting re- 

lay 850 to operate to extend the operating lead 

349 over the front contact of relay 850, the 
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back contact of relay 851, to the counting relay 831. In the well known manner in re-- 
sponse to the advance of the final selector shaft, pairs of counting relays are success- fully operated until relays 814 and 832 op- erate, when the lead 849 becomes -extended over the front contact of relay 814, the back contact of relay 816, conductor 817, brush 518 ~ and the fourteenth position terminal of steer- 
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- 602, thence as traced to 
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ing switch 550, conductor 547 , the right front contact of tens register relay 09, which al- Ways operates when the tens digit registered is-greater than four, conductor 123 to battery through the winding of counting relay 833. The. remaining relays are then successfully 
operated as the final selector advances in its tens selection movement, until relays 818, 810 and 802 operate, at which time the tripped brush: set of the final selector will be posi- tioned beneath the first terminal of the eighth tens group, in which Hnes 8980. to 3989 terminate, 
Relay 810 upon operating opens the funda: mental circuit thereby arresting the advance of the final selector. Relay 802 upon ener- gizing opens the circuit of magnet 512, which deenergizes and advances the steering switch 550 into position 15. Upon leaving position id, relay 805 releases in turn unlocking all operated counting -relays. In the manner previously described, relay 807 is operated tollowing the energization of relay 802 and is held operated over the fifteenth position terminal and brush 503 of steering switch 500 until it leaves position 15. Tn position 15 the previously traced circuit over brush 520 is closed to advance the steering switch 550. into position 16, thereby reoperating re- lay 805 releasing relay 807 and reestablish- ing the fundamental circuit, 

Final units selection 

With the fundamental circuit again estab- lished pulsing relay 602 and the control re- lay of the final selector are operated, the con- trol relay of the final selector starting the final selector in its units selection movement. Pulsing relay 602 closes a counting relay con- trol circuit for controlling the units ‘selec- tion movement of the final Selector, extend- ing from ground at the front contact of relay 
brush 516 and its six- teenth position terminal, conductor 548; the outer front contact of units register relay 711, the left back contact of the units register re- lay 716, the counting relay lead 813, the back contact of counting relay 814 to battery through the winding of relay 832, Relay 832 energizes and locks through the winding of "33. relay 814 and its own front contact to ground on conductor 806, but relay 814 does not op- erate as its winding is shunted over the front 

pulsing relay 602. As the brush shatt on the final selector advances, the com- mutator thereof intermittently shunts the 

-Ing switch 500 

-Switch 550 into position 
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stepping relay 602, thereby causing the oper- ation of successive counting relays until re-- lays 818, 810 and 802 energize at which time. the tripped set. of brushes will have been po- sitioned upon-the terminal of the wanted line 125. Relay 802 upon energizing opens .the circuit of magnet 512 which thereupon ad- vances steering switch 550 into position 17. Relay 810 Opens the. fundamental circuit thereby arresting the further advance of the final selector. Upon leaving the position 16, steering switch 550 opens the circuit of re- lay 805 which deenergizes in turn releasing all.operated counting relays. In the manner previously described relay 807 is operated over the front contact of relay 802 until re- lay 802 releases, following the release of relay 805 and is held operated over the sevy- enteenth position terminal and brush 503 of the steering switch until it leaves position 17.. In position 17 a circuit is closed from battery through the winding and contacts of Magnet 512 the seventeenth and eighteenth position terminals-and brush 520 of steering switch 550, conductor 521 to ground at the left. back contact.of relay 617, for advancing the steering switch into position 19. Tn. position 19 a-:circnit is established for advancing steering switch 500 out of position 9 into normal position extending from bat- tery through ‘the winding and- contacts of magnet 584, the nineteenth position terminal and brush 520 of steering switch 550, con- ductor 591 to.ground.at, the left. back contact of rely.617. Upon reaching position 10 steer- 
establishes a circuit for magnet 512 extending from battery through the wind- ing of magnet 512 conductor 518, the tenth po- sition terminal and brush 549 of steering switch 500-to ground, preparatory to advyanc- ing steering switch 550 into position 920, This circuit is maintained until the steering switch 500 reaches normal position when.it 
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is opened and steering switch 550 is permit- _ ted to.advance into position 20, opening the driving circuit of magnet 534, 
Lncoming selector advances 

called tine 
With steering switch 550 in position 20 the previously traced circuit of-relay 805 is estab- lished and relay 805 energizes. estab- lishing the previously traced circuit for mag- net 512 preparatory to advancing steering 

21. Upon leaving the position 17, steering switch 550 opens the circuit of relay 807 which thereupon releases - again closing-the fundamental circuit, At the.final selector following the comple- tion of units selection, the.circuits of the final selector are cut through. for talking and the incoming selector sequence switch is advanced in the well known manner to again complete the fundamental circuit through Telay 602 and the control relay of the incoming selector, 
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relay 602 at this time establishing a circuit for 

counting relay 818, extending from ground at 

the front contact of relay 602, thence as traced 

to brush 516, counting relay operating lead 

853, the back contact of counting relay 816, 

conductor 817, brush 518 the twentieth posi- 

tion terminal of steering switch 550, conduc- 

tor 517, to battery through the winding of 

velay $18. Relay 818 operates and locks 

through the windings of relays 802 and 810 in 

parallel, but the latter relays being shunted 

over the contact of relay 602 do not operate 

until the sequence switch of the incoming 

selector advances under the control of the re- 

lay thereof to open the fundamental circuit 

and release relay 602. When the sequence 

switch of the incoming selector advances 

and relay 602 deenergizes relays 802 and 810 

operate. 
Relay 810 upon operating opens the funda- 

mental circuit and relay 802 upon operating 

opens the circuit. of magnet 512 to advance 

the steering switch 550 into position 21. The 

circuit of relay 805 is now opened to release 

relays 818, 810 and 802. Upon the opera- 

tion of relay 802, relay 807 again operates, 

but releases as soon as relay 802 releases, to 
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reestablish the fundamental circuit.. Upon 

the reestablishment of the fundamental cir- 

cuit at the incoming selector the control re- 

lay of the incoming gelector and relays 602 

and 624 of the sender operate. Relay 624 

operates at this time because the fundamental 

circuit has been reversed at the incoming se- 

lector in the well known manner, The test- 

ing of the wanted Line 125 by the final selector 

and the application of ringing current there- 

to, if such Hine is found to be idle, proceeds 

in the well known manner after which the 

talking circuit from the wanted line to the 

trunk conductors 126 and 197 is established. 

Upon the energization of the polarized re- 

lay 624, a circuit ig established from ground 

at its contact over conductor 515, the twenty- 

first position terminal and brush 514 of steer- 

ing switch 550, to conductor 559 preparatory 

to releasing the sender. The release, how- 

ever, does not proceed until after the operator 

has plugged into the jack 119. 

completes connection by plugging 
Operator 

into indicated trunk jack 

When the operator plugs into the trunk 

jack 119, in accordance with the trunk mem- 

‘ber 089 indicated to her on her trunk. num- 

ber indicating lamps, a circuit is closed from 

battery through lamp 114, resistance 116, 

sleeves of plug 118 and jack 119 to ground 

through the left winding of sleeve relay 120. 

Relay 120 energizes and at its inner right 

front contact connects the right non-inductive 

winding of relay 120 and the left non-induc- 

tive winding of relay 121 in parallel with the 

right winding of relay 191 over the circuit 

previously traced to ground through the 

21 

winding of relay 800. Relay 800 now re- 

ceives sufficient current to energize and at its 

right contact connects ground over conduc- 

tors 857 and 820, over the inner left contact 

of relay 381, brush 308, conductor 226, the 

inner right front 

ductor 427 to battery through the winding 

of release relay 205 at the operator’s position 

equipment. 

Release of. operator's equipment anc sender 

Relay 205 upon operating closes a circuit 

for release magnet 400 of the position switch 

450 which energizes releasing such. switch 

to normal. Magnet 400 upon energizing also 

opens the locking circuit of relay 405 where- 

upon relay 405 releases.. As soon as switch 

450 reaches normal, the circuit of relay 416 

is opened at brush 407 and the circuits of 

the lighted lamps are opened at brushes 409 

to 412 inclusive. The release of relay 416 

also opens the circuit of relay 401 and such 

relay releases. Relay 401 in turn opens the 

circuit of release relay 205, but relay 205 be- 

ing slow to release does not deenergize imme- 

diately. Until it does release it maintains 

release magnet 400 energized over its left 

contact and at its outer right contact main- 

tains the previously traced holding circuit 

for relays 207 and 340 open. These latter 

relays thereupon release, relay 207 at its 

outer left front contact removing ground 

from conductor 231 thereby releasing relays 

901 to 204 inclusive. Relay 340 upon deen- 

ergizing at its inner left contact. opens the 

circuit of relay 331 which thereupon re- 

leases. Relay 381 upon deenergizing now 

closes a circuit extending from ground at 

its outer right back contact, over the back 

contact of relay 311, off-normal contacts 303, 

through the winding of release magnet 302 to 

battery. This magnet upon energizing now 

releases the position finder switch of Fig. 3 

to normal. As soon as the finder reaches nor- 

mal, the off-normal contacts 303 and 324 

open, the contacts 324 opening the locking 

circuit of relay 312 which thereupon releases, 

and contacts 303 opening the circuit of release 

magnet 302. 
Upon its release relay 840. completes at 

its right back contact the circuit previously 

traced to conductor 559 over conductor 851 

to battery on conductor 626. This circuit is 

in shunt of the windings of relays 700 and 

506 which thereupon deenergize. The re- 

lease of relay 506 removes ground from con- 

ductor 509 whereupon all operated relays of 

Figs. 5, 6 and 8 release. A circuit is now 

closed for advancing steering switch 550 out 

of position 21 into normal position extending 

from battery through the winding and. con- 

tacts of magnet 512, brush 553 and the 

strapped terminals of its arc to ground at the 

outer left back contact of relay 506. Relay 

700 upon deenergizing opens at its upper- 
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most contact. the holding circuits of the nu- merical register relays of the sender and at. its intermedate lower contact opens the cir- cuit of rélay 915 of the first selector. Relay 915 upon deenergizing now closes the circuit of release magnet 917 which en- ergizes and restores the first selector of Fig. 9 to normal. As soon as this selector reaches normal, the circuit of magnet 917 is opened at off-normal contacts 916. -At-itg front con- tact relay 915 also unlocks all operated relays of the first selector. At its intermediate lower contact relay 700 also removes ground from conductor 921 thereby releasing relay 1015 of the second selector which thereupon releases, unlocking all operated relays of ‘such se- lector and closing at its back contact the cir- cuit of release magnet 1017. Magnet 1017 . energizes and releases the second selector, its 
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own circuit being opened at off-normal con- tacts 1016 48 soon as the selector is‘complete- ly restored. a a Upon. thie release of relay 506 ground is removed from conductor 801, releasing te- lays 800 and 121. Relay 121 upon releasing now connects the trunk ‘conductors 196 and 127 to the tip and ring contacts of jack 119, and disconnects’ such: conductors from the terminal banks of sécond selectors. such as the one. shown in Fig. 10. With Yelay 121 released and relay 120 energized ground po: tential is maintained on test. conductor 1022 over the outer right front contact Of relay 120 and the inner right back contact of relay 121 to mark the trank as busy to ‘second sé- lectors, ‘and ground is removed at the outer right. back contact of relay 190 from con- ductor 1019 to mark the trunk as busy ‘in the group of twenty ‘trunks to which it be- longs. The lamp 114 which lighted when the operator plugged into jack 119 becomes extinguished in the well known manner when the called subscriber answers and relay 111 operates. All of the equipment which the Operator has employed ‘to select the trunk 126, 127 and to set the switches of the distant office has now been réstored. Tha talking connection between the calling subscriber on line 100 and _ the called subscriber on line I 
conversation in the well known manner ‘and need not be described in detail herein, 

‘5 is restored tipon the ‘termination of the 

Lncotitng or final selector ‘trunk to overflow 
«position 

Af the incoming ‘selector during group se- lection ‘or the final seléctor during any of its selection ‘iniovements advances to an over- flow ‘position ‘thereby reversing the. funda- mental circitit, With. ‘the ‘steéring switth 550 in ‘positions 10; 12; 14 ‘or 16, ‘polarizéd relay Got operates closing a circuit ‘fer overflow relay ddl extending from ‘ground ‘at the’ con- 

1. in exactly the ‘saine manner 

1,767,961 

Relay 551 upon energizing locks to ground on conductor 509. and at its right contact connects ground to conductor 320 thence as previously traced. to battery through the winding of release relay 205 at the operator’s position equipment. Tn. the manner pre- viously described all apparatus which the operator has employed to reach the trunk 126, 197 ig restored. ‘The operator may then proceed to reestablish the connection. 
Outgoing trunk reached directly through re- 

versed selection 
In the foregoing description it has been assumed that both first and second selectors were necessary to reach an idle trunk extend- ing to the desired office 122. Tt will now be assumed that the trunks of F ig. 1 terminate directly in the banks of the first selector of Fig. 9 and ‘that in response to the registra- tion of the first code letter on the office code relays of the operator’s position, the first se- lector has positioned its brash sets opposite the first level of its banks in which trunks extending to the office 122 terminate. By this time the’ steering switch 550 will have advanced to position 2.. 

access to outgoing trunks may be directly made from the first selector, shaft springs 930 are closed. Therefore, when the first selector has been advanced to'such a level, for example to the first level, a cireuit is closed from bat- tery through the right winding of relay 820, conductor 931, shaft springs 930, conductor 932, the outer right contact of relay 608 to ground. Relay 820 upon ehergizing locks over its left winding to ground cen conductor 509 and closes a circuit. for advancing steer- ing switch 550 out of position 2, into posi- tion 8, This circuit extends from battery through the winding and contacts of magnet 512, brush 558, and the second position ter- minal of the steering switch, conductor 560, the right front contact of relay 820, conduc- tor 724 to ground at ‘the intermediate lower front contact of relay 700. The shaft. con- tacts 930 also close a circuit for the release miagnet 917 ‘of the first selector extending from battery through the winding of magnet 917, off-normal contacts 916, shaft. contacts 930, conductor 982 to ground at the inner right contact of relay 6038. Magnet 917 ener- gizes, releasing the selector to normal, its own circuit being opéned at the off-normal con- tacts 916 when the selector is completely re- stored, 
With the selector in normal position and the steering switch 550 of the sender in posi- tion 3, the first selector is controlled again im‘a vertical moveinent in accordance with the second ode Jettér of the. office ‘code, in the same mannér as previously described in connection ‘with the operation’ of the ‘second , selector. From this point the call progresses 
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described except that the operations which 

the second selector previously performed are 

now performed by the first selector, the first 

selector stepping vertically and then in a ro- 

tary direction to select an idle trunk and in 

such movement controlling the trunk number 

‘ndicator of Fig. 4 to indicate to the oper- 

ator the number of the trunk which has been 

so selected. 
What is claimed is: 

1. In an automatic telephone exchange Sys- 

tem a plurality of offices, a group of trunks 

outgoing to each of said offices, a plurality 

of operators’ positions, office keys at each of 

said positions corresponding to said plural- 

ity ot offices, a register switch at each of said 

positions, selector switches, and means for 

operating said selector switches and said reg- 

ister switch in unison under the control of 

said office keys for connecting a calling one 

of said positions with a desired one of said 

trunk groups. 
9. Tn an automatic telephone exchange sys- 

tem a plurality of offices, a group of trunks 

outgoing to each of said offices, a plurality of 

operators’ positions, office keys at each of said 

positions corresponding to said plurality of: 

offices, a two motion step-by-step register 

switch at each of said positions, step-by-step 

selector switches, and means for operating 

said selector switches and said register 

switch in unison under the control of said 

office keys for connecting a calling-one of 

said positions with a desired one of said trunk 

groups. 
3, In an automatic telephone exchange Sys- 

tem a plurality of offices, a group of trunks 

outgoing to each of said offices, a plurality 

of operators’ positions, office keys at each of 

said positions corresponding to said plural- 

ity of offices, a two motion step-by-step reg- 

ister switch at each of. said. positions, two 

motion step-by-step selector switches, and 

means for operating said register switch suc- 

cessively in its two motions: in unison with 

the vertical motions of enccessive ones of said 

selector switches under control of said office 

keys for connecting a calling one of said. 

positions with a desired one of said trunk 

groups. 
4. In an automatic telephone exchange sys- 

tem a plurality of offices, a group of trunks 

outgoing to each of said offices, a plurality of 

operators’ positions, office keys at each of said 

positions corresponding to said plurality of 

offices, a register switch and indicating lamps 

at each position, a train of selector switches, 

means under the control of said office keys for 

controlling said switches to select a group of 

trunks to a desired office, means for there- 

-after operating said register switch and the 

last of said train of selector switches in uni- 

gon to select an idle trunk in the selected 

eroup of trunks, and means for lighting said 

lamps in accordance with the position as- 

‘under the control of 

sumed by said register switch to indicate the 

number of the idle trunk selected. 

®. In an automatic telephone exchange 

system a plurality of offices, a group of trunks 

outgoing to each of said offices, a plurality of 

operators’ positions, 

positions corresponding to said plurality of 

offices, a two motion step-by-step register 

switch and indicating lamps at each of said 

positions, a train of two motion step-by-step 

selector switches, means under the control of 

said office keys for controlling said switches 

to select a group of trunks to a desired office, 

means for thereafter operating said register 

switch and the last of said train of switches 

successively and in unison in their two mo- 

tions to select an idle trunk in the selected 

group of trunks, and means for lighting said 

lamps in accordance with the position as- 

sumed by 
number of the idle trunk selected. 

6. In an automatic telephone exchange sys- 

tem a plurality of offices, a group of trunks 

outgoing to each of said offices, a plurality of 

operators’ positions, 
positions corresponding to said plurality of 

offices, a register switch and indicating lamps 

at each of said positions, a train of selector 

switches, means for operating said selector 

switches and said register switch in unison 

said office keys for con- 

necting a calling one of said positions with a 

desired one of said trunk groups, means for 

thereafter restoring said register switch, 

means for then reoperating said register’ 

switch and for further operating the last of 

said train of selector switches in unison to se- 

lect an idle trunk in the selected trunk group, 

and means for lighting said lamps in accord-. 

ance with the position last assumed by 

register switch to indicate 

idle trunk selected. 

7. Tn an automatic telephone exchange sys- 

tem a plurality of offices, a group of trunks 

outgoing to each of said offices and terminat- 

ing therein in switching mechanism, a plu- 

rality of operators’ ‘positions, office keys at 

each of said positions corresponding to said 

plurality of offices, a register switch at each 

of said positions, 
mon to said positions for controlling said 

switching mechanism, means for associating a 

position with an idle one of said senders, se- 

lector switches for associating any sender 

said 

the number of the 

_with an idle trunk in any desired ones of said 

trunk groups, and means for operating said 

selector switches and said register switch in 

unison under the control of said office keys. 

8. In an automatic telephone exchange sys- 

tem, an operator’s position, 

position having vertical and rotary move- 

ments, indicating lamps, a plurality of offices, 

a group of trunks outgoing to each of said 

offices, a selector switch having rotary and 

vertical selective movements for connecting 

office keys at each of said. 

said register switch to indicate the - 

office keys at each of said : 

a plurality of senders com-. 

a register at said 
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said operator’s position with a desired trunk group, said switch having two sets of brushes and corresponding banks of terminals and having access to the trunks of the same trunk group over a plurality of levels of both its banks, means controlled from said position to direct the brushes of said switch to the first level in which trunks of a desired trunk group terminate, means for thereafter causing said switch to-hunt for a level in which an: idle trunk of the selected group terminates and for an idle trunk terminating in such level in either of its banks, means operative through the hunting movements of said switch to cor- respondingly operate said register in its ver- tical and rotary movements, means for estab- lishing at said register a.record of the bank of said selector switch in which the selected trunk terminates, and means for lighting said lamps in accordance with the record. estab- lished at said register to indicate the. num- ber of the trunk selected. 
9. In an automatic telephone exchange sys- tem; an operator’s position, a plurality: of offices, a group of trunks outgoing to each of said offices, a selector switch operable in ver- tical and rotary movements for connecting ‘said operator’s position with a desired trunk group, means controlled from said position 30 for causing said switch to select a desired trunk group and to then hunt by vertical and ‘rotary movements for-an idle trank in such ‘group, a register at said position operable in vertical and rotary movements having a plu- rality of banks-of terminals and correspond: ing brushes, hundreds, tens and units ¢runk number indicating lamps terminating in sep- arate banks of said register, and means for operating said register in its vertical and ro- tary movements in accordance with the cor- responding vertical ‘and rotary hunting movements of said selector switch'to indicate on said lamps the number of the trunk se-: lected. 

10. In an automatic telephone exchange system, an operator’s position, a plurality of offices, a group of trunks outgoing to each of said offices, a selector switch operable in vertical and rotary movements for connect- ing said operator's position with a desired trunk group, said switch having two sets of brushes and corresponding banks of terminals -and having access to even numbered trunks of group over a plurality of levels of one of its banks and to odd ‘numbered trunks of -the same group over corresponding levels of: its ‘other bank, means controlled from said posi- tion to direct the brushes of said switch to the first. level in which.trunks of 9 desired group terminate, means for thereafter causing said switch to hunt for a level in which an idle trunk terminates and for an idle trunk in such level in either of its banks, a register at said position operable in vertical and rotary 
a plurality of banks of 

* 

register, and odd 

‘sponding movements of said selector 
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terminals and corresponding brushes, -hun- 
dreds and units trunk number indicating lamps terminating in separate banks of said 

and even numbered tens 
trunk number indicating lamps terminating in two other banks of said register, means for operating said register in its vertical and rotary movements in accordance with the corresponding vertical and rotary hunting movements of said selector switch, means for selecting a bank of said register having ac- 

70 

v5 

cess to an even or odd numbered tens lamp in accordance with the bank of said selector switch in which the idle trunk js selected, and means. for. thereupon operating the lamps selected by said register to indicate the number of the trunk selected. 
11. In an automatic telephone exchange system, an operator’s position, a plurality of offices, a group of trunks outgoing to each of said offices, a selector switch operable in 

rotary and vertical movements for connect- ing said operator’s position with a desired trunk group, 
brushes and corresponding banks. of termi- nals and having access over the lower halves of each bank to trunks of a group numbered below one hundred and over the upper halves ef each bank to trunks of the same group numbered above one ‘hundred, means con- trolled from said position to direct. the brushes of said switch to the first level in which trunks of a desired group terminate, means for thereupon causing said switch to hunt for a level-in which an idle trunk ter- minates and for an idle trunk in such level of either bank, a register at said position having a plurality of banks 

ing brushes, naught and one hundreds trunk number indicating lamps terminating in the terminals of the lower and upper -halves of one bank of said register respectively, and tens and units lamps terminating in other banks of said register, and means for operat- ing said register in its vertical and rotary movements in. accordance with ‘the corre- 
switch to indicate on said lamps the number of the trunk selected. — 12. In an automatic telephone exchange system, a. plurality of offices, a group of trunks outgoing to each of said offices, .an operator’s position, office keys at said posi- tion corresponding to said plurality of offices, a two-motion step-by-step register switch and indicating lamps at said position, a train of two-motion step-by-step selector switches, means for operating said selector switches and said register switch in unison under the control of said office keys to’ select a group of trunks to a desired office, means for there- after restoring said register switch and re- operating it arbitrarily to a definite position, ‘means for thereafter further operating said register switch.and the last of said train of 

said switch having two sets of - 

and correspond-. 
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selector switches in unison to select an idle 

trunk in the selected trunk group, and means 

for lighting said lamps in accordance with 

the position last assumed by said register 

switch to indicate the number of the idle 

trunk selected. 
13. In an automatic telephone exchange 

system, a plurality of offices, a group of 

trunks outgoing to each of said offices, an 

operator’s position, office keys at said posi- 

tion corresponding to-said plurality offices, a 

register switch having vertical and rotary 

movements and indicating lamps also at said 

position, a train of two-motion step-by-step 

selector switches, means for operating said 

selector switches and said register switch in 

unison to select a group of trunks to a desired 

office, means for thereafter restoring said . 

register switch and for reoperating it arbi- 

trarily one step vertically, means for there- 

after further operating said register switch 

and the last of said train of selector switches 

in unison to select an idle trunk in the se- 

lected trunk group, and means for lighting 

said lamps in accordance with the position 

last assumed by said register switch to indi- 

cate the number of the idle trunk selected. 

Tn witness whereof, we hereunto subscribe 

our names this 28th day of September, 1828. 

EDGAR H. CLARK. 

WARREN W. CARPENTER. 
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