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Patented Nov. 11, 1930 

UNITED STATES. 

1,780,906 

PATENT. OFFICE 

WARREN W. CARPENTER, OF QUEENS WILL. AGH; AND “RALPH. E. “HERSEY, OF.  BROOK- 

YN, NEW YORK, ASSIGNORS TO BELL: TELEPHONE LABORATORIES, INCORPORATED, 

OF NEW YORK; ‘N. Y., A-CORPORATION OF NEW. YORK : 

_ AUTOMATIC TOLE-SWITOHING TELEPHONE SYSTEM 

Anplication ‘filed May 4, 

This invention relates to a “telephone ex- 
change system, and more. particularly to a 
system in which’ connections are established 
between subscribers’ lines in different: offices 
over toll trunks by automatic switching 

_ mechanism under the control of a toll op- 
erator in the originating office.. The. object 
of the invention. is to economize in ‘the 
amount of apparatus required for the. toll 
operator to control and supervise the ‘estab- 
lishment of such connectons and‘to simplify 
the circuits required for establishing and- 
maintaining ,such connections. . 

In the establishment, of connections.to or 

5 from offices ofa dial switching exchange area 
for which toll rates should ‘be. assessed for 
service, it is customary for ‘a calling sub- 
scriber’ in.such an office who desires ‘to ob- 

tain a connection with another ‘stibseriber at 
3-8 remote point to dial'a number whereby. 

connection. is first obtained with a. tell op- 
erator, who .then ‘proceeds to obtain the-de- . 
sired connection and to supervise the-.assess- 
ment of the required toll charge. 

‘Several. methods of establishing ‘such toll” 
connections have heretofore been proposed - 

‘either ‘terminate the connection . by. for use in connection with panel type dial 
switching systems. In ‘accordance: with.oné 
of these _ methods. disclosed ‘by away. of. ex-. 

« -ample-in.the patent to.Gooderham 1, 506 743, 
eranted September 9, 1924, the calling ‘sub- - 

a 

: scriber desiring an outward: toll .connection 
dials the machine switching. “A” operator’s 
position of the office in swhich the calling line . 

terminates and transmits .to her, his own: 
number and the number of the desired ‘sub: 

The “A” operator then.proceeds by ~ 
“dicator apparatus-or the dial ewitching. ap- 

scriber. 
means of a sending equipment to establish 
a-connection'to a toll operator’s position. 

‘. The toll operator then makes outa toll. ticket 
and over an order wire assigns for-the use _ 
of a “B” cordless operator,at “the originating * 

the toll con-. _ office atrunk line over which 
“nection may be completed and gives the cord- 

“8 Jess operator the; snecessary information for 
establishing: a connection back to the calling’ 
line. This. is accomplished: by ‘the ‘cordless 
operator by means of-a.sender at her posi- _ 

‘As ‘soon as this. 
; connection is established back, the connection 

_ tion: and:selector-switches: 

4828. ‘Serial No. 360, 458. . ; 

formerly established through ‘the war “Op. = 
erator’s position to the: toll operator’s. posi. 
tion is dismissed. The toll ‘operator. then 
proceeds to cause 2 connection to. be estab- 
lished’ to the desired line, the final connec- 
tion extending from the calling line throug rh 
the selector switches set up by “the. “B” ‘cord 
less operator over the trunk extending t to the. - 
toll operator’s position and thence ‘by the 
toll line to the desired subscriber’s line: .In- 
ward’ connections from distant toll points. 
are completed according to this method over 
‘the toll operator’s cord ¢ circuit and by means — 
of the machine switching equipment of a toll 
cordless “B” operator at the dial switching 
office. 

Another: method. which has been proposed 
for completing inward connections from a 
distant toll point is disclosed in the patent 
to A. C. Powell 1,577,076 

According t to this ‘method an inward _ 
toll connection is handled by ‘a toll operator. 
“inthe terminating dial switching ‘office, who — 
receives. instructions for’ terminating, the con 

granted March 16, 
1926. 

nection over the-toll line and: utilizes. so-called 

60 

& 65 

70 

16 
key indicator equipment at her position to. 

dial ~ 
switching apparatus if the desired line termi- ~ . 
‘nates in an office equipped’ with’ selector. 
switching mechanism or by call indicator ap- 
paratus if the desired line terminates ‘in a 
manu al office: The: key. indicator apparatus. 
comprises a plurality of operator’s position — 
equipments each” including | a: key.set, there | ~~ 
being a. position. equipment: individual, to 
‘each | toll operator’s position, ‘a ‘plurality. of Co 
register. senders for either setting the call in-. 

paratus of the terminating office and.a Y plu-. : 
‘ality: of ‘link circuits each ° comprising a 
plurality. ‘of trunk selectors, a. _sende selector’ 
and ‘a position, finder. 

90-7" 

-In_accordance with the “present. invention os 
outward toll.connections may be established. 
froma, dial switching office in either of two. 9 
Wiys depending upon the extent of: the exX- © 
change & rea. Tn a ‘large: exchange area the -. 

subscriber would dial a ‘number to “obtain « come es 
nection with an “A”. operator’s. position, — 

AW hich operator then’ passes the call to a. re- 100°



cr
 

cording toll 
for the call and passes the information to a 
toll switching operator. 

‘ing equipment of the originating office to 
the: -ealling ‘subscriber’s .line, the . original 

-conriection from the calling line to the re-. 
~ cording operator: then being ‘dismissed. °-In- 
“smaller: exchange areas ‘the call. would be: 
‘handled ina similar manner, except that the 
subscriber would dial sucha number as to 

. obtain-a connéction directly “with the toll 
operator's: position, - 
“Calls incoming ‘from: ‘a ‘distant ‘toll point, 

~are-answered by the toll switching operator 
who. then, terminates the ‘call by plugging di- 

vectly.into. an idle trunk extending to the dial 
switching’ office in: which the desired. ‘sub- 

+. geriber’s line terminates, and then setting the 
-- dial. switching. apparatus ‘of-such office by : 

~ means of the jmproved apparatus at her po 
sition associated with such. trunks. 
switching: operator is thus enabled to serve . 
toll corinections to connect. her position auto- 

“matically.” with: -subs¢ribers’ lines in~ dial 
‘switching offices to complete outward ¢alls or 
.to.conn: act her position with such subscribers’, 

“lines to terminate inward calls’ 

ie
d 

“
o
a
 

: forward ‘basis. - 
_ment, of the ‘invention: disclosed herein. by. 

40. 

Or
 

.. sender. selector.” 
50, 

“accordance - with’ the 
~The toll switching operator’s equipment i in 

operator-is enabled.to connect with trunks ex- 
tending to dial switching offices on a straight-.. 

According ‘to. one, embodi-.- 
“eult of Fig. 

way. of illustration, the toll operator: is pro- 

takes it for use. 

“which the. interoffice ‘trunks terminate and 

ou
! 

rn
g 

“over which. access -to dial. switching. sub-” 
scribers’ - -lines "maybe had, a plurality’ of. 
common register’ type: senders Is: provided. : 

5. When the operator plugs into .a trunk .ex-” 
“tending to: an. office in which ‘a ‘desired’ sub- 

seriber’ line. terminates an idle link: cireuit 
is taken: for use and. through the operation 

= BO! 
of the trink finder and sender. selector there- - 
of, an idle sender is associated. with the trunk © 

oe which the operator has taken for use. 
ce manipulation of her key set the operator 1 may 
_ ‘then. sét: the registers of ‘such sender in ac- . 
cordance with. the designation of the desired 

63, Une, whereupon. the sender proceeds to set 

operator who makes out. a ticket 

‘The toll switching. _ 
operator then builds- up the toll connection, 
to the desired toll - point and. obtains: connec-. 
tion with the ‘deshied subscriber’ and then: 

. builds back a connection over the dial switch-:. 
“Gord circuit and:the trunk circuit. 
same talking .conductors.signaling impulses“ 
are. also transmitted between the sender and 
‘the. position apparatus to connect the opera- 

- toll. calls: 

The toll: 

present invention. has . 
~- been: very much.simplified over the key indi-. 
ator. type previously - described in that the 

vided: with a ten button: key set_ common to : 
the cords of her position which becomes asso-_ 
“ciated with a cord of her position:when she . 

‘Associated with each group 
‘of trunks extending to a dial switching office 
to, which she has access is.a group of. link cir. | 
cuits each.. comprising a step-by-step Strow- . 
ger -ty ype trunk ‘finder and .a, step-by-step 

‘For controlling the posi- 
tioning of the: dial switching’ equipment in. 

By the. . 

1,780,906 

the. selector switches to connect with such 
"tine. 

‘The registers of the sender are set from the’ 
key set through.the.application of current of: 
two current. strengths and of either negative 

“or positive potential - in code combinations 
over the talking conductors of the operator’s 

tor’s. key set as soon as a sender has be- 
“come attached. to the trunk which the opera- 
tor has taken for use, to inform the operator 

“when the. sender has completed its registra- 
~ tion functions arid that the key.set has been . 

70 

Over the © 

80 = 

disassociated from such sender, and to in-, 9 - 
form the sender. whether the operator’s: “por. 
sitionis. functioning on, ‘inward or outward 

sender for applying ringing current directly 
from.the sender to the interoffice trunk. fol. 

Provision® is. also madé.in ‘the ‘86. - 

lowing the. completion of its control of selec- : 
tions if the call-has been made by a, toll op- 
erator at an inward position: 

For a. more complete understanding of this - 
90. 

invention réference*"may~ be had to. the, at- a 
“tached drawings i in which: a 
Fig. 1 shows an, operator’s: “cord circuit for. 
extending i incoming toll connections to trunks: 

~, exteriding toa, dial ‘Switching ¢ office anda por-. 
tion of the equipment ofan operator’ S posi-_ 
tion, including a set of pulsing keys. 

Fig. 2. shows additional equipment of the. GE 
~operator’s. ‘position | including © a. telephone, do 

cod 

headset. 
Fig. 3 shows a trunk circuit terminating in. 

a “jack accessible to the operator’s cord cir-— 
1 and in an incoming selector.of 

a ‘dial switching office and a diagrammatic 
105: 

representation of.a final selector and called 
subseriber’s line. 
“Figs. 4-and 5 taken together. show a link _ 

cireuit for. associating: 
disclosed in Figs. 6, 7.and'8 with the trunk _ 
circuit, of Fig. 5 Tn Fig: 4 the. trunk finder 
and-in Fig. 7 the sender finder of: the. link 

are disclosed. 

the gender stich as’ is- 

110. 

Figs. 6, 7. and 8. show : a: ‘sender clieuit, Fig. we 
6 disclosing control ‘relay. ‘equipment of the 

‘sender, Fig. 7 disclosing the counting relays... 
of the selector controlling. ‘portion. of the 
sender and. Fig. 8 showing. the register re-... 

Fig. 9. is'a diagram showing the manner in 

embodiment. of the invention, 

lays for recording the number of desired lines ° 
‘under: control of ‘the pulsing keys:of Fig. 1.05, 120. | 

“which the. several figures: of. thé: ‘drawing — oo 
should be assembled to disclose. the: complete 2 

‘The trunk finder 450 of Fig. 4 may be of the “ys 125° 
well known Strowger type Shaving: both ro-.° 
tary and-vertical stepping movements but be- 
ing used as a hunting. switch. it is. also. . a 
equipped with a: vertical. group, commutator: S 
“and commutator ‘brush. .; In, addition : it. dss:



10: 

5S 

tion circuit shown in Figs. 1 and 2°with the 
exception of key pulsing equipment are of the 

26+ 

ro
, 

oi
 

' 40 

1;780,906. 

equipped with three additional brushes to 
afford additional. points of access.to control. 
conductors extending to .trunk:cireuits. 
~The sender finder 550° of Fig: 5 is of the. 
well known step-by-step rotary ‘type having 
no definite normal position’ but: always. re-- 
maining:standing when idle onthe terminalis. 
of the sender last used.in extending a.connec- 
tion. 
The incoming selector 305 and final selector 

350: diagrammatically disclosed in Fig. 3 are 
of the. well known. panel type.but are more - 
particularly of. the toll switching type dis- 
closed:in detail-in-Patent 1 55 5299 issued. to 
W. C: Weaver; March 2, 1926. 

The toll operator’ s cord circuit.and posi- 

general character shown and described: in 
Patent 1,675,956: ‘issued: to L. F. Porter on: 
J uly:3, 1928. 

Establishment of an inward connection 

Tt. will be assumed. that a-toll call is incom- 
ing to. the. operator’s position of Fig. 1 and 
that the operator answers the call on 1 the toll 
line by: plugging the plug 100into the toll line 
jack 101.. She then depresses her cord key 
109 to the right into the talking position. A 
circuit is thereupon establishedfor relay. 103 
extending from battery through the Tower: 
winding ‘of: relay 103, the uppermost contact’ 
of key 102, conductor 104 to ground. at the 
normal contacts of relay. 200. Relay 103 

5 upon energizing closes at its lower contact a 
circuit extending from ground at contact 105: 
of key 102 over the lower contact: of relay 103, 
condictor 106 in:parallel through the wind. 
ings of relays 200 and 201'to battery. 
relays thereupon operate, relay 200:removing 
ground from coriductor 104 to: prevent: :an- 
other cord relay such as relay 103 from oper- 

_ ating, and connecting ground to conductor 

Gn
 

ur
 

2 

107 - “whereupon a circuit. is established 
5 through the upper inner contacts.and upper 
winding of relay 103 to battery to hold relay: 
103 locked ‘so that as long-as ‘the key 102 1s 
in its operated position. relay 103 individual . 
to the cord circuit and relay. 200 common: to 

‘the cord circuits of-the operator’s’ position 
are-held operated. Relay 103 splits the cord 
cireuit: and’ associates: the group of .conduc- 
tors. 108-‘with: the cord circuit: 

The operation of relay 201 connects the 
5. tip and ring talking conductors.203 and 204 

of ‘the -operator’s, headset circuit over con- 
ductors 109 and 110 extending to the left or 
monitoring contacts of the key 102 and opens 
conductor 111. If at this trme:the key 102 
of another.cord. circuit of: the operator’s -po- 
sition is operated. to the: left or monitoring: 
position the operator willbe able. to talk- or 
listen on ‘both cord circuits, but will be able 
to split.transfer or key: pulse on only the cord 

: circuit, the listening key-of which has: been 

These. 

; contacts of key 

the plug’ 118"into: Jack: 301. 

operated ‘to the right or: talking position.. 
_ The functions of: the. splitting key: 211, talk-" 

ing. and monitoring key 102°and. ringing key: 
116 for enabling the: operator. to tall. moni=: 
tor or: ring on either end of.the cord. “circuit 
are’ fully described. in the 

discussed in detail:herein: 
Upon the operation of key 102 a ‘cirouit: is: 

also vectablished from high. resistance ground. ; 
onthe sleeve.of jack: 101 over the.sleeve of 
plug: 100, contacts 112 of key 102, conductor. 
1138: to: battery through the ‘windings of: re: 
lays 205 and. 306. Relay 206 wpon operating 
closes an. obvious cireust for relay. 207..° Re- 
lay 205 being: marginal, however, does: not. 
operate: at this time. -At its.inner. upper con- 
‘tact relay 207 connects ground through. high. 
resistance 208'to: conductor 209 to: prevent a 
false operation of the rear cord supervisory 

ing: key ofa repeater cord of: her: position 

3: 

patent. to Porter. 
above: referred to and -will not therefore. be: 

ve 

80! 

“Ba: 

- lamp 114, should ‘the operator depress a talk: - 

to the. talking position either accidentally or 
otherwise with such cord. circuits normal. 
At-its upper back contact-relay 207 discon= 
nects the busy test conductor 310 of the:op=: 
erator’s headset from the tip of the answer- : 
ing plug 100 and at its outermost. upper and. 
lower front contacts establishes a talking 
circuit which may be traced from conductor 
203, over. the uppermost: front. contact: of — 
relay. 207, the upper normal contact of split= 
ting key ‘O11, conductor: 212, the appermost 
normal contact of. relay: 115, the’ uppermost: 
alternate: contact of- relay 108, the upper 100 
right: normal contacts’ of: ringing key 116,-. ; 
over the tip contacts of plug 100:and jack: 
101, thence. over the toll trank; returning: : 

over the: ring contacts of jacks 104 and’ plug 
“400, the inner lower alternate contact: of 
relay 103, the lower back contact of relay - 
115, ysondiactor ‘117, the right lower normal 

A. cireuit“is thereupon: estab-- 

conductor. 213, the up 

plug 118, over. the: 

O11, the lower front contact 
of relay 207 to yonductor 204. ‘The. operator’ — 
‘ig now y enabled to receive: instructions: over: 
the toll: trunk for the further extension - of®. 
the connection. ~~: : , 

‘Having received instructions and it having’ 
been assumed: that a connection is desired’ 
with the subscriber’s line 300° the operator 
-proceeds to: test the trunks extending to ‘the’ 
office in which the line. 300: terminates by: 
“touching the tip of the plug 118 to the sleeves 
‘of the trunks. 
‘lished: from the tip. of. 
‘inner: lower left: normal contact ‘of. key 
the uppermost - front: contact: of ‘relay 
‘the upper inner normal ‘contact: of- relay 119; 

per: left’ normal con="* 
tacts of Key O11; the upper back contact of: 

‘110° 

11s.. 

120°. 

116, 
“408, - 

125° 
relay 214: f the test lead 210. It will: be - 

click in ‘her ‘headset inserts 
‘A> cirettit: is’ 

ceiving a- busy’ 

assurhed that the trunk terminating in jack : 
801 tests idle and that the operator on’re-. 

130%



ae 

_ sleeve relay~ 302, over the sleeves of jack..301: 

cn 

10° 

tact: relay 214 also connects’ 

thereupon established from ground: through. . 
the lower: high: resistance: winding of. trunk 

andplug'118,: contacts 120. of key “ioe, -con- 
ductor 121 to, battery. through the windings’ 
of: relays.215. and O16. “Due. to.the high re-. 
sistance: of relay 302 marginal relay ote coes.. 
not operate at this time ‘but. relays 216 and: 
302 both operate.. With relay 216 operated 
-anrobvious pirenit for relay 214 is established: 
whereby. relay 214 operates opening the con-. 
nection between the tip.of plug.118 and the: 

> test conductor:210 and establishing a;talking: 
path. from the:tip and ring ‘conductors 203 
‘and 204:of the operator’s headset to the left: 
normal contacts of :splitting. key 211, therice 
-over normal contacts. of relay: 119, alternate’ 
contacts of rélay 103:to the tip. and ring cons. : 
tacts of plug 118. -At.its upper: front: con- 

- high resistance 217 to conductor -218 for pre- 

- 808 

“40: 

50: 

_ Ing of relay 501.: 
* cireuit-and establishes.a circuit for relay 502° 

.. extending from ground, over the lower front: 
- contact: of relay..501, the mmner: lower: back: 

6¢.. contact: of relay 503, conductor 504, the back 

pervisory. lamp.122 should ‘the operator dé-' 
‘press-a:talking key of.a repeater cord of her: 

‘.position to. the talking ‘position either acci- 
~~ dentally or. otherwise: with such cord. cireuit : 
normal: s08 ose: 

Starting a link circuit to hound for: the: selected 
trunk: 

303, con- 

its: upper--contact“upon:. segment 407. of. the 
. group commutator of the “tronk finder 450: 
corresponding to the bank level in which the: i 
selected:trunk..appears, in the: case assumed: 
the. first: or- lowermost: segment, and. at: its- 

““Jower. contact. establishes. a circuit’ from: 
~~ ground :at-the back.contact: of relay 401; over. 

_ thé lower normal contacts of make busy j jack. : 
» . 402; conductor.403, the lowermost back con-. 
52} tact of relay 500 to battery through the wind- 

Relay dor energizes in this»: 
erate i in: this circuit, relay 511 ‘closing an.ob:. 
‘vious elreuit: for relay 503. and: a-locking :cir- 

5OL extending from. battery 

- contacts-of- vertical magnet: 404 and. rotary 
‘magnet © 405,.. conductor - 405°. to.: battery 

» through the upper winding of relay 502... 

5. established. for the vertical magnet: 404 of the. 

‘most: back’, ‘contadt of relay: 

ground through | 

Relay 302 of: the trunk cireuit upon. op- 
erating’ ‘establishes an obvious circuit for re-. 
‘lay:303: which in -turn-establishes a 

. cnt for starting an idle link in. search: of the: 
5, trunk which has been taken for use and. in 

» Search.of an idle: sender. 
may: bé:common, for example, to a group of.. 
‘ten trunks and extends from. ground at the- 
inner: lower back-contact of relay 304; over. 
the: inner: upper. contact.-of relay 

__duetor 805-to battery through the winding whereupon. relay 502 deenergizes i in turn open-. 
~ -of: group relay’400: oF the link circuit: which ° 

has. first choice access to the group of trunks. 
~ in which. the ‘selected. trunk is Tonated.. Re- other to cause magnet-405 to step the brushes. 

; lay 400 upon-energizing places ground over of: finder 450-over. the terminals of the: first 
bank. level to: which . they were previously 

start cir-. 

This start circuit . 

cuit: for. relay: 

1,780,806: 

trtink finder 450. which may be‘ traced: fron’ 
battery. through the winding of magnet 404,: 
condiietor 506, the: lower: back contact of re-: 
lay. 507; front. ‘contact ‘of relay. 502 ground at. ~ 
the Inner:-upper-back ‘contact. of relay 500; 
Magnet 404 upon operating opens at its back 
contact the circuit of relay 502 whereupon 1 re: 

70 

lay. 502.in.turn deenergizes openitig the circuit. >. 
of. magnet 404. Thus magnet 404 and relay: 
502. ‘reciprocally control each: other -to ‘cause: 
the magnet. 404 to step thé brushes of ‘finder’ 

15 

450 ‘vertically step bys step-until the:commu::. - 
tator brush. 406 engages the’ grounded seg": 
ment 407. Whenithis occurs a circuit is‘estab-: — 
lished for relay 507: extending from ground 
on-brush 406, over conductor 408; the upper. me 

500, the upper 
winding. of relay 507, ‘condtictor: 508; the back © 
contact of rotar vi magnet: A05, conductor 505. 
to battery through the upper: ‘winding. of re= 

> lay 502. "Relays 502: and 507 operatein this - 
i venting: the false operation-of the front. su-. circuit, relay 507 locking oyer its lower wind- 

8. 

ing and i inner lo or front contact, inner low- . 
er back contact of relay:500; conductor 509:to! 7 
ground at the-lower: alternate contacts of ver. 90.0 
tical -off-normal. springs. 409.:which. «closed: 

vertical magnet 404... 
“With: both: relays. 502 and 507 energized « a. 

circuit-is now. established for the rotary mag- 
net. 405 extending from battery through the 
winding of magnet -405, conductor. 510, the 
lowermost. front contact of: relay 507, the con: 
tact of relay 502 to ground: at the innerinost- 

- when the trunk finder 450:took.the-first step’: 
off normal.- Relay 507 at its lower back con=: 
tact also “opens -the: operating cireuit of the 

100,” 

upper back ‘contact of relay 500. :: Magnet 405 > 
upon. energizing opens. at its back contact. - 
the » previously. traced circuit: extending 
through. the upper winding. of relay 503. 105 : 

ing the circuit of magnet-405. 'Thus:magnet.”: 
405 and. relay 502 reciprocally control: each, 2 

raised until ‘the: set:of: terminals. is‘ reached: 

‘lo. 

im the: level ‘to which the ‘selected. trunk: is - 

from battery through: the winding’ of trunk 

lowermost: contact. of. relay 

‘connected. Thereupon a.circuit-isestablished-. .” 
15° 

-relay.-306, the. lower « contact-of relay 303,.the ..... 
1804,: conduwetor’ : 

807; bank terminal 410, brush: 411; conductor «- - 

through the: winding and: inner lower front. 

A192, ‘upper - contact of ‘pelay: 501, “winding Ofe 
relay 511 to-ground-through the lower wind. 
ing Me relay 502: Relays 306, 502 and.511.op-. 

120°. 

. contact ‘of relay 501, the. lower front:contact. ° 
Of. relay r BLL: te eround at the: intermediate 
lower normal contacts:of relay-512.for-hold= © 

With relay, 502 operated.a- circuit is: now ing relay 501 operated. after relay 500-operates 
‘as: later described. Relay. 503:-upon. operat-
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‘Ing closes at. its.mnermost upper contact ‘a 

“10 

“5 

“20 

“380 

35 

40 

‘shunt around the lower: winding. of relay 502 
causing the release of relay 502, closes at its 
lower -front contact an obvious operatings 
circuit through the upper winding. of relay 
500 and at its lower intermediate contact: pre- 
pares 2 circuit-for relay 512. Relay 500 upon 

“operating locks from -off-normal ground on- 
conductor: 509 over-its innermost lower front 
contact:and lower winding, conductor’513 to 
‘battery at the back contact rot relay 413 and at 

-its uppermost back contact and innermost 
‘lower contact opens the initial operating and 
locking circuits of relay. 507. Relay 507 
thereupon releases. 

At the trunk circuit upon the operation of 
relay 806 a circuit is established: for:relay 304. 
extending from battery through the wind: 
ing of relay 304, over the upper “front contact 
of | relay 306 to round at, the- “upper contact 
relay 303 and: transfers the cireuit of relay 
306 from the lewer contacts of relay 304 
through its own lower contacts. Relay 804 
upon operating locks to ground at the upper * 

5 contact of relay 308 over “its own inner upper - 
‘contact independently of the upper. front 
contact of relay 306, and disconnects ground. 

‘from the common start conductor 305 at. its 
inner lower back contact thereby: releasing = 
group relay 400, if there is at the time no 
other trunk in the same group in @ selectable ~ 
condition. 

Hunting for an idle sender 

At the time relay 501 operated. immediate- 
ly following the starting of the link circuit a 
cireuit was-also established for relay 514 ex- 
tending from battery through the winding of 
relay 514, over the’ Tower back contact: of test 
relay 515 to ground at the lower front con- 
tact, ‘if relay 501. Atits upper front contact 

relay 514 establishes a saturating circuit for 

45 

50° 

5B 

“60° 

the test relay 515 which may be ‘traced from 
battery through the lower winding of relay 
515, the front contact of relay 514 to ground 
through the middle winding of relay 515. 
Relay 515 does not, however, become: ener- 
gized sufficiently to attract. its armatures. 
At its lower contact: relay 514 establishes a 
circuit for the stepping relay 516 of the sender 
finder 550 which ‘extends from battery 
through the winding of relay 516, the ‘back 
contact of stepping magnet. 517, the lower 
contact of relay 514 to ground at the upper 
back contact of test relay 515. 
upon energizing connects the: winding of 
the:stepping magnet 517 to ground at the up- 
per back contact of relay 515 whereupon mag- 
net 517 energizes opening the energizing cir- 
cuit of stepping relay 516.- Magnet 517 and 
relay 516 thus reciprocally control each other 
thereby advancing the brushes of the sender 
finder. 550 step by step in search of an idle 

‘gender... As soon asa terminal’set is reached 
65" to which an idle-sender is connected a circuit 

becomes established ‘for: test relay 

Relay 516 °- 

5 

515° ex- 
tending from ground through’ the. middle 
winding ‘of ‘test. rélay 515, the upper front 
contact of relay 514, the lowermost’ back con- 
tact of relay'512, the upper winding of relay: 
515, the: innermost upper front contact of-re- 
lay. "501, “brush 518, conductor 519, back-con- 
‘tact-of relay 600 to. battery through the inner. 
“right back’ “contact of relay 601. Relay ‘515 
now receiving current, through all of its’ Find. 
ings operates quickly. locking in a circuit ex- 
tending ' from’ ground, over “its upper front 
contact and upper winding, thence as traced 

-to battery at the back contact of relay 601, 
opening at its upper ‘back contact: the oper. 
-ating circuits of ‘relay 516 and magnet, 517 
and 0 opening at its lower back contact the op- 
erating circuitiof relay’514..” 
“After “an - ‘interval ‘measured ‘by ‘its: slow 

releasing characteristic relay 514 deenergizes 
and if at this time the trunk finder has com- ~ 

70 

75 

“80 

on
 

a
 

pleted its operation and relay 503-has oper- - 

relay 519, the lower intermediate front con- 
‘tact of: relay 508, the intermediate lower back 
contact’ of : relay 512, the woper back contact 
of relay 514; the’ ower: front contact of relay. 
BIB to- Trott. atthe lower front ‘contact of 
relay 501. Relay 512 upon-energizing closes - 
a. holding circuit: for itselt éxtending: from 
battery through ‘its winding, its next toi inner: 
most lower contact’ to: ground at the interme- 
“diate upper contact of ‘relay: 503, opens at-its 
intermediate lower back'contact its own initial 
operating circuit, transfers the locking -cir- 
cuit of relay 501- from direct ground to ground 
through the upper back contact of relay “BLA, 
the lower front contact of relay 515. and the 
lower ‘front contact of relay 501, connects 
brushes 414 to. 417 inclusive: ot finder 450 to 
brushes 520 ‘to 528 inclusive of: sender finder 
550, establishes a circuit extending in par- 
allel ‘through ‘the windings of relays 524. and 
525 over the upper front contact of relay 512, 

intermediate windings of relay 7.602, the left 
normal contacts of relay 608 to ground at the 

-ated a circuit is-established for relay 512 ex-. ° 
tending from battery through: the winding of 

98 

~100 

105. 

“T10 
brush 526, conductor 527 through the left and a 

inner left contact of relay 604 and at its next ~ 
to upper contact connects battery through 
high resistance 538, the back contact of relay 
524, conductor 534, ‘brush 423, conductor. 424, 
through the upper, winding of relay 802 to: 
the sleeve of jack 801 for the. purpose of . 
marking the trunk busy so long as the link 
circuit isengaged therewith. “Relays 525 and 
602 operate. in the circuit traced, but relay 
524 being marginal ‘does not: operate. At. its 
upper contacts relay 525 bridges -the upper 
contacts:of relay 501 in the holding circuit of 
relays 511 and 306 to hold the latter relays 
operated following the rélease of relay 501 
and at its lower contact establishes an viter- 
native holding: circuit-for: relay 512 for hold- 

Ts |. 

120 

“]RB
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ing: relay 512 operated following the: emelease 
of relay 503. 

Should a second trunk of the | same: group 
be selected at this time with relay 500. oper- 
cated and relay 507 deenergized: and. the. group 
‘relay :400 be: pperated, relay 400: will again 

. mark the lowermost'commutator terminal 1407 
“as before, but will now start the trunk finder 
“normally having, first. choice..access: to the 

“start circuit extends from ground. at the back. 

15 

9. group of trunks | ‘inthe first-level of its bank 
and. j in the tenth“level-of finder 450. . This 

contact of relay 401, over the lower: front con- 
-tact- of relay 400, ower normal: contacts ‘of © 
jack 402, conductor 408, the lowermost: front 
contact of relay 500, the innermost. upper 

.back:contact of relay: ‘507, conductor: 528, the 
~. lower normal contacts of. jack 419, “thence 

- 26 

‘through the relay. of that link ‘cor responding 
to relay. 501: - “Since the commutator. segments 

and. bank multiples are’slip-multipled-in the 
well known: manner the line finder started 

» will step’ vertically to its tenth: bank level 

nD
 

30: 

when it:wwill be arrested:by its commutator 
brush corresponding to brush 406 engaging - 
_the:tenth segment-of its commutator which is 
-multipled. to the, segment 407. 
-manner should other trunks be place i in-a-call- 
-ing condition in the same:trunk. group’ the. 
‘start conductor.805 will be extended to start - 
succeeding line finders which normally have 

first. choice access to: other groups of trunks. 
This starting. arrangement. is.in accordance. 
with the well known so-called “paddle. wheel” 
‘Start: circuit. arrangement. 
At the sender upon: the operation. of relay 

602 an obvious circuit is-established in par- 
allel through the windings of off-normal re- 

60 

Jays 601 and 605. 

_ test relay 
-turn opens: the ‘holding. circuit. of relay: 
“which: thereupon releases. 
opens the operating circuit of the Tnakee busy | -. 
telay .600,.closes at its inner left front con- 
‘tact: a circuit. from. ground: through. both - 
windings of. differential relay 640.0 ; battery 
and vloses‘a circuit for. relay 800.which may 
be traced from battery through the winding 
of relay 800, ‘conductor 801, lett. back contact 
“of relay 606 to-g 

Relay 601 upon enregizing 
removes battery at its inner right back con- 
tact from the test:Jead 519 thereby releasing 

515. in the link :circuit which in 
501 

‘Relay... 601- also 

round. at the i inner left front 
-“eontact of relay 601. Relay 640 being differ- 

w
e
e
 

a
t
 

“winding of relay 

460 

65 

“entially wound does not operate at this time. 
Relay 800 upon. operating locks over a cit- 
-ouit T tending through its winding and the~ 

803, ‘the “inner left front 
“contact “of relay 800; ‘the left back ‘contact of 
relay 803, ‘conductor’ 804’ to: ground’ at, -the: 
inner left front-contact of relay: 601. “Relay ‘c 

802 being shiinted at this time, however: “does 
not: operate in-this locking circuit. “Relay 

800 also establishes.a circuit’ “for operating re- 
lay 606. which<may ‘be: traced: from: battery 
hy ough: the, winding’ ‘and inner: right’ normal 

-In a:similar 

128 

“conductor 107 to: ground. 
operating locks over its upper. front-contact,: |» 
-the right contact of release key:126 to: ground 22 
“on: conductor A07;:atzits inner lowérfront”. 
contact, furnishing. an-additional operating 

obvious. circwit: for relay 124. 
-at its. back’ contacts: i¢ opens: the talking cir- 
-euit.from the tip-and-ring contacts ‘of. plug 

_°1,780,906 | 

-contacts of relay: 606, conductor 607,-over:the . 
cleft: front’ contact of relay 800 to eround! las. 
-previously traced at the inner left front con- 
tact of relay 601. -With relay 606. operated 
the shunt: around the winding cf-relay $02.is.. 
-removed and relay 802 oper ates. At its inner 
right front contact relay~.606 locks directly. 
to. ground at. the ‘mner Tet front ‘contact: of 
relay 601, opens its own. initial:operating cir- 
-euit-and at its outer left back contact: opens. 
the: initial’ operating circuit of relay: 800. 
The purpose. of relay 606 is.to. prevent the © 
reoperation of: relays.:800-and 802 after the 

270 

25. 

first digit of the decred ‘subscriber’s: number a 
has been set up by the operation of the:oper-. 
_ator’s key set.. In addition relay 606 estab- 
lshes a‘circuit from: ground at the inner left 
front.contact of relay 601 through: the: right - 

-low resistance: winding of relay 640, over the 
outer ‘right contact of relay 606, the: “inner: 
right front contact of relay 601, the back con- 
tact of: relay 600, conductor: 519, ‘brush 518, 

501, the next to lowermost front contact: of 
relay 512. to the. uppermost’ back contact of. 

this time this circuit is ineffective. 
Relay.605 upon. oper ‘ating supplies holding 

oround for certain relays- “of the sender, ‘és- 
tablishes a: circuit for relay 608 extending: 
from battery, through the winding of: relay - 
608,.the back contact. of relay 609, ‘conductor - 

800 

“85 

the innermost upper back contact of: relay. So 

“90 
relay 503, but relay 503 being energized. at. . 

595° 

7 04 to. ground at. the intermediate. left contact. 
of’ relay 605 and establishes a circuit for re- 

“Tay 7 700. extending ‘from batter y through the 
winding of relay: 700, ‘the right:back: contact 
of relay TOL, conductor: 709, ‘the: right back ~ 

“contact of relay 624, conductor: 611, the back 
‘contact. of relay 708, “conductor 704 to: ‘ground 
-at:the intermediate left: contact of relay 605. 
Relay 700 energizes in this’ circuit prepara- 
tory to: controlling incoming brush selection” 
_at.the incoming ‘selector 395 in which the : 
trunk of Fig.3. ferminates. 

: Setting the sender registers: 

- Preparatory to registering the number of 
the desired: subscriber's: line on the: ‘registers. 
of the sender the. operator: depresses the key: 

‘thereby closing a. circuit ‘forsrelay 119: 
which may he traced from. battery through 
the winding of relay: 119; the lower back con:. 

conductor. 125, : lower ‘contact of relay 214. 
‘Relay 119 upon , 

ciretiit: for relays- 800: and 201 and: closes -an < 
Tnkaddition 

118. to the operator’s headset and establishes 
an oper ating «circuit: for: relay 612. of: the 

100% 

105 

“110 

15 

-tact of relay: 124, front contact of key 123, -.. a 

120. 

125 

-130 :
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sender which 3 may be traced from battery. at: 
the upper normal contact of relay.128, over 
the lower front:contact of relay 19 thence. as 
traced to the ring of plug 118, ring -of jack 
301, lower -back contact of relay 308, -conduc- 
tor 309, -brush 416 of trunk. finder 450, next to 
innermost upper contact of relay 512, brush 
522 of sender-finder 550, conductor. 529, right 
-back contact of relay 805, conductor 806, the 
inner back contact: and winding of relay. 612, 
conductor 613, outer: left’ back contact cof 
relay 805, right back contact -of relay 807, 

; right back ‘contact of relay. 808, : conductor 

20 

SAO 

809. to: ground at: the outer right contact of 
relay 605. 

Relay 612. energizes in this circuit locking 
directly to battery over its inner- left conti- 
nuity contacts and opening its initial energiz- 
ing circuit. At its outer left front contact 
relay 612. connects the windings of serisitive 
relay 614, marginal relay 615 ‘and polarized. . 
relay 616 tothe ring conductor of the puls- 
ing-circuit’ previously traced to the ower 
front contact of relay 119 and at its right 
£ront-contact connects the windings. of sen- 
sitive relay 617, marginal: relay 618 and 
polarized relay 619 over conductor 620, the 
innet left baék, contact’ of relay 805, con- 
‘ductor 810, ibrush 523 of -the : ‘sender finder 
550, the - innermost upper: contact .of relay 
512, brush 417 of the-trunk-finder 450, con- 
ductor. 310, ‘the upper back contact -of ‘relay 
308, tips of jack 801 -and plug 118 and: thence 
as traced-to the inner. upper front:contact of 
welay 119, through the wpper- normal con- 
éaéts and ‘winding of-rélay-127 to ground at 
the inner lower front contact of-relay 119: 

Relay 127 operates: in this cireuit if the 
sender is ready ‘to receive. impulses, locking 

40 
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directly ito battery over its upper ‘front ¢on- 
tact-and opening its initial operating circuit. 
At-its lewer-contact relay 127 also-establishes 
a circuit-for. relay 128 exteriding from battery 
through the -winding of relay 128, the lower 
contact of relay 127, the upper. back ‘contact 
of relay 129 to ground: at-the inner ‘lower 
front contact of relay 119. “Relay 128 at its 
lower ‘front-contact’ connects battery: through 
.a low -resistance to certain key: contacts ‘of 
key set 150. At its upper continuity. con- 
tacts it- removes. battery: from-the: ring: con- 
‘ductor of the pulsing circuit extending ‘to 
the sender as -previously traced :connecting 
-such conductor to certain key contacts of the 
‘key set, connects theconductor ofthe pulsing 
circuit ‘extending +o the sender as previously 
traced ‘to other’ Key: contacts-of the keyset over 
its inner upper front contact-and at its lower 
‘front contact: establishes a circuit for lamp 
181 extending from battery through lamp 
181 to ground at the inner. lower- front: con- 
tact, of relay 128. . At the -operator’s posi- 
tion upon the operation of: relay. 124 the.in- 
itial operating-circuits.of. relays. 115.and.119 

contact of relay .800 to {batitery. 
winding of relay 
in this- “cireuit closing a Joclong circuit -for 

contact, the left: back contact’ of g¢elay 

contact the lo 
802 whereupon these relays: release, rekny 802° 
disconnecting the .operating: cireuits: of wthe 
register’ relays of the thousands:register from | 
the contacts of pulsing relays 615,616, 618 

are opened and the- cireult of guard ; damp: 182 
is closed. 
The operator noting the illumination’ of 

lamp 131 then proceeds to write-up upon key 
set: 150 the designation .of the desired sub- 
scriber’s line: 300. It will ‘be: assumed thatthe 
designation of this line -is 1379. The oper-. 
ator first depresses the No. 1 digit ikey M33 
thereby connecting ground throug rh. the. ‘Lon 
-resistance 184, the contacts .of Key 
‘inner upper front contactiof relay ‘198 thence 
-over the tip pulsing conductor. as previously 
traced to battery. through: ithe:-windings -of - 
relays 617, 618 ‘and 619. ‘Due:to-the indlu- 
sion vot the low resistance 124 sufficient .eur- 
rent flows to operate both. the' sensitive relay. 

133, the 

617 and the-marginal. relay: 618,:but: polarized 
relay 619 does: “not receive: -curnenit -in the 
proper direction through: ats winding: to cause 
its operation. : 

Relay. 61,7. upon: operating. with aelay 800 
operated .as previously described. establishes 
a cireuit from ground at the contact of relay 
617 over conductor 621,-the:inner right front 

ithrough«the 
Sli, Relay, 844 operates 

itself through its winding »and- ‘the winding 
of relay 803 in Series, over its: own Jett front 

812 . 

70 
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485 

290 

to ground on conductor '804, but relay: 803 | 
being shunted “as: long-as veliiy’ 617 remains 
operated does nat: operate at-this time. “Re- 
lay 618 upon:.operating closes-a-.ciretit ex- 
tending from ground.at its contaet, over:con- 
ductor 622, the intermediate right’ contact: of 
relay 802 to battery through the.right:wind- 
‘ing of thousands register relay 813... Relay 
813. upon operating Joeks ever its’ left avind- 
ing and left contact, conductor 821:to, ground 
at the inner right.contact. of relay: 605. 

‘When the: ‘operator releases the depressed 
‘key 183,:relays ‘617 and-618 release, relay 617 
opening. the -shunt ‘around - the: winding off 
relay 803, whereupon relay 808 operates 2in 
the locking circuit. of relay 803. - Relay 811 
Upon operating. now opens. ‘at its léft pack 

dking ‘eircuitiof relays 800 and 

and 619 and-relay- 803 upon -operating eon- 

lay 8. 
“With. relay 800: released - a: “eireuit is iow 

established -for .relay 628 extending from 
battery through the 7 winding of -relay. 693, 
the left contact ot-relay 1624, conduator 625, 
the left-back contact: of- transfer telay (701, 
conductor. 705, the left: baek ‘contact 01 relay 
800, conductor 706, the left front --contact 
of relay 606-to ground: vat the‘innér left: front 
contact.of:welay -601. “With sélay 628.0per- 

100. 

05... 
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necting the -contacts-of these ‘pulsing rélays’ 
to the windings of. the hundreds: register re- 7120 

225 

190
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“ated ‘a fundamental circuit is astablis hed be: 
_tween.the sender and the incoming selector 
“825 which may be traced in part ftom bat-. 

tery. through: thie control relay (not shown) 
of the incoming selector, over the upper back - 
‘contact ofrelay 311, “the upper. back con- 
tact of relay 312, ‘conductor 318; brush 415 
-of the trunk. finder 450,. contact: 530 of relay. 
:512,-brush 521 of: the ‘sender finder: 550, -con- 
ductor 581, the ri ght back ‘contact. of rela 
626, | conductor 6a, -the’inner left “normal 

: ‘Goritacts - of relay: 10, the-back contact of 
“relay 708, the’ left winding of-polarized over- - 
flow. relay “709, ‘the- winding of ‘sender step- 

“yg: ping: relay 710, ‘the right normal contacts of 
relay 707, conductor q 1: theleft contact of re- 

o lay. 03, the left back contact of relay 626; con- 
: ductor’ "627, brush. 520° of thé: seniter dinder 

“5B5O,: contact 532 ‘of: relay 512, brush 2414 of - 
‘trunk finder *450, coudtstor 490;' the? lower — 
~back: contacts’ of ‘relays 312 and 311 to ground 
‘in. the. incoming ‘seléctor.: The=: control re- 

~ lay of the incoming ‘seléctor and sender step- 

890 3 
~-" ‘geribed hereinafter. 

‘lishes. a holding circuit: foe transfer -telay 
~ 700 extending 

“ping ‘relay*710. energize ‘in: this circuit. but 
overflow. relay 709 being polarized does not 
-receive Current “in the right direction to 
‘operate’ at this time, 
‘lector under ‘the: control of the. thousands 
register’ may ‘now take 
‘in’ which this is : accomplished will ‘be dée= 

623. also-estab- 

“The setting of the se- 

place. 

‘Relay 

“from battery. throu oh the 
“winding: of- relay “100, the: right winding of 

ns 35 transfer: relay: ‘For, the ‘inner.-right’ contact 
“of: relay: 700, conductor. 757-to -grotnd: at 
-the: Heht: contact. of relay” 623. 

~ does not however. operate: in this holding 

- 45 

to: 94: Tole battery. 

~ circuit being shunted until: counting relay 
103" operates. ae 

-The- operator now. proceeds to depress ‘the 
‘No: 8: key‘to register the hundreds digit of 

~ the wanted. line number. With the Now 8 
key 185: dep resséd the 48 volt battery is ‘con- 
nested through low resistance - 130, over: the ; 
lower:front: contact of-relay 128% ‘the con- 

tacts of key.135, the inner upper front con- 
tactof: relay: 128 to the tip-pulsing-condictor 
‘thence° as previously traced through the 
windings of: pulsing ‘relays 617, ‘618: and 619. 

‘The direction ‘of current. 
from. ~~ now: flowing through the windings of these 

* pulsing relays issuch as. to opérate the polar- 
- sized relay gh 619: and ‘since “a: low resistance 

has: been” vineluded inthe operating circuit 
~ both relays 617 and 618 also. operate. 

‘from 
: Relay 617: upon operating. ‘closes ‘a circuit 

ground at its: contact over conductor 
* 621, the: right ‘back’ contact of: telay 800, the 

Bul oht front contact. of ‘relay. 811 fo battery 
through the winding of relay 814: “Relay gid 
operates in this circuit closing a locking cir- 

cuit for itself throug rh its winding and ‘the 
winding of 812 in series) its own: Teft front 
contact, the left: back contact of ‘relay 815 

to 

winding of hundreds register relay 816. 

The ‘manner . 

“Relay 701. 

“618 and 619: to the 24 ryolt battery: 
‘tion of current..now flowing "throug h: the 

» 1,780,906 

‘operated does not operate at this time. 

through the right 
Re- 

816- upon operating locks. over its’ left 

of ‘relay. 803 to battery 

lay 
y winding’ and‘left. contact, conductor 817 to: 

‘ground at the outer left’ contact of relay. 605. 
Relay. 619 upon. energizing ‘closes a’ circuit 
extending from. ground at. its contact, over - 
‘conductor 628, the inner left contact of re- _ 
‘lay 803 to battery through the right wind=g9 
ing of hundreds: vegister relay 818. Relay 
818 upon. operating locks over its left: wind. 
‘ing’ and left contact: to ground: on- conductor 
810. : 
‘When the’ ‘operator releases the dep ressed 

key 135,.relays 617, 618 and 619° ‘release, rélay- 
617 op pening the shunt around the winding of 
relay 812 whereupon relay 812. operates in 
the locking circuit-of relay 814. Relay 812 
upon operating now: opens at-its left pack 
‘contact the locking circuit.of relays 811 and 
8038. whereupon : these’ relays release, relay 

“ground on: “eonduitor: 804 ‘(but relay 812 
“being shunted as long as relay 617 remains: 

-Re- : 

-lay 618 upon operating closes: a. circuit. ex 
tending from ground at its contact, over con- 
“ductor - 622; the intermediate right contact: 

70: 
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803: ‘disconnecting the operating circuits: of - 
the register. relays ‘of the hundreds: register: 

“from the. contacts of. the pulsing relays and 
relay. 812° upon: operating connecting. the — 

~ contacts. of ‘the pulsing relays. to ‘the. owind-. 7 
ings. of the tens register relays. - : a 

The operator now proceeds to depress. the 
No. 7:tens key to register. the tens’ digit ‘of 
the wanted line number.” With the No. 7 key 

es 

2100-5 

136 depressed the 48 volt battery is connected. : 
through. resistance 130; over the lower front 
‘contact of relay 128, through: high resistance.» 

- 187, the right: contacts of key 136, the inner 
198 ‘thence “as: upper front contact of. relay 

105. 

traced: over ~ the. tip: pulsing conductor | 
through the windings of pulsing relays 617, 

The direc- 

windings of these pulsing relays i is ‘such as 
T10.- 

to operate polarized relay 619-and since high . 
resistance.137 has been included:in the cir--- .. 
cenit the current strength i is sufficient to oper- 
ate relay 617 but not to operate relay-618. 
“Relay. 617 upon ‘operating closes a circuit 

ground -at:its contact:-over conductor 
621, the right: back’contacts of relays 800 and ° 
‘S811, ‘the right front contact of relay B14 tobat-- 

120... tery through-the winding of relay 819. Relay 
‘819. operates in this’ circuit closing a locking 
circuit for itself through its winding andthe. : 
winding of relay 815 in series, the left front 
contact of : relay 819,:the right. normal. con- 
tacts of relays 808 and 807, to ground on con- 
ductor 804, but relay: 815 ‘being shunted-.so..- 
long as relay 617 remains operated. ‘does not 

. operate at this time. Relay 619 upon operat- 
ing closes a circuit extending from ground at 
its. contact: over ‘conductor 628, the i inner left 

115. 

125: 

1380
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contact of relay 812 to battery through the 
right winding of tens register relay 820. -Re- 

_lay 820 upon operating locks over its lett 

10 

15 

20 

25 

30 

35 

winding and left contact to ground on. con- 
ductor 821. 

tits left contacts key 186 closes ‘a circuit 
from ground through low resistance 138, the 
uppermost alternate contacts of relay 128. 
thence as traced over the ring pulsing conduc- 
tor to battery through the windings of puls- 
ing relays 614, 615 and 616. The direction of 
the current flowing is not such as to cause 
the operation of polarized relay 616, but since 
only low resistance 188 has been included in 
the pulsing circuit. both the sensitive relay 
614-and the marginal relay 615 operate. Re- 
lay 614 upon operating merely duplicates the 
function of relay 617 already described and 
relay 615 connects ground over its contact, 
conductor 630, the outer right contact of relay 
812 to battery through the right winding of 
tens register relay 822. Relay 822. upon oper- 
ating now locks over its left winding and left 
front contact to ground.on conductor 821. 
When the operator releases. the depressed 

key 186 relays 617, 619, 614 and.615 release, 
relays 617 and 614 opening the shunt around 
the winding of relay 815 whereupon relay 
815 operates in the locking circuit of relay 
819. Relay 815 upon operating now opens 
at its left back contact the locking circuits 
of relays 812 and 814 whereupon these relays 
release, relay 812 disconnecting the operat- 
ing circuits of the register relays of the tens 
register from the contacts of the pulsing re- 
lays and relay 815 upon operating connecting 
the contacts of the pulsing relays to the wind- 

- ings of the units register relays. 

40 

50 

The operator now proceeds to depress the 
No. 9 units key to register the units digit. of 
the wanted line number. With the No. 9 key 
189 depressed 48 volt battery through resist- 
ance 130 over the lower front contact of relay 
128 is connected over the left contacts of key 
189, the upper alternate contacts of relay. 
128 thence as traced over the ring pulsing 
conductor to 24 volt battery through the 
windings of relays 614, 615 and 616. Due to 
the connection of 48 volt battery through a 
low resistance to the pulsing conductor all 
three relays 614, 615 and 616 respond.. Relay 
614 wpon operating connects ground over its 
contact, conductor 621, the right back .con- 
tacts of relays 800, 811 and 814 and the right 
front contact of relay 819 to battery through 
the winding of relay 823. . Relay 823 upon 
operating locks in a circuit extending 
through its winding and the winding of relay 
805 in series, the front contact of relay 823, 
the left normal contacts of relays 808 and 807 
to ground on conductor 804, but relay 805 be- 
ing shunted so long as relay 614 remains 
operated does not operate at this time. Relay 
615 upon operating connects ground over its 

3 contact, conductor 630, the outer right con- 

9 

tact of relay 815.to battery through the right 
winding of units register relay 824. Relay 
824 operates and locks over its left winding 
and left contact to ground on conductor 817. 
Relay. 616-upon operating connects ground 
ever its contact, conductor 631, the inner: 
right contact of relay 815 to battery through 
the right winding of units register relay 825, 
this relay locking through its left winding | 
and left contact to ground on conductor 817.. 
Upon the- depression of key 139 a circuit. 

is also established from ground through. low 
resistance 134, high resistance 140, the right 
contacts ‘of key 139, the inner upper front 
contact of relay 128, thence-as traced over 
the tip pulsing conductor through the -wind- 
‘ings of pulsing relays 617, 618 and 619, but 
due:to.the direction and-strength of the cur- 
rent flowing -over this conductor only puls- 
ing relay 617 operates duplicating the. func- 
tion of pulsing relay 614 already described. 
When the operator releases the depressed 

key 189, relays 614; 615, 616 and 617 release,. 
relays 614 and 617 removing the shunt from: 
around ‘the winding of relay 805. whereupon 
relay 805 operates in the locking circuit of 
relay. 823.- With relay 805 operated. a cir- 
cuit is established from 48. volt battery 
through the. winding ‘of marginal. relay 807, 
the inner left front contact of relay 805, con- 
ductor 810 thence as tracedover the tip 
pulsing lead, the inner. upper front contact 
of relay 128, the lower-normal..contacts of 
key 141 to 24 volt battery through the wind- 
ing of high resistance polarized’ relay 142. 
Relay 142 operates in this circuit: but. due to 
its. resistance, relay--807 does not receive 
sufficient current to. operate. at this time. A 
second circuit is also established by the op- 
eration of relay 805 extending from™48 volt 

70 

75 

80 

85 

95 

100 

105. 
battery through the winding of marginal re- - 
lay 808, the right. front contact of relay 805 
thence over conductor 529 and.as traced over 
the ring. pulsing conductor to. the upper al- 
ternate contacts of relay 128, the upper nor- 
mal contacts of key: 141 to 24 volt battery 

110 

through the winding of high resistance po- . 
larized relay 148. Relay-143 operates in this 
circuit, but due to its resistance relay 808 
does not receive sufficient current, to operate 

at this time. ; : 
With, both relays 142 and 143 operated. a 

circuit isnow established: from ‘ground at the 
front contact of relay’ 142-over the contact 
of relay 148 to battery through the winding 
of relay 144:. Relay 144 upon energizing 
locks over its upper front contact to ground 
at the inner lower front contact of relay 119 
and connects direct ground. over its upper 
front contact between the winding of po- 
larized relay 148 and the winding: of the 
marginal relay 808 whereupon relay 808 op- 
erates locking. over its left alternate con- 
tacts, the left normal contacts of relay. 807 
to ground on conductor 804. At its left. nor- 

115 

120 

125 

“130



mal relay-808 also opens the locking circuit 
of relays-805 and 823 whereupon these relays 
release opening the circuits previously traced 
over which relay 808 of the-sender and. po- 

vg larized. relays 129 and. 143 operated. Relay 
~ + 808-at its: mght front contact also. prepares 
a circuit for relay 626 which will be described 
hereinafter. 
Relay. 142 upon. ‘yeleasing establishes. a 
«shunt cireult around the winding of. relay 
119 which may be traced from. ground at the 

- back contact ve relay 142, the lower front 
contact ‘of relay 144, winding of relay 119, 

upper. front contact of relay "119, right con- 
tacts of release key 126. to Y eround. on ‘con- 

10 

ib 

Upon. the release. of relay 124 the guard lamp 
182 becomes extinguished asa. signal that: 
the call.-has. been “completely registered at: 20 
-the sender. If the talking key 102 has been 
restored: to its normal position the “circuit 
of relay 200 will at this time be opened ‘since 

its ‘alternative holding ‘circuit through the 
‘gs front contact-of relay 119 3 is now br oken and 

relay 200 upon. releasing will-open the hold- 
ing circuit-of cord .relay 

key pulsing circuit and. establishing the con- 
tinuity of the talking circuit ‘between the 

p sand ring contacts of plug 100 and the 
tip and ring contacts of plug 118. The key 

- ° set is. now. completely dissonnected from the 
38 cord circuit and may be used with another 
cord circuit of the operator’ $ position to con: 

_ trol the setting up of another connection. ~ 

30 

Incoming. brush: selection, 

$0 

ergized and that the ftindamental circuit ex- 
tending to'theincoming selector 325 -was es- 

“as tablished and sender. stepping relay. 710 op- 
-. erated thereover.. Upon the energization of 

relay 710 with the thousands. resister relay. 
813 v iereized a -circuit‘is established for Op- 
erating the No: 0. counting relay 712 extend- 
ing: from battery through the winding of 
relay 712 over conductor 714, the outer, bight 

7 hack. contacts of transfer relays 715 and 7 16, 
_ the No. 0 lead 718, lead: 713 Fig. 8, the outer 

~ right back contacts of thousands register re- 
“BB lays. 826 and 827, the outer left back contact 

: of thousands register relay 828, conductor 
829, the outer right. contact of transfer relay 

50 

700, conductor 717, the right back ‘contact 
of relay 603, conductor 639, the front con- 
tact of stepping relay. 710 to ground: at the 
left back contact of-transfer relay 718. Re- 

- Jay 712 upon operating locks in a circuit 
- through its.-winding and the windings of 
relays :703-and 7 08. in parallel, the front. con- 

65 -tact ‘of relay 712 to ground at. ‘the left. front, 

“60 

- ductor 107° whereupon relay 119 releases in. 
turn releasing relays 124, 197, 128 and 144.° 

“around the ‘right winding of transfer relay 
TOT whereupon relay 701 energizes in the. lock 

103 disconnecting. 
the tip and ring contacts ‘of plug 118 from. 
the: conductors extending to the -operator’s | i 

ti will be recalled that following the com- 
- pletion of the thousands digit. registration: 

_ transfer relay°700 and relay. 623 became en-. 
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contact of relay: 700: Relays 708 and 708 
being shunted. by ground over the front con- ~ 
tact of stepping ielay 7 10 do not operate’ at 
this'time. 

At the incoming selector the control relay 4 
operates in the ‘well known. ‘manner over. the © 
“fundamental circuit and: causes’ the selector’ 
switch shaft to be driven upwardly in a brush 
selecting movement.. As the switch ap- _.. 
proaches its first brush’selecting position the ¥, °° 
‘switch commutator: shunts. down the. sender: - 
stepping relay 710 which deenergizes remov-_ 
ing ‘the shunt from around the ‘windings. of 
relay s 703.and 708 whereupon these relays 
operate in the locking circuit of. relay 712. 
Relay 708 wpon- operating opens the funda, 
mental circuit thereby releasing the: selector 
control relay to arrest the movement of the 
selector switch shaft and relay 703 closes. at 
its front contact a cireuit-for relay 624 ex- 
tending from battery through the winding of 
relay 624 over conductor 633, the front con- 
tact ‘Of relay 703 to ground: on conductor 704. 
Relay: 624 upon operating. opens the shunt 

faye 

ing-circuit of relay 700 and ‘closes a locking 
circuit for itself over its left winding and 
inner left front contact, conductor ( 719 to < 
ground atthe inner left contact of relay 605. a5: 
Relay 624 also opens the circuit of relay 623 
which releases opening the fundamental cir- 

~ eutit_and:the » locking circuit of transfer relay 
700: Relay 700 now releases in turn releasing 
operated counting relays 708, 708. and 712 and | 169 
relay 624. : : : 

Y I neoming la growp selection 

Accircuit is now established for the trans-~ 
fer relay: 720 preparatory to controlling in- 
coming group selection, which circuit may be 
traced - from battery through the winding ot 
relay 720, right back contact of. transfer relay 
721, v ight. front contact.of transfer relay 701, 

105 

“conductor: 402; right back: contact. of relay yoyey 
624; conductor li, ‘back contact. of relay 
to ground on conductor. 704. ° Tf the ree ede . 
dig: vit has-been registered at this time ‘and re- 
Tae 811 has released a circuit will be estab- 
lished-for slow operating relay 623 extending 113, 
through the winding cf: relay 628, the left 
contact of relay. 624, ‘conductor 625, ‘the left 
front contact of transfer relay. 701, the. outer 
right normal contacts-of tr ansfer relay 718, 
conductor 722, the left back contact. of relay 
811 to eround. on conductor 804. -As sooh as 
relay 623 operates it again establishes the - 
fundamental cireuit as previously. traced 
causing the energization of the selector -con- ©: 
trol relay and of the ‘sender stepping relay 125 
710, and establishes-a locking cireuit. for re- 
lay 720 extending from ba attery through the 
winding of relay 720, the. right. winding of 
relay: 7 721, the inner. right contact of relay 720,. 

120 

conductor 757. to ground. at the right contact 130
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of ‘relay 623. Relay: 724 being shunted at 
this'time over the circuit- prev iously traced 

od 
through the right back contact of relay 624 

does not operate in this locking. circuit. : 

Having assumed that the thousands digit 

registered was 1 and that the hundreds digit 

registered was 8-and that therefore thousands 

‘resister relay 813 and hundreds register re- 

lay: s 816 and 818 are operated the eipouit for 

the No. 2 counting relay 723 is established 
from battery through the winding of this re- 

y, the back contact of the No. 2 relay, the 
ND 2 control lead 725, lead 725 Fig.:8, the 
right back contact of hundreds register relay 
830, the outer right back contact of thousands 

register relay 828, the right front contact of 

relay 8138, conductor 831, the left contact of 

transfer ‘relay 720, conductor 717, the right 
back contact of relay 608,. conductor 632, the 

front contact of stepping relay 710 to eround 
at the left back contact of transfer relay 718, 

Counting relay 723 operates in this circuit 
and locks through its winding and the wind- 

ing of the No. 2’ counting relay 724, the con- 
tact of relay 723 to oround at. the outer: right 

contact of transfer “relay 720, but relay 794 

_ being shunted b y, eround over the contacts 

30 
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40 

45 
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63) 

of stepping relay 710 does not operate at this 
time. 

At the selector the control relay - again 
causes the selector shaft to.advance in a brush 
tripping and group selecting movement, the 
switch commutator shunting “down the gen der 
stepping relay 710 as it approaches the frst 
group selection position. When the stepping 
relay 710 becomes shunted and deenergizes 
the Snunt about the No. 2’ counting relay 794. 
is opened a and relay 724 energizes extending 
the operating lead 725 to the windis ng of the 
No. 1 counting relay 726. In the well known 
manner in response to the next shunting im- 
pulse at the selector as it reaches its second 
group selection position the Mo. 1’ counting 
relay 727 operates in the locking circuit of 
counting relay 726 again extending the oper- 
ating lead 725 to the lead 713 and thence as 
previously traced to battery through the 
winding of the No. 0 counting relay 712. In 
response to the third shunting impulse at the 
selector the counting relays 7 703 and 708 oper- 
ate in the locking cireuit of the No. 0 counting 
relay 712. Relay 708 upon operating opens 
the fundamental circuit thereby releasing the 
selector control relay to arrest the.advance of 
the selector. The selector has therefore 
tripped its first set.of brushes and advanced 
them into contact with the first set of termi- 
nals of the third group in its lowermost bank. 

Relay 708 upon operating again ‘estab- 
lishes the circuit of relay 624, “which upon 
operating opens the shunt around the right 
winding of transfer relay 721 whereupon 
relay 21 energizes.in. the locking circuit 
of relay 720 and closes a locking circuit 
for iteelt over its left: winding and inner 

41 

left contact: to ground on conductor 19. 
Relay 624 also opens the circuit: of relay 623 
which releases opening the fundamental cir- 
cuit and the locking circuit of transfer relay 
720. Relay: 

Final’ brush selection ae 

A circuit is NOW established for the trans- 
fer relay 728 preparatory to controlling. 

720 now: releases in turn re-) 
leasing all operated counting relays: and 
relay 624, : 

30 

% 

final brosh selection at. the final selector . 
which circuit may be traced from battery 
through the winding of relay 728, . inner 
right “back contact -of- transfor relay 718, 
right front contacts of transfer relays 791 

80 

and 701, conductor 702, right contact of ~ 
relay 624, conductor 611, ‘back contact of re- 
lay 703 ‘to ground on ‘conductor 704 A 
circuit is now established ‘for-slow operat- 
ing relay 623: extending from battery through 
the winding of relay 623, the left ‘contact ‘of 
relay 624, conductor 625, "the left front con- 
tact of relay 701, the outer’ normal contacts 
of. relay 718, conductor 722, the left. back 
contact: ot relay 811 to ground on conductor 
804: : Relay 
not energize until: sufficient:time has elapsed 
to ‘permit the incoming ‘selector to hunt for 
an idlé trunk in the selected group: termi- - 

‘85 

20 

623° being slow: to operate does . 

nating in a final selector having: access to .. 
the wanted subscriber’s line.’ It “will be as- 
sumed that the trunk terminating. in’ final 
selector 850 is selected.‘ When relay 623 
finally energizes it again establishes the fun- 
damental circuit, including the winding of 
the sender stepping relay 710. and the wind- 
ing of the control relay (not: shown) of 
the final selector 850 and also establishes a 
locking circuit for transfer relay 728 ex- 
tending from battery through the winding 
of relay 728, the right winding of relay 

100 

it oo
 

ut 

718, inner right contact of relay 728, cone 
ductor 757 to ground ‘at -the right contact 
of relay 623. Relay 718 being “shunted at 

- this time over the coreuit previously traced 
through the right back contact of relay 624 
does not operate in this- locking. circuit. 
Having assumed that the hundreds digit 

registered was 3 and that therefore hundreds ca 
register relays 816 and-818 are operated a 
circuit for the No. 8 counting relay 781. is 
established from battery through he winding 
of this relay 
3’ counting velay. 782, No. 8 control lead 

129, lead 729 Fig. 8, the outer right front 
contact of hundreds "register relay 818, the 
right front contact of “hundreds register 
relay 816,. conductor 882, the left front: con- 
tact of transfer. relay 708. conductor 717, 
the right back contact of relay 608, con- 
ductor” 6382, the contact: of sender stepping 

the ‘back contact of. the No. : 
120 

relay 710 to ground at the left back contact. 
of transfer relay 718. Counting relay 731 
operates in this circuit and locks through “130



12 

its: winding: and the: winding of the No. a 
~ counting relay 732 to 
right: contact: -of transfer relay. 728, but -re=. 
lay: 732 being shunted by: 
contacts of: stepping relay c 710 does not. ‘Op= 

ground at the outer 

“ground over the 

: erate: atthis: time. ». 
“At.-the final- selector. the ‘control yelay . 

iz establishes in the.-well known: ‘manner. the 

“15 

‘ing movement, 
its first. brush selection position. the switch. 
commutator shunts down.the sender stepping 

- relay 710, which: upon releasing opens .the 
shunt: ‘about. counting relay 7382 which now 

circuit of:the high speed up-drive magnet to 
advance: the’ switch: shaft in-.a. brush: “select 

When the shaft approaches 

-- -@nergizes: in. the | Jocking ‘circuit of counting 

90 

: _ “ scribed. Relay 
oS OB 

~ “Telay: 
429 ‘to. the: ‘winding: 

: telay 

731, and. extends: the operating lead 
of the No.2. counting 

723. In the-manner previously de- 
seribed i in response to further shunting: im- 

“pulses as the sélector shaft. advances, count- 
ing relays: 723; 724, 726, 727,. 712, 703, and 
708. operate: in the’ manner, previously de-* 

708. upon .operating. opens. 
the. fundamental: circuit’ thereby releasing 
the. selector: control relay to arrest. the fur- 
ther: advance -of the selector - switch: shaft. 
“The selector has now. been: advanced toa 

30 

35 

“position. to trip. 
when it. is. later advanced in a group. se- 
lecting -movement. 

“708; upon. operating again. estab- 
lishes ‘the circuit: of :relay 624 which i in. turn 

its fourth set of- brushes 

Relay 

opens the shunt: around. the right winding 
of transfer relay 718..: Relay at now: en- 
ergizes in the locking’: cireuit ‘of relay 728 
and. closes..a. locking: “circuit: for itself over 

. its left -winding and: inner -left: front:con- 

40 

“728. 

45 

BO 

winding of relay: 
of: transfor relay 7. 33, the inner right front 
contact of relay. 7 18, the right front contacts 

60 

tact: to ground. on. conductor -719. Relay 
624.-also opens the circuit: of relay 623 which 
‘releases opening the fundamental circuit 
and. the locking circuit of. transfer relay 

“Relay 728 now releases in turn re- 
leasing ‘all. operated; counting: relays. and 
relay 624. : . 

_ Final growp or tens selection 2 

A circuit i is now established for the trans- 
fer relay. 716 preparatory to controlling final 
group or tens: selection at the final selector. 

- gizes extending the operating lead -725 to bat= 350. which circuit:may be traced from battery, 
716, the right: back contact 

of relays 721 and 701, conductor 702, right 
contact OF relay 624, conductor 611, back con- 
tact of. relay. (08 °'to ground on conductor 704. 
A circuit is now established for slow operat- 
ing relay 623, if at this time the tens digit has 
been fully. registered, -which. may. be-traced 

from battery. through. the winding of relay 

65: 

628, the. left contact of relay 624, * onductow 
625, the left front contact ae relay 701, the 
outer right... alternate contacts. of transfer 
relay. 718, the lett back. contact of transier 

circuit for-relay: 

“2-control lead 425, lead 725 FE Fig. 
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‘relay. 738, ‘conductor, 838, the left back-eon--. 
-tact of relay 814, which will:now be deen-.. 
ergized if.the tens digit. has been registered, ~ 

_AS -soon..as- to ground .on: conductor. 804, 
relay - 623 operates. it again- establishes. the 
fundamental circuit-causing the oper ation of 
the selector control relay and of the: sender 
stepping relay 710,-and establishes a locking. — 

716 extending from battery 
through the. winding ‘of relay. 716, the right 
winding of relay 73 33, the inner ‘right front 
contact of relay 
at the-right fr ont contact of relay 623. “Relay 
783 being shunted at this time over the cireuit 
previous! y traced through the right back con-: 

624: does” not operate in. this ; tact. of ‘relay 
locking -circuit: 
Having assumed that: the tens digit regis- : 

tered was 7 and that tens register relays 820-~ 
and 822: have been operated, a circuit for.the: . 
No. 2 counting relay 728 is established from 
battery, winding of this relay, the back.con- ~~ 

724, the No. © tact: of the No. gh. counting relay 
8, the i inner 

right. ‘back contact of tens register relay 835, 
‘the right front: contact-of register relay. 820, 
the right. -back contact of register relay: 836, 
conductor’ 887, the left contact. of transfer 
relay y 716, the "front contact of sender step: 
ping relay 710, conductor 682, the right. back 
-eontact.of relay: 603, conductor TL, “the left 

728. to ‘ground - back contact. of tr ansfer relay 

15 

t 116, conductor: 757 40.ground oe, 

80. 

90. 

95. 

at the outer left front contact. of: transfer ~ 
relay 718.° Counting relay 723. operates in 
this circuit: and locks: through ‘its .winding 
and the winding of the No.2’ counting relay 
724, the contact ot relay.723 to ground. at the 
intermediate right front. contact of transfer. 
relay 716, but Telay 724 being shunted by _ 
ground over the contacts of stepping relay 
410 does not operate.at this time... 

At the selector the control. relay again 
causes the selector shaft to'advance ina brush. 
tripping and group selecting movement, the 
switch commutator shunting down the sender 

-. <stepping relay 710 as.it approaches the first 
' group selection. position. 
stepping relay. 710 becomes shunted and-de-.- 
energizes the shunt.around the No. 2’ count- 
ing relay. 724 is opened and-relay:724 ener- 

tery through the winding of the No. 1 count- 
ing. ” relay “4726. In response to the further 
advance of the selector. switch shaft: count- 
ing relay 726. and, 727 become energized, the 

When ‘the sender. 

100.- 

105°: 

110 

TB. 

(120 

No. counting relay 727. extending the. Ope. 
erating lead 725 to the No. 0 operating lead: 
713 thence: over the outer right-front: contact 
of transfer relay.716, conductor 735, theright- 

125 front: contact of. tens register relay. 822, con- 
ductor. 838, the right back contact of the- No. 
9’ counting relay "736 to battery through the 
winding of.the No, 9 counting relay: 737. .In 
the well known manner..as the selector shaft 
advances counting relays 738 ‘to, 745 operate, 130.
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whereupon, through the operation of the No. 
5’ counting relay 744 the operating lead 725 
is extended over the front contact of relay 
744 to conductor. 714 thence to battery 

5 through the winding of the No. 0 counting 
relay 4 18. In response to the 8th shunting 
impulse from the selector counting relays 703 
and 708 operate in the locking circuit of relay 
712. Relay 708 upon operating opens the 

10 fundamental circuit thereby releasing the 
selector control relay to arrest the advance of. 

the selector. The selector has therefore 
tripped its fourth set of brushes and has ad- 
vanced them to a position just beneath the 

is 8th tens group in the fourth bank. 
Relay 703 upon operating again establishes 

the circuit of relay 624 which in turn opens 
the shunt around the right winding of trans- 
fer relay 733. Relay 733 now energizes In 

99 the locking circuit ot relay 716 and closes a 

locking circuit for itself over its left wind- 
ing and inner left front contact to. ground 
on conductor 719. Relay 624 also opens the 
circuit of relay 623 which releases opening 

25 the fundame nial circuit and the locking cir- 
euit of transfer relay 716. Relay 716 now 
releases in turn releasing all oper ated count- 
ing relays and relay 624. 

30 Final units selection 

A circuit is now established for the transfer 
relay 715 preparatory to controlling units 
-selection at the final selector which “circuit 

- may be traced from battery through the 
35 winding.of transfer relay 7 iS the right back. 

contact of transfer relay 746, rig ht front con- 
tacts of transfer relays 4 133, ris, 721 and O01, 
conductor 702, right contact of rela 624, 
conductor 611, back contact of relay 703 to 

40 ground on condu ctor 704, A circuit is now 
established for.slow operating relay 623. ex- 
tending from battery through the winding 
of relay 623, the left contact of relay 624, 
conductor 625, the left front. contact of relay 

45 701, the outer ‘right alternate contacts of 
relay 718, the outer left front contact of relay 
733, vconductor 747, the left back.contact of 
velay 819, if at this time the units digit has 
been registered, to ground on conductor 804. 

50 Upon the o peration. of relay 623 the funda- 
mental circuit is again established for operat- 
ing the control relay of the final selector and 
the sender st epping relay 710 and establishes 
a locking circuit for transfer relay 715 ex- 

55 tending from battery through the winding of 
relay 715, the right winding of transfer 

relay 746, the inner “right contact of relay 715, 
conductor 757 to ground at.the right contact 
of relay 628. Relay 746 being shunted at this 

60 time over the cir cuit previously traced from 
the right back contact of relay 624 does not 
oper ate in this locking circuit. 

It has been assumed that the units digit 
registered was 9 and that units register re- 

85 lays 824 and 825 have been operated. A cir- 

cuit is now established for the No. 4 counting 
relay 749 extending from battery through the 
winding of relay 749, the back contact of the 

'No.. 4” counting relay 750, over the No. 4 
oper ating lead 748, lead 748 Fig. 8, the right 
front contact. of units © egister relay 825,.con- 
ductor 839, the left contact of transfer relay: 
715, the contact of sender stepping relay 710, 
conductor 632, the right back’contact of relay 
603, conductor TT, eho left back contact: of 
transfer relay 728 to ground at the outer left 
front contact of transfer.relay 718. Count- 
ing relay 749 energizes and locks through its 
winding: and the winding of the No. 4’ count. 
ing relay 750, the contact of relay 749 to 
er ‘ound at the intermediate right fx ont..con- 
tact of transfer relay 715, but relay 750-being 
shunted by around over the contacts of 
stepping relay 710 does not operate at this 
time. - 

At the selector the control relay establishes 
the circuit of the slow speed up-drive magnet 
in the well known manner, causing the ad- 
vance of the selector switch shaft in its units 
or line terminal-selection- movement. -As ‘the 
switch‘shaft advances the stepping relay 710 
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is intermittently shunted. causing upon the — 
first: application of the shunt the operation . 
of the No. 4’ counting relay 750 in the lock- 
ing circuit. of ‘relay "TA9. Upon ‘successive 
applications, of the. shunt. about. relay- 710, 
counting relays 731,732; 728, 724, 726 and 72% 
operate, the operation of relay 72H extending 
the operating lead 748 to the. No. 0 lead 713 
thence over. the. outer right back contact of 
transfer relay 716, the otter right front con- 
tact of transfor r elay 715, conductor 751, right 
front contact-of units register. relay B24, con- 
ductor 888, the back contact of the No. 9” 
counting relay 736.to battery through: the 
winding of the No.-9 counting relay 737. In 
response to the further shunting of stepping 

95 

100. 

105 

relay 710 as the-final selector advances count- 
ing Telays 736; 738. to 745 inclusive operate, 
relay 744 extending the. operating. lead .748 
to the winding of the No. 0 counting relay 
712. In response to the 10th shunting of: 
stepping relay 710 the counting relays :703 
and 708 operate in the locking’ circuit Of the 
No. 0 counting relay 712. Relay 708 upon 
operating opens the» fundamental circuit 
thereby releasing the control relay of the 
final selector.to arrest its line selection move- 
ment. The final selector has now advanced 
its brushes into connection with the ‘termi- 
nals of the wanted line 300. The usual test 

is thereupon made te determine its idle or 
busy condition. 

Relay 703 upon operating again establishes 
the circuit of relay 624 which in turn opens 
the shtint around. the right winding of trans- 
fer relay 746. Relay 746 now energizes in 
the locking circuit of relay.715 and closes.a 
locking circuit for-itself over its left. wind- 
ing and inner left front contact to ground 

4 0 
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130
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on: éonduetor 719. Relay 624 algo’ opens the 

“30 

-drcuit of relay 623. which ‘releases: opening 
the fundamental circuit and the locking cir- 
cuit of transfer relay 715. Relay 7 15° now 
releases i in turn releaciiig. all operated: count- 
ing relays. and relay 624, Upon the release 
of relay 624 the cireuit last traced. for relay 
623: is: "reestablished and. relay 623° operates 
again -establishing the fundamental circuit 
but: ‘performing no other function at this 
time. : 

- After the completion of units selection at 
o the ‘final selector. the sequence switch of the 

‘15 

incoming selector is' advanced in-the well 
known manner to reconnect the control relay 
of thei incoming selector to the incoming. cir- 
cuit’ but in-such. a manner’ thatthe current. 

“which now flows through. its winding over 

20 

85 

the fundamental’ cireuit thr ough the left 
winding of overflow relay 709 and the wind- 
ing of ‘the sender stepping relay is in. the. 
proper. direction: to operate. the polarized: 
overflow - relay 709.: Relay 709-upon. operat- - 

of relay. rd conductor 755.to battery ing now locks over its right: winding, the 
right normal contacts of relay 752, the outer 

- left back contact'of relay 707 tp round at the 
~ contact’ of relay 709 aad eatablishes a Cir- 

- cuit: for: relay. 
over the outen left back: contact: of relay 707 - 
to ground at.the contact. of relay 709. “Relay _ 30 

- Jocking circuit: Sof relay “709-at its right make- 

h59 extending from battery 

752 upon energizing in this cir cuit opens the 

- before-| break contacts vind locks through ‘the 

85 
winding of relay 707 to ground-on- condue- 
tor 704... Relay 707. does not operate in this 
locking cireuit. so long as overflow relay 109 
remains: energized. 
“At the incoming-selector upon the: opera: 

: tion of the contro! relay over the fundamen- 

40 tal circuit: the. sequence. switch is advanced 
- to connect ‘the control relay to the funda- 

mental circuit in’ sich’ a manner that .the 
current now flowing through the: left wind- 

- Ing of relay. 709 is not in the proper. direc- 
a ) ‘tion to hold relay 709 energized: - Relay 709 

-upon .deenergizing’ now opens the shunt 
- “arotind relay 
locking cirenit of relay 752. 

operating at its'inner left and raht make- 
~ BO 

(07: which then. energizes in the 
Relay 707 upon 

béfore-break contacts reverses the connection 
of the left. winding of overflow relay 709 to 
the: fundamental cireuit so. that when the in- 
coming selector sequence switch: has reached 

the trunk closure position relay 109° will 
8B. 

_ 60 

again operate. Since. now relay 709 is ener- 
gized:-a- circuit is established: for relay: 609 
which. may be traced from battery’ through 
the winding of relay 609, “condactor 634, 
outer: left: front. coritact of relay ~ 707 to 
ground: at the contact: of relay 709. Relay 
609 upon operating locks over its left front 
-contact to ground on.conductor 704, releases 
relay: 608 and at its right: front.contact -es- 
tablishes-a circuit which may be traced from 
ground over said contact, conductor 635, the 

4 780,906. 

right ‘front contact of. transfer. relay 746, 
conductor: 758, the right front. contact of 
relay 808, this relay having -been’. energized - 

“as previously” described, conductor 840, the 
636. to. “pat” inner left back contact of relay 

tery through the winding of ‘ringing relay 
626. This Telay upon energizing opens both 
conductors: of the: “fundamental circuit at its 

70 

back contacts releasing relay 709, and applies . 7 
ground. and the ringing current sources 637 
to the fundamental cir cult for cperating the” 
ringing relay in. the incoming selector for 
initiating the-ringing of. the: called subscrib- 
er’s bell. Ringing then proceeds automati- 
cally and is tripped at the incoming selector 
when the subscriber answers. - : 

Release of link circuit and sender 

Upon: the release of relay 608 a-cireuit was. 
established from ground a its back contact 
ever conductor: 638, the left contact’ of relay 
752; conductor 7 754, ‘the outer left front con- 

<y
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80 

85 

tact of relay 721, the outer left front contact’: 

the winding of relay 604... Relay “GOA éner- 
gizes and. Tocks over -its -right. veontact. to 

through. 

&
 

ground: at the inner. right. contact: -of- relay oe 
605, opens at. its ‘inner left back contact one 
shunt around the right winding of relay. 602. 
extending through the: left: norial contacts ‘Qe 

-of relay 603 and- ‘opens-a second shunt around 
602 ‘extending: 

through. the outer left conte ct.of-relay 604). 
the. right winding -of- relay 

conductor 639 to ground at the lett back con- 
tact of relay 802. The inclusion of the’? ‘ight 

- winding of pelay 602 in the-cireuit pre viously 
_ traced to battery from the windings of rélays 

594 and 895. nenltices the current flowing .to 
such ‘an extent: that relay 595 “releases. 
will be recalled that relay 524 did ‘not pre- 
viously operate due: to its marginal: wind: 

; ing. 
The release of relay 525 opens the holding 

circuit of relay 512-and also opens the. hold: 
ing circuits of. relay 
eult and relay 511 oft he link circuit.” Relay 
511 releases in turn -releasing relay~ 503. 

i 

806° of the trunk cir- ie 

TOS 

105. 

Lie 

With relays 503 and 512-deenergized:a cir: - 
cuit is. now closed for release magnet 421 of - - 
the-trunk finder 450 extending from: battery 
through the winding of magnet. 421, the in- 
termeciate springs of off-normal contacts 
409, conductor 422, the intermediate upper 
contacts of 1 relay 500, the upper. back contact 
of relay 507; the innermost jower. back-con- 4 
tact. of velay "51D to ground at the lower back 
contact of relay 5038,. Magnet 421 wpon ener- 
-gizing releases the ‘finder 450° to” normal 

tro
t! 

D+
 

rom
s] 

whereupon ‘the off-normal contacts. 409 are 
opened, opening the circuit of magnet 421° 
and the holding circuit of relay 500. | ‘Relay 
500. thereupon releases. All operated: appa- 
ratus of the link circuit: with the exception ~~ 
of sender. finder 550 has now been -restored .. 
to normal. ° Switch 550- being of the: non- 130
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restoring type, remains in the position into 
which it was last set and starts from that 
position to hunt for an idle sender on the 
next. call. 
Upon the release of relay 512 the circuit 

previously ‘traced through ‘ae windings: of 
relay 602 at the sender is opened and relay 
602. releases in turn releasing relays 601 and 
605. These latter relays upon releasing re- 
move the holding eround from the holding 
circuits of all op perated relays of the sender 
and such relays “release restoring the sender 
to its normal idle condition. 

At the trunk circuit upon the release of 
relay 806 circuits in parallel through the 
windings of cut-through relays 808 ard 312 
are established from “battery through ‘the 
windings of these relays, the taro u ppermost 
contacts of relay 304, the upper-back contact 
of relay 806 to eround at the upper front con- 
tact of “relay 303. Relay 308 upon operating 
disconnects ‘he tip and ring contacts of jack 
801 from the pulsing: conductors 310 and 809 
‘and connects such contacts to the left wind- 

ings of repeating coil 314 and at, its upper 
contact: prepares a circuit for ringing relay 

3811 and connects battery y through resistances 

315 and'318.for nadding the toll line repeater 
circuit. Relay BIL, ‘however, does not oper- 
ate at this time due to the inclusion of high 
resistance 315 in the circuit thereof. Relay 
312 upon operating, at its outermost back con- 

tacts disconnects the tip and ring conductors 
of the outgoing end of the tr unk ¢ Cirenit from 
the fundamental circuit conductors 313 and 

490 and ‘connects- the tip and ring conduc- 

tors through to the right “windings of repeat- 
ing ecil 314 thereby establishing a talking 
circuit from the toll line ter minating i in jack 
101 over the operator’s cord circuit, the trunk 

circuit of Fig. 3, thence over the talking con- 
ductors of the i incoming selector 325 and final 
selector 350 to the called subscriber’s line 300. 

After the connection has been established 
to the called line and before the subseriber 
has answered there is signaling battery on 
the incoming selector trunk which ¢ as soon as 
relay 812 operates causes the energization of 
the supervisory relay 316 over the outer front 
contacts of relay 312 and the right winding 
of repeating col 314. Relay 316 1 pon oper- 
ating establishes a circuit from the sleeve of 
jack. 301 over the upper low resistance wind- 
ing of relay 302 to. ground at the upper front 
contact of relay 316 thereby ‘reducing the 
resistance of the sieeve supervisory circuit to 
such an extent that marginal relay 215 at the 
operator’s position operates, if at the time the 
operator has not restored Key 102 to its nor- 
mal position. Relay 215 upon operating es- 
tablishes a‘ circuit from ground over its con- 
tact through low resistance 219 thence over 
conductor “O18, the next to lower alternate 
‘contact of key 102 to battery through lamp 
122. Ifthe key 102 has been restored the-cir- 
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cuit of relay 215 is not established over the 
sleeve circuit, but the sleeve circuit is extend- 
ed directly to lamp 122 over the lower norma] 
contact of key 102. Lamp 122 upon lighting 
at this time is a ‘special signal to the oper ator 
that the wanted subscriber's: bell. is being 
rung. 
When the called subscriber answers there- 

by discontinuing the application of ringing 
current as hereinbefore described, the signal: 
ing battery 1s removed from the i incoming se- 
lector trunk thereby causing relay 316 to Te- 
lease and: to extinguish the lamp. 122... Had 
the called line been ‘found to be busy when 
connection ‘was made therewith. the circuit 
previously traced through the trunk super- 
visory relay ‘316 would have been intermit- 
tently interrupted at the incoming selector 
thereby causing the flashing. of the supervi- 
sory lamp 122. Should the operator desire 
to rering ? the called. subscriber ‘she. may do 
so by throwing the ringing key 116 of | her 
cord circuit to the left thereby: interrupting 
the tip talking conductor of her cord.circuit 
and establishing a circuit from battery 
through low resistance 145, the innermost 
lower alternate contacts of key 116 tips of 
plug 118 and jack 801, inner-upper ‘front 
contact of relay 308, the upper left winding 
of repeating coil 314 to: ground through the 
winding of ringing relay” ‘811. Since battery 
throug ‘A low resistance 145 is now connected 
in parallel with battery connected ‘over the 
Up} per contact of relay 308 through, high re- 
sistance 315, relay 311 operates opening at its 
back contacts the talking circuit of the trunk 
and connecting the ringing current source 
317 and ground respectively to the outgoing». 
tip and ring conductors of the trunk circuit. 
In response to this application of ringing 
current the ringing relay of the incoming - 
selector again. applies ringing current to the 
called line. 

Should the operator desire to chan ge , toll 
cords after the connection has been complet- 
ed and the called subscriber has answered it 
becomes necessary to hold: the trunk connec- | 
tion and also to provide a busy test potential 
on the sleeve of jack 301 so.that another oper- - 
ator will not seize the same trunk during the 
interval that it takes the originating operator 
to remove one toll cord and to insert another: 
The trunk ‘circuit. is held during the change 
of toll cords by ground supplied over the up- 
per back contact of relay 316, the inner up- 
per front contact of relay 312 to battery 
through the winding of relay 303 whereby 
relay 303 1s held ener reized after’ sleeve relay 
802 ‘i conoreizes followi ng the removal of the 
cord plug ‘from the jack 301 and holds ‘the 
trunk relays 304, 808 and 312 operated. A 
busy condition is maintained on the sleeve of 
jack 801 through the upper winding of relay 
302 over the inner lower front contact of ré- 
lay 312 thence to. battery. through high ve-~ 
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3 _ tact. of relay 605 and. connects the left wind- - 

of
 

sistance 819. When the second toll cord plug 
is inserted into the jack 801 relay 302 reoper- 
ates under control. of battery supplied 0 over 
the sleeve of the toll .cord. : = 

When. the ‘established. ‘connection: is -no 
longer desired the resistance of the: sleeve 
circuit extending over the sleeve of the toll 

~ Tine jack 101, the sleeve of plug 100, the in- 

19 

aa 

seribed thereby 
cord’ lamp 198) The operator noting the il- 

-upon the trunk circuit of Fig. 

ner upper normal contacts of key 102 to bat- 
tery. through. lamp 114: is redticed to such 
an extent that” Tainp 114 lights. Upon the 
hanging up of the: called subscriber’ S$ recelver 
the: circuit of trunk supervisory relay 316 
is again established reducing the resistance . 
of the sleeve circuit extending over the sleeves 
of jack 301 and plug 118 as previously de- 

causing the illumination of 

lamination of. both. lamps 114 and 122: then 
proceeds to take down the connection where- 

3 and the se- 
lectors uséd. in establishing “the connection 

are restor éd.in the well known manner. 

r
e
 

Incomplete registration of. digits 

At the time the sender’ was seized by the 

link circuit-and relay 601 operated, ground 
--was connected .over the . left intermediate 

front contact. of relay 601to the start lead. 
641 extending.to a common timing circuit to 
start timing» on the «selected sender. 
"timing circuit: may. be.of the ‘typ 

in the patent to A. C. Powell, No. 1,577,076, 

. The 
e- disclosed 

- issued March 16, 1926. Thereupon. eround 
“is connected. at the tithing circuit to condue- 
tor 642 thence over the outer right front con- 
tact of.relay 601 to battery throug yh the left 
-winding-of timing relay 643. Relay 643 op- 

60 

“erates: and locks over its right winding. and 
right contact to ground at the outer left con- 

ing of timing relay 644 over its left contact 
~to timing lead 645. After an interval meas- 
ured by ‘the, operation of the timing circuit, 

, if the operator has not at that time completed 
"the setting up of four digits on the sender 

registers and relay 643 is still: locked, ground 
will be applied to the timing lead: 645. thereby 
“operating relay 644 which. then locks over ite 

- 59 Tight, winding: vand i inner right front contact: 
to ground at the outer. left contact of relay 
605, establishes :at its left contacts alarm cir- 

cuits extending to the timing circuit and. at 
“its. outer right. contact establishes an obvious 
circuit for relay 603. 
If incoming prush: selection has been made 

and. “no “further digits have been registered 
relay. 603 closes a circuit extending from bat- 
tery through the winding of relay 623, the 
left back contact of relay. "624, conductor 625, 
the outer. left back contact of transfer relay 

— 700, conductor 756 to ground at. the.right 
~front contact of relay 603. Relay 628. oper- 
ates establishing the fundamental circuit for 
controlling incoming group selection.: At its 
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right back contact relay 603 opens the cir- 
cuit previously traced through the contact of 
the sender stepping relay 710 for controlling 
the sender counting relays whereby the in- 
coming selector is not arrested until 1t. arrives 
in the tell-tale position: At its left-transfer.’ 
contacts ground on the middle winding of re- 
lay. 
left winding of relay 602 over the outer left 
back.contact of relay 636, the left front con- 
tact of relay 608; the j inner left back contact. 

of relay B04 thereby reducing the resistance 
of the circuit previously traced to battery 
through the windings of relays 524 and 525 
of the link circuit. Marginal relay.524 now 
operates substituting interrupted ground for 
battery through high resistance 533 over the 
next to upper “contact of relay 512, conductor: 

70 

602 is transferred to the low resistance ~ 

75 

80 

584, brush.423 of trunk finder 450, conductor: . us 
494 through the upp 

sleeve of jack 301... The. application. ¢ of inter- 

er low: resistance. wind. 

ing of sleeve relay 302 of the-trunk ‘to the 
85" 

mittent ground to this circuit -now-causes:the °° 

supervisory relay 122 to flash as.a recorder 
signal that the connection has failed of com+ 
pletion. eee a 

At the sender when the incoming selector 
has reached the tell-tale position’ and: reverses 
‘the connection of battery and ground to the 
fundamental circuit, overflow relay ‘709 op- 
erates followed in turn by the. operation of 

arated a.circuit is established for relay 604 

90 

95 

“relays 752, ‘707. and. 609 and the release of >. 
relay 608 as previously described. . Since at °°.” 
this time transfer relay:721 has not been op- 

100 |: 

extending from battery through the winding ©” 
of relay 604, conductor 755, the left: back con- 
tact of relay 721, conductor 754; the left con: 
tact of relay. 7 52, conductor 638. to ground. ° 
at the back contact of relay 608. Relay 604 
upon operating now proceeds, as before de- 
scribed, to-release relays 524 and 525 thereby 

108 

initiating the release of the sender and linke 
circuit.’ Until.the link has restored battery 
through high resistance 533 is applied: over 
the cirenit previously traced to'the sleeve of 
trunk jack 301 to hold the trunk. busy. 
If selection control has proceeded beyond 

210 

the incoming selector and no-further digits. 
have been registered the timing circuit causes 
relays. 643, 644 and 608 to function. as. pre- 
viously described, relay 603: opening the cir- 
cuit. previously traced for controlling the 
sender counting relays whereby the final se- 
lector-is permitted to advance to the tell-tale 
‘position. -When the final selector-reaches the 
tell-tale position the incoming selector is ad-: 
vanced as previously - described for a com- 

418 a 

120 

pleted connection reversing the: connection | 
OF battery and ground to ‘the fundamental 
circuit thereby .operating’ the -sender .over- 
flow relay 709. . Relay 709 upon operating 

125 | 

causes the operation of. relays 752, 707 and ~... 
609 and the relase of relay 608. From this = 
point the. circuits function in. the manner 330
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previously described in connection with the 626: to’ prevent the functioning of the ring- . 
advance of thei incoming selector to its tell- 
tale position: 
When:the operator observes the flashing: of 

lamp 122 she recognizes it as a recorder sig- 
nal and withdraws the ping 118 from jack 
BO. his: releases ‘all operated relays of 
the trunk cireuit. and also releases the op- 
erated selector switches. 

When:the operator prematurely’ withdraws 
plug 118 frem the jack 301 thereby releasing 
the: “relay s ot the trunk circuit the holding 
circuit previously traced through the wind- 

Ing of: trunk. relay 306 and the winding. of 

15 
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relay 511 of ‘the link circuit is opened ‘and. t 
relay 511 in: turn releases relay 503. Sirice 
at this time relay 525 is held'o erated from 
the sender, relay 512:is-held operated and..a 
circuit is established from ground through 

- low resistance 5385, the upper back contact of 
relay 503, the next to lower front contact of 
relay 512, the innermost upper back contact of 
relay 501, brush: 518, conductor 519, the back 
contact of relay 600, the inner right front 
contact of relay 601, the outer right front 
‘contact of relay 606 through the right, wind- 
ing of-relay 640 to ground. at the inner left 
contact of relay 601. Relay 640 now. op- 
erates in turn establishing an obvious circuit 

sv for-relay 636: which operates. and locks over 
its outer right contact to ground at the outer 
left contact of relay 605. At its intermediate 
right front contact relay 636 establishes an 
obvious circuit for relay 603 which functions 
in the manner previously described and 
causes. either the mcoming or final selector, 
depending om how far the call has progressed, 
to advance to-the tell-tale position. 

In the sender relays 709, 752, 707 and. 609 
are then operated in the manner previously 
described and relay.608 is released. If the 
incoming group selection has not at the time 
been made and the i incoming selector is thus 
advanced to-the tell-tale position the release 

‘of the sender and link circuit will proceed 
as-above described. If incoming group. se- 
lection has been made and the final selector 
is driven to the tell-tale position then upon 
the release of relay 608 with relays 752 and 
636 operated, a circuit. is established! for 
rélay 604 extending from battery through 
the winding of relay 604, the inner right 
front contact of relay 636, conductor 646, 
the left back contact of transfer relay 746, 

‘ the-outer left. front contact of transfer relay 
721, conductor 754, the left contact of relay 
7 52, conductor 638 to ground at the back. con-. 
tact:of. relay 608. Relay. 604:thereupon. op- 
erates initiating the release of the sender 
and link circuit in the manner previously 
described. 
relay.636: also removes relay 603 from the 
control of the timing circuit and at its inner: 
left back contact opens-the- circuit of relay 

tits inner right back contact: 

ing relay 626. 

x stablishment of an outward connection 

In the preceding description it has been 
assumed that the operator has established an 
inward call, or.a.call incoming to her posi- 
tron from a-distant toll point. and. has ter- 
minated such ‘¢all in an office of an exchange 
in which her position is located. When, how- 
ever, the call has originated from a sub- 
seriber’ s line ina local “office, as for example 
trem the subscriber’s line 300 and the op- 
or ator has received. a toll ticket indicating 

- 80 hat that line desires a toll connection which 
for exam} ple may be reached over the toll line 
101, she will ‘proceed: to- obtain the. toll eon- 
nection and will also. plug into the jack 301, 
if the trunk of Fig. 3 is idle, and will ‘pro- 
ceed in the manner previously described to 
establish a.connection with the line 300. °° 

In this case, however, she will also depress 
key 141 at her position . forthe purpose of 
canceling the immediate application of ring- 
ing current from the sender when the final ¢ 

70 
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selector has been set by the sender upon the - 
terminals of line 300, as it is not desirable 
to ring: the subscriber until the connection: 
to. the toll ‘point has been fully established 
and the desired party has been brought in 
on the'toll’ connection. Since, however, the 
subscriber’s line 300 has been selected that 
line is held against seizure pending the com- 
pletion of the toll connection: With key 141 
depressed’ the connection of relays ee and 

-143 to the pulsing conductors extending to 
the sender-and to battery through the wind- 
ings of ‘relays 807. 
Therefore hen registrations have been com- 
pleted-and relays 142 and 143 operate in-turn 
operating. relay 144, ground is applied over 
the upper front contact of relay 144, the 
upper alternate contacts of key vat to the 
circuit previously traced: to battery through 

; the winding of relay. 807. Relay 807 is there: 
808. When. fore operated. instead of relay, 

therefore selections are completed under the 

95° 

100 

and. 808 is. reversed:.~ -.. 

105 

110 

control of the sender and relay 609. operates, - 
the circuit. previously traced for relay. 626 
extending to the right front contact of relay 
808 is not effective and ringing current is” 
not. therefore’ applied from the. sender. 
From this point the circuits function as pre- 

115 

viously described for.an inward connection. ° 
When the toll. connection has been com- 

pleted and the operator desires to. call the 
120 

subseriber 300 whose line has thus ‘been se-~ 
lected she may do-so by operating the ringing 
key. 116 of her cord circuit. thereby causing 
the ringing relay 311 of the trunk circuit to 125 
apply ringing current to the incoming sé-_ 

- lector for “applying ringing current to sub- 
scriber’s line 300. 
When the operator discovers that she has 

depressed 'a wrong key in setting up the num- 136
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_ ber of..a-.desired subscriber she may correct 
her error, provided the sender has. not al- 
ready prog ressed to the point where the units 

digit control is exercised, by removing the 
plug 118 from the trunk jack thereby: releas- 
ing the trunk-circuit, the link circuit, sender 
and. operated sele tors and then depressing 
the key 126. The operation of key 126 opens 

- the holding circuit of relay 119 which there- 
10. upon releases telays. 127,128 and: 124. .The 

“ operator.may then proceed to-reestablish the 
call taking for. that Purpose another idle 

_ trunk civeutit. 

ar 

- become attached relay 

20 

25. 

oper “ated key ‘of the key. set. 
operating locks over its upper front contact 
to-ground on the inner lower. front contact. 
of relay 119, at its lower front contact con-: 
nects lamp 431 in a flashing circuit to in- . 
terrupter 151, and at its upper. back contact: 

-, Should the operator erroneously depress a: 
key of the key set 150 before the sender has 

128 will not at. the 
time be operated and a circuit will be estab- 
lished. from battery through the winding of 
relay 129, the inner upper back contact. of 
relay 128; "to ground through contacts of any 

opens: the cireuit of: relay 128. To prepare 
- the key set for use again Y the operator must 

30 

. witching. offices. 

35. 

d epress key 126 to release. relay 119 and relay 
129. 

‘The operator may, if she desires, use the 
plug 100 for ex <tending calls outgoing to dial 

press ‘key: 146-instead of key 123 thereby op- 
erating relay 115 to connect her key set 150 

* to thetip-and ring conductors of plug 100; 
“ otherwise: her position equipment functions 
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: terminates’ in the tenth: or last terminal ‘set, 
4. of a, level of the trunk finder 450, when. the: 

: finder’ reaches that terminal “set, in hunting. 

inthe same manner as hereinbefore described. 
‘In ‘the previous description the manner in 

“which the. digits.1, 3, 7 and 9 are registered’ 
has-been discussed: By reference to the fol- 
lowing table it’ willbe apparent how any 

‘digit may ‘be registered for example on the 
thousands register relavs: 

fete |.) Page? «vent “Register relays Digit Pulsing relays operated operated 

ee ee Oe) er None. . 
oor on 617 618... = 813° : : 
“2 617... 619 eb LS BBB, 
23° f. 617° 618-619 ~" ; 8138 826. - 5 
A - 617. . . 14 2. BIB feo : 827 oo 
‘5 617. 614 615 0°: ‘ 827. 828 
6-91. 617 6I8 or. “614 615s -=>: 813 827: 828° |: 

ae 617.2, 619. 614 615. Th. 826. 827.828 
8.0:/: 617... 618-. 619.614. 615 - 813. 826° 827 828. | - 
9...) 96175 hs. 614 615.616: |. os 827 a ; 

. Miscellaneor us. -furictions of. the link circuit 

Tf the trunk taken for use by the operator. ,. 

- for the trunk, relay 500 is operated in a cir- 

G3 - 

cuit ex <tending from battery through its up- 
pers winding to. ground. on. springs : 425 
clesed. when. the: finder reaches. its. tenth. ro-" 

‘Relay 129 upon 

In “that case “she “will de: - 

. will velease.: 
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tary step position. Relay 
the further: stepping of: the finderand -per- 
forms the other functions. previously de- 
scribed in connection with its operation. re- 
gardless of whether the circuits: for relays 
306 and 511 have become effective. If, how: 
ever, the operator has abandoned the call-be- 

“500. then: arrests wo: 

70 

fore the finder has-reached. the terminal set 
of the calling -trunk,.or a false ground has 
started the finder from normalthe relays 

306, 511 and 503 will not be operated and 
75 

therefore when the finder reaches its ‘tenth ~~ 
rotary step position with relay 500. operated 
as just described a 
release: magnet 491 extending from battery 
through the. winding .6f.: this magnet and 
intermediate springs of off- normal coritacts 
409, conductor -422, ‘the upper intermediate’. 
front contact. of velay 500, the. upper ‘back 
contact. of relay 

lower back. contact uf relay. 503. Ma gnet 

link eircitit.... . 
Should the trunk finder: 450. be rhoved off 

normal: by hand: accidentally the. upper 
springs: of off-normal contacts: 409. will -be- 
closed: and a circuit will be established..for 
relay 
its- winding, the off-normal ‘contacts: .con- 

507; the "innermost lower: 
back..contact of. relay 512 to-ground at. the. 

a circuit-will be closed for ~ 

80: 

85 

491. will thereupon. cause: the release of the — 

90 - 

‘500 extending from battery through . 
95 

ductor 426: to. ground. atthe lower back-con-". 
tact:of relay 501. Relay.500 upon operating 
then closes: “the previously: traced circuit for 
release magnet 421 ‘thereby restoring. the 
finder 450 to normal. : 

. Whenever all trunks are busy 
a call is initiated ona trunk circuit the relays 

at the time: 
100 

of all links corresponding to relay 500 will” 
be operated and’ therefore. the chain circuit: ~ 
extending from battery through the winding 
of ‘relay: 497 thence in: multiple through the 
upper normal contacts -of make busy. jacks: 
corresponding to jack 402: of each link and: 
the next to innermost lower back contact: 
of Telays corresponding to relay 500 of-each- 
link te ground through the winding of-relay. 

” 498 will be opened. and: relays 497 and .428 
"The. release OF these-_relays: 

‘closes-an obvious circuit for relay 401. which: 
| “upon operating opens the. start conductors 

-- of all, links so that all. links which. have-re- 
leased but still-have relays 500 locked may 
return to’ normal allowing them to continue 
to. serve ‘calls. 

Tf at the time: relay. 401 operates a tr ‘ouble. 

105 

110. 

115. 

120°". 
erotnd. exists : on the start conductors’ be- - 
“Eween the group. “relays 400 and the: cor-: 
responding links a eineiit will be closed*for 
relay. 429-extending from battery through 
the: winding of relay 429; the. lower’ contact: “195 
of relay 4 401 to the grounded start conductor, ..- 
relay: ‘day: operating and in turn-closing the. — 
circuit of relay 430. The circuit of relay 430°: 
may be tr aced. from ‘battery. over. the con- 
tinuity contacts: of ot relay. 430 to-ground at! the: 133. :
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contact of relay 429. Relay 430 upon op- 
erating locks to ground at the key 481 over 
its own contacts and establishes the circuit of 
relay 418 which thereupon operates. Relay 
413 upon operating releases all operated re- 
lays 500 of the group‘of links causing such 
links to release and return into service. 
What is claimed is: © 
i. Ina telephone exchange system, an op. 

eraior’s position having a plurality of cord 
cireuits, called subs cribers’ lines, jack-ended 
trunk circuits and selector switches for eX- 
tending a connection from an operator’ ’s po- 
sition to said lines, a plurality of register 
senders common to said trunk cireuits for 
controlling said selector switches, link -cir- 
cults each comprising a trunk finder anda 
‘sender finder, means operative upon the con- 
nection of.a cord circuit with a trunk. cir- 
euit for causing an-idle link circuit to asso- 
ciate an idle. sender with said trunk circuit, 
a key set at said operator’s position asso- 
clable- with any cord circuit of said posi: 
tion, and means controlled from said key. se 

5 over ‘the talking conductors only of said ord 
circuit for setting the registerg of ‘said 

3b 

iv
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ye
 

40. 

45. 

50. 

55. 

“erative upon the connection of a. cord :cir- 
cuit: with a trunk'.circuit to. associate. an. 

60 

‘set-.at. said operator’s position | 

sender. 
2. Ina telephone exchange system, an op- 

erator’s. position having a plurality of cord 
circuits, called. subscribers’ lines, jack-ended 
trunk circuits and selector switches for ex- 
tending a connection: from said operator’s 
position ¢ to said lines, a plurality of register 
senders common. to said trunk circuits for 

‘ controlling said selector switches, link cir-. 
cuits each. comprising a trunk finder and a 
sender finder, means operative upon the con-. 
nection of a cord circuit. with a-trunk circuit 
for. causing an idle link circuit. to associate. 
an-idle sender with. said trunk circuit, a key 
set at said operator’s position associable 
with any cord circuit. of said 
means. controllable from, said key ‘set over 
the talking conductors. only of said.cord, 
cireuit by strong and weak impulses of posi- 
tive or negative current for setting the regis- 
ters of said sender, ~ 

3. In a telephone exchange system, an op- 
erator’s position having a. plurality of cord | 
circuits, called subscribers’ lines, jack-ended 
trunk circuits and selector switches for éx- 
tending a connection from said operator’s 
position to said lines, a plurality of: register’ 
senders common. to said trunk circuits for 
controlling said. selector switches, means op- 

idle sender.-with said trunk circuit, a key 
agsociable 

with any cord circuit. of said position for 
setting the registers of an. associated sender, 
and means at, said position , operable. over 
one of the. talking. conductors of: said cord. 
circuit for associating said key set with the. 

_ talking conductors of said. cord ‘cireuit as. 

position, and. 

19 

soon as an idle sender has become connected 
therewith over said trunk circuit. 

4. Ina telephone.exchange system, an op- 
erator’s position having a plurali ty of cord. 
cireuits, called subscribers? lines, jac! c-ene ded 
tronk ciretits and selector switches for ex- 
tending 
position to said lines, a plurality of. regis- 
ter. senders common to sail trunk cir cuits £ for 
controlling said selector switches, means.op- 
erative upon the connection of a cord cirewit 
with a trunk circuit to associate an idle send-. 
er with said trunk circuit, a. key set at said 
operator’s position associable with any cord 
circuit of said: position for setting the regis- 
ters-of an associated sender; means at said 
position operable from said sender for as- 
sociating- said key set. with said cord circuit 
as soon as an idle sender becomes ‘connected 
therewith over. said trunk circuit, and means 
for signaling said operator when. said sender 
has become connected. ; 

. In a telephone exchange system, an op- 
erator 8 position having. a plurality of cord. 
cirenits,: called subscribers’: lines, jack-ended 
trunk circuits and selector switches for ex-. 
‘tending a connection from. said operator's 
position to said lines, a plurality of register 
senders common..to said. trunk..circuits for 
controlling said selector switches, means op- 
erable upon the connection of a cord circuit 
with a trunk. circuit ‘to associate an idle. 

a connection from said operator's : 

“7
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sender with said trunk circuit, a key set.at_ 
said. operator’s position associable with any, 
cord circuit of said position for setting the 
registers of an associated sender, means at 
said position operable from said ‘sender Tor, 

"associating said key set with said cord. cir- 
cuit as soon as an idle sender. becomes con- 
nected therewith over said trunk circuit, and. 
means for signaling said operator if she de: 
presses a key of said key set before said: 
sender has become attached. 7 

6. In a telephone | exchange system, an 
-operator’s position “having: a plurality. of 
cord circuits, called. subscribers’ lines, jack- 
ended trunk circuits and selector switches 
for extending | a connection from. said: op- 
erator’s position to said lines, a plurality of. 
register senders common to said: trunk :cir- 
cuits for controlling said selector switches, 
means operative upon the connection of a 

100 

105° 

110 |: 

(135 

cord circuit with a trunk circuit.to associate 
an idle sender with said trunk circuit,.a key 
set at said operator’s position associable with. 
any cord circuit of said position for setting 
the registers of an associated sender, a re-. 
-lay.at said position. controlled from. said 
sender for associating said.key set with said 
cord circuit as soon as an idle‘sender. becomes ; 
associated therewith over said trunk circuit, 
a second relay at said position operable. upon. - 
_the depression of any key of said key set if. 
at the time said first relay has not operated, 
and. means, controlled. by. said second, relay 
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for signaling said operator that. she he 
maturely operated | said key’ set. ~ 

7. Ina telephone exchange system, an Op- 
erator’s position’ having a plurality of cord 
circuits, called subscribers > lines, jack- -ended. 

as pre: 

a
n
 

triink circuits and selector switches for ex- 
tending a connection from said operator’s po-_ 

sition to said: Lines, a plurality of “register 
» . Senders common to ‘said trunk: cireuits for 
-j controlling-said selector switches, means op- 
erable upon the connection ofa cord circuit: 
with a trunk circuit to associaté an. idle send- 
er..with-said-trunk circuit, a key set at said 

_-operator’s position : associable with any cord 
“yy circuit of said position for setting the regis- 
-ters ofan associated sender, means at: said 

. ~ position operable from said sender for asso-. 
Gating said key set with said cord: circuit, : 
and means operable from said sender for dis, 

as soon as “said. sender registers have been set 
from said key set." 
“8, tn a telephone exchatige ¢ system, an op- 
erator’s position having a plurality of cord’ 

" oj circuits, called subscribers’ | lines,. Jack ended 
trunk circuits: and ‘selector switches tor. re 

_ tending. a connection from, said operator’s 
position to said lines, a plurality of register 

- sendet's common -to ‘said: trunk | circuits: for. 
-gy° controlling said selector switches, means op- 

erable upon the connection of a ‘cord circuit 
. with a trunk circuit to associate an idle send-_ 

_er. with said trunk ‘circuit, a key set at said 
operator’s position associable- with any.’cord 

: circuit of said position for setting the regis- 
"ters of an associated sender, a relay. at: said : 

- position controllable from said: sender for as- 
-sociating’ said’ ‘key set with said cord circuit, 
and a pair of relays operable respectively. 

“2 git-over the, two: talkingconductors extending 
from said. cord circuit over: said trunk clr. 

; : sender or from said cord circuit. 
has completely. registered the: digits of a . want: 

~,.. ed line number, said: relays’ being jointly. op-- 
- 4h: erative to release. said -first relay” for disasso-- 

ciating said key set from said cord cireuit.. 
9: Tn a telephone exchange: system, an op-” 

erator’s position having a plural ity of cord: 
circuits; called subscribers’ ‘lines, jack-ended. 

“py trunk’ cireuits and. selector switches for ex- 
tending. a.connection from said operator’s -po- 
sition to said lines,'a plurality of ‘Fegisier 
-genders common to said trunk: cireuits. ‘for 

- controlling: said selector switches, means op- 
; erable'upon ‘the connection of a cord. circuit 
.- with-a trunk circuit. to associate an idle send- 

er with said trunk circuit, means at said op 

an ‘associated sender, and means in “said send: 

plying ringing current to said trunk £ 
“naling said: subseriber.. 

“s- exator” s position. having a plurality. of. cord 

tending a connection “fron 

erator’s 

_ 9,° associating said key set from said cord circuit. 

‘tor’s position’ operative i in accordance with the’ 
character,of the call for’ determining wheth-.. 

circuits, called subscribers ’ lines, jack-ended-- 

-tion operative in accordance with the chara 
~-10- “In a telephone | exchange system, ani op: 

~ ing current shall be applied. from said sender 
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circuits; ‘called subscribers’ lines; jac lk. ended 
trunk circuits and: selectors witches for ex- 

said operator’s _ 
position to said lines; a plurality of register 
senders common to. said trunk circuits for 79). 
controlling said selector switches, means op- 
erable upon the connection of a cord circuit: 
with a trunk circuit to associate an idle send. : 
ev with said trunk circuit, means at said op 

position for ‘setting. the. registers se 1B 
ah associated sender, means: associated with’. 
each cord circuit for applying ringing cur-. . 
rent to said trunk circuit,means in’ said 
sender operative following the connection of 
said trunk circuit with a. subseriber’s line for 
applying ringing current to said trunk cir- 

cuit, and means at. said position for deter- 
mining whether ringing current shall be ap-. 
plied from said sender or from said cord. eine 
cuit. : : 85 
“1. In a telephone exchange system, an op- a 
rator’s position having a plurality. of cord 

cirenits, called subseribers’ lines, jacked-end-__ 
ed trunk: circuits and: selector’ switches for. 
extending.2 connection from said position to 90. 
said lines,a: plurality of register senders com- 
mon to said trunk circuits ‘for controlling said 
selector. switches, means operable upon the 
connection.of a cord circuit with.a trunk cirs~ 
cuit to associaté an idle sender with said trunk ‘95 

circuit, means’ at said, operator’s position ‘for. 
setting the registers of an associated sender, 
méans. associated . with each cord circuit for. 
applying ringing current: to said trunk.-cir- 
cuit, means in said sender’ operative following 
the connection of said trunk: circuit..with a 

100 

“subscriber’s line to apply ringing: current. to.’ 
said trunk circuit, and means at said opera- 2.” 

105 
er ringing current shall be applied from said. os 

12. Ina telephone. exchange system, a an ‘Op- 
erator’s position having -a plurality. of cord. 

trunk circuits and selector switches’ for -ex-)- 
tending a’ connection- from’ said. position to. 
said lines, a plurality of register senders com: -. 
mon to said trunk circuits for controlling said.--- 
selector switches, means operable upon the 5 
connection of.a cord circuit with a trunk cir... 
cuit to associate an idle sender with said trunk ... 

 ciréuit, means at said: operator’s: position for —. 
setting the registers of an ‘associated sender, . 
means in said: traunk circuit:under the control 
of said- operator for applying ringing cur-:~ 

erator’s ‘position for. setting the registers’ of. vent to call the wanted subscriber, means in’ 
said‘sender operative following the connec: * 

“Oe OP ‘operative ‘following the:connection of ‘said tion: of said trunk circuit, with a called line y95 
i trunk circuit witha. subs oriber’s line. for. ap- 

or sig 

1200 

to-apply. ringing current to call the wanted 
subscriber, and means at said operator’s posi- > ~ 

ter of the.call for determining. whether. ring- 

10
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or from said trunk cireuit under the opera- 
tor’s control. 

13. In a telephone exchange system, an op- 
erator’s position having a plurality of cord. 
circuits, called subscribers’ lines, jack-ended 
trunk circuits and selector switches for ex- 

‘tending a connection from said position to 
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said lines, a plurality of register senders 
common to said trunk circuits for control- 
ling said selector switches, means operable 
upon the connection ofa cord circuit with a 
trunk circuit to associate an idle sender with 
said trunk circuit, means in said operator’s 
position for setting the registers of an asso- 
ciated sender, means in said sender operative 
following the connection of said trunk circuit 
with a called line to apply ringing current 
to call the wanted subscriber, and means at 
said sender under the control of said oper- 
ator in accordance with the character of the 
call for determining if said sender shall ap- 
ply ringing current therefrom. 

14. In a telephone exchange system, an op- 
erator’s position having a. plurality of cord 
circuits, called subscribers’ lines, jack-ended 
trunk circuits and selector switches. for ex- 
tending a connection from said position to 
said lines, a plurality of register senders com- 
mon to said trunk circuits for controlling 
said selector switches, means operable upon 
the connection of a cord circuit with a trunk 
circuit to associate an idle sender with said 
trunk circuit, means in said operator’s posi- 
tion for setting the registers of an associated 
sender, means in said sender operative fol- 
lowing the connection of said trunk circuit 
with a called line to apply ringing current 
to.call the wanted subscriber, a key at said 
position operable in accordance with the 
character of the call for determining if said 
sender. shall apply ringing current, and a 
relay in said sender controlled by said key 
for controlling said ringing current apply-, 
ing means. 

15. In a telephone exchange system, an op- 
erator’s position having a plurality of cord 
circuits, called subscribers’ lines, jack-ended 
trunk circuits and selector switches for ex- 
tending a connection from said position to 
said lines, a plurality of register senders. com- 
mon to said trunk circuits for controlling 
said selector switches, link circuits, means op- 
erative upon the connection of a cord circuit 
with a trunk circuit for causing an idle link 
circuit to associate an. idle sender with said 
trunk circuit, means in said operator’s po- 
sition for setting the registers of an asso- 
ciated sender, a signal in said operator’s cord 
circuit, means in said sender for’ advancing 
a selector switch to the tell-tale position if a 
call dees not progress in a proper manner 
and means in said link circuit controlled from 
said sender when a selector advances to the 
tell-tale position for operating said signal 
in a distinctive manner. 

at 

16. In a telephone exchange system, called 
subscribers’ lines, trunk circuits and selector 
switches for extending a connection to said 
lines, a plurality of register senders common 
to said trunk circuits for controlling said 
selector switches, link circuits each compris- 
ing a trunk finder and.a sender finder, means 
operative upon the seizure of a trunk circuit 
for causing an-idle link circuit to hunt for 
said trunk circuit and for an idle sender, .a 
test relay:for said sender finder operable over 
a test brush of said sender finder when said 
finder encounters an idle sender, a disconnect 
relay in said sender, means in said sender 
upon the seizure thereof for associating said 
disconnect relay with said test: brush and for 
disassociating said test relay from said brush, 
and means at said link circuit for establishing 
an operating circuit over said brush to oper- 
ate said disconnect relay. 

17. In a telephone exchange system, called 
subscribers’ lines, trunk circuits and selector 
switches for extending a connection to said 
lines, a plurality of register senders common 
to said trunk circuits for controlling said 
selector switches, link circuits each compris- 
ing a trunk finder and a sender finder, means 
operative upon the seizure of a trunk circuit 
for causing.an idle link circuit to hunt for 
said trunk circuit and for an idle sender, a 
test relay for said sender finder operable over 
a test brush of said sender finder when said 
finder encounters an idle sender, a differ- 
entially wound disconnect relay in said send- 
er, .maeans in said sender. upon the seizure 
thereof for establishing a circuit serially 
through the windings of said disconnect re- 
lay, for connecting the joined terminals of 
said windings to said test brush and for caus- 
ing the disassociation of said test relay from 
said brush, and means at said link circuit 
for establishing a shunting circuit over said 
brush for shunting one winding of said dis- 
connect. relay to. cause its operation. 

In witness whereof, I hereunto subscribe 
my-name this Ist day of May, 1929. 

WARREN W. CARPENTER. 
In witness whereof, I hereunto subscribe 

my name this 2d day of May, 1929. 
RALPH E. HERSEY. © 
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